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I. Introduction

The emergence over the last decade of a large literature on financial intermediation reflects a
widespread belief in the importance of banks in the savings-investment process. The thrust of this
literature is that banks play a unique role, that other sources of finance are imperfect substitutes for bank
loans and, consequently, that developments that affect banks ability to provide finance affects firms' cost
of capital and the level of investment.'

Bank loans constitute the overwhelming bulk of (the flow of) firm external finance (see Mayer
(1990) and Franke! and Montgomery (1991).) In stock terms, even the largest firms have significant
amounts of bank loans.? Bank loan contracts contain many features which differentiate them from other
kinds of corporate debt. In this essay we study the role of bank loans in corporate finance, focusing on
contract features peculiar to bank loans. We show how these contract features allow the bank to monitor
borrowers” risk-taking behavior in ways which are not possible with other corporate securities. We then
study the pricing of bank loan contracts.

A typical bank loan contract with a firm involves a single lender who is a secured senior debt
claimant on the firm.> The contract contains a large number of covenants which effectively givé the
lender the right to force the borrower to repay the loan early if demanded.* In contrast, corporate bonds
typically involve multiple lenders who are not secured, may not be senior, have less detailed covenants,
and have no option to force the borrower to repay. These contract differences, we will argue, stem from
the different roles played by these two types of corporate securities.

Empirical work strongly suggests that bank loans are different from corporate bonds. For
example, James (1987) finds a positive and significant abnormal stock response to firms announcing the
signing of bank loan agreements. The abnormal response to the announcements of other types of security
issuance is significantly negative or zero (see Smith (1986)). Further study by Lummer and McConnell
(1989) finds that the abnormal response of stock returns occurs for announcements of renegotiated bank
loans and not for announcements of new agreements.

There is also evidence that firms with bank loans behave differently than firms without bank
loans. Hoshi, Kashyap and Scharfstein (1990) find that Japanese firms in financial distress which are

members of a "main-bank” coalition (keirersu) invest and sell more after the onset of distress than do
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distressed firms which are not members of a bank coalition. Gilson, John, and Lang (1990) report that,
in a sample of financially distressed firms, those more likely to restructure their debt privately, rather
than through formal bankruptcy procedures, tend to be firms with more bank debt.* James and Weir
(1991) find that the initial public offerings of firms with bank relationships are not as underpriced as other
firms. Finally, that firms find the services entailed by bank loans valuable is suggested by Fama (1985)
and James (1987) who argue that borrowers bear the incidence of the reserve tax on bank liabilities.

Previous theoretical research has identified two special or unique roles for banks. First, banks
may undertake ex ante screening of borrowers, producing information on their credit risks or by offering
screening contracts (e.g., Boyd and Prescott (1986)). Collateral is usually viewed as a part of ex ante
screening (e.g., Bester (1985), Stiglitz and Weiss (1981, 1986)). Second, banks may monitor ex post,
that is, verify reported (and otherwise unobservable) output in settings with costly state verification (e.g.,
Townsend (1979), Diamond (1984)).

These explanations for the role of banks are not completely satisfactory. The ex ante screening
theory is contradicted by the empirical findings of Lummer and McConnell (1989) that there is no
announcement effect upon signing a bank loan agreement. While the theory provides a role for collateral,
it cannot explain the presence of covenants, the option to call the loan in early, or seniority. Nor can
it address the other empirical findings. The monitoring theory provides a role for banks after the project
returns have been realized. It cannot explain observed interaction between banks and borrowers during
the life of the contract. Moreover, the role of banks as ex post monitors suggests that banks should be
junior claimants (and perhaps equity claimants) because their incentive to monitor would then be
strongest. Fama (1985) argues that this is the case. But, in fact, banks are typically senior, secured,
claimants. It seems difficult to reconcile this feature of bank loans with the bank’s role as ex post
monitor.

Our analysis attempts to provide an explanation of how the details of bank loan contracts, such
as collateral, the option to liquidate, and seniority, allow the bank to control borrowers during the life
of the contract. We assume that ex anre screening corresponds to the design of covenants which provide

information about the borrower’s subsequent state.® All borrowers are the same ex ante, but at an
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interim date learn about the state of the distribution function of their project returns. We refer to this
state as the borrower "type.” The bank also learns this information (implicitly because of the
monitoring). At the interim date some borrowers may wish to take a costly risk-increasing action. Since
the bank will suffer a capital loss if this action is taken it may engage in prior renegotiation. We assume
that there is a single, competitive, bank lender ex ante, while if there is (public) corporate debt, there are
many lenders.

We focus on the renegotiation outcomes between the bank and the borrower. We show that debt,
collateral, and seniority play important roles in the renegotiation process because they define the point
at which the bank has a credible threat against the borrower. For a borrower of a given type the face
value of the debt determines the bank’s expected profit. If the expected profit under the initial contract
is less than the value of the collateral, then the bank can credibly threaten the borrower and extract a
higher interest rate (if that is optimal). Credible threats depend on the existence of debt, seniority, and
the amount of collateral. Unlike the previous literature, which stresses the role of collateral as a
screening device, here collateral is important because of the implied threat in bargaining.

There are a number of outcomes to renegotiation. The bank may liquidate the project, raise the
interest rate, forgive some of the debt, or do nothing. Liquidation occurs for the worst borrower types,
but inefficient liquidation may also occur. In order for efficient liquidation to occur the bank must be
in a senior, collateralized, position. We show how the inefficient liquidation can be reduced, and
possibly eliminated, by the two parties when the borrower is allowed an option to prepay the loan. For
some other borrower types the bank can credibly threaten to liquidate and thereby force a higher interest
rate, though the borrower does add risk to the project. For still other borrowers the bank is willing to
forgive some of the debt to induce the borrower not to add risk to the project through costly actions.
Importantly, renegotiated interest rates are not monotonic in borrower type, that is, moving from the best
type to the worst type borrower, the renegotiated interest rate can fall and then rise.

Pricing the loan initially requires determining the renegotiation outcomes as a function of the state
of the borrower. This is complicated by the result that renegotiated interest rates are not monotonic in

borrower type. A related complication is that the bank is not always successful in preventing the
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borrower from taking on additional risk. The bank allows some loans to continue even though the
borrower chooses to add risk to the project. This makes pricing bank loans quite distinct from the
standard view of pricing corporate securities.

Theoretically, the pricing of corporate securities has been based on Black-Scholes, though it has
been recognized that there may be important differences between pricing derivative securities and pricing
corporate securities. While it may seem reasonable to assume a constant volatility for underlying
securities in the case of some derivative securities, the mean and variance of the value of a firm are
endogenous and may not be constant. Since equityholders have an incentive to increase firm variance,
at the expense of debtholders, it is less clear that the assumption of constant variance is reasonable in the
case of corporate securities.

The endogeneity of the mean and variance of firm value is important in the model we study
because the bank cannot force the borrower to maintain the same mean and variance in all states of the
world. This is in contrast to Green (1984) who motivates the existence of warrants and convertible bonds
as securities which change the incentives of equityholders to enforce the constancy of firm variance. In
our model it is not possible to change the equityholders’ incentives by using warrants or convertibles, as
we explain below. The bank attempts to prevent the firm from increasing risk, but, importantly, is not
always successful.

In Section Il the basic setting of the model is detailed. Section IIl analyzes the borrower’s choice
of project, that is, whether to add risk or not at the interim date. We then turn to the main focus of
attention, analyzing the outcomes at the interim date at which news arrives. Section IV analyzes
liquidation and Section V analyzes the renegotiation outcomes for borrowers that are not liquidated. In
Section VI we turn to the problem of choosing the initial face value of the debt. We show mgt bank
loans are more valuable to the borrower than are corporate bonds. In Section VII we discuss the results
and the extant relevant literature. Section VIII briefly discusses some extensions, including prepayment

options for borrowers, and Section IX concludes.



II. Borrowing and Lending

There are four dates, t=0, 1, 2, 3, in the model economy and two groups of risk-neutral agents:
borrowers (firms) and lenders (banks).” Agents within each group are identical ex ante. Borrowing
firms have projects which require some external financing: at date t=0 firms borrow from banks. The
loan matures at date t=2. At date t=1 some information about future project payoffs is realized. Based
on this information the borrower may, at this time, take a costly risk-increasing action. But, also at this
date the bank may "call” the loan which, as explained in detail below, means that the project may be
liquidated or the terms of the loan renegotiated.® Projects have final payoffs at t=2 and t=3. For
simplicity we assume a required rate of return of zero. Figure 1 shows the timing of the model.

Borrowers' projects require a fixed scale of investment, x,, which is financed by debt and equity.
To ease notation, and without loss of generality, we will set x,=1. Initially, the firm borrows an amount
D from the bank, promising to pay back an amount F at t=2.° The borrower’s equity share in the
project is 1 - D. We assume that the project requires outside financing in an amount that, with some
probability, exceeds its liquidation valué at any point in time. Consequently, fully secured debt is not
feasible.

At t=0 all borrowers are identical; they have projects which will generate cash flow realizations
at dates t=1, t=2, and t=3 of, respectively, y,(z), yx(2), and y,(z). At t=2 the project value, V, is the
present value of y,(z). The value V has a probability distribution given by G(V;z,a), where z is a
random variable whose value is realized at t=1, and where a indexes the project the borrower selects
att=1. As explained below, the borrower may choose to add risk to the project (= 1) or may continue
with the existing project (@=0). We assume that V has bounded support, [0,V,]. The random variable
z has density h(z) and support {z,z,]. We will refer to z as the borrower "type.”

The project value as of t=2, V, is to be interpreted as the net present value of the project when
it is in the hands of the borrower who is assumed to have some special expertise relative to the bank.
If the bank becomes the owner of the project, then it is worth a different value, what we call the
"liquidation" value, the value of the project if it is run by the bank. The project liquidation value is L,

per unit of x, at t=1, 2. Let X be the proportion of the project liquidated at t=1, so x, = (I-A)x, = (1-
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) (since we have assumed that x,=1). Liquidation at date t means that the project yields L, at that date
in lieu of any future payoffs subsequent to the liquidation date. For simplicity liquidation values are not
uncertain and are assumed to be observable by both parties. Assume that L,>L;."°

The project payoff is Max[V, L,] + y,, where V is the expected value of y, as of t=3. The cash
flow can be consumed by the borrower; it cannot be seized by outside lenders, such as the bank, but may
be handed over voluntarily by the borrower. Debt serves to force the firm to release cash. In this model
the initial debt contract is signed at t=0 and specifies a payment of F to be made at t=2. We assume
that failure to pay F at t=2 triggers liquidation, i.e, the parties are precommited to liquidation if there
is a default. In this setting Kahn (1992) shows that debt is an optimal contract.” For the purposes of
this paper we assume that debt is the optimal contract from t=1to t=2. This assumption simplifies the
analysis because we can analyze the model via backward induction starting from t=1 and, thereby, focus
on the renegotiation outcomes at t=1 and on the role of debt contracts which run from t=0to t=1.

The realization of the borrower type, z, is observable by the borrower and the lender, but is not
verifiable, that is, it is not observable by any third party contract enforcer.”? Consequently, contracts
cannot be made contingent on z. However, as explained below, we implicitly assume that the loan
covenants are written in such a way that the bank’s ability to "call” the loan for certain z realizations is
enforceable. We also assume that the cash flows y,(z), y.(z), and y,(z), are observable, but not
verifiable.

The borrower’s choice of a, and the project value, V, are the private information of the
borrower, that is, the choice of « and the realization of V are neither observable to the lender nor
verifiable. Only the t=1 liquidation value and payments by the borrower to the lender are observable
by all parties, and, in particular, verifiable by the contract enforqer." Hence contracts can be made
contingent on payments and liquidation values. Failure to make a payment as specified in the contract

is referred to as "default.”



III. News Arrival and Project Choice at t=1
We now focus attention on the interim contract date, t=1, at which time the borrower can switch

projects and the bank can initiate contract renegotiation or liquidation.

A) Borrowers’ Project Choice and the Représentation of News at t=1

At date t=1 the borrower and lender observe the realization of borrower type, z. The realization
of a low z means that the borrower's equity is worth less than it was ex ante. In this situation, as is well-
known, the borrower has an incentive to switch projects to add risk. Borrowers who receive bad news,
low z realizations, will be tempted to switch from their initial project, «=0, to a higher risk project,
a=1. By increasing the variance of the project, the value of the firm’s equity can be increased at the
expense of the bank. But, it is costly to take this action, as explained below.

The sequence of events at t=1 is as follows:

(i) z is realized and is observed by the bank and the borrower;

(ii)- Renegotiation occurs, possibly leading to a new (higher or lower) interest rate, F’(z), or to

liquidation;

(iii) If there is no liquidation, then the borrower chooses o € {0,1}.

We proceed by first determining the borrower’s optimal choice of project for a given initial interest rate,
F. In the next two sections the outcomes of renegotiation are characterized.

At t=1 both the firm and the bank learn the value of the stochastic variable z, the borrower type,
which affects the distribution of the borrower’s project value, V, according to the density g(V;z,a). We
assume that higher values of z represent "good news” in the sense that the conditional distribution of
f(V |z) exhibits the Monotone Likelihood Ratio Property (MLRP), as described by Milgrom (1981).

At t=1 the borrower has the ability to unilaterally add risk to his project at a cost to the expected
return of c. This choice is denoted by the discrete variable o (which equals 1 if the additional risk is
taken, zero otherwise). Since we are assuming risk neutrality, any measures to add risk costlessly which
increase the expected return would have been undertaken at t=0 and, in fact, were efficient. Taking this

into account, any action taken at t=1 to increase risk is costly. Adding risk is costly because it reduces
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the project value, V. This can be interpreted as a transactions cost; the borrower must pay to modify the
existing project so as to increase riskiness.'

Additional riskiness takes the form of a mean preserving spread, which can be represented by:
V, =V, +¢
where V, is the value of project choice «, and where E(e|V,)=0. We denote the distribution of ¢ by
H(e) and the density by h(e).

Given this structure, we prove in the Appendix that:

Proposition 1: Given F, there exists some 2" such that setting a=1 is profitable for the borrower if and

only ifz1<2".

To understand the proposition, define Y(V) m E_[I(V+e-c) - II(V)|V], where II(w) = max[w-F,0]
is the profit to the borrower. We denote the expected gain to a borrower of type z from switching from
project @=0to a=1 by I'(z). Hence I'(z) =E,[¢(V)|z]. At t=1, having observed z, the borrower
chooses « to maximize profits. The borrower’s solution is to switch to the higher variance project if and
only if the gain from switching projects is positive. The proposition establishes that there is a critical
borrower type, z°, below which borrowers choose to add risk to their projects. We refer to z<z" as

"bad" borrowers, and to z>z" as "good" borrowers."

B) Definitions

Lenders are (implicitly) assumed to have an option to "call” the loan at t=1. By "calling the
loan" we simply mean that the bank and the borrower can renegotiate the contract. We assume that the
bank loan covenants allow the bank to learn the borrower’s type and verifiably allow the bank to threaten
the borrower with liquidation. This is enforceable if the bank can point to loan covenant violations as
justification. Loan covenants are written in terms of variables measurable according to accounting

procedures, e.g., net worth, leverage, etc., and consequently are verifiable, though violations may be

forgiven by the bank.'*
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Renegotiation may lead to liquidation, ending the contractual relationship at t=1. Depending on
firm type, liquidation may be optimal. Alternatively, renegotiation may result in an agreement to raise
the interest rate on the loan, to forgive some of the debt (by lowering the interest rate), and, possibly,
to partial liquidation of the project."

In order tb most simply characterize the renegotiation outcomes at t=1 we begin by making some
simplifying assumptions which will be reconsidered in a subsequent section. We assume that borrowers
have no alternative source of financing at the date of renegotiation, t=1. In particular, assume that: (i)
y,=0, i.e., there is no cash flow from the project at t=1; and (ii), borrowers cannot approach other
lenders at t=1. Later we briefly discuss the possibility of borrowers prepaying their loans at t=1 when
y.>0.

At t=1 the bank observes the borrower's type, z, and knows that Lhe_ borrower will choose =1
if the gain to adding risk by switching projects is positive, i.e., if their type is below 2. The bank may
threaten bad borrowers with liquidation, but, in equilibrium, only credible threats will affect the
borrowers’ behavior. The resulting renegotiation may allow a project to continue, but with a new face
value for the original debt, F*, to be paid at t=2. In general, F* will depend on z, but this notation is
suppressed. In order to determine which projects are liquidated, the possibility of mutually beneficial
renegotiation must be considered.

Since we have assumed that borrowers have no alternative financing source, they cannot threaten
to refinance from other sources. The bank’s ability to threaten is also limited, as will be seen below.
Thus, it is not obvious how the surplus at t=1 will be split. We begin by assuming that the bank can
credibly make a take-it-or-leave-it offer at t=1 and, hence, the bank can obtain all the surplus. (In
Section VIII we consider a different bargaining game.) . Since banking is competitive at t=0, the
possibility of extracting surplus at date t=1 will be priced ex ante." The surplus will be split differently
if other bargaining games are allowed, but this will not effect our results concerning efficiency.”

Define the total expected payoff to the project as of t=1 for given z and choice of «, 77(z,a),

as follows:
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nT(z,a) = LQG(-E—IJ:—Z—)- Iz, ) +f:,"(z, vg(vlz, a)dv+y,(2)

1 X,
Thus, x"(z,a=0)=7"(z,a=1)+c, which implies 7"(z,a=0) > #7(z,x=1), for each z. Note that this
definition of #7(z,«) presumes no partial liquidation at t=1 (i.e., A=0) so x,=1. We will show in the
next section that partial liquidation is never optimal and will, therefore, impose it now to simplify
notation.
Define unrenegotiated bank profit, #V(F,z,a), to be expected bank profit at t=1, from a borrower
of type z, when evaluated at the initial face value of the debt, F, when none of the project is liquidated

(A=0 and so x;=1):

r(F, z,a) = L,G(F| z,a) +F[1-G(F| z,a)]

Finally, define renegotiated bank profits at t=1, when a new interest rate F’(z) has been agreed to (and

none of the project has been liquidated), as follows:

RR(F/,z,a)=L,G(F'(2) | z,a) +F/(2) [1-G(F/(2) | z,a) ]

Renegotiated bank profit is the return the bank expects to receive from the project of a borrower of type
z, when X\ of the project has been liquidated, where the borrower of type z chooses project «, and
promises to repay F’, the new interest rate agreed upon at date t=1.

To facilitate discussion of liquidation define:

1]

zg, = inf{z: 77(z,a=0)=L,};

Zg, = inf{z: 77(z,a=1)=L};

z, = inf{z; «*F",z,a=1)=L},
where, as will become clear, the subscript "EL1" denotes first-best efficient liquidation because the value
of projects of type lower than zg, are expected to be less than the liquidation value of the broject even

if the borrower does not add risk. The subscript "EL2" denotes second-best efficient liquidation,
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indicating that the value of projects of type zg, <Z<Zg., s expected to be less than the liquidation value
only if the borrower chooses to add risk. If the borrower does not add risk, then these projects should
not be liquidated (from the point of view of a social planner). Note that zg, <Zg,. The reason for this
inequality is that switching to a=1 reduces the expected return because it costs ¢ to switch projects. This
lowers the expected return for each z. (By definition, 2" 2 z4,.) The subscript "IL" denotes inefficient
or excessive liquidation because, as will be seen, some projects of type z>zg, may be liquidated. 2z,
is defined with respect to the bank’s expected profit and, thus, will define when liquidation occurs.

Consequently, z, may or may not coincide with zg,, as seen below.

C) Renegotiated Interest Rates

Even if the bank does not liquidate the borrower's project, it may seek to renegotiate the interest
rate on the loan. In this subsection we outline the possible renegotiation outcomes (to be formalized
subsequently).

If the borrower type is such that the gain to switching projects is positive, i.e., z<Z, then the
bank may forgive part of the debt by lowering the interest rate to induce the borrower not to add risk by
switching to a=1. For z<Z’, define F*(z) be the highest value of the new, t=1, interest rate, F’(z), such
that =0 solves the borrower’s t= 1 problem of maximizing the (expected) gain to adding risk. Note that
F'(z)<F.

The possibility of lowering the interest rate to F'(z) arises as follows. Consider a borrower of
type just worse (i.e., lower) than z°. Such a borrower will choose to add risk, a=1, but is near
indifference. If the value of the borrower’s equity were a little higher, then a=1 would not be chosen
and the cost ¢ would not be borne. The bank may find it profitable to raise the value of the borrower’s
equity by forgiving some debt. While this lowers the face value of what the borrower contracts to repay,
the bank’s expected profits may rise because the borrower, with reduced leverage, chooses not to add
risk. This is shown in Figure 2.

At some point, however, lowering the interest rate to induce the borrower not to switch projects

will reduce the bank’s expected profit below what it would earn if it maintained the initial contract and
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allowed the borrower to add risk. Define z™ to be the borrower type at which the bank is indifferent
between these two choices: 7 (F",a=0,2=z") = 7(F,a=1,z=2"). (See Figure 2.) Note that 2" <z’
because the borrower would only be tempted to choose a=1 if z<Z’, that is, when the gain to switching
projects is positive (T'(z)>0). Thus, z™ is the threshold value of z below which (even with renegotiation)
the borrower chooses a=1.

If forgiving debt to induce the borrower to choose =0 is not profitable, then the bank may seek
to raise the interest rate. In order to renegotiate a higher interest rate the bank must have a credible (i.e.,
subgame perfect} threat. Define zzy to be the borrower type at which unrenegotiated bank profits equal
the value of the collateral, L,, i.e., 7V(F,zgy,a)=L,. For z<z,, the bank expects its (unrenegotiated)
profit to be less than the current liquidation value and, hence, has a credible threat to liquidate. The
subscript "RN" denotes "renegotiation” since for z < zgy the bank can credibly threaten the borrower and
demand a higher interest rate, say F*’(z). If the bank can credibly threaten the borrower, then the higher

interest rate (assuming no partial liquidation) is given by:

F'"(z) = Argmaxy L,G(F'|z,a-1)+F/[1-G(F/'| z,a-1)]

As shown in Figure 2, as the type of the borrower declines, there comes a point where raising the interest
rate cannot raise the expected value of the loan to the bank above the liquidatiop value, ;. As defined
above, at z,;, = (F"",z,a)=L,.

To summarize, in the range z<zz, the bank can credibly threaten the borrower (because
-xY(F,z,a)<L,) and choose the new interest rate, F’, to maximize renegotiated bank profit subject to
*(F"’,z,a) >L!, otherwise the project is liquidated. The bank is in a position to do this because the
borrower, at this point has no outside option, by assumption. In the range zzy<z, the bank cannot
credibly threaten the borrower and extract a higher interest rate (because xV(F,z,a)> L, over this range
of z).® But, the bank can fogive some of the debt by lowering the interest rate if it chooses.

At t=1 the bank and the borrower know L,, observe z, and choose a new contract, F’, or

liquidation, subject to constraints imposed by the existing contract, F. The existing contract and the
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borrower’s type determine xV(F,z,). An equilibrium att=11s: (1) a choice of «a by a z-type borrower
‘which maximizes the borrower’s expected profits, given the contract F* (assuming liquidation does not
occur); and (2), a choice of (new) interest rate, F’, or liquidation, by the bank given the borrower’s type
and choice of a which maximizes the bank’s expected profit.

The precise pattern of renegotiation outcomes as a function of z depends on the location of zgy
relative to z~ and z". The relative location of the various z-cut-offs depends on L, (and F). For
sufficiently small L,, z;y<z™. For intermediate values of L,, 2" <zpy<z°, and for larger values of L,
zen> 2. In the following sections we will focus on the first case, zqy <z™, which we regard as the most
plausible and the most straightforward. The other cases are addressed in the Appendix.

Table 1 provides a concise summary of the notation and definitions for future reference.

IV. Liquidation at t = 1
We begin by considering the possibility of partial liquidation by the bank. This turns out to never

be optimal so the next step is to consider when full liquidation is optimal.

Lemma 1: Partial liquidation is never optimal.

Proof: See Appendix. |

According to the lemma, A€ {0,1}, that is, the bank either completely liquidates the project or liquidates
no part of the project. The reason is straightforward. Since expected returns are linear in the fraction
liquidated, partial liquidation does not affect the borrower’s incentives. The project is either expected
to be profitable or not, regardless of scale.

Now we ask when liquidation will occur. Liquidation clearly occurs for z<zg, because
xT(z,a=0)<L,, that is, the total expected project returns do not exceed the current liquidation value.
Since no contract revision can make the project profitable to the bank, the project is liquidated. This

liquidation is first-best efficient (indicated by the subscript "EL1"--for first-best efficient liquidation).
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A more interesting case occurs when z5,<z<zg,. At 'z, (zZp22g,),
'z ,a=1)27*(F",z,a=1)=L,. Strict inequality occurs if F*’(z) < o in which case the borrower’s
expected profit under the renegotiated interest rate, F'’(z)), is nonzero. In such cases the project is
profitable even if the borrower chooses a= 1, but it may not be profitable for the bank to continue the
project. If F'’(z)=co, then #*(F",z,a)=L,, that is, the bank ensures that it will receive the realized
liquidation value of the project at t=2 with probability one. But, liquidation with probability one may
not be efficient; it may result in less than the return achieved if the borrower can avoid default at t=2.
Thus, F”’(z)= o may not be optimal.*
Second-best liquidation will occur if, for borrower types in the range zg, <z <zg,, the best
alternative the bank has is to raise the interest rate (to F’’), but that, at that higher interest rate,
renegotiated bank profits are below the liquidation value L,. (The notation "EL2" indicates second-best

efficient liquidation.)

Proposition 2: Projects of borrowers of type 2, <2<z, are liquidated.

Proof: In the range zg, <z <z, the borrower will choose a=1 under the initial contract since z<z".
Since 27>z, forgiveness of debt cannot be optimal because for z<z™, T*(F*,a,z)<L,. (F"is the lower
renegotiated interest rate.) The bank can credibly threaten to raise the interest rate, since z<zg,, t0
F(z). But, as z-z, (from above) #*(F”,z,a=1)-L,. For z<z,, =*F",z,a=1)<L,. Thus,

liquidation is optimal. |

Liquidation begins at the point where #*(F*" 2, ,a=1)=L,. If #"(z,,,a=1)=x*F",z,,,a=1)=L,,
(i.e., zg,=2;) then the projects liquidated in the range z; , <z <z, are second-best liquidated since total
expected profits are positive if the borrower did not choose a=1. The difficulty is that there is no way
10 overcome the incentive the borrower has to choose more risk. Forgiveness does not increase the
bank’s expected profit by enough, nor does raising the interest rate. These projects are efficiently

liquidated in a second-best sense (indicated by "EL2") since a social planner facing the same problem of
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borrower moral hazard would liquidate these projects. If x"(z,,ax=1)>x*F",z ,a=1)=L,, then
zy > g, and even more projects are liquidated, inefficient (or excessive) liquidation ("IL") beyond the
second-best. (The Appendix considers the other case of a different constellation of the z points.)

Liquidation of socially wasteful projects will be an important role for the bank to play. But, by
giving the bank the power to liquidate there is also the possibility that the bank liquidates projects
inefficiently (z, > zg,, i.e., liquidates even more projects than would be liquidated in the second-best
solution). This cost will have to be weighed against the benefits of liquidating efficiently. However, as
we will see below, in Section VIII, if the borrower has a cash flow at t=1 (y,> 0) inefficient (beyond

second-best) liquidation outcomes can be minimized via prepayment.

V. Renegotiated Loan Contracts at t=1

Now consider borrowers who are not liquidated. Renegotiation outcomes, as a function of
borrower type, are characterized by the bank choosing the outer envelope of four expected profit curves:
renegotiated profit when the interest rate is raised, **(F"",z,a); renegotiated profit when debt is forgiven
(i.e., the interest rate is lowered), **(F’,z,c); unrenegotiated profit, *V(F,z,«); and liquidation.

Figure 2 graphically portrays the situation we are focusing on, the case where z,y <z~ <z". The
four profit curves for the bank are shown, as are the total expected profit curves for «=1 and a=0. The
next proposition formalizes the intuition that the bank will choose the outer envelope of these profit

curves subject to its ability to extract surplus from the borrowers.

Proposition 3: [f z;,<2z”<Z", then renegotiation results in.
DF'(z) = F"'z) > Fforall 7 € [z4,2s], i.e., raise the interest rate;
2)F'z) = Fforall z € (244,27, i.e., no change in the interest rate;
3)F'(z) = F(z) < Fforallz € [z7,2"], i.e., forgive debt (lower the rate),

4)F'(z) = Forallz > 7, i.e., no change in the interest rate.
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Proof: Part (1): First, we must show that [zg,,Zay] exists. For z>zg,, I'(z) > 0 implies
Prob(V>F)>0, i.e., x"(z,a=1)>L,. That implies x'(F,z,a=1)>0. Asz —zg,, 7'(z,a=1)~L, and
x(F,z,a=1)<L,. Thus, [2g.,Zx] exists. In the interval [zg,,Zanl, *'(z,a=1)>L,, so the project
should not be liquidated, but #V(F,zzy,a=1)<L,, that is, at the unrenegotiated contract the bank would
be better off liquidating the project. Thus, F'=F is not optimal. Z,n<2”  implies
*(F°,z,a=0)< 7Y(F,z,a=1). Therefore, forgiving some of the debt by lowering the interest rate cannot
be optimal. Hence, the project is profitable even if the borrower chooses =1, and the bank sets
F'=F""(2), i.e., raises the interest rate.
Part (2): The borrower will choose a=1 because z<z’, but the bank cannot raise the interest rate
because it has no credible threat since z>z,,. *F ,a=0,z)<xY(F,a=1,z) because z<z", so debt
forgiveness is notoptimal. Since 7Y(F,a=1,z) > L,, the best the bank can do is maintain the current contract.
Part (3): In this range borrowers choose to add risk, a=1, since z<Z", but the bank has no credible
liquidation threat since z,, <z~. However, assuming the interval [z,z"] exists, lowering the interest rate
results in ¥*(F°",z,a=0)> 7V(F,z,a=1).
Part (4): Borrowers in this range do not add risk and the bank has no credible threat. Thus, the best

the bank can do is maintain the initial contract. ||

The proposition can best be understood with reference to Figure 2. Starting with the highest type
borrowers, those with z>z" unrenegotiated bank profits are given by 7Y(F,z,a=0) since these borrowers
do not switch projects. The bank cannot credibly threaten these borrowers to extract a higher rate
because wV(F,z,a=0)>L, (that is, z,y<z"). The bank has no reason to forgive debt since these
borrowers are choosing a=0. Therefore, theée borrowers continue their projects maintaining the initial
interest rate F. This is shown in the lower panel of the figure.

Borrowers with types below z* choose to add risk to their projects. But, the bank is not in a
position to threaten all of these borrowers with liquidation because the point at which the bank can
credibly threaten and force renegotiation, zpy, is below z° (zgy<z"). However, by providing debt

forgiveness to some of these borrowers they can be induced to not add risk. Debt forgiveness raises the
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value of the borrower’s equity by just enough to make taking the costly, risk-increasing, action
unprofitable. The question is whether this is profitable for the bank. In the figure it can be seen that the
bank’s expected profit when debt is forgiven, i.e., the interest rate is lowered (F*(z) <F), is higher than
unrenegotiated bank profits given that borrowers choose a=1.%2

Debt forgiveness is optimal as long as x*(F",z,a=0) > 7"(F,z,a=1), that is, until the bank must
forgive so much that it prefers to stay with the initial contract and allow the borrower to add risk. At
the point z™, 7} (F",z",a=0)=7"(F,z",a=1) so debt forgiveness is only provided for borrowers of type
2" <z<z" since they can be induced to not add risk which is in the bank’s interest. For borrowers in
the range z,,<z<z" there is no change in the interest rate since these borrowers cannot be threatened
to get a higher rate and debt forgiveness is not profitable. (The bank can only force renegotiation for
2 <z because for these borrowers xY(F,z,a=1)<L,.) Consequently, borrowers of type zzy<z<z"
are allowed to add risk and continue under the old contract. This is shown in the bottom panel where
these borrowers continue with an interest rate of F.

For borrowers of type z, <z <z it is not profitable for the bank to forgivé debt (since 2™ > zgy,),
but the project is worth continuing. The bank can force the borrower to pay a higher interest rate
because the threat of liquidation is credible for these borrower types (x'(F,z,a=1)<L, in this range).
Finally, at z5,=2,, #*(F",z,a=1)=L, so borrowers of lower type than this are liquidated.

Two features of Proposition 3 are worth noting. First, the bank is not entirely successful in
controlling risk. Borrowers of type z, <z<z™ choose to add risk and are allowed to continue their
projects. Thus, in equilibrium borrower risk is not constant; some types will have higher risk projects.
Second, renegotiated interest rates are not monotonic in borrower type as can be seen in the lower panel
of Figure 2. Starting from z°, the bank first lowers the interest rate to forgive debt (until z™ is reached),
then maintains the initial rate (until zzy is reached), and then raises the rate (until z, is reached) after
which projects are liquidated. Cases 2 and 3, considered in the Appendix, provide results which are
similar, though the pattern of interest rate changes as a function of borrower type is different it is still

nonmonotonic in borrower type. We discuss the implications of these results in Section VII.
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V1. Initial Loan Pricing and the Role of Debt
We now turn to examining the t=0 problem of choice of F (which for given D will determine
the interest rate charged on loans). Since all borrowers are the same at t=0 the choice of F will be
determined by the requirement that lenders act competitively and earn zero expected profits.. Since banks
are competitive, and take F as given, the only thing to be chosen at t=0 is the volume of loans to
make.® We assume that initially there is no choice concerning collateral; the borrower uses all the

collateral that the project provides and has no other collateralizable resources.

A) The Initial Interest Rate

The above propositions describe the renegotiation and liquidation outcomes for all borrowers at
t=1. Renegotiation outcomes depend on the constellation of z-cut-offs. For illustration purposes we will
continue to focus on the case where 2, <zg, <z <2~ <2°<z,.

Let ¢ be the probability the bank is solvent at date t=2, and let the bank finance loans with
demand deposits D, which require a gross return of R (which equals one since we have assumed that the
required rate of return is zero), given by the market. Since the industry is competitive, an individual
bank takes F as given. Let IT be the bank’s expected profit at t=0. Then the equilibrium F is that F

which solves II=0, where:

- f ‘=p h(z)dz

+ [™1-6(F" | 2, 1)1 F/(2) + [L,6(F" | z,1) 11 (2) dz

2
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+f"'([1—c;<pl z,1)1 F+L,G(F | z,1)}1(2) dz

RN

+ [FM1-G(F* 1 2,01 F*(2) +L,G(F" | z,0))h(2) dz

+ff”{[1-G(FI z,0) F+L,G(F | z,0))h(z) dz-R9D, )

The face value of the debt, F, together with L,, determine the point z°" which splits borrowers into
those for which the gain to adding risk is positive (the "bad" types) and those for which the gain is
negative (the "good" types). High values of F allow the bank a stronger bargaining position with respect
to bad borrowers since the value of unrenegotiated bank profit, #¥, which determines when the bank’s
threat to liquidate is credible, that is, the point zyy, depends on F. A more powerful threat point is
obtained by setting a high value of F, making 7 very low, and raising zzy, 5o that the bank is in a strong -
bargaining position. Also, the point at which forgiveness becomes unprofitable, z", depends on F. But,
high values of F do not affect all good borrowers since that increases the range over which forgiveness
occurs, meaning that they do not all, in fact, end up paying the higher rate. Nevertheless, some good
borrowers do end up with interest rates which overprice their type. Competition limits how high F can
be set. In equilibrium each bank chooses an amount of loans to make, taking F as given. The model

does not determine the scale of the representative bank.

B) Bank Loans and Corporate Bonds

Many firms are faced with the choice of borrowing from banks or borrowing from dispersed
individuals in the public bond market.* In this subsection we analyze which type of debt contract is
more efficient, i.e., mz'xximizes the social value of the project. Since the banking system and the bond

market are competitive, the most efficient contract will result in the lowest cost of capital to the
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borrowing firm and will be preferred. In addition, by comparing the loan contract to a standard corporate
(or public) debt contract, we can highlight and stress the differences between the two kinds of securities,

The corporate bond contract that we consider is the standard debt contract under which the firm
borrows the amount D at t=0 with the promise to pay back F at t=1. The contract is not subject to
renegotiation and pays off L, at t=2 if the borrower defaults.® Note that since there is no interest
payment at t=1 the borrower never defaults at his date.”®

The difference between bank loans and corporate bonds is that bank loans can be renegotiated.
The option to renegotiate makes bank loans valuable. First, bank loan contracts prevent gxcessive
continuation of projects because the bank can liquidate socially inefficient projects. Secondly, banks can
prevent some (costly) gxcessive risk-taking by forgiving debt to induce the borrower to not add risk.
Against these benefits must be weighed the costs associated with excessive liquidation which occurs if
the bank liquidates projects in the range zg,<z<z,. Public or corporate cannot be renegotiated (by
definition) and so cannot prevent inefficient projects from continuing nor can it prevent excessive risk-
taking. But, the advantage of public debt is that it does not excessively liquidate projects (since it does
not liquidate any projects).

Whether bank loans or corporate bonds are more valuable depends on the relative sizes of these

costs and benefits.

Proposition 4: Bank loans are more valuable to a borrowing firm than are corporate bonds of the same

Jace value if:

[P (L,-%7(2,1)) h(2) dz + c[*hiz)dz> [*aT(z,1)-L,] h(z) dz.
21 z°° g

(Ie., if the benefits of liquidating inefficient projects and preventing excessive risk-taking

ourweigh the costs of inefficient liquidation.)
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Proof: The total expected value of the project at t=0if it is financed with a bank loan is:

07 (bankloan) = [ “L h(z) dz+fz”'1:"(z, a=-1)h(z)dz
Z; Zg12

+ [* w7z, e=1) h(2)dz+ [FxT(z,a=0) h(2) dz
z, 4

RN

+ ft"ﬂ:"(z, a=0) h(z)dz

- Z"'Llh(z) dz+fz"1rT(z,a-1) h(z) dz+fz:1t7'(z,a-0) h(z)dz.
z

2 Zn

If the project is financed with a public bond issuance, then its expected value at t=0 is:

1T (bond) = f, z

1

'x7(z, &=1) h(z)dz + [ 'n7(z, &=0) h(z) dz.
: .

The difference between the expected value of the project when financed by a bank loan and when
financed by corporate (public) debt is:

[ 1L,-nT(z, 1)1 h(2) dz + [ [L-77(z, D] h(2) dz + c[in(z)dz.

1

For zE [z,,2g.), L, exceeds the total expected value of the project when the borrower chooses to add risk
so the first term is positive. In other words, the bank loan is more valuable since the bank efficiently
ends the project while the bonds allow excessive continuation of the project. The last term is also
positive, indicating the advantage of the bank in preventing excessive risk-taking via forgiveness of debt.

(Recall that x7(z,a=0) = 77(z,a=0) + c.) The middle term, if it exists, is negative since this is the
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range over which the bank inefficiently liquidates, the range of excessive liquidation.  Bonds avoid this

cost. |

The proposition makes clear that bank loans and corporate bonds are not perfect substitutes.
Moreover, given the analysis to this point, bank loans do not unambiguously dominate corporate bonds
because of the possibility of excessive liquidation. In Section VIII, below, we revisit the issue of
excessive liquidation showing how it can be eliminated or, at least, minimized with a number of different
contract modifications. The result of these contract modifications is that bank loans unambiguously

dominate bonds. But before we turn to that we discuss the results to this point in the next section.

VII. Discussion of the Results
In this section we briefly discuss the above results, focusing on how our model differs from the

existing literature. In the next section we discuss extensions.

A) Pricing Bank Loans With Endogenous Firm Volatility

Proposition 3 (and the results for the other cases, given in the Appendix) demonstrates how the
bank can (imperfectly) control borrower risk-taking. The bank interacts with the borrower during the
course of the contract. It is in a position to do this because by assumption it is a single agent and, by
virtue of the loan contract design, can renegotiate higher interest rates, liquidate, or forgive debt.”

The bank controls risk in two ways: it may liquidate the project or it may change the borrower’s
incentive to add risk by debt forgiveness. But, importantly, there are borrower types for which the bank
cannot prevent risk from being added, but whose projects are allowed to continue. (The bank, however,
can sometimes price this risk by raising the interest rate.) This means that the variance of the value of
the firm (and the mean) depend, in equilibrium, on the borrower type and, in particular, is not constant,
a result at odds with the existing literature on pricing corporate securities based on option pricing.

Pricing bank loans using option pricing methods which take the value of the underlying asset as
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exogenous will be wrong in the above context because the mean and variance of the value of the firm are
not constant,”

The existing literature has recognized the potential problem of the endogeneity of firm mean and
variance in the context of pricing corporate securities. As mentioned in the introduction, Green (1984)
motivates the existence of warrants and convertible debt on these grounds. In Green's model the firm
can invest in two projects, one with a higher variance than the other. The firm’s equityholders issue debt
initially and, given a price for the debt, have an incentive to invest more in the risky project to increase
the value of the equity claims (at the expense of the debtholders). The benefit of increasing risk,
however, does not accrue to the equityholders if the debtholders can participate in the gains by exercising
warrants or conversion features of their debt. Green shows that properly designed warrants or
convertibles can eliminate the incentive of the equityholders to increase risk. Essentially, what happens
is that if the equityholders increase risk the stock price rises, but then the warrants are "in the money”
and are exercised. Anticipating this response by the debtholders the equityholders never add risk so that
the warrants or convertibles are never exercised in equilibrium.

Like Green we seek to motivate the existence of embedded options in corporate securities by
appealing to an asset substitution problem, i.e., the potential for equityholders to take on risk at the
expense of other claimants. In our case we seek to explain the existence of put options in bank debt.
The crucial difference between our model and Green’s is that we motivate the existence of debt whereas
Green assumes debt. If the firm can issue equity initially, or subsequently via warrants, then it should
do so and should not use debt. Clearly, an all equity firm does not suffer from asset substitution
problems.

In our model the firm cannot issue equity initially because outside equityholders cannot force cash
to be released from the firm since the value of the firm at t=2 V is neither observable nor verifiable.
If instead of a bank loan, the firm issued bonds and warrants, the warrants would be of no value because
the outside equityholders (in this case the bank which obtains equity via warrants) would never earn a
dividend since they can not observe V. This problem motivates debt in our model. In Green’s model

there is no reason for debt, so there is no problem faced by outside warrant holders. In our model the
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threat to exercise warrants would not be credible and, hence, could not prevent the (interim) asset

substitution problem.®

B) The Importance of Collateral and Seniority

Our model sheds light on a puzzle that emerges from the existing literature on financial
intermediation: why should banks as senior claimants engage in monitoring the behavior of borrowers
more closely than junior claimants do? Junior claimants would seem to have a greater incentive to
monitor, as Fama (1985) has argued. Yet firms often have both bank loans and publicly-issued and
traded bonds. Fama (1985) argues that the benefits of banks’ monitoring activities spill over into the
corporate debt market as the presence of bank debt on a corporation’s balance sheet functions as a sort
of "seal of approval” that enables it to issue debt directly. The problem with this scenario is that bank
debt is senior to corporate debt. Consequently, banks should have less incentive to monitor borrowers’
subsequent behavior than the junior creditors would have.

Our view is that, as senior claimants, banks have the unique ability to engage in (relatively)
efficient liquidation of bad projects. Banks have a clear cut incentive to monitor and, in fact, their claim
on collateral enables them to use the renegotiation process to monitor more efficiently. If banks did not
have claims on collateral at t=1, they could not liquidate projects. As junior claimants they would have
no incentive to liquidate bad projects, since the proceeds would go to others. But, as senior claimants
they have every incentive to force liquidation, possibly excessively liquidating. If the likelihood of
excessive liquidation can be reduced, as discussed below, then bank loans dominate other forms of debt
because the prospect of relatively efficient liquidation raises the value of the firm ex ante by lowering the
cost of debt.”

Fama (1985) argues that bank debtors bear the incidence of the reserve tax, since bank CD’s have
to compete with high grade commercial paper in money markets. Our model is consistent with this
observation, since banks, as senior creditors, offer unique services that benefit borrowers and enhance
efficiency. The only concern is whether some other institution, not subject to the reserve tax, could take

over that role. This is a question for future research, 'since nothing in our analysis identifies banks per
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se as the institution that should be the senior claimant, only that whoever is senior claimant should

monitor z.

C) Junior Debt

Whether bank loans can facilitate the issuance of junior debt is less clear from the model. Banks
can affect the borrowers’ decisions to add risk by liquidation and by forgiveness. If bank debt is chosen,
rather than corporate debt then seniority of bank debt ensures that socially efficient liquidation occurs.
The presence of junior debt need not affect the ability of the bank to efficiently liquidate borrowers, but
will clearly affect a bank’s willingness to forgive debt.

The desirability of junior debt turns on the ability to renegotiate with these debtholders. If
renegotiation is not possible, then it is not optimal for the borrower to issue any junior debt. The reason
is straightforward. While the presence of junior debt does not affect the bank’s ability to liquidate
projects, some borrower types will not receive debt forgiveness. With junior debt present the bank is
less willing to forgive debt and this results in a higher initial interest rate since more borrowers will add
risk and eventually default at t=2. Consequently, junior debt will not be issued. (The proof, omitted
here, is along the lines of Proposition 4.)

Junior debt, however, is observed in the world. In fact, in the last fifteen to twenty years the
amount of junior debt (in the form of junk bonds and medium term notes) appears to have risen
significantly. The rise of the junior debt market occurred when it became feasible to renegotiate with
junior debtholders, in particular for borrowers to receive forgiveness, via exchange offers. Exchange
offers allow for the possibility of forgiveness and consequently the renegotiations outcomes with only
bank debt can be implemented.” .

With both senior bank debt and junior debt, banks have the role of liquidating when need be, but
junior debtholders play the role of forgiving. The key to this arrangement is that the borrower has an
incentive to initiate forgiveness via an exchange offer, but does not have an incentive to initiate

liquidation. The bank, however, has an incentive to initiate liquidation of very bad types. In such a
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world, 10 avoid the reserve tax on bank deposits, borne by borrowers, we would observe a substitution

of junior debt for bank debt.

D) Related Research and The Role of Debt

Recent research which is most closely related to our analysis includes Diamond, (1989, 1992) and
Aghion and Bolton (1988).® Diamond focuses on the maturity structure of debt and directly addresses
the issue of efficient liquidation, showing the role of banks. In Diamond's (1989) model there are
different borrower types ex ante indistinguishable to lenders at the initial date. Borrowers receive an
unassignable control rent from running the project. Noisy information about borrower type does become
available, however, at an interim date. Borrowers do not take actions, but the issue of liquidating bad
(conditional on the noisy signal) types arises. Diamond analyzes the renegotiation outcomes when short-
term debt matures and shows that to achieve efficient liquidation, bank debt must be senior and short-
term. Good borrowers do not prefer only short-term debt, despite the prospects that their type will be
revealed and they will be able to refinance at a lower rate, because there is some chance their type is
incorrectly learned, resulting in inefficient liquidation.®

The driving forces in Diamond’s model are the presence of the unassignable control rents together
with the adverse selection. The fact that there are some bad types motivates the bank to want to liquidate
some projects at the interim date. Good types, mistaken for bad types, cannot make transfers to the bank
to buy all or part of the project back because the control rents are not assignable. Hence there can be
inefficient liquidation.

Our model is quite different, aside from our emphasis on pricing rather than on maturity
structure.™ In our model there is no adverse selection or as}mmetric information about borrower type
either initially or at the interim date. The issue in our mode! not only concerns the ability of the bank
to liquidate, possibly inefficiently. Because of the verifiability problems requiring debt, the problem is
that the bad types (z<z") cannot precommit to not adding risk.®® This may motivate the bank to
liquidate, but even if liquidation is efficient some borrower types add risk which is costly. The bank

attempts to prevent borrowers from adding risk, but is not always successful. This is the source of our
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result that renegotiated interest rates are not monotonic in borrower type which, in turn, makes loan
pricing rather complicated.

The basic idea of Aghion and Bolton concerns the role of debt in allocating control rights to the
firm. If the firm’s revenue stream is sufficiently correlated with the state of the firm (z, in our model)
so that the firm defaults on debt payments in bad states (i.e., low z), then control transférs to the creditors
in those states in which it is optimal for control to pass to the debtholders. Transfer of control need not
imply liquidation, so debt serves to partition the state space into states in which debtholders get control
and those in which control remains with the equityholders. Thus, the defining feature of the model is
that it links rights to the firm’s income streams via design of liabilities to rights of control over firm
decisions.

In our model there is not debt payment at date t=1, so the rationale for the optimality of debt
(from t=0 to t=1) cannot be a link between allocation of control rights and the firm’s revenue stream
(which is assumed to be correlated with the firm’s state). In fact, it is reasonable to question the
desirability of such a link. A not uncommon occurrence in banking is for the bank to lend more when
a debt payment is missed, suggesting that the revenue stream and the firm type realization are not highly
correlated.

In our model the role of debt is somewhat different. We focus on the case where there can be
no default on debt at the interim date (because there is no interim debt payment and no cash flow).
Nevertheless, there is a flow of information and, based on that news, the bank can implement a transfer
of control via its option to call the loan in early; the bank can liquidate. Moreover, control of the
equityholders’ (i.e., the borrower’s) decisions can occur without the debtholder taking over the firm since

the bank can forgive debt, altering the borrower’s actions. .

VIII. The Prepayment Option and Excessive Liquidation
Excessive liquidation can be the outcome of renegotiation when the best the bank can do with a
higher interest rate results in a renegotiated loan value which is less than the liquidation value

(x*(E",z,a=1)<L,), but when a constrained social planner would not liquidate the project
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(x*(@z,a=1)>L)). Inthe model we analyzed above, inefficient (or excessive) liquidation results from the
fact that the borrower, the residual clamiant, is liquidity constrained at t=1 and has no bargaining
power.* If the borrower had sufficient cash at t=1 from a cash flow at that date, and had bargaining
power, then it might be optimal for the borrower to buy back the project at t=1, depending on the
buyback price. Then, as discussed below, inefficient liquidation might be elminated and borrowers might
never want to add risk.

The assumption that the borrower is liquidity constrained at t=1 seems natural since the borrower
was liquidity constrained initially and it was this which motivated borrowing. Nevertheless outcomes,
particularly liquidation outcomes, are sensitive to whether the borrower has any cash at t=1 and to the
allocation of bargaining power. The contract must take these factors into account. In this section we
briefly consider extensions to the model which might mitigate inefficient liquid_ation and borrower risk-

taking.

A) The Prepayment Opti.on and Renegotiation When y, >0

Suppose the borrower receives a cash flow at t=1, y,>0, where y,<F. We now suppose that
the contract contains a prepayment option allowing the borrower to reduce the amount of indebtedness
by paying early (i.e., at t=1). We assume that prepayment is verifiable. To allow for the possibility
of prepayment we modify the renegotiation game as follows. The borrower can choose to move first by
offering to prepay part of the loan by making an offer of cash to the bank in exchange for a reduction
in the face value of the debt. The bank can: (1) accept the offer and let the loan continue until t=2; (2)
liquidate the loan; or (3) make a (take-it-or-leave-it) counteroffer. If the borrower chooses not to prepay,
then the bank can make a take-i.t-or—leave-it offer (forgive debt, raise the face value of debt, do nothing,
or liquidate, as before). (We allow the bank to make a take-it-or-leave-it counteroffer for simplicity.)

The prepayment option allows the borrower to buy back the project to the extent that the
borrower is not liquidity constrained. We now investigate whether the borrower always wants to prepay

the maximum feasible amount, y,. Suppose the borrower can consume the cash at t=1 or t=2 if it is
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not used to prepay the loan (i.e., it can be paid out as a dividend and consumed). This assumption means
that the liquidation values remain L, and L, at t=1 and t=2.

Let P be the amount of the prepayment. Then the borrower chooses P to maximize:

f:‘P (V-(F-P)lg(V | a) dV + (y,-P) st Psy,

It is straightforward to verify that if the prepayment is limited to a dollar-for-dollar reduction in the face
value of the debt, as it is in the above expression, then unless there is a zero chance of default (in which
case the borrower is indifferent about prepayment), borrowers will not want to prgpay.’7

Thus, borrowers will require a premium for prepayment (which will be negotiated). To induce
prepayment of, say one dollar, the face value of the debt must decline by enough to make the expected
value of the debt go down by at least one dollar. (The amount of the decline in the face value of F
required will depend on z.) Even if the borrower could repurchase the debt dollar-for-dollar at its
expected value this would not be profitable. The expected value represents the average value of debt,
while it is the marginal value which is important to the borrower. This point has been stressed by Bulow
and Rogoff (1988) and we will not belabor it. Nevertheless, the bank and the borrower can renegotiate
a mutually bneficial buyback price (we omit the details, see Bulow and Rogoff (1988)).

Two further points on prepayment. First, the prepayment scheme above is equivalent raising the
initial face value of F and modifying the initial contract to require a (dollar-for-dollar) (pre) payment at
t=1. At the interim date, t=1, the dollar-for-dollar buyback price will be renegotiated downward
depending on z. Consequently, there is a penalty in the form of a higher debt burden if prepayment is
not made. |

Second, note that even with the buyback price calculated as above, not all borrowers will want
to prepay. Borrowers who will be liquidated even if they do prepay are clearly better off by consuming
the cash flow at t=1 since the bank cannot prevent this. Borrowers who would otherwise receive

forgiveness also have no incentive to prepay. For them the bank will forgive debt if they do not prepay.
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The amount of forgiveness will be reduced to the extent that they prepay so they are better off receiving
forgiveness and consuming y, since the bank cannot force the firm to release cash via prepayment (since

the threat to liquidate is not credible).

B) An Alternative Method of Reducing Inefficient Liquidation

We now turn to another possible method for reducing or eliminating inefficient liquidation and
incentives for the borrower to add costly risk. Since inefficient liquidation occurs because the borrower
cannot precommit to not take the risky action, it might seem that some alteration of the contract giving
the borrower some payment if there is liquidation could alter the borrower’s incentives in the right
direction. For example, suppose the borrower were to receive part of L, in case liquidation were to occur
(Doug Diamond has suggested calling this a "golden parachute”). Then the borrower would not be as
opposed to liquidation and the bank's incentive to liquidate would be reduced.

Consider the extreme case in which all L, remains with the borrower. Then it is as if there is
no put option on the debt for the lender, since the lender cannot obtain any revenue at t=1. This would
still lead to excessive liquidation because the borrower would compare the expected value of max[V —
F,0] and L,, as opposed to simply comparing the expected value of V and L,. To get a more efficient
outcome, the borrower could be allowed to keep some share, say yL,, such that E(max[V -
F,0]|z=2g.)/y = E(V|z=2zg,). - Then, conditional on the choice of «, the liquidation decision would
be efficient, i.e., it would only be carried out for z<zy, Nonetheless, the inefficiency due to the
excessive risk-taking is unaffected by the golden parachute mechanism, since the incentive to take on
additional risk comes from the structure of claims at t=2. There will still be projects liquidated that
would not be in a first-best world in which taking on additional risk could be prevented, namely when
2 S$25, 8

Of course, altering the contract with this type of golden parachute will require an alteration, an
increase, in the-initial F since the bank must be compensated for the loss in the liquidation states. An

increase in F will result in more borrowers choosing to add risk and, possibly, to more borrowers adding
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risk in equilibrium. Taking this into account could make the elimination of all excessive liquidation too

costly.

IX. Conclusion

Bank loan contracts are significantly different than corporate bonds; they are senior (secured)
claimants with an option to "call” the loan in early. Because a bank is a single agent, receiving
information about the state of the borrower via covenants, the bank is in a unique position to renegotiate
the contract with the borrower and, most importantly, by virtue of being the senior claimant the bank has
the ability and the incentive to liquidate the project. We have analyzed how the bank goes about
renegotiating and the extent to which the bank can be successful in controlling borrower risk-taking
activity.

The bank can successfully liquidate inefficient projects, but may also inefficiently liquidate
projects, though this can be mitigated via prepayment when the borrower has a cash flow at the
renegotiation date. Tﬁe other way that the bank can influence the borrower’s choice of risk is via debt
forgivenéss which can change the borrower’s incentives to take on risk.

When the bank cannot control the borrower, it can still enforce a higher interest rate in some
cases. In these cases, and in some other cases where the bank cannot obtain a higher interest rate, the
borrower does increase risk in equilibrium. Equilibrium renegotiation outcomes reveal a pattern which
is nonmonotonic in borrower type, reflecting the fact that some borrowers do engage in higher. risk
projects. This means that pricing bank loans practically cannot be based on standard contingent claims
methods.

| The role of debt in this model is distinct from the existing literature which has recently linked
debt payments to issues of the transfer of control rights. Here there is no such link. Instead, control of
the firm occurs via renegotiation directly. Debt serves to define the bank’s bargaining power with respect
to the borrower, allowing the bank to credibly threaten the borrower with liquidation. This allows the
bank to liquidate some borrowers, but also allows the bank to extract a higher interest rate from

borrowers who take on more risk.
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The unique contract features of bank loan contracts allows bank loans to add value to firms; loans
are more valuable than corporate debt provided inefficient liquidation is reduced sufficiently. Corporate

debt, held by dispersed bondholders, and without sufficiently detailed covenants, cannot achieve the

outcomes achieved via bank renegotiation.
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Appendix
Proof of Proposition 1: The proposition says that there exists a trigger value of z, which we denote z,
such that the borrower chooses a=1 if and only if z<z". That is, the moral hazard problem is more
severe for those who get bad news. In the following discussion we use the notation E,[w(x,y)], where
w is a function of random variables x and y, to indicate that the expectation is with respect to x alone.

We first provide the following lemma.

Lemma Al: Let V and z be two random variables with joint distribution G(V,z) and assume that the
conditional distribution of V given z has the MLRP property. Let y:R—R be some continuous
Junction that cfosses zero only once, and from above. Then the function £:R—R, §(z) =
E[Y(V)|z] crosses zero ar most once, and from above.

Proof: See Karlin (1968).

Recall that y(V) = E_[II(V+e<c) - I(V)], where II(w) = max[w-F,0] is the profit to the
borrower. We denoted the expected gain to a borrower of type z from switching from project a=0 to
a=1by I'(z). Hence I'z) =E,[y(V)|z]. At t=1, having observed z, the borrower chooses « to
maximize profits. To prove the proposition we apply the lemma and need only show that (V) crosses

zero only once, and from above. Assume that the upper bound of the support of ¢ is greater than c+F.

We have

y("- L -, Je-(c+F-Vlh(e)de-max(V-F,0]

We know that V<F implfes Y(V)>0. Further, since for V>F
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Y- eh(e)-(c+F-V)(1-H(c+F-V))-(V-F),

we have

o (D= ~VH(c+F-V)-e<0.

We also have, for V>F,

d"’ L b F-1<0.
Therefore, ¥ has the desired properties, and we have proven the proposition. |

Proof of Lemma 1: At t=1 the bank’s problem is to choose a new interest rate, F*(z), and a fraction of
the project to liquidate, A, to maximize (expected) renegotiated bank profits:

Ill'

n‘(—,a,z) AL +(1- A)Q)G(—lz.a)+—[1 ~G1s 2

)]

lll

a0 I z,x)]

+[1-G(

The first order conditions, with respect to A and F'(z), respectively are:

Ly~ [TL Vg | Vol == DL )G | e [THL0gC | 3D

a- l)
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where G, is the partial derivative with respect to A. Solving (A2) for G, and substituting into (A1) results

(after some manipulation) in:

L=

In other words, if renegotiated bank profits are greater than the liquidation value of the projeét, ™ >
L,, then the bank chooses A=0 otherwise renegotiated bank profits do not exceed the liquidation value

and the bank chooses to completely liquidate the project, A=1. |
Liquidation When zo, €2< 27 <26,S2 < Zy

Proposition Al: Projects of borrowers of type 7, S2<2” <2, S2" <zgyare liquidated, while borrowers
of ype 2,52 <2< 25,57 <2y receive debt forgiveness.
Proof: Borrowers will choose a=1 under the initial contract since z<z'. As z—z~ from above
*F*,a=0,2>xYF,a=1,zL,. Thus, for z>z" forgiveness of debt can make the project profitable.
For z<z™ forgiveness is not profitable and, by the same arguments as in Proposition 2, raising the
interest rate cannot make the project profitable. |
Again, projects in the range z,, <z<z™ are liquidated inefficiently. (Here z;, =z".) Projects
in the range 2~ <z <z, are profitable {f the borrower chooses «=0. By forgiving some of the debt the

bank can induce the borrower to choose a=0 and these projects are allowed to continue.
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Renegotiation O For C 2 and 3
Case 2 is the situation where z,,>z", that is, unrenegotiated bank profits are less than the
liquidation value starting at borrower types higher than the type at which there is an incentive to switch
projects and add risk. (Recall that wU(F,z,a) <L,, for all z<zg,.) In this situation the bank can credibly

threaten to liquidate borrowers who have no intention of switching projects (in addition to those who do).

Proposition A2: If 2,4>2", then renegotiation results in the following outcomes:
(1) F'= F"'(z) > Fforall z € [15,2"], i.e., raise the rate;
() F' =F(z) < Fforallz € [z7.7), i.e., forgive debt;
(3) F' = F’(z) > F for all z € [Z",24], i.e., raise the rate;
(4) F' = F for all 2>z, i.e., no change.

Proof: Part (1): For z">z>zg,, I'(z)>0, i.e., the gain is positive so the borrower will add risk, which
implies Prob®>F)>0, i.e., 77(a=1,2)>L,. That implies that #"(F,x=1,2)>0. As z-zg,,
7 (a=1,z)~L, and *V(F,a=1,z) <L,. Therefore, the interval [z, ,,2™] exists. In this interval liquidation
is not optimal because x"(a=1,z) > L,, nor is setting F'=F optimal (because x(F,z,a=1)<L,). Atz",
*F,a=0,2")=x"F,a=1,2")<L,. Since as z-zg, (from z~), x*(F",«=0,2)<L,, lowering the
interest rate cannot be optimal. To prevent liquidation the borrower must agree to the higher interest
rate, F>’(z).

Part (2): First, we must show that the interval [z™,z°) exists. By assumption z;,<z". For z>2",
*(F,a=0,2)> x*F",a=0,2) since F'<F. For z<2z’, 2Y(F,a=1,z) <#*({F",a=0,z). As z-z" from
above, 7*(F°,a=0,z)+>xY(F,a=1,z). Therefore, the interval [z7,z"] exists. Liquidation cannot be
optimal since x"(a=1,z)>L,. Since z°<z,,, ®*'(F,z,a=1)<L, for z € [z7,z"], F'=F cannot be
optimal. For z € {27z, =*F’,a=1,2<x'F,a=1,2)<L, since F’’(z)>F. But,
™ (F,a=0,2) > 7VF,a=1,z) and as z-z" (from z") T*(F",a=0,z)»7Y(F,a=1,z). Therefore, F’=F is

optimal.
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Part (3): In this range x(F,z,a=0) <L, since z<zzy. Because z°<z<z,,, the borrower is already
choosing a=0 so there is not point in lowering the interest rate. Liquidation is clearly not optimal.
However, the bank can credibly threaten to liquidate and, therefore, raise the rate to F''(z).
Part (4): For z>zg, 7Y(F,z,a=0)>L, so the bank cannot threaten to liquidate the project or to raise
the interest rate. It is not profitable to forgive debt since the borrower is already choosing «=0. {

In the above case the bank forgives some debt for types in the interval z"<z<z". For bad
borrowers in the interval zm<z<z;‘ debt forgiveness benefits the borrower, but cannot make the loan
profitable to the bank. Since the project is profitable even if the borrower adds risk, i.e.,
*T(z,x=1)>L,, the bank raises the interest rate. The ba_nk also raises the interest rate for borrowers
which can be threatened with liquidation, even though they will not choose to add risk, those in the
interval z°<z<z,,. This possibility would, of course, be priced initially. This outcome is due to the
bank’s monopoly position since these borrowers might choose to prepay their loan and get financing
elsewhere if that were possible, something we consider in Section IX.

Case 3 is the situation where 2™ <zgy<z°. Liquidation occurs for z<zg,. This case is similar
to Case 1 except that there is no range between forgiveness of debt and raising the rate where no change

occurs,

Proposition A3: If 7™ <zgy<2', then renegotiation resuits in:
1)F' = F"@) > F, forall z € [t4.2], i.e, raise rate;
2)F' =F() < F, foralz € {2.7], i.e., forgive debt;
3)F' = F, forall z>7', i.e., no change.

Proof: We begin with a lemma, then prove the proposition.

Lemma A2: If #xY(F,z)<L for some z<z~, then there exists z, z"<Z<zy such that

HE"(2),0=1)> 7 (F a=0), for 2°<z< .
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Proof: As z-z~ (from above) x*(F’,a=0,z)»x"(F,a=1,z). But, #*F",a=1,2)>7"(F,a=1,2).
Therefore, P*(F"",a=1,2)> " (F",a=0,2). |

Proof of Proposition A3:

Part (1): Forz € [zm,gl the borrower is choosing a@=1. Liquidation is not optimal since z>zg,.
Since Z <z, xY(F,a=1,2)<L,, so maintenance of the initial contract is not optimal. By the lemma
2F’,a=1,2)> 7*(F ,a=0,z) so the bank raises the interest rate.

Part (2): As above neither liquidation nor maintenance of the initial contract is optimal. In this range,
by the lemma, »*F"’,a=1,2) <x*(F’,a=0,2) so the bank forgives some debt.

Part (3): For z>z" the project is profitable and the borrower chooses a=0. The bank cannot threaten

the borrower since zqy <z, 5o the initial contract is maintained. |
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Footnotes

1. See Kashyap and Stein (1992) for a survey of the recent literature on the monetary policy transmission
mechanism which relies on bank loans having no perfect substitutes.

2. According to Srini Vasan (1986), over the period 1964-1980, 13.4 percent of the total assets of small
firms (under $10 million in total assets) were funded by loans from banks. For medium-sized firms ($10-
100 million in total assets) bank loans constituted 12.7 percent of total assets, and 4.9 percent of the total
assets of large firms (greater than $100 million) were bank loans.

3. Currently, 70 percent of commercial and industrial loans are made on a secured basis. See Berger and
Udell (1990). Often when a loan is made on an unsecured basis, loan covenants forbid the pledging of
assets to other agents. Contractual details on bank loans and collateral are provided by Morsman (1986)
and Quill, Cresci and Shuter (1977).

4. Zimmerman (1975) discusses bank loan covenants. Smith and Warner (1979) discuss corporate bond
covenants.

5. Asquith, Gertner and Scharfstein (1991), however, do not find that this is the case. Gilson, John,
and Lang (1990) have a sample of firms in which some firms have no public debt, whereas Asquith,
Gertner, and Scharfstein’s sample has no such firms. )

6. Many covenants require the borrower to maintain balance sheet ratios, such as "times interest earned,”
“cash flow to current maturities,” or "sales to receivables,” above or below specified thresholds.
Zimmerman (1975) describes these covenants as providing "triggers or early warning signals of trouble,
which will allow the bank to take remedial action.”

7. The term "bank” is intended to apply to any agent who is the sole lender to the borrowing firm and
lends according to the contract we specify in the model. We do not intend the term to strictly apply to
institutions chartered by the government, but rather to a broader class of agents, including so-called
nonbank banks such as insurance companies and firms such as General Motors Acceptance Corporation.

8. Formally, the right to "call” the loan is a put option since the bank has the right, but not the
obligation, to ask the borrower to buy the loan at a stated exercise price.

9. Thus, the two period interest rate on the loan is (F - D)/D. While F will always refer to the face value
of the debt to be repaid at t = 2, we will often refer to F as “the interest rate.”

10. Note that if L, =L,, then the bank can never be worse off by allowing the project to continue at t=1
and, thus, will never liquidate the project at that date. The assumption that L, > L, implies that at earlier -
stages of the project liquidation is less costly, i.e., more can be recovered.

11. Bolton and Scharfstein (1990) and Hart and Moore (1989) show the optimality of debt in similar
settings.

12. There is (implicitly) a third party, a contract enforcer, who has less information about relevant state
variables than any borrower-lender pair.



13. The values D, and F are public information.

14. At t=1 we assume that costless, or extremely inexpensive, ways of adding risk can be prevented
costlessly by the bank through covenant restrictions.

15. The simplified structure for t=2, in which there is no renegotiation, does lead to the possibility that
both the borrower and the lender could profit from adding risk to the project. This is because liquidation
occurs when V falls between L, and F, so it could pay to make outcomes outside that interval more
likely. This possibility is only present when F — L, is large relative to ¢, and will be diregarded in what
follows.

16. Bank loan contracts are written with a large number of covenants so that small deviations of the state
of the firm trigger covenant violations, allowing the firm to "call” the loan. Sometimes the bank excuses
such violations. Because of these covenants, the option to "call” is best viewed as always verifiably being
"in the money" for bad borrowers.

17. Banks appear to rarely forgive debt directly by forgiving prinicipal. Instead, forgiveness takes the
form of deferring principal and interest payments. See Asquith, Gertner and Scharfstein (1991). In order
to incorporate this our model we would need one more period.

18. Though for the prospect of pricing this ex ante requires that the borrower not have this amount
available for the bank to subsequently seize. As will be seen, the interpretation which is consistent with
the model is that the borrower may consume any cash available, so that, indeed, the ex ante pricing of
bank surplus extraction at t=1 benefits the borrower. '

19. In a repeated setting in which the.bank and the borrower will have a relationship in the future, the
bank might well not obtain all the surplus, but this is beyond the scope of the current model.

20. In the absence of a repeated relationship, a threat to liquidate when unrenegotiated bank profits
exceed the liquidation value is not subgame perfect.

21. Since we have assumed, at this point, that the borrower has not received a cash flow at t=1 (y,=0)
it is not feasible for the borrower to make a transfer to the bank to induce the bank to allow the project
to continue. We take this issue up in a later section.

22. The interval (z™,z"] may not exist.

23. We abstract from how the bank finances itself since that is separable from the problem of choosing
the face value of the debt, F, assuming that the problem of depositors monitoring the bank has been
solved along the lines suggested by Diamond (1984).

24. We defer until Section VII.C. a discussion of borrower capital structures which include both bank
loans and (public) corporate debt.

25. Corporate bond contracts sometimes contain covenants which are monitored by a bond trustee. Our
view is that this arrangement is not equivalent to a bank contract since the incentives the trustee faces are
not the same as those a bank faces. Thus, it appears to be rare for a trustee to renegotiate the contract
in any substantial way.
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26. We assume that the firm cannot make an exchange offer at t=1 and the bondholders can not force
a renegotiation because they are dispersed. Because they are dispersed there is a free riding problem or
hold-out problem which prevents them from forgiving debt (outside of bankruptcy proceedings). Even
if exchange offers were allowed, so that forgiveness could be accomplished for some borrower types,
liquidation, which depends on the lender’s initiative, could not occur.

27. Diamond (1984) and others have shown that such monitoring requires centralized lending in part to
avoid the free rider problem inherent in monitoring activity.

28. Attempts to price corporate debt using contingent claims methods have led to mixed results, at best.
E.g., Jones, Mason, and Rosenfeld (1984).

29. There are two additional problems with warrants or convertibles. First, even if these securities
functioned to prevent asset substitution in our model, their use could not implement efficient liquidation.
Second, the design if these securities would be very peculiar in our set-up. In our model all firms are
identical ex ante and so would all have the same stock price. Subsequently, some firms get bad news
when they find that they are of low type; their stock prices would fall. If they add risk, then their stock
prices would rise, but there is no reason to think that they would rise above the initial, t=0, stock price.
Thus, for the warrants to deter adding risk, they might have to be designed to be "in the money" at stock

prices below the stock price at the date of issuance, something never observed in practice, '

30. As junior claimants banks could still forgive debt, while as senior claimants they would not forgive
since subordinated debtors would be the beneficiaries. Thus, when junior debt is present, and banks are
. senior lenders, banks are not likely to forgive principal. This corresponds to the findings of Asquith,
Gertner, and Scharfstein (1991) who study distressed junk bond issuers and find that the banks rarely
forgave principal, but did defer principal and interest payments.

31. The proof of this, omitted here, is straightforward. As z declines, junior debt will at some point
prefer a=1, but this point occurs at a lower borrower type than the point at which forgiveness occurs.
With only bank debt, nonliquidated borrowers below z™ choose a=1 anyway, so this does not affect the
ability of a senior bank loan together with junior debt to implement the renegotiations outcomes of the
case with only bank debt.

32. Another related paper is Diamond (1991).

33. In earlier work, Diamond (1989) the same basic model is used, except borrowers are allowed to take
on more risk after they receive the loan. This is unobserved; borrower type is always unobservable.

34. Our model assumes that the bank loan lasts for two periods, but could be viewed as a one period loan
which will be rolled over at the interim date t=1.

35. Borrowers cannot pledge future cash flows (assuming they have these cash flows) to the bank because
such cash flows are unverifiable. Suppose the borrower has no cash available at t=1. The borrower will
receive a cash flow at t=3, in addition to what will be received at t=2, the expiration date of the original
loan contract. Could the borrower pledge all or part of the t=3 cash flow to the bank at t=1 to prevent
inefficient liquidation? The difficulty with this scenario is that the t=3 cash flow is not verifiable so the
bank would have to require a debt contract with a payment due at t=3 in addition to the payment at t=2.
But, this raises the total debt burden on the borrower so there is still the incentive to add risk, making
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liquidation the bank’s best option. As discussed below, avoiding inefficient liquidation requires that cash
actually change hands at t=1.

36. See Aghion, Dewatripont, and Rey (1991) for a discussion of the importance of bargaining power
in models similar to the one analyzed here.

37. The derivative of the borrower’s expected profits is negative at zero.

38. Hart and Moore (1989) consider the possibility of transfers to the borrower initially, i.e., loans in
quantitites that exceed the project size. In their model (which differs from ours in several ways, most
notably in the timing of the resolution of uncertainty) such transfers do enhance efficiency in some cases.
In our model they are at least weakly dominated by the golden parachute mechanism and, consequently,
would not alter the conclusion that inefficient risk-taking (and hence inefficient liquidation) still occur.
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Table 1: Concise Summary of Notation

~

time periods (0.1,2.3)

Ye cash flow from project in period ¢t (t = 1,2,3)

b scale of project at time t (t =0,2; 2o = 1)

D initial debt

E initial equity (£ + D = 1)

F initial face value of debt

4 value of the project to the entrepreneur as of t = 2

G(-) distribution function for V, with support [0, V] and density g(-)
L, liquidation value of the project to the lender (¢t = 1.2)

A fraction of the project that is liquidated at t = 1

F’ renegotiated face value of debt at t =1

a indicator variable for switching to riskier project (a € {0,1})

c cost of switching to riskier project

xT total expected value of the project at ¢t =1

xV value of bank expected profit absent renegotiation

Lok value of bank expected profit with renegotiation

z observable but nonverifiable information at ¢t = 1 about project value

[(z) net gain to borrower from switching to riskier project (i.e., a = 1)

z inf{z|T(z) >0, given £} (threshold for switching projects given initial contract)
z inf{z|(z) > 0, given F'} (threshold for switching projects given renegotiation)
zan  inf{z|7Y > L,,VF' < F} (threshold for liquidation to be a credible threat)

zppn  inf{z|x¥ > L,,a = 0} (threshold for efficient liquidation absent switching)

zgrz  inf{z|xT > L;,a = 1} (threshold for efficient liquidation given switching)

2 inf{z|7® > L,} (threshold for liquidation to be profit-maximizing for bank)
F*(z) value of F' < F such that ['(z) =0

F"(z) value of F' > F that maximizes 7R given o =1



