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gaining power. Giammarino (1989) gives an alternative explanation based
on opportunistic misrepresentation, as creditors suffer from an asymmetric
information problem. In Bergman and Callen (1991), debtors use their dis-
cretion over the investment decisions of the firm to wrest concessions from
creditors by threatening to sap firm value through suboptimal investment
policies. Finally, in Anderson and Sundaresan (1996) and Mella-Barral and
Perraudin (1997), debtors’ ability to make take-it-or-leave-it offers to their
creditors enables them to strategically obtain “debt service holidays.”

This article discusses instead the following moral hazard problem: Debt
contracts do not induce debtors’ ex post optimal timing of default to coin-
cide with the ex ante optimal time to sell off the firm.2 Our analysis con-
siders situations where cooperatively selling the assets of the firm becomes
preferable to continuing operating it. Therefore, unlike previous studies, it
recognizes that the ex ante optimal time of liquidation is not just equal to the
infinite.3 Importantly, whereas existing theories are all built upon the idea
that creditors are complaisant because debtors can sabotage firm value, here
it is rational to restructure the debt, even when debtors have no bargaining
power.

With standard debt contracts, this leads to only one level of borrowings
for which debtors’ ex post optimal time of default actually equals the ex ante
cooperatively optimal time of liquidation. For other levels of borrowing, it
always becomes in creditors’ collective interest, as residual claimants, to
eventually reduce their own contractual claims. In doing so creditors avoid
bearing the cost of an inefficient liquidation. Debt reorganization essentially
enhances the market value of the debt, as it enables creditors to avoid ill-
timed liquidation.

On the one hand, an inefficiently “early” default leads self-interested
creditors to propose a reduction of their immediate cash flow claims, con-
ditional on debtors restarting to service the reduced debt obligation. We
consider the fact that to exit a situation of default it is most often necessary
to propose a new debt contract to the investors.4 Then creditors’ ex post op-
timal behavior consists of gradually writing down their coupon, each time
it becomes necessary and in their interest, to extend debtors’ willingness
to meet their obligations. This reflects empirical evidence showing that (i)
reorganizations yield a reduction in leverage and (ii) occur in a repeated

2 We use ex ante and ex post with respect to the date the debt is issued.
3 In Nielsen, Saa-Requejo, and Santa-Clara (1993) and Longstaff and Schwartz (1994) liquidation of an

unlevered firm would also occur at a finite time. It happens the first time the value of the firms’ assets
reaches a critical level, which is either a constant or follows a diffusion process. The critical level is,
however, not necessarily optimal, as it is just exogenously given.

4 Technically such “irreversible” concessions are difficult to handle because the problem becomes path
dependent. They differ from the simpler state-dependent concessions considered in Mella-Barral and
Perraudin (1997).
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fashion.5 To capture the magnitude of creditors’ willingness to restructure
the debt, we also construct an adapted version of the “debt-relief Laffer
curves” encountered in the literature on sovereign debt.6 A first important
result is that debt value can be decreasing in debt service obligation.

On the other hand, the prospect of a “late” default induces creditors to
propose a concession on their collateral claim in liquidation, conditional
on debtors accepting to immediately declare liquidation. Here creditors are
trying to precipitate the event of liquidation. It is therefore rational, even
for noncoerced and self-interested creditors to promise debtors a share of
the proceedsof a liquidation sale. This is a new explanation for what are
essentially departures from the absolute priority ruleafter liquidation.7 Of
importance, debt value can also be decreasing in collateral.

Whereas sequential debt forgiveness arises for relatively high levels of
leverage, departures from the absolute priority rule in liquidation occur for
relatively low levels of leverage. The structure of the model also relates the
predominance of one form of debt reorganization or the other to fundamental
characteristics of the industry; in particular, the relative contribution to value
of inalienable human capital to alienable physical assets.

This article then provides the pricing implications of these forms of debt
reorganization. With respect to the pricing literature, and in particular Le-
land (1994), Leland and Toft (1996), and Mella-Barral and Perraudin (1997),
our main contribution consists of dissociating the events of default and liq-
uidation. The analysis is extensive, (i) expanding the strategy space open
to debtors and creditors in debt reorganization, allowing for the debt con-
tract to be renegotiated, and (ii) incorporating game theoretic interactions
between these two conflicting parties.

The analysis is conducted constructing a flexible structural continuous-
time model of the levered firm which allows fordynamic restructuring of the
debt contract. Theclosed formasset pricing formulae for debt and equity we
derive are simple and intuitivepath-dependentfunctions of the basic state
variable which summarizes economic fundamentals. The dynamic nature
of the model yields the expected evolution of the leverage through time,
hence a dynamic theory of capital structure. It therefore also contributes
to the literature on the dynamics of the capital structure which includes

5 Gilson, Kose, and Lang (1990) report that three-quarter of out-of-court workouts involve a reduction in
debt obligations. Alderson and Betker (1995) find that firms with high bankruptcy costs emerge from debt
restructuring procedures with relatively low debt:equity ratios. Furthermore, according to Gilson (1995),
between a quarter to a third of all financially distressed firms reenter financial distress within a few years
after completing a restructuring.

6 Krugman (1988, 1989), Sachs (1988a, b), and Froot (1989) have studied the logic behind several market-
based reduction schemes.

7 Franks and Torous (1989, 1994) and Eberhart, Moore, and Roenfeld (1990) find that in three of four
corporate liquidations, debtors get some share of the proceeds of the open-market liquidation sale, even
though creditors are not completely paid off.
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Kane, Marcus, and McDonald (1984) and Fischer, Heinkel, and Zechner
(1989).

The influence of the relative bargaining power of debtors and creditors
in contract renegotiation is very substantial. Although the option literature
ignores this factor, surprisingly, it is not an important one in corporate
asset pricing.8 Relative bargaining power in renegotiation alters the debt
risk premium at entry as well as the ex post departures from the absolute
priority rule by as much as the threatening implicit cost of liquidation.
Similarly the endogenous absolute limit to the amount debtors are able to
borrow ex ante, that is, the debt capacity of the firm, diminishes rapidly with
debtors’ bargaining power.

The article is structured as follows: Section 1 constructs a model of
the levered firm where debtors’ ex post optimal timing of default differs
from the ex ante optimal time of liquidation. Section 2 explains the differ-
ence (i) between “deferring” and “inducive” concessions and (ii) between
“self-imposed” and “forced” concessions, hence introducing four cases.
Section 3 presents the assumptions behind the “benchmark” model we later
develop and gives as an example of the structure for which we will derive
closed-form pricing formulae. Sections 4 and 5 develop, in the four cases
introduced above, the associated asset pricing equations with dynamic debt
reorganization. Section 6 characterizes the set of feasible debt contracts that
can actually be initially issued and provides a numerical example. Section 7
discusses possible extensions of the analysis. Section 8 concludes.

1. Modeling the Levered Firm

1.1 Operating a firm with the alternative to liquidate it
Consider a set of physical assets that can yield revenues that are positively
related to a single state variable,xt . This uncertain state variable follows a
diffusion process:

dxt = µ(xt )dt + σ(xt )d Bt , (1)

whereB is a standard Brownian motion. This state variable reflects eco-
nomic fundamentals. It can be the market value of this set of physical
assets or the operating income they could generate.9 It may also be a more

8 Empirical evidence reported in Jones, Mason, and Rosenfeld (1984) shows that yield spreads substantially
exceed those implied by contingent-claims models based on the work of Merton (1974) and Black and
Cox (1976). Leland (1994) is able to generate such high levels of yield spreads, but needs to assume
excessively high bankruptcy costs. Longstaff and Schwartz (1995) produce significantly boosted risk
premia but need to incorporate exogenously specified departures from the absolute priority rule. Here,
high debtors’ bargaining power in renegotiation can easily lead to dramatic increases in yield spreads.

9 Most corporate debt valuation models, including Merton (1974), Black and Cox (1976), Brennan and
Schwartz (1984), Fischer, Heinkel, and Zechner (1989), Kim, Ramaswamy, and Sundaresan (1993),
Leland (1994), Longstaff and Schwartz (1995), and Leland and Toft (1996) take the total value of the
firm’s assets as their economic fundamentalxt . The cash-flow models of Mello and Parsons (1992), Fries,
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industry-specific fundamental, such as the oil price. More generally it can
be any summary combination of them.

In combination with the incumbents’ human capital, these physical assets
can yield a period income flow, which only depends on the level of the state
variablex. Operating losses are not ruled out, hence this income flow may
be negative in some range. We will denote5(x) as the unlimited liability
value of aperpetualclaim (and obligation) on this income flow. We assume
that5(x) is a continuous and twice differentiable function ofx. This is a
reasonable assumption given that it is the integral over time of a perpetual
stream of discounted period income flows.

Although the set of physical assets could beoperatedforever, the incum-
bents have the alternative to abandon operations and sell these assets. That
is, usually a set of physical assets has worthwhile alternative uses in the
hands of competitors. This is because the assets of the firm, in the hands of
other market participants, could yield analternativeperiod income flow. At
any time these alternative uses determine competitors’ willingness to pay
for the firm’s assets, and we will denote5∗(x) as the price the incumbents
can expect to sell them for. We will also assume that5∗(x) is a continuous
and twice differentiable function ofx.

To simplify, we consider that partial asset sales destroy existing economies
of scale: If a fraction of the assets of the firm are sold, the remaining income
flow from operations is reduced by more than this fraction. Therefore, grad-
ually selling the assets through a sequence of auctions is not profitable, and
the assets of the firm are best sold simultaneously. We also consider that
selling the assets is an irreversible decision, so that when the incumbents
decide to do so, they essentiallyliquidatethe firm.

Overall, once it is constituted the firm consists of a set of physical assets
which (i) are currentlyoperatedbut (ii) could alternatively be irreversibly
liquidated.

Distinguishing5(x) from5∗(x) and assuming the irreversibility of the
decision enables us to capture in a structural fashion the implicitcostof
liquidation: The decision would be a perfectly reversible one, if in the case
the state variablext reversed its course a second after the selling decision
is taken, (i) the incumbents would wish to buy back the firm immediately,
and (ii) their competitors would actually sell it back for the price they just
bought it for. Liquidation would then essentially be a temporary costless
decision to redeploy assets.

In practice however, a liquidation sale often involves a partial disman-
tlement of the technology. Furthermore, interrupting a line of production
often diminishes future access to current operations, possibly due to a loss

Miller, and Perraudin (1997), and Mella-Barral and Perraudin (1997) take the price of the commodity
produced as the driving process. They all assume thatxt follows a geometric Brownian motion.
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of human capital, know-how, and competitive edge. In any case, it is difficult
to reverse such a decision. Therefore once liquidation is decided, owning
back the firm is less attractive for the incumbents than owning it before. In
short, reconstituting a working combination of physical assets and human
capital is costly.

This interpretation is in the spirit of Hart and Moore (1994), who consider
that liquidation avoids future use of the incumbents’ inalienable human cap-
ital. Our setup is just less drastic: The incumbent has access (and can exclude
access) to an opportunity set, which is the support of5(x). Their competi-
tors have a different access protected set of opportunities, which supports
5∗(x). The difference between5(x) and5∗(x) reflects the fact that after a
liquidation sale the sellers’ willingness to buy back the technology is lower
than his willingness to hold it before.

Such a framework can capture well the degree to which initial investments
are specific to current operations. Clearly, when the specialization of an
investment is human capital specific (instead of physical asset specific),
which is inalienable, the specialization implies a relative reduction of the
outside value of the physical assets. Then5(x) is very different from5∗(x).

Euro-Disney is an example of this case: If Disney was to abandon oper-
ations, potential buyers of the site would only be left with an unattractive
field distant from Paris. Because competitors do not have access to Mickey
Mouse, they would not be willing to pay much. Conversely, if Euro-Tunnel
declares bankruptcy, the liquidation value of the tunnel can be expected
to be close to the current market value of the existing firm. This because
several market participants are able to generate a similar income stream if
they held the tunnel, hence5(x) is similar to5∗(x).

1.2 Value of the firm
If it is known that the event of liquidation will occur the first time the state
variablext reaches a given levely, we can express the present value of the
firm as a function of5(x) and5∗(x): The value of the firm prior to the
event of liquidation is simply

V(xt | y) = 5(xt )+
[
5∗(y)−5(y)] P(xt > y). (2)

This decomposition of the value of the firm is similar to Black and Cox
(1976): The first term on the right-hand side is the value of a perpetual
entitlement on the current flow of income,5(xt ). The second term is the
product of (i) the change in asset value intervening when liquidation occurs,
[5∗(y)−5(y)], and (ii) a probability-weighted discount factor for this
event denotedP(xt > y).

Let Ty ≡ inf{T | xT = y} be the first time at whichxt hits the levely,
and denoteft (Ty) as the density ofTy conditional on information att (that
the state isxt ). The random timeTy is well-defined since the sample paths
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of xt are continuous almost surely. Assuming risk neutrality, and a constant
identical borrowing and lending safe interest rate,ρ,10 thenP(xt > y) is
the Laplace transform offt (Ty),

P(xt > y) =
∫ ∞

t
e−ρ(Ty−t) ft (Ty)dTy. (3)

This notation should allow an intuitive understanding of the articles’ val-
uation formulas.P(xt > y) is a probability-weighted discount factor for
payoffs accruing the first time the state variable reaches a levely, given that
it is currently equal toxt .

Now, instead of assuming that liquidation occurs the first time the state
variablext reaches an exogenously given levely as if it was an uncontrolled
event, we would like the liquidation trigger levely to emerge endogenously
out of an optimization problem, reflecting the fact that it is the result of a
decision-making process.

An optimalliquidation point is, among all candidate trigger levelsy, one
that maximizes firm value. Therefore, assuming that at the time of entryt0
incumbents are better off operating the physical assets than liquidating them,
an optimal liquidation pointx solves the first-order optimality condition

∂V(x | x)
∂x

= 0. (4)

As it is, the model does not guarantee the actual desirability of the liquidation
decision; that is, (i) nothing dictates the number of optimal solutions and
(ii) nothing restricts their range in value. In other words, (i) there could be
zero, one, or several optimal liquidation trigger levels, and (ii) these optimal
trigger levels could be less or greater than the entry state,x0.

We therefore need additional structural assumptions which (i) address the
issue of existence and unicity of optimal solutions and (ii) actually reflect
the economic situation we are interested in. Assumption 1 addresses these
issues as follows:

1. We wish to depict situations where the decision to sell the physical
assets becomes eventually profitable. In doing so, our objective is to
depart from previous studies which consider that a firm’s first best
closure time is just infinite. Assumption 1 will ensure that there exists
an optimal liquidation point, and to simplify the analysis, will also
guarantee its uniqueness.

2. The focus of the article is on financial distress. We would therefore
like the liquidation decision to be desirable as economic fundamentals

10 Harrison and Kreps (1979) show how to extend the results of the article to a non-risk-neutral world, with
risk adjusted probabilities, that is, under an equivalent martingale measure.
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deteriorate.11 Given that to start with we have normalized the analysis,
assuming that the cash generating ability of the firm’s assets is posi-
tively related toxt , liquidation should be desirable as the state variable
falls.

Assumption 1.At the entry state x0, the option value of the decision to
trigger liquidation at y,[

5∗(y)−5(y)] P(x0 > y), (5)

is a strictly concave function in y, maximized at a trigger level xstrictly
smaller than x0.

The firm,{x;5(x);5∗(x)}, and the economic environment it is evolving
in, {µ(x); σ(x); ρ}, which Assumption 1 portrays, are such that when the
firm is setup, it is known that selling off the assets of the firm will eventu-
ally become optimal in the future the first time the state variable reaches a
threshold level that is lower than the entry state. The unique ex ante opti-
mal liquidation trigger levelx is obtained solving the first-order optimality
condition of Equation (4). In this context the value of the firm under the
first-best closure policy isV(xt | x).

Figure 1 gives a graphical representation of the setup: At entry the in-
cumbent is better off operating the physical assets than liquidating them. If
the state of the world deteriorates, the income flow associated under current
operations becomes relatively less attractive than the one competing corpo-
rations could generate, and selling the assets of the firm eventually becomes
preferable to continuation. The unique random optimal time to do so is the
first time the state variable falls to the levelx.

1.3 Introducing debt
To finance the initial investment the incumbents have issued infinite maturity
debt that is promising an instantaneous flow of coupon paymentsδ to a
cohesive group of creditors. That is, the value of a perpetual stream on
creditors contractual income flow isδ/ρ. The remaining part of the income
that results from operations accrues to the debtors, and its perpetual value
is5(x)− δ/ρ.

In the spirit of recent corporate finance literature, debt can be justified
assuming that the incumbents are not wealthy enough to finance this entire
initial investment andneedexternal financing. Ifxt ,5(xt ), and5∗(xt ) are
observable to both contracting parties but not verifiable to outsiders, as in

11 A situation where a decision to sell the assets of the firm to competitors is desirable if economic fun-
damentals improve corresponds more to an opportunity to be taken over. Combining both a financial
distress liquidation and a take over opportunity in such a framework may provide interesting insights.
This, however, generates a two-sided pricing problem, and obtaining closed-form solutions requires the
model to have a very particular geometry.
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Figure 1
The firm and its economic environment
The firm is economically worthV(xt | x). 5(xt ) is the unlimited liability value of the income flow
generated through current operations. The ex ante optimal liquidation decision is taken when the economic
fundamental variable,xt , reachesx.5∗(xt ) is the expected liquidation value of the firm.

Hart and Moore (1989), they cannot be part of an enforceable contract.
The incumbents (agents) have to issue simple debt contracts for creditors
(principals) to lend.

Alternatively, and arguably more significantly in practice, debt is justified
in the presence of atax advantage of debt. The model could easily be
extended to incorporate the effect of a tax relief,τ :12 The value of a perpetual
entitlement on the flow of income to equity and debt would be(1−τ)[5(x)−
δ/ρ] andδ/ρ, respectively, instead of just5(x)− δ/ρ andδ/ρ. However,
for simplicity and to emphasize the role of the parameters that crucially
drive our analysis, the model is developed settingτ to zero.

Debtors can always decide to repudiate the contract anddefaulton their
contractual obligations. But if the contract is not serviced, creditors can take
legal action, going to court. The contract stipulates that if the debt service is
not respected, a sharing rule of the proceeds from aliquidation sale of the
firm can be imposed, invoking debt collection law. This sharing rule defines

12 As Miller (1977) pointed out,τ = 1− (1− τc)(1− τV )/(1− τL ), whereτc is the corporation tax rate.
τV andτL are the personal tax rate on equity and debt income, respectively.
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Lemma 1. Debtors’ default trigger level, xD, is increasing in debt service
obligations,δ. Then, for a given sharing rule in the event of repudiation,
C(x), there exists a unique threshold amount of debt service obligations,δ̃,
such that xD equals x:

δ̃ = ρ C(x)+ ρ
[
5∗(x)−5(x)] d C(x)/dx

d5(x)/dx− d5∗(x)/dx
. (10)

In the presence of two groups of claimants, debtors and creditors, the
terms of the debt contract induce the debtors to default atxD, which is most
often different fromx. Consequently the total value of the firm,D(xt |
xD)+C(xt | xD) = V(xt | xD), can only be less than the value of the firm
under the ex ante optimal closure,V(xt | x). Whereas in the presence of
a single group of claimants the first-best policy is obtained, with debt and
equity, the debtors control the time of default, but their residual claim on
the liquidation value of the firm is only rarely efficient. Lemma 1 splits the
set of possible debt contracts in the following three subsets:

1. If the promised interest payment on the outstanding debtδ corresponds
exactly toδ̃, the total firm value,D(xt | xD)+ C(xt | xD), equals the
value of the firm under the ex ante optimal closure,V(xt | x), even
if debtors’ determine the time of liquidation in a noncooperative fash-
ion. Notice that if the APR is respected, that is,C(x) = 5∗(x) ∧ P,
there is only one level of borrowings for which this is the case.

2. If the leverage is higher,δ is greater thañδ, and thereforexD is greater
thanx. The amount of debt introduced yields an inefficiently “early”
liquidation, as the value of the firm is not maximized, that is,D(xt |
xD)+ C(xt | xD) < V(xt | x).

3. For lower levels of leverage,δ is smaller thañδ, and thereforexD is
smaller thanx (if δ̃ is nonnegative). Such an amount of debt creates
an inefficiently “late” liquidation, because againD(xt | xD)+ C(xt |
xD) < V(xt | x).

Clearly debtors’ freedom to choose the time of default is often limited
either by (i) preestablished covenants, and/or (ii) nonintentional inability to
service the coupon. However, any particular default “scenario” results from
a set of constraints on debtors’ ownership and generates a specific debtors’
ex postconstrainedoptimal trigger level. Therefore the main point would
still remain:xD still has no reason to be equal tox, and in the absence of
renegotiation this generates an inefficiency due to an inappropriate sharing
rule of the residual value. This is most generally the case, even under a
different prevailing set of constraints on debtors’ ownership.
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2. Restructuring the Debt

We have just examined an efficiency that emerges when the debt contract is
never renegotiated, hence when debtors’ default and liquidation are simul-
taneous. However, default is not necessarily followed by liquidation.

When debtors exercise their option to default, creditors have in turn
an option to use debt collection law and force liquidation. This is not an
obligation to do so. Although the firm is set up as a single investment
decision, at any time, nothing prohibits one group of claimants from starting
out-of-court debt reorganization discussions with the other. This, after or
even before default.

If asset-holders are able to renegotiate perfectly and costlessly their con-
tract, they will internalize all surplus their is eventually to be gained from
renegotiation. Here, with an implicitly costly liquidation, but perfect costless
renegotiation, a capital structure irrelevance result should hold. The rene-
gotiation surplus to be generated equals the difference between the value
of the firm under the ex ante optimal closure,V(xt | x), and its value with
debtors’ noncooperative liquidation decision,D(xt | xD)+ C(xt | xD).

2.1 Deferring versus inducive creditors’ concessions
Consider first an amount of leverage for which associating an immediate
bankruptcy to debtors’ default would lead to an inefficiently “early” liqui-
dation. This corresponds to high levels of outstanding debt, generating an
xD greater thanx. Such a situation is represented in Figure 2. Clearly the
debt would be worth more if liquidation occurred atx instead ofxD, hence
creditors stand to gain frompostponingthe event of liquidation.

If debtors default atxD, it is always profitable for creditors, in the absence
of renegotiation costs, to make concession offers which increase the payoffs
to the debtors under current operations, relative to liquidation. Such con-
cessions decrease debtors’ noncooperatively optimal default trigger level. It
provides an incentive for debtors to prefer current operations, hence gener-
ating an interest to restart servicing the debt. Define a net transfer of wealth
from the creditors to their debtors, which only applies if default does not
occur, as a “deferring” concession. In providing this incentive, creditors’
self-interested objective is to internalize to their own profit the surplus to
be generated through renegotiation. This is the rationale for the existence
of debt forgivenesswe will develop in this article.

On the other hand, a low level of leverage possibly creates an inefficiently
“late” liquidation. Creditors would then benefit fromprecipitatingliquida-
tion. Such a mirror situation is represented in Figure 3, wherexD is smaller
thanx. Define an “inducive” concession as a net transfer of wealth from the
creditors to their debtors, to be perceived once and only once liquidation is
triggered. In the absence of renegotiation costs, it is optimal for creditors
to self-impose such concessions in order to appropriate the renegotiation
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Figure 2
Inefficiently early liquidation

surplus. This is the rationale for the existence of creditors’ self-imposed
departures from the absolute priority rule we develop in the article.15

2.2 Self-imposed versus forced concessions
Debtors are always in favor of concessions. However, instead of passively
accepting or rejecting such offers as they are, debtors can actually obtain
more. If they can make credibly threatening offers, opportunistic debtors
are in a position to extract part of the renegotiation surplus.

Therefore another important dimension to incorporate is the relative bar-
gaining power of each group of claimants when it comes to renegotiating the
contracts. The renegotiation surplus will be appropriated not exclusively by
the creditors, but also by the debtors. In the absence of regulation, it is their
relative bargaining power which determines the allocation of this surplus.

Differential games, such as the one played here by debtors and creditors,
are difficult to solve for. In order to introduce in a tractable fashion such
game-theoretic elements into this continuous-time pricing model, we restrict

15 Notice that inducive concessions have the opposite effect to deferring concessions, hence creditors will
not combine them.
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Figure 3
Inefficiently late liquidation

our attentions to the two limiting cases. We will only consider the equilibria
that result if (i) the creditors are in a position to make take-it-or-leave-it
offers to the debtors, or (ii) vice versa. Notice that noncoerced agreements
can only be reached if resulting gains to one side do not imply losses to
the other. This is to say that in these simple games, the follower player is
nevertheless entitled to reject the take-it-or-leave-it offer made by the leader.

The first extreme case corresponds to the intuition developed so far:
Creditors make “self-imposed” concessions, and debtors are passive in that
they are not pushing creditors to make even larger concessions through
strategic default. The alternative case is the mirror situation: Opportunistic
debtors select their time of default to “force” the maximum concessions that
creditors are ready to make in order to avoid the ill-timed liquidation.

Such situations result in hierarchical Stackelberg equilibria [see Basar
and Olsder (1994) for an extensive discussion]. In the case of self-induced
concessions, the leader creditors commit to a particular strategy and the
follower debtors then react optimally, taking the leader’s strategy as given.
The strategies are Markov, open loop (state dependent), and perfect state
(perfect information). Our assumption of risk neutrality, and the fact that
asset-holders wish to extract all of the surplus, enables us to solve explicitly
for the values and strategies.
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3. Developing a “Benchmark” Pricing Model

3.1 The “Benchmark” model’s assumptions
We set out the assumptions under which we will develop, in Sections 4–6,
a pricing model with debt restructuring. Our choice, although disputable,
intends to correspond best to a reference case. Section 7 provides a fur-
ther discussion of these assumptions, suggesting future extensions of this
“benchmark” case. The model of this article could then be used as a refer-
ence to assess the relative impact of alternative assumptions.

1. We consider that debtors select their time of default in anunconstrained
fashion. This default scenario yields the simplest expressions because
it corresponds to the absence of particular constraints on debtors’ own-
ership, and seems the most appropriate one for a benchmark model.
Implicitly it involves assuming that

• Liquidity problems do not influence debtors’ decision to default.
This is arguably a reasonable assumption: When debtors face a
liquidity problem, solving it would increase the value of their
claim, which is nonnegative in the first instance. But then it is
feasible and in their interest to issue additional shares in order
to overcome the cash shortage: The new shares always have a
positive price, because they consist of sharing a positive equity
value.

• There are no covenants triggering liquidation before debtors wish
to default, because they cannot be enforced. This is justified in an
environment wherext ,5(xt ) and5∗(xt ) are observable to both
parties, but not verifiable to outsiders.

2. We assume that contracts areperfectlyrenegotiated. This implicitly
assumes that debtors and creditors constitute two distinct but cohesive
negotiating units, and silences the influence of the conflict of interest
there exists among creditors. Roe (1987) and Gertner and Scharfstein
(1991) discuss the fact that publicly traded debt exchange offers suffer
from a “hold-out” problem as nonexchanging bondholders will be en-
riched at the expense of those who tender. When tendering, bondhold-
ers accept new bonds with reduced terms; the probability of ill-timed
liquidation is also reduced for nontendering bondholders.

This moral hazard problem is typically due to the noncohesiveness
of the public debtholders’ negotiating unit, and can freeze the out-of-
court debt restructuring process. Therefore, in the presence of multiple
creditors, it is often difficult to renegotiate contracts. In the extreme
case, if debtors and creditors cannot restructure the debt at all, they
faceforced liquidation. When default is directly followed by liquida-
tion, the following sections do not apply, and the valuation of assets
is instead provided by Equations (6) and (7). With the endogenous
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closure rule, debtors’ optimal default trigger level,xD, simply solves
Equation (8).

3. Debt reorganization is assumedcostless. Clearly, if restructuring is
costly, creditors face a trade-off between (i) bearing the immediate
costs of liquidation in a nonrenegotiation strategy and (ii) incurring
the aggregate amount of renegotiation costs associated with a dynamic
restructuring strategy. Whereas here the firm will always ultimately be
liquidated at the ex ante optimal time.

4. The concessions control variables are the couponδ and the collateral
C(x), that is, the terms of the debt contract. We only considerinfinite
maturity debt, and restructuring does not involve changing the maturity
of the contract.

5. The model is developed withno tax advantage of debt, largely to isolate
(and not exaggerate) the impact of debt reorganization on pricing.

3.2 Asset valuation technique
Throughout the article, asset values are derived using the same two-step
procedure. We actually already employed this procedure to express the
value of the firm under the first-best closure policyU (xt ) and the value of
equity and debt in the absence of renegotiation,D(xt | xD) andC(xt | xD).

First we express the value of the asset prior to an “event” as thesumof the
value of the asset if the event was never to occur, that is, the asymptotic value
of the asset,plus the product of (i) the change in asset value, relative to its
asymptotic value, that occurs when the “event” occurs and (ii) a probability-
weighted discount factor for this “event.” This is close to the Black and
Cox (1976) decomposition of corporate asset values, and is precisely the
method employed to write Equations (2), (6), and (7). The pricing exercise is
formulated as a stochastic stopping time problem for agivenregime switch
trigger level.16

Second, consideringall possible trigger levels as a candidate solution,
weoptimizeover these potential triggers to reflect the choice of the decision
maker. This is in the spirit of optimization methods employed in the real-
options literature.17 Obtaining theoptimaltrigger level involves solving the
relevant first-order optimality condition, optimizing the decision-maker’s
claim value over the trigger level he controls. This is precisely how Equa-
tions (4) and (8) characterize the ex ante optimal closure level,x, and the
debtors’ ex post optimal default trigger level,xD.

16 There is extensive literature dealing with the first time a diffusion process reaches a level. Froot and
Obstfeld (1991) and Smith (1991) give closed-form solutions for some applications in economics.

17 This refers to the literature on optimal decisions under uncertainty started by Dumas (1988), Pindyck
(1988), Bertola (1989), and Dixit (1989). Dixit (1991) and Dumas (1991) discuss the “high order” or
“smooth pasting” boundary conditions resulting from the optimal regulation of a Brownian motion.
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3.3 Structures that yield closed-form solutions
Clearly a desirable feature of any pricing model is to yield closed-form
solutions. This requires additional structure. The parametrization of the firm
{x;5(x);5∗(x)} and the uncertainty in the environment{µ(x); σ(x); ρ}
must be selected to perform the following:

First, the description of the environment,{µ(x); σ(x); ρ}, should enable
us to express the Laplace transform,P(xt > y), introduced in Equation (3).
Depending on the specific type of diffusion process we assume to be driv-
ing the uncertainty, the probability density function,ft (Ty), of the random
variableTy yields more or less complex expressions. However, the solu-
tion for most commonly assumed diffusion processes such as arithmetic or
geometric Brownian motion is simple [see Karlin and Taylor (1975)].

Second, the formulation of the asymptotic value of the firm’s alternative
cash flows,5(x) and5∗(x), as well as the collateral agreed in the debt
contact,C(x), should enable us to solve explicitly for the different trigger
levels using the relevant first-order optimality conditions.

These are the only basic calculations we need to be able to carry out
in order to obtain closed solutions throughout the model. There are several
model specifications for that this remains a fairly simple task. The following
is an example structure that is easy to implement. Actually the setup of
most previously cited corporate debt valuation models can be nested by this
structure:

Structure 1. The uncertain state variable, xt , describing the current status
of the firm follows a geometric Brownian motion,

dxt = µ xt dt + σ xt d Bt , (11)

whereµ < ρ andσ are constants, and Bt is a standard Brownian motion.
Both the unlimited liability value of a perpetual claim on the income flow
from operations,5(x), and the price competitors are willing to pay for the
assets of the firm,5∗(x), are linear in x. That is, there exists four constants
20,21,2∗0, and2∗1, where20 > 2∗0 and21 < 2∗1, such that

5(x) = 20+21 x and 5∗(x) = 2∗0 +2∗1 x. (12)

Debt contracts are agreed upon under the absolute priority rule (APR): In
the event of repudiation, creditors are to be paid first out of the proceeds of
a liquidation sale, up to a par value, P, and therefore C(x) = 5∗(x)∧ P.

Of interest, notice that by simply requiring20 > 2∗0 and21 < 2∗1,
Assumption 1 is satisfied. Furthermore, when debt contracts are written
applying the APR, Assumption 2 is satisfied. This should illustrate the fact
that Assumptions 1 and 2 are reasonable and not very restrictive. With the
state variable following a geometric Brownian motion, the expression of
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P(x > y) becomes

P(x > y) =
(

x

y

)λ
,

whereλ ≡ σ−2[−(µ−σ 2/2)−((µ−σ 2/2)2+2ρσ 2)1/2]. This structure is
particularly attractive because not only all asset values but alsoall decision
trigger levels and threshold levels have very simple closed-form solutions:
The value of the firm under the first-best closure policy is

V(xt | x) = 20+21xt +
[
2∗0 −20+ (2∗1 −21)x

] (xt

x

)λ
. (13)

Similarly, if contracts are not renegotiable, the values debtors and creditors
claim are, respectively,

D(xt | xD) = 20+21xt− δ
ρ
+
[
−20−21xD+

δ

ρ

](
xt

xD

)λ
, (14)

C(xt | xD) =
δ

ρ
+
[
2∗0 +2∗1 xD −

δ

ρ

](
xt

xD

)λ
. (15)

The ex ante optimal liquidation trigger level,x, and the debtors’ ex post
optimal default trigger level in the absence of renegotiation,xD, are

x = −λ
1− λ

(
2∗0 −20

21−2∗1

)
and xD =

−λ
1− λ

(
δ/ρ −20

21

)
. (16)

Furthermore, the threshold level of debt obligations introduced in Lemma 1,
δ̃, which corresponds to the unique level of leverage such thatxD equalsx is

δ̃ = ρ
2∗021−202

∗
1

21−2∗1
. (17)

4. Creditors’ Self-Imposed Concessions

In Section 2 we introduced two dimensions to the problem of debt restruc-
turing: First, the amount borrowed determines whether concessions are
intended to “defer” or “induce” liquidation. Second, the relative bargaining
power between debtors and creditors determines whether the concessions
will be “self-imposed” or “forced.” This leads to four cases.

In this section we first consider cases where creditors make “self-imposed”
concessions where debtors are not in a position to be very active in renego-
tiations. In Section 5 we will examine the opposite situation, where debtors
opportunistically extract the largest possible concessions through strategic
default, so creditors’ concessions are “forced.”

553



The Review of Financial Studies / v 12 n 31999

We analyze the moral hazard problem working backwards in time: Here
we examine the ex post behavior once the debt is issued, hence for a given
contract coupon,δ, and collateral,C(x). In Section 6 we look at the ex
ante implications of debtors ex post residual control rights and derive the ex
ante endogenous limits to creditors willingness to lend. This will provide a
characterization of the set of contracts acceptable at the date of issue,t0.

4.1 Deferring concessions: Debt forgiveness
We start considering large amounts of outstanding debt where, in the ab-
sence of renegotiation, debtors default inefficiently “early.” More precisely,
δ > δ̃ which leads toxD > x, as in Figure 2. Here creditors have a col-
lective interest in unilaterally reducing their own cash flow claims prior to
liquidation. Reorganization offers consist of “deferring” net transfers from
creditors to debtors. The contractual concession is aimed at providing an in-
centive for the debtors to prefer servicing the revised debt obligation instead
of staying in default.

We consider that to exit a situation of default it is necessary to propose
a new debt contract to investors. Formal contracts are needed for the im-
plementation of agreements to be credible. The alterations are therefore
not temporary. Now, after a new contract is established, the problem may
arise again. Asset-holders may have similar reasons to reorganize this new
contract later on. Accordingly, an essential structural feature of a dynamic
model is to allow for an unlimited sequence of reorganizations.

If creditors perfectly control the renegotiation process, that is, only make
“self-imposed” concessions, they will only propose these concessions as late
as possible. If renegotiation is perfect and costless, they will offer amarginal
deferring concession just as debtors default on the existing contract. The
timing of the whole sequence of marginal concessions is solely designed
to provide debtors with the minimum incentive to stay in operations. The
optimal reorganization process therefore involves agreements tomarginally
write down the contractual coupon bydδ. Debt is therefore an entitlement
to an income flow, given the current level of the coupon,plusa continuum
of options toeither (i) lower the coupon level by incremental amounts as
the output price changes, or (ii) collect the residual value of the firm, when
it becomes optimal to stop deferring liquidation.

Once the state variable falls below the first reorganization trigger level,
x f
C , further debt forgiveness options will be exercised by creditors asxt

reaches new historical lows. At each reorganization time, the creditors’
optimal reduction leaves their debtors marginally preferring continuation
to default. In this way the entire renegotiation surplus is appropriated by
the creditors, who avoid a costly liquidation. Accordingly, the concessions
control variable is only reduced whenxt hits a new minimum level,̌xt ,
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where

x̌t ≡ inf
0≤κ≤t
{xκ}. (18)

However, creditors are only interested in making such concessions as long
as they gain from avoiding “early” liquidations. Therefore this process of
successive concessions stops when the coupon is reduced toδ̃, which is the
coupon corresponding to the unique amount of outstanding debt for which
the contract is optimal, even in the absence of renegotiation.

When a new creditors’ concession occurs, it leaves the equity worth just
slightly more than5∗(x) − C(x) (which is equal to zero when the initial
contract involves the APR). Consequently, at the times of restructuring, the
creditors’ claim is worth the complement, which isV(x | x)−5∗(x)+C(x)
(which is equal toV(x | x)when the contract respects the APR). Given that
we know the value of both assets at the times of reorganization, we directly
derive the valuation formulas prior to the next reorganization, using the
pricing technique already employed.

We provide a formal exposition of the argument above in the Appendix.
We write the two conflicting parties optimization problems: The follower
debtors’ optimization problem, which takes the leader creditors’ strategy as
given, is nested in the leader creditors’ optimization problem. We derive the
resulting sequence of events with the associated evolution of the coupon.
Assumptions 1 and 2, stationarity of the processxt , and time homogeneity
of the setup are sufficient ingredients for the proof. The results are expressed
in the following proposition:

Proposition 1. Consider, under Assumptions 1 and 2, the case where (i) the
level of borrowings is large enough forδ to be greater thañδ, and (ii) cred-
itors make purely “self-imposed” concessions. Outside of reorganizations
debtors and creditors hold claims respectively worth

ĎC(xt , x̌t ) = 5(xt )− δC(x̌t )

ρ

+
[
5∗(xC)−C(xC)−5(xC)+ δC(x̌t )

ρ

]
P(xt > xC) (19)

ČC(xt , x̌t ) = δC(x̌t )

ρ

+
[

V(xC | x)−5∗(xC)+ C(xC)− δC(x̌t )

ρ

]
P(xt > xC). (20)

The next default occurs the first time xt hits xC ≡ x f
C ∧ [ x̌t∨x], where TxC ≡

inf{T | xT = xC}. When xt = xC, creditors make defering concessions, and
debtors and creditors hold claims respectively worth5∗(xt ) − C(xt ) and
V(xt | x)−5∗(xt )+ C(xt ).
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At any time, the prevailing coupon isδC(x̌t ) = δ ∧ [δC(x̌t ) ∨ δ̃], where
δC(x) denotes the maximum coupon acceptable to debtors, that is, the high-
est instantaneous debt obligation that does not drive them to pursue in
default. This function solves the optimality condition

∂ ĎC(xC, xC)

∂ xC
= ∂5∗(xC)

∂ xC
− ∂C(xC)

∂ xC
. (21)

The first reorganization trigger level xfC solvesδC(x
f
C ) = δ. The liquidation

trigger level is the first-best closure point x.

Pricing using first hitting time methods proves to be particularly advan-
tageous here. This procedure preserves the structure of the pricing prob-
lem, even after some debt is forgiven. As a consequence, allowing for an
unlimited sequence of reorganizations (i.e., an infinite series of embed-
ded options) does not complicate much the valuation exercise. The ex-
pressions forĎC(.) andČC(.) are derived directly, in a similar fashion to
Equation (2).

In both expressionšDC(.) andČC(.), the first term on the right-hand side
(5(x) − δC(x̌t )/ρ andδC(x̌t )/ρ, for equity and debt, respectively) is the
value of a perpetual entitlement on the asset’s flow of income, under the
prevailing agreement, and if there was no further reorganization of the debt.
The second term is the product of (i) the change in asset value intervening
when the next creditors’ concession occurs, which is the expression in the
square brackets, and (ii) the probability-weighted discount factor for this
event,P(xt >xC). In the context of the example in Structure 1, the following
closed-form solutions are obtained:

Corollary 1 (Proposition 1 with Structure 1).Consider (i) higher levels
of borrowings, such thatδ > δ̃, where the initial contract involves the
APR, and (ii) creditors make purely “self-imposed” concessions. Outside
of reorganizations, debtors and creditors hold claims respectively worth

ĎC(xt , x̌t ) = 20+21xt − δC(x̌t )

ρ

+
[
−20−21 xC + δC(x̌t )

ρ

](
xt

xC

)λ
, (22)

ČC(xt , x̌t ) = δC(x̌t )

ρ
+
[
20+21xC+

[
2∗0−20+(2∗1−21)x

] (xC
x

)λ

− δC(x̌t )

ρ

](
xt

xC

)λ
. (23)

556



Dynamics of Default and Debt Reorganization

Figure 4
Creditors’ self-imposed debt forgiveness
The initial coupon isδ, and ĎC(xt , x̌t > x f

C) andČC(xt , x̌t > x f
C) represent the values of equity and

debt prior to any concession. Debtors’ default and a first concession occur when the minimum level ofxt

recorded,̌xt ≡ inf0≤κ≤t {xκ }, reachesx f
C (point 1). After the first concession, debtors default again each

time the state variable reaches a new minimum, and the coupon is successively marginally reduced to
δC(x̌t ). With each new contract asset values irreversibly shift to a new pair of curves(ĎC; ČC). ĎC(xt , x̌τ )
andČC(xt , x̌τ ) illustrate an intermediate case where inf0≤κ≤t {xκ } = x̌τ andx f

C > x̌τ > x (point 2). This
gradual and irreversible process ends when creditors prefer liquidation to further debt coupon forgiveness.
This occurs when inf0≤κ≤t {xκ } = x, the ex ante optimal liquidation trigger level (point3).

The next default occurs the first time xt hits

xC ≡ −λ
1− λ

(
δ/ρ −20

21

)
∧
[

x̌t ∨ −λ
1− λ

(
2∗0 −20

21−2∗1

)]
. (24)

When xt = xC, creditors make defering concessions, and debtors and cred-
itors hold claims respectively worth0 and V(xt | x). At any time the pre-
vailing coupon is

δC(x̌t ) = δ ∧
[
ρ

(
20+21

1− λ
−λ x̌t

)
∨ ρ2

∗
021−202

∗
1

21−2∗1

]
. (25)

Figure 4 illustrates thepath-dependentnature of the pricing formulae.
In the context of the example in Structure 1, the implied evolution of the
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Figure 5
Debt forgiveness: evolution of contract coupons

coupon,δC(x̌t ), is shown in Figure 5. Notice that under Structure 1,δC(x̌t )

is linear in x̌t . In these figures,{x;5(x);5∗(x)}, {µ(x); σ(x); ρ}, and
{δ;C(x)} correspond to the initial inefficient situation depicted in Figure 2.
The figures gain in being compared.

The first reorganization actually occurs when the state variable reaches
the trigger level of debtors’ default, in the absence of concessions (x f

C =
xD). After the first renegotiation, the coupon is marginally reduced each
time the state variable reaches a new minimum.δC(x̌t ) equalsδC(x̌t ), the
maximum acceptable coupon the creditors can set without pushing debtors
to persist in default, in other words the highest one debtors will cope with.
Whenxt increases, coupon reductions are unnecessary. Contracts remain
unchanged untilxt reaches a new minimum level. This gradual and ir-
reversible coupon reduction process ends when creditors prefer liquida-
tion to further debt coupon forgiveness. This takes place whenxt first hits
x, the ex ante optimal liquidation trigger level, corresponding toδC(x)
equal toδ̃.

The magnitude of creditors’ willingness to restructure the contract can be
visualized in Figure 6, which is just a three-dimensional version of Figure 4.
PlanePxτ shows (i) that it is in creditors interest to reorganize the debt before
liquidation, and (ii) that the prevailing couponδC(x̌τ ) is their optimal choice.
The curveLC(δ | x̌τ ) plots, for a given state of the world, the debt value
as a function of possible coupons (contractual debt obligations). To use a
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similar terminology from Krugman (1989),LC(δ | x̌τ ) is a corporate finance
version of the “debt-relief Laffer curve”.18

A smaller coupon reduces the likelihood of default because debtors’
financial burden is smaller. However, it also reduces the asymptotic value
of the debt, which is the value of a riskless debt with a similar coupon.
Whenδ > δ̃, lowering the coupon prior to triggering liquidation is always
advantageous. Reducing the likelihood of liquidation increases the market
value of the debt more than the prospect of a lower future income stream
decreases it. Whereas for high levels ofxt , creditors prefer a higher coupon,
a smaller contractual coupon eventually yields a higher market value. The
value of the creditors’ option on the stream of future payments with a lower
coupon outside liquidation becomes greater than the value of their option
on the residual value of the firm in liquidation.

Lemma 2. When there exists an incentive to defer liquidation, that is,δ > δ̃,
the corporate debt-relief Laffer curves, LC(δ | x), are negatively sloped in
some range.

4.2 Inducing concessions: Departures from the absolute priority rule
Let us now consider the opposite situation where, in the absence of renego-
tiation, debtors’ default would lead to inefficiently “late” liquidations. Such
situations arise for low levels of leverage, whenδ < δ̃, which leads toxD < x
as in Figure 3. Reorganization offers consist of “inducing” net transfers from
creditors to debtors. The contractual concession is now aimed at providing
an incentive for the debtors to stop withholding liquidation to keep servic-
ing the debt. The rationale is therefore the same as the one leading to debt
forgiveness.

The problem of timing is different, however, and the mechanism to solve
for it is simpler. Whereas the immediate possibility of an inefficiently “early”
default led creditors tograduallywrite down immediate cash-flow claims
such as their coupon, here the future prospect of a “late” default induces
creditors to propose asingleconcession which is only applicable if liquida-
tion is triggered. This sort of concession is in essence a proposal to depart
from the APR.

If an agreement to declare liquidation at the ex ante optimal trigger level
x can be reached, the surplus to be internalized equals5∗(x) − [D(x |
xD)+C(x | xD)]. As creditors have most of the bargaining power in rene-
gotiations, they will offer a departure from the APR which makes debtors

18 “Debt-relief Laffer curves” have been used to argue that creditors should forgive part of the external
debt of heavily indebted countries and that, in doing so, they will serve both their interests and those of
the borrowers. Leland (1994) examined the comparative statics of corporate debt value with respect to
different coupon levels under different assumptions about what triggers bankruptcy. His model does not
allow for debt renegotiation, but when bankruptcy is imminent, he obtains greater values of both debt and
equity with smaller coupons.
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Figure 6
Corporate debt-relief Laffer curves
The center plane shows the debt valueČC(xτ , x̌τ ), the asymptotic value of the debtδC(x̌τ )/r , and the
firm’s economic worth,V(xt | x). In the bottom plane, the extension of the curveČC(xt , x̌t > x f

C) shows
the value of the debt if the coupon had not been reduced toδC(x̌τ ), between datet = 0 andt = τ . For
high output prices, creditors prefer a higher coupon. But for prices belowxτ , a smaller contractual coupon
yields a higher market value. In planePxτ , the corporate debt-relief Laffer curveLC(δ | x̌τ ) shows the
value of the debt value for different possible coupons. The maximum level corresponds to the prevailing
couponδC(x̌τ ).

slightly better off defaulting instead of continuing to service the debt. Given
that in the latter case debtors’ claim is then worthD(x | xD), creditors’
optimal strategy is as proved in the Appendix.

Proposition 2. Consider, under Assumptions 1 and 2, the case where (i)
the level of borrowings is small enough forδ to be smaller thañδ, and
(ii) creditors make purely “self-imposed” concessions. Before xt reaches
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x, anticipating the future concession, debtors and creditors hold claims
respectively worth

D̂C(xt ) = 5(xt )− δ

ρ
+
[
1C −5(x)+ δ

ρ

]
P(xt > x), (26)

ĈC(xt ) = δ

ρ
+
[
5∗(x)−1C − δ

ρ

]
P(xt > x). (27)

When xt reaches x, creditors propose an inducing concession to transfer a
sum1C equal to D(x | xD) to the debtors, if they accept to liquidate the
firm. For the promise to be credible, both parties agree upon a departure
from the APR, and liquidation occurs immediately.

If there is no departure from the APR stipulated in the initial debt con-
tract, the departure from the APR that creditors propose whenxt reachesx
amounts to a fraction1C/5∗(x) of the proceeds from liquidation. In the
context of the example in Structure 1, the following closed-form solutions
are obtained:

Corollary 2 (Proposition 2 with Structure 1).Consider (i) lower levels of
borrowings, such thatδ < δ̃, where the initial contract involves the APR, and
(ii) creditors make purely “self-imposed” concessions. Before xt reaches x,
debtors and creditors hold claims respectively worth

D̂C(xt ) = 20+21xt − δ

ρ
+
[
1C −20−21x + δ

ρ

](
xt

x

)λ
, (28)

ĈC(xt ) = δ

ρ
+
[
2∗0 +2∗1 x −1C − δ

ρ

](
xt

x

)λ
. (29)

When xt reaches x, the creditors propose to transfer to their debtors a sum

1C = 20+21 x − δ

ρ
+
[
−20−21 xD +

δ

ρ

](
x

xD

)λ
(30)

out of the proceeds from a liquidation sale. Liquidation is immediately
triggered.

5. Debtors’ Opportunistic Offers: Forced Concessions

In the previous section debtors were simply in a position to passively accept
the offers because they had no bargaining power in reorganization. That
is, creditors were not credibly threatened to bear the consequences of an
inefficient liquidation. Let us now examine the mirror game in which debtors
have most of the bargaining power. In the resulting Stackelberg equilibrium,
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the follower creditors react optimally, taking the leader debtors’ strategy as
given. Debtors are in a position to blackmail their creditors.

5.1 Deferring concessions: Debt forgiveness
On the one hand, if creditors stand to loose from an “early” liquidation,
debtors can default strategically very early on. Debtors make what is de
facto a “take-it-or-leave-it” demand to have the contracted coupon reduced.
Creditors can either (i) accept the reduction, in which case a new contract is
written or (ii) reject the offer and trigger liquidation. When debtors perfectly
control this renegotiation process, they gradually request marginal defer-
ring concessions, as soon as creditors are ready to make it. These marginal
options are therefore exercised as soon as they become acceptable to cred-
itors, that is, when making such concessions do not leave creditors worse
off than if they triggered an inefficient liquidation.

Proposition 3. Consider, under Assumptions 1 and 2, (i) higher levels of
borrowings, such thatδ > δ̃, where the initial contract involves the APR,
and (ii) creditors’ concessions are “forced.” Outside of reorganizations,
debtors and creditors hold claims respectively worth

ĎD(xt , x̌t ) = 5(xt )− δD(x̌t )

ρ
+
[

V(xD | x)− C(xD)

−5(xD)+ δD(x̌t )

ρ

]
P(xt >xD) (31)

ČD(xt , x̌t ) = δD

ρ
+
[
C(xD)− δD(x̌t )

ρ

]
P(xt > xD). (32)

Repeatedly debtors opportunistically default in order to obtain gradual
writedowns of their debt obligations. The next default always occurs the
first time xt hits xD ≡ x f

D ∧ [ x̌t ∨ x], where TxD ≡ inf{T | xT = xD}.
When xt = xD, the debt is being reorganized, and debtors and creditors
hold claims respectively worth V(xt | x)− C(xt ) and C(xt ).

At any time, the prevailing coupon isδD(x̌t ) = δ ∧ [δD(x̌t ) ∨ δ̃], where
δC(x) denotes denotes the minimum coupon acceptable to the creditors, that
is, the lowest one they prefer to liquidate. This function solves the optimality
condition

∂ČD(xD, xD)

∂ xD
= ∂C(xD)

∂ xD
. (33)

The first reorganization trigger level xfC solvesδD(x
f
D) = δ. The liquidation

trigger level is the first-best closure point x.
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The proof of this proposition is similar to that of Proposition 1. The formal
expression of the two conflicting parties optimization problem is just the
mirror one. We now provide the closed-form solutions that are obtained in
the context of the example in Structure 1.

Corollary 3 (Proposition 3 with Structure 1).Consider (i) higher levels of
borrowings, such thatδ > δ̃, where the initial contract involves the APR, and
(ii) creditors’ concessions are “forced.” Outside of renegotiations, debtors
and creditors hold claims respectively worth

ĎD(xt , x̌t ) = 20+21 xt − δD(x̌t )

ρ

+
[
−2∗0 −2∗1 xD +

[
2∗0 −20+ (2∗1 −21) x

] (xD
x

)λ

− δD(x̌t )

ρ

](
xt

xD

)λ
, (34)

ČD(xt , x̌t ) = δD(x̌t )

ρ
+
[
2∗0 +2∗1 xD − δD(x̌t )

ρ

](
xt

xD

)λ
(35)

The next default occurs the first time xt hits

xD ≡ −λ
1− λ

(
δ/ρ −2∗0
2∗1

)
∧
[

x̌t ∨ −λ
1− λ

(
2∗0 −20

21−2∗1

)]
. (36)

When xt = xD, the debt is being reorganized, and debtors and creditors
hold claims respectively worth V(xt | x)−5∗(xt ) and5∗(xt ). At any time,
the prevailing coupon is

δD(x̌t ) = δ ∧
[
ρ

(
2∗0 +2∗1

1− λ
−λ x̌t

)
∨ ρ2

∗
021−202

∗
1

21−2∗1

]
. (37)

Figure 7 illustrates this alternative Stackelberg equilibrium. In Figure 5, the
associated evolution of the coupon,δD(x̌t ), can be compared against that in
the case of self-imposed debt forgiveness. WhereasδC(x) is the highest debt
burden debtors can accept,δD(x) is the lowest interest payment creditors
will accept. Notice thatx f

D > x f
C , and that the last prevailing coupon,δD(x),

equalsδ̃.

5.2 Inducing concessions: Departures from the absolute priority rule
On the other hand, if creditors stand to loose from a “late” liquidation, the
debtors can threaten to keep on servicing the debt. Here debtors demand
a much larger departure from the APR to trigger liquidation than creditors
would to self-impose. They make a “take-it-or-leave-it” offer that leaves
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Figure 7
Forced debt forgiveness
The initial coupon isδ, and ĎD(xt , x̌t > x f

D) represents the values of equity and debt prior to
any concession. Debtors default and force a first concession as the minimum level ofxt recorded,
x̌t ≡ inf0≤κ≤t {xκ }, reachesx f

D (point1). They successively obtain smaller couponsδD(x̌t ) each time the
state variable reaches a new minimum, and asset values gradually shift to new pairs of curves(ĎD; ČD).
ĎD(xt , x̌τ ) andČD(xt , x̌τ ) illustrate an intermediate case, where inf0≤κ≤t {xκ } = x̌τ andx f

D > x̌τ > x
(point2). Creditors’ willingness to postpone liquidation ceases when inf0≤κ≤t {xκ } = x, the ex ante optimal
liquidation trigger level (point3).

creditors marginally better off accepting than reject it, knowing that in the
latter case creditors haveC(x | xD). In doing so debtors internalize to their
own profit the renegotiation surplus5∗(x)− [D(x | xD)+ C(x | xD)].
Proposition 4. Consider, under Assumptions 1 and 2, the case where (i)
the level of borrowings is small enough forδ to be smaller thañδ, and
(ii) creditor concessions are “forced.” Before xt reaches x, anticipating the
future concession, debtors and creditors hold claims respectively worth

D̂D(xt ) = 5(xt )− δ

ρ
+
[
1D −5(x)+ δ

ρ

]
P(xt > x), (38)

ĈD(xt ) = δ

ρ
+
[
5∗(x)−1D − δ

ρ

]
P(xt > x). (39)

When xt reaches x, debtors opportunistically request a payment for ac-
cepting to trigger liquidation. Creditors are forced to grant an inducing
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concession to transfer a sum1D equal to5∗(x)−C(x | xD) to the debtors
for them to liquidate the firm. For the promise to be credible, both parties
agree upon a departure from the APR, and liquidation occurs immediately.

If there is no initial departure from the APR, the final forced departure
from the APR will now equal a fraction1D/5∗(x) of the residual value of
the firm. Reassuringly,1D − 1C = 5∗(x) − [D(x | xD) + C(x | xD)],
which is strictly positive, otherwiseδ 6< δ̃. As expected, if debtors have the
bargaining power, the concession they obtain is larger than the one creditors
would self-impose if the latter had the bargaining power instead. In the
context of the example in Structure 1 we obtain the following expressions.

Corollary 4 (Proposition 4 with Structure 1).Consider (i) lower levels of
borrowings, such thatδ < δ̃, where the initial contract involves the APR,
and (ii) creditors concessions are “forced.” Before xt reaches x, debtors
and creditors hold claims respectively worth

D̂D(xt ) = 20+21 xt − δ

ρ

+
[
1D −20−21 x + δ

ρ

](
xt

x

)λ
, (40)

ĈD(xt ) = δ

ρ
+
[
2∗0 +2∗1 x −1D − δ

ρ

](
xt

x

)λ
. (41)

When xt reaches x, the creditors agree to give to their debtors a sum

1D = 2∗0 +2∗1 x − δ

ρ
−
[
2∗0 +2∗1 xD −

δ

ρ

](
x

xD

)λ
(42)

out of the proceeds from a liquidation sale. Liquidation is immediately
triggered.

6. Issuing Debt and Numerical Results

6.1 Debt capacity
In the two previous sections we considered the evolution of the firm’s capital
structure for agiveninitial debt contract. That is, we examined theex post
optimal behavior of debtors and creditors, assuming that the terms of the
debt contract initially issued at the date of entryt0 (couponδ0, residual claim
C(x)) are within an “acceptable” range. Proceeding backwards in time, let us
now consider theex anteimplications of the moral hazard problem we have
analyzed, characterizing the set of debt contracts that can be initially issued.

Clearly, creditors will not lend unlimited amounts, and the set of possible
initial terms of the contract is bounded by creditors’ ex ante willingness to
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As far asP, the par value of the debt that is written in the contract, is
concerned, it must be higher than the value of the debt at entry for the promise
to service the debt to becredible. Otherwise debtors would immediately
default, payP to the creditors, and get hold of the difference. Creditors
initial contribution would amount to a net transfer to the debtors. Actually,
if the promise to pay a couponδ is also to be credible, not only at entry, but
also if the firm becomes more profitable, the contracted par value of the debt,
P, must be greater than any possible future value of the debt. ThereforeP
must be greater than the riskless value of the coupon payments,δ/ρ.

Clearly this holds in the absence of growth opportunities, because debtors
have no reason to prefer a “good” reputation which would enable them to
borrow again from the same creditors.

6.2 Measuring the impact on value of relative bargaining power
Of interest, we canquantitativelyassess whether debtors and creditors’
relative bargaining power is an important factor in pricing. That is, for
the first time we are equipped to measure the importance of renegotiation
bargaining power in corporate debt pricing:

For higher levels of leverage, the bond’s default risk premium with self-
imposed concessions ispD(xt , x̌t ) ≡ δ(x̌t )− ρ ČD(xt , x̌t ). Similarly, with
forced concessions it ispC(xt , x̌t ) ≡ δ(x̌t ) − ρ ČC(xt , x̌t ). The relative
difference between the risk premia in one extreme situation versus the other
one, [pD(xt , x̌t )−pC(xt , x̌t )]/pC(xt , x̌t ), gives us, at any time, an interesting
measure of the potential impact of the balance of bargaining power.

In the context of the example in Structure 1, we can actually derive a
closed-form expression for this measure, at any timebeforethe first reor-
ganization, that is, fořxt > x f

D: The relative difference between the bonds’
risk premium with self-imposed concessions versus forced concessions has
then the simple expression

pD(xt , x̌t )− pC(xt , x̌t )

pC(xt , x̌t )
=
(
21

2∗1

)−λ
(δ−2∗0)1−λ

(δ−20)1−λ + (20−2∗0)(δ̃−20)−λ

− 1. (45)

This expression is valid at entry, until the firm enters the financial distress
area. It therefore does not exaggerate the importance of the bargaining power
issue. Incidentally, it does not depend on the level ofxt or x̌t .

For lower levels of leverage, we can also measure whether the two coun-
terparties’ relative bargaining power influences the size of the departure
from the APR. The relative difference between self-imposed versus forced
departures from the APR, [1D −1C]/1C, gives us the potential impact of
the balance of bargaining power. Let us now examine a simple numerical
application:
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Numerical Example (with Structure 1).The firm’s gross income under
current operations, xt , fluctuates withµ = 0 andσ = 15%; after liquida-
tion, a quarter of the current gross income could not be generated by com-
petitors (normalizing the current productivity to21 = 1, then2∗1 = 0.75),
but the overall cost of production would be halved (normalizing costs to
20 = −1, then2∗0 = −0.5). The interest rate isρ = 5%.

With these input parameters, if the amount of borrowings gives a debt
service obligationδ, which is double the threshold couponδ̃, the balance in
bargaining power can modify the debt risk premium at entry by [pD(xt , x̌t )−
pC(xt , x̌t )]/pC(xt , x̌t ) = 17%.

If the debt obligationδ is instead half the threshold couponδ̃, it will
become rational for creditors to self-impose a1C/5∗(x) = 24% depar-
ture from the APR. If creditors behave opportunistically, they can extract
a 1D/5∗(x) = 29% departure from the APR instead. The balance in
bargaining power can therefore modify the ex post departure from the APR
by [1D −1C]/1C = 21%.

The figures considered in this numerical example are rather conservative.
They are more or less equivalent to an aggregate cost of liquidation of 20%.
One could easily generate more substantial differences. The overall message
is that, as suspected, the two counterparties’ relative bargaining power in
contract renegotiation is truly an important factor in debt pricing.

7. Extensions

We have developed, under a set of “benchmark” assumptions introduced in
Section 3, an asset pricing model that yields simple closed-form formulae for
debt and equity, and reflects the crucial importance of debtors and creditors
bargaining power in renegotiations. Before concluding, we discuss further
these assumptions, and suggest possible extensions of this reference model.

First of all, we have considered that debtors choose when to default in an
unconstrained fashion. A fairly convincing argument we gave in favor of this
assumption is that (i) debtors can overcome problems of liquidity issuing
additional equity, and (ii) it is hard to implement protective covenants. This
unconstrained default scenario warrants the following observations:

1. When debtors default too “early,” that is, for higher levels of leverage,
setting up ex ante debt protective covenants that restrict debtors’ choice
would actually be inefficient (even if the state of the world was easily
verifiable). Here, restricting the range of choices open to debtors, hence
expanding the set of constraints they face in their optimization, would
only be counterproductive.19 Creditors can only benefit if their debtors

19 For any nonempty set of constraints, the resulting constrained optimal debtors’ default trigger level can
only be greater than the unconstrained one. Any expansion of the set of constraints can only increase

568



Dynamics of Default and Debt Reorganization

do not face liquidity constraints. Of interest, the additional equity is-
sued by cash-constrained debtors is very likely to be purchased by the
creditors themselves.20

2. Conversely, for lower levels of leverage creditors would wish, if pos-
sible, (i) to setup ex ante protective covenants that force an earlier
liquidation, even in the absence of default, and (ii) to prevent debtors
from issuing additional equity (and hence will certainly not be among
the new equity holders).

3. The unconstrained default scenario is therefore particularly relevant
for higher levels of leverage. In a world where it is (i) difficult to
issue new assets while in financial distress and (ii) possible to verify
the state at some cost, we should expect to see relatively more debt
forgiveness and fewer departures from the APR in liquidation than
suggested here.

4. Given that debtors are unable to appropriate the creditors’ collateral
through final boosts in dividends, creditors do not benefit from requir-
ing ex ante that debtors contribute to a sinking fund. Such a fund does
not help solve debtors’ liquidity problems, and does not help guaran-
tee the value of creditors’ collateral. It may be interesting to allow for
sinking funds, and they would certainly increase the value of debt and
decrease that of equity. We did not consider sinking funds purely for
reasons of tractability,21 but they actually serve no purpose under the
unconstrained default scenario.

5. Debtors are not pushed to gradually sell the assets of the firm through
time in order to overcome cash shortages. This has substantially simpli-
fied the analysis because no particular series of structural assumptions
concerning the implications of suboptimal sequences of partial asset
sales is needed. We have, however, assumed that partial asset sales de-
stroy existing economies of scale, so that actually they are not optimal
ex ante.

Second, the pricing model assumes that contracts are (i) either perfectly
and costlessly renegotiated, or that (ii) debt restructuring is impossible alto-
gether (in which case default is immediately followed by liquidation). The
model does not consider intermediate cases.

Clearly the fact that public debt-holders constitute a noncohesive negoti-
ating unit disturbs, but does not paralyze altogether, the debt reorganization

debtors’ default trigger level,xD , which is already greater than the ex ante optimal closure rule,x.
20 Notice that albeit voting rights, a strategy which consists of (i) writing off debt and (ii) taking on newly

issued equity, greatly resembles a debt-for-equity exchange.
21 With sinking funds, the pricing problem involves an additional state variable,wt ≡

∫ t

0
s(xτ )[π(xτ )−δ] dτ ,

wheres(x) is the share of the earnings contributing to the sinking fund. Instead of being path dependent
in one variable, the problem becomes path dependent in this second state variable.
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process. An important but difficult topic for future research consists of ei-
ther (i) allowing for strategies of repeated exchange offers in the presence
of multiple creditors, and/or (ii) reflecting the fact that debt restructuring
is neither instantaneous nor impossible, but occurs throughlengthypro-
cedures. Integrating such features in a structural fashion wouldmitigate
problems stemming from the conflict of interests among creditors. This
would be more convincing than simply introducing a set of exogenous cost
parameters.22

Notice that Chapter 11 of the U.S. Bankruptcy Code grants debtors with
the quasi-exclusive right to design reorganization plans.23 Conversely, UK
Administration gives most of the bargaining power to creditors. Therefore,
albeit the shortfalls mentioned above, this article provides the pricing of debt
and equity whenbotha structured bargaining procedure (U.S. Chapter 11
or UK Administration) and a cash auction procedure (U.S. Chapter 7 or UK
Liquidation) are in place. The parameter capturing the difference between
the two systems is the relative bargaining power in reorganization: The U.S.
system corresponds to one extreme case where creditors’ concessions are
“forced,” whereas the UK system corresponds to the alternative one, where
creditors “self-impose” the concessions they make.

Finally, this model has only considered the case of infinite maturity debt.
Pricing maturity based concessions in financial distress is certainly a difficult
but exciting topic for future research.24 On the one hand, there would be
an increased scope for opportunistic debtors to extract large concessions
just prior to the maturity date, when the principal is supposed to be repaid.
On the other hand, if financing this principal repayment involves rolling
over the debt, debtors need to preserve some “good” reputation to find new
creditors. Then the influence of allowing for dynamic reorganization of the
debt on the ex ante default risk premium is not obvious.

8. Conclusion

Most debt contracts do not induce debtors’ ex post optimal timing of default
to coincide with the ex ante optimal time to sell the assets of the firm. In the

22 A fairly simple way to account for imperfections and costs of reorganization consists of assuming that (i)
each time the coupon is marginally lowered bydδ, a proportional costφ dδ is incurred, and (ii) reaching
an agreement on the size of a departure from the APR involves a lump-sum cost8.

23 The debtor in possession provision gives them an exclusive entitlement to propose a reorganization plan.
After the first four months, this exclusivity period is in most cases largely extended by the judges, and
control of the firm remains with current management in the meantime.

24 Pricing finite maturity debt with default risk, but ruling out renegotiation, is already complicated. One
way forward involves assuming that the debt is constantly rolled over, so that the pricing problem remains
time homogeneous. Under this assumption, Leland and Toft (1996) have obtained analytical solutions,
which are much more intricate than the earlier related ones of Leland (1994) for infinite maturity. Here
we are adding sequential debt reorganization, and it appears difficult to convert the problem in a time-
homogeneous one.
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absence of renegotiation, this suboptimal ex post default policy results in
a loss of value. There exists a threshold level of borrowings for which this
moral hazard becomes insignificant, because there is actually no divergence
of timing. For other levels of borrowings, debt value can be decreasing in
debt service obligation, as well as in the collateral.

Allowing for contract renegotiation, we have then characterized the dy-
namics of debt reorganization as the firm’s status deteriorates. Different
dynamics emerge depending on the leverage of the firm at entry, that is, the
initial participation that is requested from lenders. To conclude and sum-
marize the article, we now highlight the most interesting qualitative and
quantitative testable implications it yields.

1. High-leverage firms experience a series of debt contract reorganizations
prior to liquidation. Through these financial restructurings the aggre-
gate debt service obligation of the debtors is successively reduced.
This sequence of reorganization takes place as the firm’s profitability
gradually reaches new record low levels. Ultimately, when liquidation
occurs the creditors share the proceeds of the liquidation sale.

2. In contrast, low-leverage firms are liquidated without prior debt reorga-
nization. However, liquidation involves departures from the absolute
priority rule, that is, debtors receive a substantial share of the pro-
ceeds of the liquidation sale, even though creditors do not receive full
payment of their collateral.

This structural pricing model allows us toquantifythe impact on value of
ex post reorganizations. Of importance, the closed-form valuation expres-
sions for debt and equity we derived (i) take into account game theoretic
interactions between the two conflicting parties, and (ii) are closely linked
to fundamental characteristics of the industry the firm is evolving in.

1. Our numerical results suggest that relative bargaining power between
debtors and creditors is a key factor in corporate asset pricing. It can
alter a bond’s risk premium as well as departures from the absolute
priority rule by as much as the potential loss in firm value in liquidation
(which in most empirical studies is more than 20%). This has direct
consequences on the ex ante borrowing ability of the firm, which by
backward induction is altered in similar proportions.

2. Our structural model relates the threatening cost of liquidation we have
just mentioned to fundamental characteristics of the industry. Conse-
quently if (i) the firm’s initial investment is largely specific to current
operations, and/or (ii) the relative contribution to value of inalienable
human capital to alienable physical assets is large, the potential impact
of debtors’ bargaining power on risk premia, observed departures from
the APR, and debt capacity is large. An example of this class of firms is
Euro-Disney, whereas an example of the opposite class is Euro-Tunnel.
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Proof of Propositions 1 and 2.Our proofs consider the evolution of the optimization
problem through time. To do so, let us expand the notation introduced in the text to keep
track of time. If at timet the prevailing coupon isδ(t), and creditors’ residual claim in
repudiation isC(x, t), this means (i) that debtors are contractually facing an obligation
to service each unit of timeδ(u) = δ(t) for u ∈ [t;+∞), and (ii) if debtors repudiate at
any timeu > t (when the state isxu), creditors could claimC(xu, t).

The follower debtors react optimally, taking the leader’s strategy as given. That is,
at any timet , the debtors consider the perpetual obligation to pay the prevailing coupon
δ(t) and creditors’ residual claim in repudiationC(x, t) as given, and optimize over
their default decision trigger levely:

D(xt , y) = max
y

[
5(xt )− δ(t)

ρ

+
(
5∗(y)−5(y)− C(y, t)+ δ(t)

ρ

)
P(x > y)

]
. (52)

Under Assumption 2, theoptimaldefault decision trigger level is unique. This optimal
trigger level depends on the prevailing coupon obligation, that is,ỹ ≡ ỹ[δ(t),C(x, t)],
and solves the first-order optimality condition

∂D(xt , ỹ)

∂ ỹ
= 0. (53)

Furthermore,∂ ỹ/∂δ(t) > 0 (the proof is identical to that of Lemma 1).
Given that the debtors cannot be forced to accept a change in debt contract, the

creditors’ strategy cannot involve increases in coupon obligations, nor increases in cred-
itor residual claim. ThereforeD(xt , ỹ) is essentially at any given timet the debtors’
reservation value.

A creditors’ concession strategy,{δ(t),C(x, t), for t ∈ [0; Tz]}, consists of control-
ling (i) a nonincreasing coupon functionδ(t) and (ii) a nonincreasing functionC(x, t)
through time, taking into account what the followers’ reaction will be. By decreasing
δ(t) creditors prolong their debtors’ willingness to operate the firm, whereas by de-
creasingC(x, t) creditors accelerate debtors’ willingness to abandon. With these tools
creditors select the time length of this concessions policy, controlling the time,Tz, when
such concessions should stop (which triggers liquidation). ControllingTz amounts to
controlling its associated trigger levelz, whereTz ≡ inf{T | xT = z}:

C(xt , t) = max
δ(t),C(x,t),z

[
V(xt | z)− D(xt , ỹ)

]
, subject to (54)

(a) D(x, ỹ) ≥ 5∗(x)− C(x),

(b) δ(t) < δ(s), for t > s, and

(c) C(x, t) < C(x, s) for all x, for t > s.

From the creditors’ perspective, for any given path{x(t), t ∈ [0; T ]}, a concessions’
strategy{δ(t)C(x, t) for t ∈ [0; T ]} is preferableto another concessions’ strategy
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{δ∗(t),C∗(x, t) for t ∈ [0; T ]} if

1. For allt ∈ [0; T ], δ(t) ≥ δ∗(t), and there exists at least one timet ∈ [0; T ] such
thatδ(t) > δ∗(t),

2. Or, for all t ∈ [0; T ], C(x, t) ≥ C∗(x, t) for all x, and there exists at least one
time t ∈ [0; T ] such thatC(x, t) is strictly greater thanC∗(x, t) for all x.

In other words, at any timet , minimizing the equity valueD(x, ỹ) involves setting the
highest possible coupon and the highest possible creditor residual claim.

Overall the most creditors could possibly achieve consists of (i) maximizing the to-
tal value of the firmV(x | z) to V(x | x), while (ii) minimizing the equity value to
its reservation valueD(x, ỹ) throughout the time interval [0; Tx]. A concession strat-
egy {δ(t),C(x, t), for t ∈ [0; Tx]}, which (i) maintains operations untilTx, satisfying
conditions (a), (b), and (c), and (ii) is preferable to any other concessions’ strategy
{δ∗(t),C∗(x, t), for t ∈ [0; Tx]}, which also satisfies conditions (a), (b), and (c), is
necessarily amost preferablestrategy, hence an optimal creditors’ strategy.

At any timet ∈ (0; Tx], condition(a) is either binding or not. Under Assumption 2,
debtors do not default immediately at entry, hence att = 0 condition(a) is not binding.
We now consider the remaining possible cases until the random timeTx, establishing in
each case the most preferable strategy:

Case A.At t ∈ (0; Tx), condition(a) is not binding. Debtors are therefore servicing
the prevailing couponδ(t), and creditors would like operations to continue. The highest
possible coupon that (i) maintains operations running for the next instant and (ii) is
preferable to any other one is the current one, henced δ(t) = 0.

Case B.At t ∈ (0; Tx), condition(a) is binding. Debtors default but creditors would
like operations to continue. For any prevailingδ(t), this occurs the first timext equals
ỹ, so

D(ỹ, ỹ) = 5∗(ỹ)− C(ỹ). (55)

For operations not to be interrupted, a coupon reduction such that condition(a) is not
binding is necessary. The smallest reduction in coupond δ(t) for this to be the case
is therefore such that condition(a) is binding at a marginally lower debtors’ optimal
default trigger level, that is,̃y[δ(t)+ d δ(t),C(x, t)] = ỹ[δ(t),C(x, t)] − dx. In other
words, a reduction in coupond δ(t) such that

∂

∂ δ(t)

[
D(ỹ, ỹ)− [5∗(ỹ)− C(ỹ, t)]

]
= 0. (56)

Therefore as∂ ỹ/∂δ(t) > 0, the minimum reduction in coupon to exit Case B (hence
most preferable) is

∂D(ỹ, ỹ)

∂ ỹ
−
[
∂5∗(ỹ)
∂ ỹ

− ∂C(ỹ, t)

∂ ỹ

]
= 0. (57)
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Case C.At t = Tx, condition(a) is binding. Debtors default and creditors do not want
operations to continue. Both debtors and creditors are happy to trigger liquidation.

Case D.At t = Tx, condition(a) is not binding. Debtors are therefore servicing the
prevailing couponδ(t), but now creditors would like them to abandon operations. For
operations to be interrupted, a reduction in the creditor’s residual claim in repudiation
such that condition(a) is binding is necessary. The smallest reductionDep in C(x, t)
for this to be the case is therefore such that

D(x, ỹ) = 5∗(x)− [C(x)− Dep]. (58)

We are then instantaneously in Case C and liquidation is triggered.
These four cases determine the sequence and the timing of events during the time

interval(0; Tx). They also yield the corresponding levels of the coupon for each time:

Proposition 1. Given thatδ(0) = δ is greater thañδ, Lemma 1 implies that (i) at the
entry state we are in Case A and (ii) Case Balwaysarises beforeTx. This first occurrence

of Case B is denoted inf{T | xT = x f
C } in the proposition.

Given the stationarity of the process and the time homogeneity of the optimization
problem, further occurrences of Case B arise when and only when the statex equals
ỹ[δ(t)]. As in each occurrence of Case B the coupon is marginally lowered, this thresh-
old level decreases. Therefore Case B only reoccurs when a new historical minimum
is reached. These further occurrences are similarly denoted inf{T | xT = x̌t } in the
proposition. As long asδ(t) is greater thañδ, Lemma 1 implies that Case B will occur
again.

In between occurrences of Case B, the coupon remains unchanged
(Case A). Whenδ(t) finally equals̃δ, ỹ equals for the first timex, and we are in Case C.
Consequently, given that at timeTx a new minimum is reached, we are then in Case C.

In the proposition the sequence of events and prevailing coupons are expressed,
replacing all the random first-hitting times mentioned here by their associated threshold
levels in the state space. The valuation formulas for debt and equity are derived directly
as in previous sections. This is because the valuation exercise remainsat any timea
one-sided (below) stochastic process switching problem.

Proposition 2. Given thatδ(0) = δ is smaller thañδ, Lemma 1 implies that (i) at the
entry state we are in Case A and (ii) Case Bneverarises fort ∈ (0; Tx). Furthermore,
at timeTx we are in Case D. In the proposition,1C is the sum transfered to debtors in
liquidation, hence it denotes5∗(x)− C(x)+ Dep.
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