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Abstract
In this paper we study firm dynamics and industry equilibrium when firms under

financial distress face a non-trivial choice between alternative bankruptcy procedures.
Given limited commitment and asymmetric information, financial contracts specify de-
fault, renegotiation and reorganization policies. Renegotiation entails a redistribution
of social surplus, while reorganization takes the form of enhanced creditor monitor-
ing. Firms with better contract histories are less likely to default, but, contingent on
default, firms with better outside options successfully renegotiate, in line with the em-
pirical evidence. Unless monitoring is too costly, renegotiation leads to reorganization,
which resembles actual bankruptcy practice. We calibrate the model to match certain
aspects of the data on bankruptcy and firm dynamics in the U.S.. Our counterfac-
tual experiments suggest that poorly designed bankruptcy arrangements can increase
substantially the fraction of firms facing financial constraints, with sizable negative
implications for aggregate output and TFP.
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1 Introduction

Models of financial frictions and firm dynamics typically ignore the possibility that troubled

firms are rehabilitated.1 However, recent data from both developed and developing coun-

tries strongly suggest that alternatives to liquidation are important resolution mechanisms

for financially distressed firms. In the U.S., over a third of bankruptcy filings in any given

quarter are for Chapters 11 and 13, while two thirds of overall business failures (including

informal bankruptcy and private workouts) are resolved under some reorganization proce-

dure.2 Moreover, during the last decade, over 21 economies have introduced or improved

(in- and/or out-of-court) reorganization or debt restructuring proceedings.3

The main contribution of this paper is to propose and calibrate a model of bankruptcy

and firm finance, and use it to quantitatively assess the implications of alternative bankruptcy

arrangements. A key innovation with respect to the few available models of reorganization

and firm dynamics is that, in line with the available empirical evidence, bankruptcy proce-

dures can help alleviate moral hazard in addition to governing renegotiations. Our quanti-

tative analysis shows that this feature of bankruptcy law can have important consequences

for industry dynamics and aggregate outcomes.

In the model, entrepreneurs can operate a long-lived project but, due to insufficient

wealth, must enter a long-term contractual relationship with a bank to finance set-up costs

and working capital in each period. Once started, the firm can be liquidated at any time

and the bank can recover a positive scrap value.

Two frictions prevent entrepreneurs from running firms at their optimal scale. First,

entrepreneurs have access to a random outside option that is unobservable by the bank, and

cannot commit to fulfilling the long-term contract. A novel feature of our model is that the

parties can "renegotiate" the terms of the contract (at some cost) when an entrepreneur is

tempted to leave the relationship. In the long-term contract, such renegotiation takes the

form of a contingency that allows for the entrepreneur’s value to increase when she receives a
1Recent exceptions are Corbae and D’Erasmo (2016) and Senkal (2014).
2Chapter 7 of the U.S. Bankruptcy Code governs the process of liquidation in which the assets of a

corporation are sold either piecemeal or as a going concern. Alternatives to liquidation are chapters 11 and
13 of the Code, under which an exchange of securities is formally proposed in a reorganization plan.

3Some examples of these reform episodes include Spain in 2009, Austria, Colombia and Italy in 2010,
Denmark and South Africa in 2011, and more recently, Chile and Germany.
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high enough outside option.4 Secondly, project returns are random and private information

to the entrepreneur, which introduces the need for truth-telling incentives. Again, a key

innovation of our framework is that, in each period, the parties may decide to reduce this

agency problem by paying a cost.

In the optimal contract, only firms with poor contract histories are tempted to leave the

relationship, a situation we label as default since it leads to either renegotiation or liquida-

tion. Conditional on default, however, firms receiving better outside options are more likely

to renegotiate. Reducing agency is optimal only when the entrepreneur’s continuation value

is sufficiently low, a situation we label as reorganization since it allows creditors to exert

tighter control over the firm’s revenues. In fact, an instance of default and renegotiation

in the current period will always lead the parties to choose a reduced agency path in the

following period. Thus, equilibrium in our contracting problem shares some features with

modern corporate bankruptcy practice. For instance, liquidation in our model corresponds

to Chapter 7 in the U.S. bankruptcy code. Likewise, renegotiation entails a redistribu-

tion of surplus and leads to a enhanced creditor oversight, both salient features of most

reorganization plans under chapters 11 and 13 of the U.S. bankruptcy code.

We extend the contracting problem to allow for ex-ante heterogeneity in project types,

and show that the family of dynamic contracts to which our model belongs introduces

financial selection. That is, firms that are ex-ante more productive face a lower unconditional

probability of liquidation. We then embed the contracting problem into a standard industry

equilibrium framework.

Using data on firm dynamics and on the incidence of bankruptcy from the U.S., we

calibrate the model and quantitatively evaluate its implications. The calibrated model can

account well for some observed patterns of firm dynamics such as age-specific exit rates and

employment shares. Moreover, the model is also successful in replicating certain bankruptcy

and capital structure patterns such as the bankruptcy (default) rate, the relative frequency

of Chapter 11 versus Chapter 7, the size of firms in Chapter 11 relative to those in Chapter

7, the various recovery rates, and the leverage of new, bankrupt and undistressed firms.

We use the calibrated model to quantify the implications of operating under alternative

bankruptcy regimes. Compared with an economy in which entrepreneurs can commit not
4 This redistribution of surplus bears some resemblance with other renegotiation models such as that

found in Yue (2010) for the case of sovereign debt.
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to breach financial contracts, the main consequence of introducing a default option is to

reduce firm exit. However, the effect on aggregate variables such as output and total factor

productivity (TFP) depends upon the costs and benefits associated with renegotiation and

reorganization. Our counterfactual exercises suggest that a poorly designed bankruptcy code

-where renegotiation and reorganization are costly and unattractive- can reduce aggregate

output and TFP by as much as 72% and 5%, respectively.

The paper is related to the vast literature on financial markets and firm dynamics pi-

oneered by Cooley and Quadrini (2001), where information and enforcement frictions in

financial contracting have implications for the entry, growth and exit of firms. In particular,

we borrow heavily from recent developments in the theory of dynamic financial contracting.5

Studying dynamic contracts is important because there is growing evidence that long-term

credit relationships are particularly attractive for small and opaque firms (Bharath et al.

(2007, 2011)). Moreover, renegotiations and state contingency -salient features of dynamic

contracts- appear to be norm in actual financial contracting (Roberts and Sufi (2009)).

Unlike most of the literature, however, the model we study introduces both information

and enforcement frictions simultaneously.6 As in Clementi and Hopenhayn (2006) and

Quadrini (2004), in our model there is asymmetric information in production, and dynamic

incentives for truth-telling are required. Additionally, entrepreneurs have access to outside

opportunities and cannot commit not to leave the financial contract as in Albuquerque and

Hopenhayn (2004) and Hopenhayn and Werning (2007).

A central element in our theory is that institutional arrangements -which we broadly

define as bankruptcy law- can help agents cope with financial frictions. Thus, our paper is

also related to the long-standing literature on financial distress and corporate bankruptcy.7

In the theoretical strand of this literature, White (1994) first introduced the notion of

corporate bankruptcy as a filtering device: bankruptcy law should be designed so as to

force inefficient firms into liquidation and allow efficient ones to be rehabilitated.

Rehabilitated firms must negotiate with their creditors to reduce or postpone interest
5Recent models of financial frictions and firm dynamics that instead take an incomplete contracts ap-

proach and rely on short-term debt include Arellano et al. (2012) and Midrigan and Xu (2014).
6A recent exception is Verani (2014) who also studies asymmetric information and limited commitment

together in a model of firm dynamics under aggregate uncertainty.
7There is also a rich literature that studies consumer bankruptcy. Representative papers in this literature

include Chatterjee et al. (2007) and Li and Sarte (2006).
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and principal payments. However, as pointed out by Aghion and Bolton (1992), creditors are

willing to renegotiate or write-off a fraction of their claims only if they can be credibly pro-

tected against borrowers’ future opportunistic behavior. The process by which this happens

is typically governed by provisions such as chapters 11 and 13 of the U.S. bankruptcy code.

In fact, detailed studies of U.S. reorganization cases suggest that creditors often condition

renegotiations on the replacement of incumbent management and board of directors (Gilson

(1990); Jostarndt and Sautner (2008); Ayotte and Morrison (2009); Baird and Rasmussen

(2003)). Moreover, creditors of reorganized firms usually seek to exert greater control over

the firms’ policies by introducing more stringent debt covenants (Nini et al. (2012); Bharath

et al. (2013)).

Finally, the paper is closely related to the few studies that quantify the costs of bankruptcy.

For the U.S., early attempts to do so include Warner (1977) and Altman (1984), while the

most recent estimates of such costs can be found in Bris et al. (2006). The latter paper

shows that, taken together, direct and indirect bankruptcy costs result in recovery rates

under liquidation that are on, average close to 50%, much lower than under reorganiza-

tion where this average is closer to 80%. These results coincide remarkably well with the

cross-country survey data presented in Djankov et al. (2008) for high income countries.

The remainder of the paper is organized as follows. In section 2 we present the financial

contracting environment and the industry equilibrium framework. In Section 3 we discuss

the the baseline calibration of the model along with the main counterfactual exercises.

Section 4 concludes. Proofs and derivations not provided in the main text can be found in

the Appendix.

2 The model economy

We now present a theory of firm finance in which contracting parties are presented with

different alternatives to deal with the possibility of financial distress. After describing the

environment and contracting problem, we introduce ex-ante project heterogeneity and then

embed the contract into a standard industry equilibrium framework.
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2.1 Preferences and technology

There are two types of agents: entrepreneurs and banks. The entrepreneur has access to

a project characterized by a production technology F : {0, 1} × R+ → R+ which combines

working capital, kt ∈ R+, with project-level productivity zt. More specifically, F (kt, zt) =

ztf (kt), with f (0) = 0, f ′ > 0, f ′′ < 0 and limk→0 f
′ (k) = ∞, limk→∞ f

′ (k) = 0. In

turn, zt is the realization of an i.i.d. random variable Z with support {zL, zH} = {0, 1} and
Pr (Z = zH = 1) = π. The project requires, in addition to kt≥0, an initial set-up cost I0. The

entrepreneur has wealth M < I0 so, to operate the technology, she must enter a financial

contract with a bank with deep pockets. We refer to projects that are successfully initiated

as "firms". In each period in which the firm operates and returns zt are realized, the bank

expects a repayment from the entrepreneur, τt, per period.

Both the entrepreneur (e) and the bank (b) are risk-neutral, discount cash flows at

a common rate β ∈ (0, 1) , and seek to maximize the expected present value of dividends:

E0

∑∞
t=0 β

tdjt , for j = e, b. The following assumption is introduced to guarantee the existence

of a firm:8

Assumption 1. {πf [
(
f (−1)

)′
(1/π)]−

[
f (−1)

]′
(1/π)} (1− β)−1 > I0

2.2 First-best

Under symmetric information and perfect enforcement, this problem is trivial enough: the

properties of f (·) imply that there exists a unique:

k̃ = arg max
k

[f (k)EZ − k] = arg max
k

[πf (k)− k] ,

which is referred to as the first-best level of working capital for a firm. A planner facing

no information or commitment constraints, and concerned with maximizing social surplus

only, will choose kt = k̃ ∀ t ≥ 0. Thus, the first-best value of the firm is given by W̃ =

[πf(k̃) − k̃]/ (1− β) , with Ṽ = πf(k̃)/ (1− β) being the lifetime expected value accruing

to the entrepreneur. The solution to the first-best problem, therefore, implies that all

entrepreneurs are able to borrow the first-best level of working capital k̃ and, once started,

firms will never grow, shrink or exit.
8In what follows, the terms "entrepreneur" and "firm" will be used interchangeably.
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2.3 Contracts under private information and limited commitment

The problem becomes interesting when private information and limited commitment are

introduced as follows. At the beginning of each period, the entrepreneur can leave the

project and take an outside option s which is itself the realization of an i.i.d. random variable

with support S = [s, s̄] and differentiable cdf G (s). The entrepreneur will therefore take her

outside option whenever s is higher than the value that she can expect from continuing with

the project, given the current terms of the contract. However, as in Aguiar et al. (2016),

s is private information to the entrepreneur so that contract terms may not depend upon

s directly as it does in other models of limited commitment (Thomas and Worrall (1990),

Albuquerque and Hopenhayn (2004)). Instead, the contract may be contingent upon reports

about s elicited by the entrepreneur, which we label ŝ.

It is assumed throughout that the outside opportunity is never more valuable than the

total value of the project, when the latter were operated at full efficiency, i.e., s̄ < W̃ . This

implies that for some values of s, the entrepreneur will not want to leave the contract for

the outside option.

In every period, for those values of s for which the entrepreneur may want to leave the

contract, reports ŝ may be elicited, at which point the firm may be liquidated or the contract

"renegotiated". 9 Although involuntary separations will not happen in equilibrium, we label

this situation as "default" since it results in either liquidation or renegotiation. Define xt
as taking the value of 1 if the entrepreneur defaulted in the period t and zero otherwise.

If the firm is liquidated, the bank appropriates the scrap value of the project, ∆, and the

entrepreneur receives her outside option. Alternatively, the parties can pay proportional

costs, θ, to renegotiate the original terms of the contract. Let `t = 1 if the firm was

liquidated upon default and `t = 0 if the parties renegotiated. As a timing convention,

we assume that liquidation payoffs are received and renegotiation costs are paid at the

beginning of the following period.

Next, for those values of s for which the entrepreneur does not want to leave the contract,

the outside option becomes irrelevant and the parties move on to a production stage, where

they face an investment decision under asymmetric information. Specifically, as in Clementi
9We call this situation "renegotiation" because it entails a redistribution of surplus, although formally

this is merely a contingency within the dynamic contract.
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and Hopenhayn (2006) (henceforth CH) project returns zt are not observed by the bank,

so that he must rely on reports by the entrepreneur, ẑt.10 The latter can misrepresents

actual returns and divert cash flows at some cost ρi, which depends on the monitoring

technology used, itself a decision variable at the beginning of the period (after observing

the default decision). In particular, ρr > 0 if the parties decide to use a high-quality

monitoring technology which costs a fraction µr of the firm’s returns and ρu = 0 if they

use a low-quality monitoring technology which is costless. Let ut = 0 if the parties decide

to use the high-quality monitoring technology in t and ut = 1 otherwise. In what follows

-and for reasons that will become apparent shortly- we refer to the case in which ut = 0 as

"reorganization" and label the case of ut = 1 as "undistressed".11 It is assumed that when

indifferent the agent will not divert cash flows and that costs θ, µr are borne by the bank.

To complete the formal statement of the problem, let h̃t−1 = (ht−1, xt, ut) denote the

interim public history after the default and monitoring quality decisions have been made.

For notational convenience, we label choices made after observing h̃t−1 with a superscript

it ∈ {u, r}, where it = r ("reorganization") if h̃t−1 = (ht−1, 0, 0) so the firm is financed under

the high-quality monitoring technology and it = u ("undistressed") if h̃t−1 = (ht−1, 0, 1) so

the firm operates under the low-quality monitoring technology. That is, in what follows, we

write, e.g., kt (ht−1, 0, ut) as kit (ht−1). Furthermore, we adopt the convention ẑit = kit = τ it =

ut = ∅ if xt = 1, and `t = ∅ if xt = 0. End-of-period public histories are defined recursively

as ht = {ht−1, ht} ∈ Ht where ht = {xt, ut, `t, ŝt, [kit, ẑit, τ it ]i=u,r}. The timing of events is

depicted in Figure 1.

A contract, σ, is a collection of functions specifying a default decision, a reorganization

policy, ut, a liquidation decision, `t, as well as capital advancements, kit, and repayments

to the bank, τ it : σ = {xt (ht−1) , ut(h
t−1, xt), `t(h

t−1, xt, st), [k
i
t(h

t−1), τ it (h
t−1)]i=u,r}

∞
t=0 . This

contract implicitly defines discounted sums of future dividends for the bank, Bt, and for the

firm, Vt. In what follows, we refer to Vt as the firm’s equity.

10While the agent’s reporting strategy may be arbitrarily complicated, the Revelation Principle can be
invoked to identify the support of Z as the set of admissible reports.

11As mentioned in the introduction, this costly high-quality monitoring technology shares some features
with formal or informal reorganization procedures. First, the use of this alternative is costly as are most
(all) cases of reorganization, where dismissing management entails learning costs and payments to trustees,
accountants or courts are made. Second, it allows creditors to exert tighter control over the firm’s revenues
which is one of the purposes of most reorganization cases. Finally, in equilibrium, this reduced agency path
will only be taken when the firm is under financial distress -after having experienced a long enough sequence
of bad revenue shocks- but before deciding on liquidation.
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ŝ
t

N
a
tu
re

d
ra
w
s
s
t

t
=

1
u

u
n
d
is
tr
es
se
d

t
=

0
um
o
n
it
o
r

x
t
=

1

k
i t

µ
r

F
ig
ur
e
1:

T
im

in
g
of

ev
en
ts

w
it
hi
n
a
pe

ri
od

9



The total asset value after history ht is defined by Wt = Vt + Bt. As in Spear and

Srivastava (1987), Vt effectively summarizes all information provided by history up to t− 1,

and can be used as state variable in a recursive formulation of the contracting problem. The

points (B (V ) ,V ) trace the Pareto frontier and W (V ) = B (V ) + V is usually referred to

as the "value of the firm".

We will characterize contracts recursively by specifying value functions at the different

decision stages within a period. Working backwards, consider first the problem of a firm

which has not defaulted in the current period (x = 0) and is being financed under monitoring

quality i. This problem can be written recursively as:

Ŵi

(
V i
c

)
= max

ki,τ i,V i
H ,V

i
L

π (1− µi) f
(
ki
)
− ki + β

[
πW

(
V i
H

)
+ (1− π)W

(
V i
L

)]
(P̂i )

s.t. : f
(
ki
)
− τ + βV i

H ≥ (1− ρi)f
(
ki
)

+ βV i
L,

V i
c = π

(
f
(
ki
)
− τ i

)
+ β

[
πV i

H + (1− π)V i
L

]
,

f
(
ki
)
≥ τ i and V i

H , V
i
L ≥ 0

In (P̂i ), µu = 0 and V i
z , z = H,L, is the firm’s value of equity beginning the following

period after a revenue shock z has been reported. Moreover, this formulation of the problem

already uses the fact that from limited liability ziL = 0⇒ τ iL = 0 and hence τ iH can be written

as τ i. The second constraint in (P̂i ) imposes individual rationality (the so-called promise-

keeping constraint), while constraints f (ki) − τ i, V i
H , V

i
L ≥ 0 capture the entrepreneur’s

limited liability. The first constraint in (P̂i ) requires that contracts are incentive compatible.

Since a realization of ziL = 0 will never result in the agent reporting ziH , only one incentive

constraint is required. The left hand side of this constraint shows what the entrepreneur

receives if she reports truthfully, while the right hand side is what she gets by concealing

project returns. Notice that for i = u, ρu = 0 and we are back to the incentive constraint

found CH, while for i = r, ρr > 0 and the constraint is looser. Loosening the incentive

constraint is the sense in which reorganization reduces agency problems.
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Next, given x = 0 the problem of choosing monitoring quality is given by:12

W c (Vc) = max
V u
c ,V

r
c ,u

uŴu (V u
c ) + (1− u)Ŵr (V r

c ) (P c)

s.t. : Vc = uV u
c + (1− u)V r

c and V u
c , V

r
c ≥ 0

where Ŵi (V
i
c ) , i = u, r satisfy (P̂i ). Now consider the problem of the match when x = 1

and the entrepreneur has reported ŝ. At this point we assume that the entrepreneur will

prefer to renegotiate and keep the firm if she gets at least her (reported) outside option in

the renegotiated contract. That is, we assume that the bank has all the bargaining power.

This implies that for x = 1 and ` ∈ {0, 1}, the entrepreneur’s payoff is βŝ. Hence, truthful

reporting of the outside option by the entrepreneur requires:13

x(s)βs+ [1− x(s)]Vc ≥ x(ŝ)βŝ+ [1− x(ŝ)]Vc ∀s, ŝ ∈ S (IC)

As long as constraints (IC) are satisfied, we can let the terms of the contract depend

directly upon s. Fortunately, the following Lemma allows us to replace these constraints

with a simple reservation policy:14

Lemma 1. Suppose that for all ŝ ∈ S, x(ŝ) = 1 if βŝ ≥ Vc and x(ŝ) = 0 otherwise. Then

constraints (IC) are satisfied.

Proof. See appendix A.

In other words, by imposing a simple constraint on the function x(·) we are able to write

our contracting problem in terms of the actual value of the outside option as in most of

the limited commitment literature. Now, the decision of whether to liquidate the firm or to

continue with the relationship by renegotiating the original contract, for a given realization

s, solves:

Wd (s) = max
`(s)∈{0,1}

` (s)W` (s) + [1− ` (s)] (1− θ) βW (s) , (Pd)

12Hereafter, the dependence of the policy functions on equity is supressed and we write e.g., x (s, V ) as
x (s). Ocasionally we revert to e.g., x (s, V ) when characterizing these policies as functions of V .

13Again, the Revelation Principle can be used to identify S with the set of admissible reports
14A static version of this cut-off rule is frequently found in models of financial contracting that feature

costly state verification (see, e.g., Tamayo (2015)).
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where W` (s) = β (∆ + s) and we have used the fact that, upon default, the entrepreneur is

indifferent between renegotiation and liquidation, so that s is the appropriate argument for

W (·). Then the optimal default policy can thus be found as the solution to:

W (V ) = max
x(s)∈{0,1}

W c (Vc)

∫
S

[1− x (s)] dG (s) +

∫
S
x (s)Wd (s) dG (s) (P )

s.t. V = Vc

∫
S
[1− x (s)]dG (s) + β

∫
S
x (s) sdG (s)

x (s) =

 1, if βs > Vc

0, otherwise,

whereW c (Vc) andWd (s) in the objective function of (P ) satisfy, respectively, (P c) and (Pd)

and the promise-keeping constraint already uses the fact that upon default the entrepreneur

receives exactly the value of her outside option.

2.4 Optimal contracts

We begin our characterization of optimal contracts by studying the solution to problems

(P̂i ) and (P c). That is, we first consider optimal policies when x = 0. Notice that

for each i = u, r, the problem in (P̂i ) is virtually identical to that of CH and hence

their main results apply. In particular, capital advancement policy satisfies ki (V i) < k̃i =

arg maxk [π (1− µi) f (ki)− ki] as long as V i ≤ Ṽ i = π (1− ρi) f(k̃i)/ (1− β); that is, the

firm is borrowing constrained. Along with risk neutrality, this implies that allowing the

equity value V i to reach the threshold Ṽ i in the shortest possible time is optimal, i.e.,

V i ≤ Ṽ i implies f (ki) = τ i. This allows capital to increase with equity values so that

the endogenous financing constraints tend to relax as the firm’s equity grows. Finally, for

V i ≤ Ṽ i future equity values satisfy V i
L (V i) < V i < V i

H (V i), implying that the firm’s equity

value increases with a good shock and decreases with a bad shock ("cash-flow sensitivity").

These results allow us to reduce (P̂i ) to unidimensional maximization problems:
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Ŵi

(
V i
c

)
= max

ki
π (1− µi) f(ki)− ki + β

{
πW

[
V i
c + (1− π) (1− ρi)f(ki)

β

]
+ (1− π)W

[
V i
c − π(1− ρi)f(ki)

β

]}
(Pi)

Notice that for i = u, and using the notation and definitions of the previous paragraph,

one has that k̃ = k̃u, W̃ = W̃ u and Ṽ = Ṽ u. For the reminder of the paper, and given

that µu = ρu = 0, we write µ = µr and ρ = ρr. Denote by W̃ r the value of a firm that is

currently under "reorganization" and operated at scale k̃r. Then:

Lemma 2. µ > 0⇒ W̃ r < W̃ .

Proof. See appendix A.

Lemma 2 establishes that for large enough values of equity, leaving the firm undistressed

is optimal. Finding conditions under which u = 0 is optimal requires some more work:

Proposition 1. There exist ∆, µ, ρ ∈ (0, 1) with µr < ρr such that for some 0 < VR < Ṽ r,

Vc < VR ⇒ W c (Vc) = Ŵr (V r
c ) and Vc ≥ VR ⇒ W c (Vc) = Ŵu (V u

c )

Proof. See Appendix A.

Heuristically, Proposition 1 says that reorganization is optimal for intermediate values of

equity and the firm is left undistressed if equity is large enough. The content and intuition

for Proposition 1 can be seen graphically in the left panel of Figure 2, where the function

W c (Vc) is shown as the upper envelope of the functions Ŵu (V u
c ) and Ŵr (V r

c ). An immediate

consequence of the proposition is that for some combinations of parameters, the value of

the firm is higher when reorganization is an option than when only liquidation is available

as in CH (see right panel of Figure 2).

Figure 2 traces the value of the firm as a function of continuation (i.e., no-liquidation)

equity Vc. In the region to the right of VR the firm is undistressed but may be financially

constrained. In turn, the equity region in which the firm is financially distressed (left of VR)

can be divided into liquidation and reorganization. The right panel of Figure 2 compares

13



the value of the firm under a contract which allows for costly high quality monitoring, with a

contract in which only the low quality monitoring technology is available (the CH contract).

Figure 2: The reorganization option and the value of the firm. The left panel depicts
the value function as the upper envelope of the values of reorganization and undistressed. The right panel
compares the value of the firm with reorganization to the CH contract.

Next, we concentrate on the optimal default and liquidation policies. The first thing

to notice is that the availability of an outside option truncates the equity domain from

below (i.e., the strategy set shrinks). The lower bound of equity V > 0 depends upon the

specification of s and will be derived in Proposition 2. Also, it is easy to see that if V > βs̄

the entrepreneur will not default since her maximum default payoff is precisely βs̄. That is,

V > βs̄ implies Vc > βs̄ which in turn implies x (s, V ) = 0 ∀ s and W (V ) = W c (Vc) . In

order to provide a sharper characterization of the default and liquidation policies we add

the following assumption:

Assumption 2. Suppose that s ∼ U [0, s̄] with s̄ < W̃ u

Confronted with any contract, the entrepreneur will employ a reservation policy, taking

any outside opportunities above some threshold sd and rejecting the rest. That is, for each

V , s ≥ sd ⇒ x (s, V ) = 1 and s < sd ⇒ x (s, V ) = 0. The entrepreneur’s lifetime utility

evolves according to:

V =

∫ s̄

0

max {βs, Vc} dG (s) = Vc

∫ sd

0

dG (s) + β

∫ s̄

sd

sdG (s)

14



We have seen that if V ≥ βs̄ the entrepreneur will not default. For V < βs̄ the following

proposition characterizes the default policy in the optimal contract:

Proposition 2. Suppose that Assumption 2 is satisfied. Then in the optimal contract, for

V < βs̄, the default threshold, V 7→ sd (V ), is strictly increasing and sd (V ) > 0 ∀ V .

Proof. See Appendix A.

The intuition of Proposition 2 is straightforward: as the value delivered by the original

contract increases, the entrepreneur requires a higher realization of the outside option to be

tempted to default. The fact that sd (V ) > 0 ∀ V follows from the truncation of the equity

domain introduced by the risk of default. Notice also that V 7→ sd (V ) strictly increasing

implies that s−1
d (·) is well-defined and unique. Hence, for each s, we can find an equity

value, VD(s), at which the entrepreneur is indifferent between defaulting or continuing.

We now turn to the formal characterization of the liquidation threshold. Notice that if

the contract is renegotiated, the bank receives (after proportional renegotiation costs are

paid) β (1− θ)W (s) − βs. Instead, if the firm is liquidated, the bank receives β∆. Thus,

the liquidation threshold solves:

W (s`) =
∆ + s`
1− θ

(L)

Naturally, if θ is too large, equation (L) will not have a solution which, once again,

points to the role of bankruptcy costs in shaping renegotiation/liquidation decisions. Un-

fortunately, low renegotiation costs are not enough to find s` as equation (L) may not have

a unique solution. The following assumption introduces a sufficient condition for s` to be

unique and allows us to provide a sharper characterization of the liquidation decision:

Assumption 3. W (s̄) > ∆+s̄
1−θ

When assumption (3) is satisfied, the bank will find it optimal to renegotiate if s is

sufficiently large and liquidate otherwise. This result is in line with the evidence discussed

in the introduction according to which firms with better outside options in the form of

alternative financing are more likely to successfully renegotiate their contracts with creditors.

We summarize our previous discussion in the following proposition:
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Proposition 3. Suppose that assumptions 2 and 3 are satisfied. Then, for each V , s` is

unique and satisfies s` ≥ sd (V ) ∀ V

With the results from propositions (2)-(3) at hand, the problem in (P ) can be conve-

niently reformulated, for V ∈ [V , s̄] , as:

W (V ) = W c (Vc)

∫ sd

0

dG (s) + β

∫ s`

sd

[∆ + s] dG (s) + β (1− θ)
∫ s̄

s`

W (s) dG (s)

=
1

s̄

{
sdW

c (Vc) + β∆ (s` − sd) +
β

2

(
s2
` − s2

d

)
+ β (1− θ)

∫ s̄

s`

W (s) ds

}

where,W c (Vc) solves (Pi), s` solves (L) and sd = max{V ,
√

2s̄V β−1 − s̄2}. The results from
Propositions (2)-(3) can be seen graphically in the left panel of Figure 3 where we have de-

picted the optimal default, liquidation and renegotiation policies for a given parametrization,

as well as the value of the firm when with and without renegotiation and reorganization.
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Figure 3: Liquidiation-renegotiation policies and the value of alternative con-
tracts. The left panel depicts default, renegotiation and liquidation areas as a function of equity-outside
option combinations. The right panel compares the value of the firm with and without renegotiation under
different costs of reorganization

The right panel of Figure 3 illustrates how the default risk affects the value of the

firm. Importantly for our purposes the figure shows that, while the contract with the

reorganization option strictly dominates the CH contract, this may or may not be true

for the contract with a default option. In particular, the CH contract may dominate the

contract with default if the ratio ρ/µ is too low; i.e., if the benefit of reorganization is low

relative to its cost.
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2.5 Outside opportunities and renegotiation: Discussion

A brief discussion about the liquidation and renegotiation decisions is in order. First, the

fact that in some cases the bank may be willing to increase the firm’s equity up to the

point where it matches the outside option means that the the value of debt, B(·), may be

increasing in a subset of the equity domain (i.e., that the slope of W (·) is greater than 1).

Whether this actually happens will depend on the value of ∆ relative to the maximum value

of debt, B̄. If B̄ < ∆ then whenever the entrepreneur defaults the bank will find it more

profitable to liquidate the firm regardless of the realization of s; in other words, s` = s̄ and

there would be no renegotiation.

When B̄ ≥ ∆ (so that B(·) has an increasing segment) the question arises, couldn’t the

bank always provide the entrepreneur with the equity level that guarantees him B̄? A con-

tract with this feature would eliminate any ex-post inefficiency, but the higher lower bound

for equity would also mean that the strategy set shrinks further, limiting the incentives for

truth-telling and lowering total welfare.15 In other words, such a contract would be dom-

inated by the contract with renegotiation, which in turn is -assuming no reorganization-

dominated by the CH contract where there is two-sided commitment

The previous discussion makes it clear that the outside option does not need to bring

any additional value to the firm. It simply makes the threat of separation credible and

introduces a new contingency in the contract that increases equity for certain combinations

of equity-outside option pairs. Thus, outside opportunities can, in the corporate finance

context for instance, take the form of improved financial conditions as in Roberts and Sufi

(2009). That paper documents that renegotiations are more likely to be favorable to the

borrower when she has access to relatively inexpensive alternative sources of financing. In

general equilibrium without aggregate risk, the outside option could correspond to the value

of searching for a new project as in Cooley et al. (2004) or Verani (2014), once a stochastic

penalty for breach of contract is introduced. Likewise, in an occupational choice framework,

the outside option could be identified with an offer in the labor market as in Buera et al.

(2011) or Antunes et al. (2008) with an idiosyncratic and stochastic labor ability component.
15Notice that in the contract with renegotiation some ex-post inefficiencies persist since the renegotiated

contract does not result in the bank receiving B̄. A thorough discussion of this ex-post inefficiency and
ex-ante optimality trade-off can be found in Dovis (2016) for the case of sovereign default.
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2.6 Heterogeneous projects

Suppose now that in every period a continuum of entrepreneurs are born, each of which

has access to exactly one project of average productivity π which is drawn from a time-

invariant distribution Γ (·) with support Π = [π, π]. After project types are drawn, they

become public information so that banks offer each entrepreneur a contract indexed by her

type π. Accordingly, the value and policy functions are now written e.g., W (V ; π).

As a first approximation to the effect of project heterogeneity, consider the simple case

in which there is neither default nor reorganization (i.e., s̄ = ρ = 0), but the firm can be

liquidated at the beginning of each period (i.e., the CH contract). A stochastic liquidation

rule will specify a cutoff value of equity Vp(`) (π) such that for V ≤ Vp(`) (π) the firm faces

a strictly positive liquidation probability. We will next show that even if there is neither

renegotiation nor reorganization, a financial contract that relies on intertemporal incentives

for truthful reporting induces selection along the productivity dimension:

Proposition 4. Suppose that π′ > π. Then Vp(`) (π′) < Vp(`) (π).

Proof. See Appendix.

The content of Proposition 4 is simple: A project with higher average productivity

will face a smaller set containing positive liquidation probabilities. Since a firm reaches

this set only after experiencing enough bad realizations of the revenue shock, and such low

realizations are more likely with lower π, firms with higher average productivity face a lower

unconditional probability of exit. In other words, the contract features financial selection.

This intuition can be carried over to the contracting problem of section 2.3. The reorga-

nization option increases the slope of the value function at the origin. With heterogeneous

projects, this effect is compounded so that projects with higher average productivity dis-

proportionately benefit from the reorganization option and financial selection is enhanced.

This issue will be pursued further in our quantitative analysis.

2.7 Industry equilibrium

In order to conduct a meaningful quantitative exercise, the contracting problems studied

above are embedded into a standard industry equilibrium framework. The details of the

industry follow closely those found in Li (2010).
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Incumbent firms behave competitively, taking prices in output (p) market as given.

Aggregate demand for the product is given by the inverse demand function, p = D(Q),

where the function D is continuous, strictly decreasing, and satisfies limQ→∞D (Q) = 0 and

0 < limQ→0D (Q) <∞. Notice that the output price is now a state variable and therefore

value functions and policy functions depend upon it, for instance, W (V, π; p).

We assume that all entrepreneurs have the same initial wealth, M , and that they draw

a project from the fixed initial distribution Γ (·) after signing a contract with the lender.

This implies that all entrepreneurs receive identical value entitlement upon entry, V0(p), and

will sign a contract only if V0(p) ≥ M. However, the parties know that once the contract

is signed, the project type becomes common knowledge. Therefore, the lender will sign the

contract only if his expected initial value (i.e., his share of the "average contract") is greater

than the financing he provides:∫
Π

W (V0 (p) , π; p) dΓ (π)− V0 (p) ≥ I0 −M (P0)

To generate an invariant distribution of firms, we allow for some exogenous exit. More

specifically, we assume that, in every period, entrepreneurs face a time-invariant exogenous

probability 1 − η of surviving into following period. For simplicity, we assume that if the

entrepreneur dies exogenously, the firm becomes obsolete and the bank’s payoff is zero.16

The state of the industry can be described by the distribution of firms over equity-

type pairs (V, π) . Let ψt denote the measure of incumbent firms after (endogenous and

exogenous) liquidation has taken place, and let Et+1 stand for the mass of new entrants at

the beginning of t+ 1. The law of motion for ψt satisfies:

ψt+1 = T ∗ (ψt, Et+1; p) (ST )

The expression for the mapping T ∗ (·) is derived in Appendix A for the economy with

default and renegotiation. This is the more general economy and definitions are easily

obtained for the other cases by applying suitable changes. We are now in a position to

define an equilibrium:

16This way, exogenous exit merely implies a lower discount rate β̂ = β (1− η) and does not require
modifying the contracting problems of the previous sections.
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Definition 1. A stationary competitive equilibrium for the industry consists of output Q∗

and price p∗ ≥ 0 ; policy functions [` (s, V, π; p∗) , x (s, V, π; p∗)]s∈S , u (V, π; p∗) , Vc (V, π; p∗) ,

V` (V, π; p) , and [V i
c (V, π; p∗) , ki (V i

c , π; p∗) , τ i (V i
c , π; p∗) , V i

H (V i
c , π; p∗) , V i

L (V i
c , π; p∗)]i=r,u,

as well as value functionsW (V, π; p∗) , Wd (s, V`, π; p∗) , W c (Vc, π; p∗) , [Ŵi (V
i
c , π; p∗))]i=r,u;

a measure of incumbent firms ψ∗ and a mass of entrants E∗ such that:

(i). The value and policy functions solve (P̂i ), (P c), (Pd), and (P )17

(ii). p∗ = D (Q∗) and Q∗ =
∫
πf (k (V, π; p∗))ψ (dV, dπ; p∗)

(iii). if E∗ > 0, V0 (p∗) = M solves (P0) with equality, and

(iv). ψt = ψ∗ and Et = E∗ for all t solve (ST )

Condition (i) states that all players must optimize while condition (ii) requires goods

market clearing. Condition (iii) is the free entry condition for firms; when E∗ > 0 then

V0 (p∗) = M and
∫
W (V0 (p∗) , π; p∗) dΓ (π) = I0, which pins down p∗ in a stationary equi-

librium with positive entry.

3 Quantitative analysis

We now calibrate the model presented above to match some salient features of the U.S.

economy. With a calibrated model at hand, we then conduct counterfactual experiments

aimed at assessing the quantitative importance of alternative bankruptcy regimes.

3.1 Calibration

Our parameter values are listed in Table 1. The model period is a quarter and the price

of output is normalized to unity. The discount factor is set at β = 0.978 so as to match

the average annual real return of the S&P500 over the 1980-2014 period which is 9.2%. As

much of the finance literature, we view this as a better measure of the bank’s opportunity

cost than the risk-free interest rate often used in the RBC literature. We parametrize the
17With suitable changes in notation to include π, p.
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production function as f (k) = kα and set α = 0.88, which is consistent with the values

found in the empirical literature that estimates returns to scale.18

Next, we choose π so that s` (π) is arbitrarily close to but greater than s̄, ensuring

that even the least productive firms (lowest quality projects) have a non-zero probability

of renegotiating their debt and undergo reorganization. We parametrize the distribution of

project types as a Pareto distribution: Γ (π) = 1 − [1 + R (π)]−ζ where R (π) ≥ 1 denotes

the rank of π in the distribution.19

Table 1: Baseline calibration

parameter description value

β Discount factor 0.978

α Returns to scale 0.88

∆ Liquidation value (bank) 3.142

s̄ Outside option upper bound 4.239

θ Renegotiation costs 0.452

π Highest quality project 0.729

ζ Tail parameter for Γ (·) 0.315

V0 Initial equity of new firms 3.639

η Exogenous exit 0.025

µ Cost of reducing agency 0.05

ρ Cost of diverting cash flows 0.414

The remaining nine parameters {η, ζ, π, V0,∆, s, θ, µ, ρ} are chosen so as to approximately

match the eight relevant moments of the U.S. data shown in the upper panel of Table

2. In the model, all these parameters affect all the target moments in a non-linear fashion.

However, we can point to moments that are more informative to pin down a given parameter

than others. The establishment exit rate –whcih in the data is 10.6%– is key to identify

η, the exogenous exit probability in the model. The tail parameter in the distribution of

projects, ζ, and the highest quality project, π, are chosen to approximate, respectively, the
18Using industry-level data Basu and Fernald (1997) Using plant-level data, Lee (2005) finds that returns

to scale in manufacturing vary from 0.83 to 0.92.
19Having chosen π, for any given π, we discretize the set [π, π] so that it contains 10 equally spaced

gridpoints. This is done for computational reasons; notice that for each simulation of the model one must
solve the contracting problem for each πj , j = 1, ..., 10.
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employment share and the average size (relative to all) of the largest 20% of establishments

(in the data 78% and 3.92 respectively). The initial equity value, V0, is maily pinned down

by the share of employment of establishments from new or entrant firms (ages 0-2) which

stands at 5.8%. These four statistics are computed as averages for the 1980-2014 period

from the U.S. Census Bureau’s Business Dynamic Statistics (BDS).20

Table 2: Moments: data and model

Targeted moments data model

Exit rate 0.106 0.106

Default rate 0.0082 0.0084

Relative frequency of reorganization 0.343 0.394

Employment share of largest 20% 0.782 0.741

Avg relative size among largest 20% 3.92 3.63

Recovery rate liquidation 0.514 0.536

Employment share of entrants 0.058 0.028

Relative leverage in reorganization 1.50 1.34

Additional moments data model

Exit by liquidation (endog. liq. rate) 0.0047 0.0044

Employment share of ages 0-10yrs 0.246 0.268

Exit rate ages 0-2yrs 0.214 0.233

Exit rate ages 3-10yrs 0.122 0.108

Ratio of assets in reorg. to liquidation 3.18 2.60

Reorganization recovery rate (pre-fees) 1.07 1.098

Leverage of undistressed firms 0.357 0.598

Leverage of entrants 0.721 0.709

Next, the upper bound of the oustide option, s̄, mainly impacts the default rate. This

figure is computed as the time series average of the ratio of total business bankruptcies
20The BDS dataset includes measures of establishment and firm births and deaths, job creation and

destruction by firm size, firm age, and several other statistics on business dynamics for all non-farm sectors
of the U.S. economy. For a thorough description of this dataset and its underlying survey –the Longitudinal
Business Database– see Haltiwanger et al. (2013).
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reported by the American Bankruptcy Institute to total active firms reported by the U.S.

Census Bureau, yielding a 0.8% rate. The frequency of renegotiation/reorganization relative

to liquidation, which can be found as 34% in Table F-2 of the U.S. Bankruptcy Courts, is

used to obtain a value for renegotiation costs, θ. The liquidation value that the bank receives,

∆, mainly affects the recovery rate under Chapter 7, which is taken from Bris et al. (2006) as

51.4%. Finally, the parameters µ, ρ are not easily identified separately. However, from the

model it is clear that their ratio determines the slope of Ŵr (V r
c ), which in turn determines

the additional leverage that firms are able to obtain when under reorganization. Accordingly,

we choose ρ/µ so as to approximately replicate the leverage of firms under reorganization

relative to the leverage of non-bankrupt firms reported by Corbae and D’Erasmo (2016).21

The model is reasonably successful in matching the target moments in the data. In terms

of firm dynamics, the model performance is best in hitting the establishment exit rate and

worst in matching the employment share of entrants. However, the model does replicate

very closely the employment share of establishments from young firms (ages 0-10), and the

leverage of new firms –defined as one minus the ratio of internal equity to total financing–

as reported in the first wave of the Kauffman Survey (Sanyal and Mann (2010)).

The model results are also consistent with some empirical regularities in terms of firm

growth and survival. As in the data, the model exit rate of new establishments is much

higher than that of young ones, although this pattern appears to be smoother in the data.

Moreover, the left panel of Figure 4 shows that the model is able to generate the negative

correlations observed in the data between age and growth, and age and growth dispersion.

Notice that, in constrasts with CH, Quadrini (2004) and Verani (2014), the model pro-

duces signifficant growth dispersion in the stationary distribution. This follows from the

heterogeneity in project types, a feature that is absent in these papers.

With respect to the incidence of bankruptcy procedures, the model matches very closely

the bankruptcy rate and the exit by liquidation which in the data stands at 0.47%.22 In the

model, recovery rates for liquidation are calculated as β∆/Bt−1, where Bt−1 = Wt−1 − Vt−1

21Specifically, we fix µ at 0.051 so as to approximate median fees as a fraction of assets (1.9%) reported
in Bris et al. (2006), and then choose ρ to match the leverage ratio. From the model we compute the ratio
of median leverage of reorganization firms relative to the median leverage of non-bankrupt firms. In Corbae
and D’Erasmo (2016), the ratio of the means (1.45) is not too different from the ratio of the medians (1.50);
see Table 1 in that paper.

22This is very close to the 0.42% firm exit by liquidation reported in Corbae and D’Erasmo (2016).
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is the lender’s claim prior to default. Likewise, recovery rates for reorganization are defined

as βB (st) /Bt−1 where B (st) = W (st) − st is the lender’s claim after renegotiation. The

model approximates both recovery rates fairly well.23 Finally, the fit is less tight in terms

of the leverage ratio, mainly due to the higher leverage of undistressed firms implied by the

model.
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Figure 4: Financial selection and firm dynamics The left panel shows age-specific firm
growth and standard deviation of firm growth computed as the long-run average from a large sample of
firms simulated under the financial contract of section 2 and the baseline calibration. The right panel
compares the distribution of project types from Γ(·) with the long-run or stationary distribution of types
under the baseline calibration.

The simulations from the model are also in line with the well established fact that firms

filing for reorganization are generally larger than those that undergo Chapter 7 liquidation.

In fact, the model is able to replicate well the ratio of (median) Chapter 11 assets to (median)

Chapter 7 assets as reported in Corbae and D’Erasmo (2016).24

The calibrated version of the model generates some financial selection as defined in

Section 2.6 above. The right panel of Figure 4 shows that the stationary distribution

of project types differs from the initial distribution, Γ (·). In particular, the stationary

distribution has lower frequencies for the three lowest project types and higher frequencies

for every other project type.
23Our target for liquidation recovery rate corresponds to what Bris et al. (2006) label Chapter 7 "op-

timistic" secured recovery rate in their Table XIII. This is the most relevant measure since in our model
long-term debt is collateralized by ∆. The target for reorganization recovery rate can be found as the ratio
of post-bankruptcy, pre-fees assets to pre-bankruptcy assets reported in Bris et al. (2006)’s Table III.

24Assets in Chapter 11 are defined in Corbae and D’Erasmo (2016) as assets in the initial period of a
Chapter 11 bankruptcy. Accordingly, for the numerator of this ratio we compute the median of assets in
the period of default but after renegotiation.
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3.2 Counterfactuals

The counterfactual exercises that we conduct are aimed at quantifying the aggregate and

firm dynamics implications of an economy operating under alternative bankruptcy regimes.

In terms of the model presented in section 2, such regimes are characterized by different

values of the parameters ρ, µ, θ and s̄.

Table 3 presents some statistics that result from the simulation of economies under

different bankruptcy arrangements. The moments from the baseline calibration (labeled

"Baseline U.S.") can be found in the first column. When computing aggregate output, Y ,

working capital, K, and TFP, we have defined:

Y =

∫
πf (k (V, π; p∗))ψ (dV, dπ; p∗)

K =

∫
k (V, π; p∗)ψ (dV, dπ; p∗)

TFP =
Y

Kα

In column two of Table 3, under the label "Liquidation only" we have simulated an

economy that operates under the CH contract. That is, we assume that s̄ = ρ = µ = 0.

While s̄ = 0 is certainly a strong assumption, it is interesting to consider how the equilibrium

would change if agents were able to commit. When comparing these results with those form

the baseline calibration, we can see that under the CH contract exit is almost 1.5 times

higher, while aggregate output and TFP are 2.3% and 1.3% lower, respectively. The high

exit rate in the CH contract also translates into an economy with much younger firms and

a larger fraction of unconstrained firms (defined as firms operating at k̃(π)).

Next we maintain the commitment assumption (s̄ = 0) but allow agents to use a very

efficient monitoring technology (i.e. a high ρ/µ ratio). According to Figure 3, for each

project type, this is the contract that provides the highest welfare. Column three in Table

3 (labeled "Liquidation & eff reorg") shows that this result can be extended to the overall

economy: the contract with commitment and efficient reorganization maximizes aggregate

output and TFP, which are, respectively, 44% and 2.9% higher than the under the baseline

calibration. This economy also exhibits the largest share of unconstrained firms.
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moment Baseline Liquidation Liquidation Default Default, reneg &

"U.S." only & eff reorg only & eff reorg

Exit rate 0.106 0.149 0.122 0.111 0.109

Aggregate output 1.000 0.977 1.445 0.774 1.331

Aggregate TFP 1.000 0.987 1.0292 0.971 1.019

Average firm age 9.31 7.6 8.4 9.22 9.38

Max firm age 94 84.5 90.4 99 99.3

% of unconstrained 0.054 0.068 0.073 0.053 0.064

Table 3: Aggregate and firm dynamics implications of alternative bankruptcy
regimes The first column presents the results from the baseline calibration. The second column uses a
contract without renegotiation or reorganization. The third column uses a contract without renegotiation
but with reorganization using a value of µ that is 50% lower and a value of ρ that is 50% higher than the
baseline. Column four uses a contract with s̄ as in the baseline and θ = 1, ρ = µ = 0. In column five, s̄ is
as in the baseline but ρ and µ are, respectively, 50% larger and 50% smaller than in the baseline.

In columns four and five of Table 3 we study the implications of limited commitment

(i.e., s̄ = 4.24 as in the baseline) under different assumptions about renegotiation and

reorganization. Column four, under the label "Default only" presents the results of the

simulated economy where renegotiation is very costly and reorganization has little benefit

(θ = 1, ρ = µ = 0). Again, extending the the individual firm specific results of Figure 3,

this economy displays the lowest levels of aggregate output and TFP, as well as the smallest

fraction of unconstrained firms. Finally, we look at the equilibrium from an economy in

which renegotiation is allowed (θ = 0.451 as in the baseline) and reorganization is relatively

efficient (high ρ/µ). These moments, presented in column five under the label "Default,

reneg & eff reorg", come fairly close to those obtained from the commitment economy:

aggregate output and TFP are, respectively, 33% and 1.8% higher than in the baseline

calibration. Likewise, this economy exhibits the oldest firms and the largest fraction of

unconstrained firms among those economies with default.

These counterfactual exercises tell us that the design of corporate bankruptcy arrange-

ments can have quantitatively important consequences in terms of the aggregate economy.

For instance, by comparing columns four and five in Table 3 we can conclude that a poorly

designed bankruptcy law, where high costs and limited creditor oversight make renegotia-

tion and reorganization unattractive, can reduce aggregate output and TFP by as much as

and 72% and 5%, respectively.
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4 Concluding remarks

In this paper we have presented an industry equilibrium-dynamic contracts approach to

corporate default, liquidation and reorganization. In the model, costly bankruptcy arrange-

ments help agents cope with enforcement and information frictions. Importantly, the model

allows for a financial selection mechanism whereby firms that are ex-ante less productive

face a higher unconditional probability of exit. However, the degree of financial selection

depends upon the costs associated with bankruptcy and the benefits from reorganization

plans in terms of greater creditor oversight.

A calibrated version of the model is able to reproduce fairly well most firm dynamics and

bankruptcy related statistics. Moreover, the counterfactual analysis shows that differences in

bankruptcy law can have substantial implications for aggregate outcomes and firm dynamics.

In particular, when reorganization is effective in increasing creditor control at a relatively

low cost, financial selection can improve capital allocation and increase TFP. The effect

on aggregate output is amplified because, as in other models of financial constraints and

heterogeneous projects, more productive entrepreneurs tend to run larger firms.

A number of promising areas for further research open up from here. To begin with, the

analysis could be extended so as to allow richer dynamics along the entry margin. Some

recent work on bankruptcy procedures and firm dynamics suggests that this mechanism

can be quantitatively important (Rodriguez-Delgado (2010)). Although tractability issues

may arise, the model could also be extended to study the role of bankruptcy arrangements

in amplifying or ameliorating the effects of aggregate shocks as in Verani (2014), and in

shaping recoveries from pronounced recessions. Circumstantial evidence can be found in

Bergoeing et al. (2007) suggesting that differences in bankruptcy law can help account for

the asymmetric recoveries of Chile an Mexico from similar negative shocks experienced in

the early 1980s.
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5 Appendix

5.1 Proofs and derivations

Proof of Lemma 1. The hypothesis of the Lemma, along with the linearity of the outside

option and the fact that Vc is independent of s implies that ∃ s∗ such that s ≥ s∗ =⇒ x(s) = 1

and s < s∗ =⇒ x(s) = 0. Choose any s′ > s′′. There are three cases to consider. First, if

s∗ ≥ s′ > s′′ then x(s′) = x(s′′) = 0 and the constraint reduces to Vc ≥ Vc which trivially holds.

Next, if s∗ ≥ s′ > s′′ then x(s′) = x(s′′) = 1 and the constraint reduces to s′ ≥ s′′ which also holds.

Finally, if s′ ≥ s∗ > s′′ then x(s′) = 1 − x(s′′) = 1 and the constraint reduces to βs′ ≥ Vc which

holds by the hypothesis of the Lemma.

Proof of Lemma 2. A firm currently under reorganization, and operating at k̃r can either

become undistressed next period with probability π, or remain under reorganization and have the

chance to become undistressed in the following period:

W̃r = π (1− µ) f(k̃r)− k̃r + β
[
πW̃ + (1− π) W̃r

]
(1)

=
βπW̃ + π (1− µ) f(k̃r)− k̃r

1− β (1− π)

since βπ
1−β(1−π) < 1, it suffices to show that:

π (1− µ) f(k̃r)− k̃r

1− β (1− π)
<

[
1− βπ

1− β (1− π)

]
W̃

some tedious algebra and W̃ = πf(k̃)−k̃
1−β reduces this to showing that:

πf(k̃)− k̃ > π (1− µ) f(k̃r)− k̃r

which holds given the strict concavity of f (·) and µ > 0.

Proof of Proposition 1. First notice that Ŵi

(
V i
)
> Ŵj 6=i

(
V j 6=i) implies V = V i and

W (V ) = Ŵi

(
V i
)

= Ŵi (V ) . Now, Ŵu (V ) > Ŵr (V ) for V large enough follows from continuity

and Lemma 2, while Ŵu (V ) > W` is true by Assumption 1 and continuity. Next, to show that

Ŵr (V ) > Ŵu (V ) for some V, first define W ∗u (V ) as the value of a firm that cannot be liquidated

or reorganized and W ∗r (V ) as the value of a firm that always operates under reorganization and
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cannot be liquidated. Results analogous to those of the CH contract hold for each of these sub-

problems, so one has that τ i∗ = f
(
ki∗
)

=
β(V i

H∗−V
i
L∗)

1−ρi , and therefore V = β
[
πV i

H∗ + (1− π)V i
L∗
]
for

i = u, r. Now W ∗u (V ) ,W ∗r (V ) can be written:

W ∗u (V ) = max
V 1H
∗ ,V 1L

∗ ≥0
V − βV u

L∗ − f−1

(
V − βV u

L∗
π

)
+ βEW ∗u (V ) (2)

s.t. : V = β
[
πV i

H∗ + (1− π)V u
L∗
]

= βEV u
∗

and:

W ∗r (V ) = max
V 0H
∗ ,V 0L

∗ ≥0

(1− µ) (V − βV r
L∗)

1− ρ
− f−1

[
V − βV r

L∗
(1− ρ0)π

]
+ βEW ∗r (V ) (3)

s.t. : V = β [πV r
H∗ + (1− π)V r

L∗] = βEV r
∗

clearly the functions W ∗u (V ) ,W ∗r (V ) are increasing, concave and differentiable so the Envelope

Theorem applies and:
dW ∗u (V )

dV
= 1− 1

π

[
f−1

(
V − βV 1L

∗
π

)]′
where

[
f−1 (y)

]′
= df−1(y)

dy , while:

dW ∗r (V )

dV
=

1− µ
1− ρ

− 1

(1− ρ)π

[
f−1

(
V − βV r

L∗
(1− ρ)π

)]′

Now ρ > µ, V = 0 ⇒ V i
L∗ = 0 and

[
f (−1) (0)

]′
= df−1(0)

dk = 0 together imply that dW r
∗ (0)
dV >

dW ∗u (0)
dV . By continuity of the value functions, ∃! V ++ such that dW ∗u (V )

dV < dW ∗r (V )
dV ∀ V ∈ (0, V ++) .

Given W ∗u (0) = W ∗r (0) = 0, it can be concluded that W ∗u (V ) < W ∗r (V ) ∀ V ∈ (0, V ++) .

Next, let W∆
u (V ) denote the value of a firm that is currently undistressed and can be liquidated

with scrap value ∆, but cannot be reorganized. Define W∆
r (V ) analogously for a firm currently

under reorganization. Clearly, lim∆→0W
∆
u (V ) = W ∗u (V ) and lim∆→0W

∆
r (V ) = W ∗r (V ) . Then

continuity ensures that ∃! ∆S and V S such that ∆ ∈
(
0,∆S

)
⇒ W∆

r (V ) > W∆
u (V ) for V ∈(

0, V S
)
. It remains to show that W∆

r (V ) > W∆
u (V ) for some V is sufficient for Ŵr (V ) > Ŵu (V )

to hold for some V . To see this, suppose otherwise (and find a contradiction). That is, suppose

W∆
r (V ) > W∆

u (V ) for some V but Ŵr (V ) ≤ Ŵu (V ) ∀ V . Then Ŵu (V ) ≥ Ŵr (V )∀ V ⇒

Ŵu (V ) = W∆
u (V ). On the other hand, it must be true that Ŵr (V ) ≥ W∆

r (V ) since a policy

of never leaving the firm undistressed is clearly feasible and incentive compatible for the problem

in Ŵr (V ) . In other words, Ŵu (V ) = W∆
u (V ) ≥ Ŵr (V ) ≥ W∆

r (V )∀ V, a contradiction since we
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have already shown that W∆
r (V ) > W∆

u (V ) for some V.

Proof of Proposition 2. Notice that the entrepreneur will default if and only if βs > Vc,

so the indifference point is βsd = Vc. Using the expresion for the entrepreneur’s lifetime utility we

find that sd satisfies V = βsd
∫ sd

0 dG (s) + β
∫ s̄
sd
sdG (s) . Solving yields sd (V ) =

√
2s̄V β−1 − s̄2

so that V 7→ sd (V ) is strictly increasing. It is left to show that sd (V ) > 0 ∀ V . It suffices

to show that V > βE (s) so we show that V > βE (s) . Suppose that V is promised for sure

starting in the following period. Then the continuation equity in the current period is V i
c =

β [πV + (1− π)V ] = βV . Hence, V satisfies V = βV
∫ V

0 dG (s) + β
∫ s̄
V sdG (s) . That is, V solves

(β/2s̄)V 2 − V + (βs̄/2) = 0. We are interested in the solution to this quadratic equation that

satisfies V < s̄. Thus, V = −2(s̄/β)((1/2) (−β2 + 1)1/2 − (1/2)) > β (s̄/2) = βE (s) > 0.

Proof of Proposition 4. First, we reproduce the statement of the problem as it is found in

CH. The value of the firm that is not liquidated at the begining of the period is given by:

Ŵ (V ;π) = max
k,V H ,V L,τ

πf (k) + β [πW (VH ;π) + (1− π)W (VL;π)]

s.t. : Vc = π (f (k)− τ) + β [πVH + (1− π)VL] ,

β (VH − VL) ≥ τ, f (k) ≥ τ and VH , VL ≥ 0

while the value of the firm prior to the liquidation decision is:

W (V ;π) = max
`∈[0,1]

(1− `)Ŵ (V ;π) + `∆

s.t. : V = `Q+ (1− `)Vc, Q ≥ 0 and Vc ≥ 0.

As shown in CH, the function W (·; ·) is concave and therefore almost everywhere differentiable, as

is Ŵ (·; ·). Moreover, using the result f (k) = τ it follows that for V < Ṽ (π) :

∂Ŵ (V ;π)

∂π
= f (k) + βπ [W (VH ;π)−W (VL;π)] (VH − VL) ≥ 0

where the inequality is ensured by W (VH ;π) ≥W (VL;π) and VH ≥ VL. Next, notice that ∂Ŵ (V ;π)
∂V
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is increasing in π. To see this, notice that:

∂Ŵ (V ;π)

∂V
= 1− 1

π

[
f−1

(
V − βV L

π

)]′
= 1− 1

π

 1

f ′
[
f−1

(
V−βV L

π

)]


where
[
f−1 (y)

]′
= df−1(y)

dy and the last equality is by the Inverse Function Theorem. Now, f

increasing implies f−1 is increasing. Therefore, f−1
(
V−βV L

π

)
decreases with π. Moreover, f

concave implies that f ′
[
f−1

(
V−βV L

π

)]
increases with π, which in turn means that the term in

braces decreases with π. Summarizing, one has that π′ > π implies Ŵ (V ;π′) > Ŵ (V ;π) and
∂Ŵ (V ;π′)

∂V > ∂Ŵ (V ;π)
∂V . Since Ŵ (0;π′) > Ŵ (0;π) = β∆, this establishes that V` (π′) < V` (π) .

Invariant distribution of firms

Let φ (V, π) = 1 if V ∈ E and π ∈ Q, and zero otherwise. Then ψt satisfies the law of

motion:

ψt+1 (E ,Q; p) = (1− η)

∫
π
∑
i=u,r

∑
j=u,r

{
φ
[
V j
c

(
V i
H (V, π; p) , π; p

)
, π
]
×[

1− s`
(
V i
H (V, π; p) , π; p

) (
1− sd

(
V i
H (V, π; p) ; p

))
/s̄
]}
ψt (dV, dπ; p∗)

+ (1− η)

∫
(1− π)

∑
i=u,r

∑
j=u,r

{φ
[
V j
c

(
V i
L (V, π; p) , π; p

)
, π
]
×[

1− s`
(
V i
L (V, π; p) , π; p

) (
1− sd

(
V i
L (V, π; p) ; p

))
/s̄
]
}ψt (dV, dπ; p∗)

+ (1− η)

∫ ∑
j=u,r

{
φ
[
V j
c (V` (V, π; p) , π; p) , π

]
×

[1− s` (V` (V, π; p) , π; p) (1− sd (V` (V, π; p) ; p)) /s̄]}ψt (dV, dπ; p∗)

+Et+1

∫
φ [V0 (p) , π] dΓ (π)

The first four lines add up all the firms that have not defaulted in t, and who survive

exogenous exit and endogenous liquidation in t + 1. The next two lines add up all the

firms that defaulted (and renegotiated) in t and survive exogenous exit and endogenous

liquidation in t + 1. The final line accounts for new entrants (whose type is drawn from

Γ (π)). Notice that Vt+1 for the firms that did not default depends on the realization of zt
while for the defaulted firms does not (i.e., Vt+1 = V`). Notice also that we have used the

fact that sd (V, π; p) = sd (V ; p) which follows directly from Proposition 2.
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5.2 Calibration algorithm

The calibration of the model presented the quantitative analysis section is done using the

following seven step iterative procedure:.

(i). Choose values for each of the parameters in the vector Θ = {η, ζ, π, V0,∆, s, θ, µ, ρ}

(ii). Find π so that s`(π) = s̄− ε for arbitrarily small ε.

(iii). Discretize the set [π, π̄] into equally spaced values π, π2, ...π̄.

(iv). Solve the contracting problem P for each project type πj, j = 1, ....

(v). Draw a large number of project-firms i = 1, ...N from the initial distribution Γ(·) and

initialize them all with the same equity V 0.

(vi) Using the policy functions obtained in (iv), for each i = 1, ...N , simulate {Vit, kit,Wit}Tt=1

for large T . Upon exit, a firm is replaced with a new one drawn from Γ(·), so that the

total mass of firms is constant.

(vii) Compute the moments of table 2 using the second half of the simulated sample so

as to obtain the long-run or stationary distribution, and compare them to the data

moments.

The process iterates until the distance between the simulated and data moments is

small enough. In (iv), the contracting problem is solved using value function iteration on a

non-uniform equity grid with a higher density of gridpoints for low values of equity.

5.3 Financial constraints and cash flow sensitivity

Many early studies of financial constraints associated the statistical significance of cash

flow coefficients in investment equation regressions as evidence of the existence of financial

constraints (Fazzari et al. (1988)). And while this practice has recently become controversial

due to potentially omitted variables (Gomes (2001)), in our controlled context (where we

know precisely what the data generating process is) it is perfectly correct to run such

a regression with simulated data. More specifically, we follow Clementi and Hopenhayn

(2006) and estimate the following model:
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∆kit = γ0 + γ1yit−1 + γ2Vit−1 + εit, (4)

where yit−1 = zit−1k
α
it−1. Table 4 below presents the results from estimating equation (4) on

a panel of firms simulated using the financial contract described in section 2. The results

are in line with the quantitative analysis of the main text. That is, in an economy where

renegotiation and reorganization become unavailable due to high costs and little benefits,

firms face more stringent financial constraints: the cash flow coefficient is between 20% and

30% larger than in the economy with renegotiation and efficient reorganization.

Table 4: Investment equation regressions (simulated data)

Renegotiation & eff reorg Default only

FE RE FE RE

Revenue (t-1) 0.0543*** 0.047*** 0.065*** 0.061***

(-0.00218) (-0.0021) (-0.0014) (-0.00266)

equity (t-1) -0.0029*** -0.0028*** -0.004*** -0.004***

(-0.0002) (-0.0001) (-0.0001) (-0.0002)

Constant -0.131*** -0.069*** -0.0519*** -0.028***

-0.0114 -0.0077 -0.0081 -0.0058

Observations 389,122 389,122 388,960 388,960

R-squared (overall) 0.211 0.212 0.311 0.311

Number of firms 10,965 10,965 11,063 11,063
*** denotes statistical significance at the 1% level. FE columns correspond to fixed effects models

while RE columns to random effects models. The Hausman test favored the use of FE models.

5.4 Persistence and history dependence

The model we have presented in this paper assumes that the two shocks that affect financial

contracting are iid over time. It is therefore interesting to know what are the implications of

this assumption for the behavior of the main endogenous variables. Figure 5 below presents

the autocorrelation functions for kt and Vt taken as the average across firms.

It is noteworthy that a model with such a simple stochastic structure in the firm-level

productivity process is able to generate quite some persistence on firm-level revenue. On the

other hand, the empirical literature on firm dynamics in the U.S. reports higher persistence
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Figure 5: Persistence in firm performance
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on this front: Cooper and Haltiwanger (2006) reports AR(1) cash flow coefficients that are

close to 0.9. This could be achieved by allowing some persistence in the exogenous com-

ponent of the production function. For instance, Quadrini (2004) shows that if the density

function of the production shock depends on a persistent factor that is public information,

the main results of a contracting problem such as that of section 2 can be easily extended

one a new state variable is included (the previous realization of the persistent factor).
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