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Abstract

Governments often intervene to prevent firm closures during crises, fearing that financially
constrained but viable firms may fail. We develop a firm dynamics model with incomplete financial
markets and show how financial frictions generate excessive firm exit. A key statistic governing this
dynamic inefficiency is the marginal propensity to exit with debt. Using confidential U.S. Census
data, we estimate the relationship between debt and exit and use it to discipline the model. The
calibrated model implies that eliminating financial frictions reduces firm exit from 9.3% to 5.0% and
generates welfare gains of 3.6% in consumption-equivalent terms. We show that the welfare costs of
financial frictions rise sharply during financial crises but change little during standard productivity
recessions. Finally, we compare government-guaranteed loans and grants, quantifying the trade-off
between fiscal cost and effectiveness in preventing excessive exit.
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1 Introduction

During COVID-19, governments worldwide deployed unprecedented resources to prevent firm closures—
payroll grants, subsidized loans, tax deferrals—on the premise that financial distress, rather than weak
fundamentals, was pushing viable firms toward exit. Similar interventions have accompanied major
financial crises, reflecting a widespread concern that disruptions in credit markets can destroy pro-
ductive firms and leave lasting scars on the economy. Yet the magnitude of this problem remains
poorly understood.1 How much firm exit is driven by financial constraints rather than underlying
profitability? What are the aggregate and welfare consequences of such excess exit? And how should
governments design interventions to mitigate these distortions?

To answer these questions, we combine a model of firm dynamics with new empirical evidence
on the relationship between debt and exit. We first develop a model in which financial frictions
prevent firms from borrowing against the full present value of future profits, generating excess firm
exit. The model identifies a key informative statistic for the severity of financial frictions: the marginal
propensity to exit with debt. Absent financial frictions, debt is irrelevant for exit decisions. We then
use confidential Quarterly Financial Report data from the U.S. Census to estimate the relationship
between debt and exit, controlling for firm characteristics. We find that debt is a strong predictor of
exit conditional on productivity, size, and age: a one standard deviation increase in the debt-to-sales
ratio raises the probability of exit by roughly a third, and this sensitivity doubles during recessions.

Guided by these estimates, we calibrate the model to jointly match standard firm-dynamics mo-
ments and the new debt–exit relationship. The calibrated model implies that financial frictions raise
exit rates from 5.0% to 9.3% and generate welfare losses of 3.6% in consumption-equivalent terms.
Finally, we use the calibrated model to study recessions and policy interventions. Excess exit barely
moves during a standard productivity-driven downturn but rises sharply during a financial crisis, as
collapsing borrowing capacity pushes out viable but indebted firms. Among the policy responses we
consider, government-guaranteed loans curb excess exit at a lower fiscal cost than grants, despite
generating debt overhang.

Our model embeds heterogeneous firms, endogenous entry and exit, and incomplete financial mar-
kets in general equilibrium. A representative household consumes a CES aggregate of differentiated
varieties, each produced by a single firm under monopolistic competition. Firms differ in their idiosyn-
cratic productivity, operate a linear technology in labor, and face stochastic fixed operating costs each
period. When current profits fall short of these costs, firms can borrow from competitive financial
intermediaries using one-period non-contingent debt. A firm defaults when its repayment obligations
exceed the sum of current profits and available borrowing capacity. In the event of default, financial
intermediaries take over the firm and sell it to new owners, who operate it at a fraction (1 − κ) of
its original productivity. Default and exit are therefore distinct: a defaulting firm continues under

1In part, this is because workhorse models are silent on this margin. In the canonical firm dynamics framework of
Hopenhayn (1992) and its descendants, exit is governed by productivity alone, and financial health plays no role in
survival. Models that add financial frictions typically retain this property: in Cooley and Quadrini (2001) and Khan and
Thomas (2013), exit is exogenous; in Arellano, Bai, and Kehoe (2019) and Ottonello and Winberry (2020), default-driven
exit is endogenous, but the mass of entrants is set equal to the mass of exiting firms, so the number of operating firms
never moves.
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new ownership when the new owner finds operation profitable, and exits otherwise. The parameter
κ ∈ [0, 1] governs the severity of financial frictions: a larger productivity loss reduces lenders’ recovery
values, tightens borrowing limits, and, as we show next, widens the scope for excess exit.

The inefficiency generated by these frictions is purely dynamic. To establish this, we compare
the decentralized allocation with the one a social planner would choose. The comparison rules out
two distortions that could otherwise arise. First, there is no misallocation across operating firms:
CES preferences imply uniform markups, so labor is allocated efficiently among active producers.
Second, there is no static wedge at the exit margin: with CES preferences and fixed operating costs
denominated in labor, a firm’s flow profit equals its flow contribution to society, echoing Dhingra
and Morrow (2019). The only potential distortion is dynamic, a wedge between a firm’s borrowing
capacity and the present value of its future profits. When κ = 0, even this wedge vanishes. Debt that
defaults with certainty is economically equivalent to equity: lenders take over the firm and capture
its entire future profit stream, so borrowing capacity equals the firm’s full continuation value and the
decentralized exit threshold coincides with the efficient one, despite incomplete markets. A highly
leveraged firm may default, but it does not exit. Exit is determined solely by fundamentals.

When κ > 0, the dynamic wedge opens up. Default reduces the firm’s productivity under new
ownership, which lowers lenders’ recovery values and tightens borrowing limits. A firm hit by an
adverse shock may then be unable to borrow enough to cover its obligations and exit the economy,
even though a social planner would keep it operating. Since κ is not directly observable, quantifying
this distortion requires an observable counterpart, and the model delivers one: the marginal propensity
to exit with debt. Absent financial frictions, this statistic is zero: a defaulting firm continues under
new ownership at full productivity, so its survival does not depend on its balance sheet. As frictions
deepen, defaulted firms become less likely to continue operating, so default increasingly means exit.
Because higher debt makes default more likely, debt becomes a stronger predictor of exit. We prove
that, under mild regularity conditions, the marginal propensity to exit with debt is increasing in κ

in a two-period version of the model, and confirm that the same monotonic relationship holds in
the full quantitative model. This result motivates our empirical strategy: the sensitivity of exit to
indebtedness, conditional on firm fundamentals, provides a direct measure of the severity of financial
frictions.

Estimating this sensitivity requires linking firms’ balance sheets to their survival. We combine the
Quarterly Financial Reports (QFR), which provide detailed balance sheet and income statement infor-
mation for a representative sample of manufacturing firms, with the Longitudinal Business Database
(LBD), which tracks entry and exit for the universe of U.S. employers. Unlike datasets restricted to
publicly listed companies, this combination covers small and medium-sized firms, where most exit oc-
curs. Our measure of indebtedness is the ratio of net short-term debt to sales, mirroring the short-term
borrowing that covers operating shortfalls in the model. We find that this ratio is a strong predictor of
exit conditional on productivity, size, age, and other fundamentals: a one standard deviation increase
raises the probability of exit by 1 percentage point, a 32% increase relative to the baseline exit rate.
The relationship is stable across firm sizes and age groups but strengthens significantly during reces-
sions, with the marginal effect of indebtedness roughly doubling. We complement the U.S. analysis
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with Italian firm-level data from Orbis and find qualitatively similar but quantitatively larger effects,
consistent with deeper financial frictions in Italy.

We then turn to the quantitative analysis. We calibrate the model to U.S. data, targeting standard
moments of the firm size and age distribution used in the firm dynamics literature: age-specific exit
rates, startup size, and growth profiles by initial size. The only additional moment we introduce is the
debt–exit regression coefficient, which provides the empirical discipline for κ. The calibrated value,
κ = 0.25, implies that new owners operate defaulted firms at 75% of their original productivity. The
calibration also matches an untargeted moment that speaks directly to κ: the model-implied recovery
rate on defaulted loans is 43%, close to the 44% average recovery rate on unsecured bank loans to U.S.
businesses.

The aggregate costs of financial frictions are large. We quantify them by comparing the calibrated
economy to the frictionless benchmark in which κ = 0. Eliminating financial frictions reduces the exit
rate from 9.3% to 5.0% and raises the mass of operating firms by 55%. Average firm size falls, but the
increase in available varieties more than compensates, raising steady-state consumption by 8.3%. The
welfare gain, computed along the full transition path, is 3.6% in consumption-equivalent terms. We
decompose these gains into two channels: the exit channel, through which financial frictions reduce
the number of operating varieties, and the productivity loss channel, through which firms that default
but survive operate at reduced efficiency. The exit channel accounts for roughly three quarters of the
steady-state consumption gap. The modest contribution of the productivity loss channel reflects that
few defaulting firms continue operating: only 1.6% of firms default and survive under new ownership
each period.

Excess exit is concentrated in a specific region of the state space. High-productivity firms rarely
exit regardless of their financial position, because their borrowing capacity is large enough to absorb
adverse operating cost shocks. Very low-productivity firms exit under both regimes, because their
fundamentals do not justify continued operation. The firms that financial frictions push out are those
in between: productive enough to survive absent debt overhang, but too indebted to cover their
obligations when hit by a large cost shock. The welfare costs are therefore driven not by the most
distressed firms, but by viable firms in the middle whose survival depends on access to credit. This
region of the state space is also where financial crises and policy interventions operate.

We then study the economy’s response to two recessionary shocks: a standard downturn, modeled
as a temporary decline in aggregate TFP, and a financial crisis, modeled as a temporary rise in κ, which
tightens borrowing capacity and raises the sensitivity of exit to debt directly. The two experiments
deliver a sharp contrast. Under the productivity shock, exit rises by only 27 basis points on impact.
The shock does not operate through the exit margin, so financial frictions play no amplification
role. This is consistent with the well-documented acyclicality of exit rates across most U.S. postwar
recessions (Lee and Mukoyama, 2015; Ayres and Raveendranathan, 2023). Under the financial crisis,
the deterioration in recovery values triggers a surge of exit concentrated among the indebted, moderate-
productivity firms identified above. The damage is also far more persistent: even after κ reverts to
its steady-state level, the stock of operating firms remains depleted because rebuilding through entry
is slow, and the cumulative loss of varieties keeps output below trend for an extended period. Excess
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exit, largely irrelevant in ordinary downturns, becomes the dominant source of welfare losses in a
financial crisis.

Finally, we use the model to evaluate two government interventions motivated by the COVID-19
policy response: a direct grant inspired by the Paycheck Protection Program (PPP) and a subsidized
loan inspired by the Economic Injury Disaster Loan (EIDL) program. The grant covers a firm’s
cash-flow shortfall, up to a share of its prior-year wage bill. The loan extends the same amount as
government-guaranteed credit at below-market rates, repaid over thirty years. Both curb excess exit,
delivering welfare gains of 1.67% and 1.23% in one-year consumption-equivalent terms, respectively.
The grant prevents more exit on impact, because the guaranteed-loan creates debt overhang: future
repayment obligations tighten borrowing limits already in the period of implementation. Yet the
loan is the more cost-effective instrument. Despite similar gross disbursements, repayments reduce its
net fiscal cost to 0.29% of output, against 0.75% for the grant. Both instruments, however, face a
fundamental trade-off. As the disbursement cap rises, a growing share of supported firms have negative
social continuation value, so welfare gains are concave in program size and eventually turn negative.

Related Literature. Our paper relates to four strands of literature: firm dynamics with financial
frictions, the empirical study of firm exit, the aggregate costs of financial frictions, and misallocation.

First, we build on the literature on firm dynamics with financial frictions and default, beginning
with Cooley and Quadrini (2001).2 Within this literature, Arellano, Bai, and Kehoe (2019) and Khan,
Senga, and Thomas (2021) embed default risk in general equilibrium but emphasize other margins:
the former studies how working-capital constraints shape firms’ labor demand, while the latter studies
how financial frictions misallocate investment across firms. We show that financial frictions distort
the exit margin by forcing out viable firms, and we discipline this distortion with micro evidence on
the debt–exit relationship. A related contemporaneous paper is Kochen (2025), who also finds sizable
losses from inefficient exit but emphasizes the firm life cycle, with young firms exiting before learning
their productivity. In our model, excess exit instead arises from the interaction of debt and adverse
shocks, a channel that operates across the age distribution and is disciplined by our finding that debt
predicts exit conditional on age, productivity, size, and other fundamentals.

Second, we contribute to the empirical literature on selection into firm exit. Lee and Mukoyama
(2015) find that exit rates are roughly acyclical and that exiters are on average less productive than
incumbents. Subsequent work studies how the composition of exiters changes during downturns, em-
phasizing the role of productivity-enhancing reallocation (Foster, Grim, and Haltiwanger, 2016) and
financial distress (Leibovici and Wiczer, 2025). In an international context, Gourinchas, Kalemli-
Özcan, Penciakova, and Sander (2025) study small- and medium-enterprise failures and policy re-
sponses during COVID-19, and Castillo-Martinez (2025) shows that selection among exiters depends
on the exchange rate regime. Using linked balance-sheet and administrative data from the U.S. Cen-
sus, we show that debt predicts exit even after conditioning on productivity, size, age, and other
fundamentals, and that this relationship strengthens during downturns.

2For optimal-contracting approaches, see Albuquerque and Hopenhayn (2004) on limited enforcement and Clementi
and Hopenhayn (2006) on moral hazard. We follow the incomplete-markets tradition, taking the debt contract as given.
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Third, our paper speaks to the literature on the aggregate costs of financial frictions. A central
question in this literature is whether financial frictions generate large TFP losses through capital
misallocation. Buera, Kaboski, and Shin (2011) and Khan and Thomas (2013) find sizable losses, while
Midrigan and Xu (2014) and Moll (2014) argue that self-financing limits these intensive-margin effects
as firms accumulate internal funds and grow out of their borrowing constraints. Financial frictions also
distort the allocation between investment and innovation (Ottonello and Winberry, 2024) and restrict
international trade (Manova, 2013). We complement this body of work by quantifying a less-studied
channel: financial frictions distort the number of operating firms.

Finally, we connect to the broader literature on misallocation and aggregate productivity. Restuccia
and Rogerson (2008) and Hsieh and Klenow (2009) show that dispersion in firm-level wedges can
generate large TFP losses. Dhingra and Morrow (2019) show that under CES preferences, monopolistic
competition with heterogeneous firms delivers the efficient number of firms and the efficient allocation
across them. These frameworks are static. Our model inherits their static efficiency properties but
identifies a dynamic source of inefficiency through the extensive margin: financial frictions drive a
wedge between firms’ social continuation value and their borrowing capacity, generating excess exit.

Outline. Section 2 develops the model. Section 3 establishes the efficiency properties of the model
and links the sensitivity of exit to debt to the degree of financial frictions. Section 4 uses firm-level data
from the U.S. Census Bureau to estimate the sensitivity of exit to indebtedness, conditional on firm
fundamentals. Section 5 calibrates the model to U.S. data, quantifies the aggregate costs of financial
frictions, studies the economy’s response to aggregate shocks, and evaluates government interventions.
Section 6 concludes.

2 Model

We start with a general equilibrium model featuring firm dynamics and imperfect financial markets.
This section details the environment, characterizes the agents’ optimization problems, and provides a
definition of the equilibrium.

2.1 Consumers

The economy is populated by a representative household that supplies its unit of labor inelastically
and receives the real wage, wt. It has preferences over consumption represented by the expected utility
function

U = E0

∞∑
t=0

βt ln (Ct) ,

where β is the discount factor. The aggregate consumption good is a Dixit-Stiglitz aggregator of

differentiated varieties, Ct =
[´ Jt

0 c
ε−1
ε

jt dj

] ε
ε−1

, where cjt represents consumption of variety j at time t,
ε governs the elasticity of substitution across varieties, and Jt is the measure of available varieties at
time t. Since each variety is produced by a single firm, Jt is also the measure of operating firms.
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The household owns all firms in the economy. Thus, in addition to labor income, it receives net
profits generated by production at time t. In order to smooth consumption, the household trades in
risk-free bonds. We normalize the aggregate price index to one, so that inter-temporal optimization
delivers a standard Euler equation:

1
1 + rt

= βEt
[
Ct
Ct+1

]
≡ EtMt,t+1 ,

whereMt,t+1 is the stochastic discount factor.

2.2 Firms

Firms are monopolistically competitive. They operate a linear technology in labor and differ in their
productivity levels, yjt = Ztajtnjt. Zt denotes common productivity, ajt denotes idiosyncratic pro-
ductivity of firm j, and njt denotes the amount of labor firm j is using in production, all at time t.
We assume that idiosyncratic productivity follows a Markov process with transition function given by
H(ajt+1|ajt).

Each period, an arbitrarily large mass M of potential entrants draw an idiosyncratic entry cost
from a uniform distribution on [0,Mfe]. Potential entrants observe their cost draw before deciding
whether to enter, but must pay it before observing their productivity, so entry is an irreversible
commitment. Entry therefore follows a threshold rule: a potential entrant pays if and only if its draw
falls below an endogenous cutoff. Entry costs are expressed in effective units of labor, so an entrant
drawing cost x pays xwt

Zt
at time t. Under this formulation, total entry costs in effective unit of labor

equal 1
2feM

2
e , where Me is the endogenous measure of entrants.3 Upon entry, each firm draws its

initial productivity from distribution F (a).
Both incumbents and entrants are required to pay a fixed operating cost, fjt, also in effective

units of labor. The level of fixed costs, fjt, is stochastic and follows a distribution with cumulative
distribution function G(f). A firm can choose not to pay this cost and exit the market. Thus, in order
to continue operation, the firm j must pay fjtwt

Ztajt
.

Firms have access to one-period debt securities that can help pay off the fixed operating costs. We
denote by bjt the consumption goods firm j promises to repay in period t + 1, in exchange for qjtbjt
today, where qjt is the endogenous price of these securities. We allow firm owners to renege on their
previous debt obligations after observing their productivity levels. In the event of default, financial
intermediaries take over the firm and the firm owner walks away with nothing. We restrict bjt ≥ 0, so
that firms are not allowed to accumulate cash holdings.

3To see this is the case, let the threshold level below which entrants pay the entry cost be f̄e. Then, total entry costs
are

M
ˆ f̄e

0

x

Mfe
dx = 1

fe

(
f̄e

2

2

)
= 1

2feM
2
e ,

where Me ≡ f̄e/fe is the endogenous measure of entrants that pay for entry. Note thatM has no effect on equilibrium
outcomes as long as it is large enough.
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Conditional on operating, the firm sets prices and produces. Flow profits are given by

πjt = max
{pjt,yjt}

pjtyjt −
yjtwt
Ztajt

,

s.t. yjt = (pjt)−ε Yt,

where pjt and yjt denote the price and quantity of firm j, respectively, and Yt denotes aggregate
production.

Solving the firm’s problem, we obtain that profits are given by

πt(ajt) = 1
ε
aε−1
jt A

2−ε
t NtZt, (2.1)

where Nt is the measure of aggregate labor employed in direct production and At =
(´ Jt

0 aε−1
j dj

) 1
ε−1

is a weighted average of operating firms’ idiosyncratic productivity.4

At the end of the period, firms rebate all excess profits to their owners as dividends, djt, which we
restrict to be positive, ruling out equity financing:

djt = πjt −
fjtwt
Ztajt

− bjt−1 + qjtbjt ≥ 0. (2.2)

It is convenient for the recursive formulation to define repayment obligations at the beginning of
the period as the sum of debt holdings and fixed operating costs, xjt = bjt−1 + fjtwt

Ztajt
. The idiosyncratic

state of a firm is its current idiosyncratic productivity ajt and its repayment obligations xjt, whereas
the aggregate state Ωt is the current common productivity shifter Zt and the measure Λt of entrants
and incumbents over productivity and debt levels. Since firms with the same idiosyncratic state make
the same choices, we drop the index j for the rest of this section.

Prior to formally describing the firm’s recursive problem, we provide a brief outline. The value
of the firm is the discounted sum of its stream of future dividends. Every period, the firm chooses
whether to default, how much to borrow, and how much to pay in dividends. It is subject to a
budget constraint and a non-negative dividend condition. If the firm can borrow to cover its financial
obligations, it always chooses to do so. This option dominates defaulting as the non-negative dividend
condition ensures the firm’s value is weakly positive. It then follows that the firm defaults only when
its budget set is empty.

The Firm’s Recursive Problem. To derive the default policy function, let L̄(at; Ωt) denote the
endogenous borrowing limit of a firm with productivity at when the aggregate state of the economy
is Ωt. The default decision boils down to whether the sum of profits and this borrowing limit suffices
to cover the firm’s repayment obligations. Let f̄t = f̄ (at, bt−1; Ωt) be the highest fixed operating cost
that ensures the non-negative dividend condition is satisfied. From condition (2.2), this threshold level
is

f̄twt
Ztat

= πt − bt−1 + L̄(at; Ωt). (2.3)

4See Appendix A.1 for full derivation.
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The firm chooses to repay if its fixed operating cost is below the threshold, ft ≤ f̄t, and defaults
otherwise.

We are now ready to consider the problem of an incumbent firm. Let V (at, xt; Ωt) denote the
discounted value of the firm after all period t shocks are realized. The value of the firm is equal to
zero for any state (at, xt; Ωt) such that the budget set is empty. For all other states, firms choose new
borrowing bt and dividends dt to solve

V (at, xt; Ωt) = max
{bt≥0,dt≥0}

dt + Et
[
Mt,t+1Ṽ

(
at+1, bt + ft+1wt+1

Zt+1at+1
; Ωt+1

)]
, (2.4)

s.t. dt = π(at; Ωt)− xt + q(at, bt; Ωt)bt ,

where π(at; Ωt) is given by equation (2.1), q(at, bt; Ωt) denotes the debt pricing schedule, which we
derive in the next subsection, and Mt,t+1 is the stochastic discount factor. The future value of the
firm is given by

Ṽ (at+1, xt+1; Ωt+1) =
{
V (at+1, xt+1; Ωt+1) if ft+1 ≤ f̄t+1 ,

0 otherwise.

2.3 Financial Sector

Firms borrow from competitive financial intermediaries that diversify their lending portfolios and thus
avoid exposure to idiosyncratic risk. This implies that, absent aggregate uncertainty, the expected
return on a loan to a firm should be equal to the real return on risk-free debt, 1 + rt.

In case of default, financial intermediaries sell the firm to a new owner. Under new ownership, firms
operate with lower productivity (1− κ)a, where a is the original productivity level. This assumption
captures the idea that the firm owner has non-transferable knowledge on how to run the firm. Similar
to models of financial frictions where a fraction of the capital stock vanishes upon default, here a
fraction of the productive knowledge is lost. As we will discuss in the next section, the parameter
κ ∈ [0, 1] governs the degree of financial frictions in the model.

In order for financial intermediaries to break even on lending, the debt pricing schedule solves the
following equation for bt > 0,

q(at, bt; Ωt) =Et
[
Mt,t+1G

(
f̄ (at+1, bt; Ωt+1)

)]
+ Et

Mt,t+1
Ṽ
(
(1− κ)at+1,

ft+1wt+1
Zt+1(1−κ)at+1

; Ωt+1
)

bt
1
[
ft+1 > f̄ (at+1, bt; Ωt+1)

] . (2.5)

The first term captures the expected repayment value. Recall that the firm’s default decision has
a cutoff form. Repayment in period t + 1 occurs as long as the fixed operating cost falls below the
threshold f̄t+1, that is with probability G(f̄t+1). The second term captures the expected default
value. Following default, financial intermediaries take over the firm and sell it to new owners. In
exchange, financial intermediaries receive the value of the firm, Ṽ

(
(1− κ)at+1,

ft+1wt+1
Zt+1(1−κ)at+1

; Ωt+1
)
,
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which accounts for the productivity loss associated with new ownership and the lower repayment
obligations implied by default.

Given the debt pricing schedule, the borrowing limit of a firm with productivity at when the
aggregate state of the economy is Ωt is given by

L̄(at; Ωt) = sup
bt>0

q(at, bt; Ωt)bt.

2.4 Firm Exit

The timing within each period is as follows. First, potential entrants decide whether to pay the entry
cost and enter the market. Second, firms observe their productivity level as well as their fixed operating
costs. Based on that information, they decide whether to default on their debt obligations. Firms that
default are taken over by financial intermediaries and are sold to new owners. Next, firms without any
debt obligations, including the defaulted firms, decide whether to exit the economy. Third, all firms
choose their prices and quantities, borrow from intermediaries, and production takes place. Finally,
profits are realized, firms repay their debt obligations as well as operating costs, and dividends are
distributed to owners.

Firms exit the economy if the current owner decides not to repay the debt obligations and, upon
default, the new owner chooses not to pay the fixed operating costs. We define the exit threshold
fx(at, bt−1; Ωt) as the level of fixed operating cost above which a firm with productivity at and debt
obligations bt−1 prior to potential default exits the economy. It follows that

fx(at, bt−1; Ωt) = max
{
f̄(at, bt−1; Ωt), f̄((1− κ)at, 0; Ωt)

}
. (2.6)

The first term in the maximum is the threshold level that triggers default. The second term is the
threshold level above which new owners choose not to pay the fixed operating costs.

2.5 Stationary Equilibrium

Let us now define the stationary equilibrium without aggregate shocks, where Zt = 1 for all t. For
this definition, we denote the joint distribution of firms across productivity levels and debt levels by
Λ (a, b). This measure includes entrants and incumbents prior to any financial decisions and prior
to the realization of fixed operating costs. That is, it does not account for exit or changes in firm
ownership. Four components characterize the law of motion for this joint distribution: (i) the default
and exit decision of firms, (ii) the borrowing decision of firms, (iii) the measure of entrants, and (iv)
the exogenous law of motion for productivity. The law of motion for the joint distribution is defined
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as follows. For all Borel sets A× B ⊂ R+ × R,

Λ′ (A× B) =
ˆ
f

ˆ ˆ
a′∈A

1

[
b′
(
a, b+ fw

a

)
∈ B

]
dH(a′|a)dΛ(a, b)dG(f) (2.7)

+
ˆ
f

ˆ ˆ
a′∈A

1
(
f > f̄(a, b)

)
1

[
b′
(

(1− κ)a, fw

(1− κ)a

)
∈ B

]
dH(a′|(1− κ)a)dΛ(a, b)dG(f) ,

+ 1 (0 ∈ B)M ′e
ˆ
a′∈A

dF (a′) ,

where b′(a, x) is the borrowing choice of a firm with productivity a and repayment obligations x. If a
firm with state variables (a, x) chooses to default, then b′(a, x) = ∅.5 The first term in the transition
function comes from firms that deliver on their debt obligations this period. The second term captures
firms that default but operate under new ownership this period. The third term corresponds to next
period’s entrants. Note that these new firms enter the market with no debt.

In the stationary equilibrium, the distribution Λ(a, b) is constant over time. The definition of the
stationary Markov-perfect equilibrium is as follows:

Definition 1 (Equilibrium). A stationary Markov-perfect equilibrium is a set of aggregate allocations
{Ā,N}, aggregate real wage w, a debt pricing schedule q, policy functions, a measure of entrants Me

and a distribution of firms over productivity and debt levels, Λ(a, b), such that:

1. Borrowing and default policies solve the firm’s problem.

2. Debt pricing policy solves equation (2.5).

3. Free entry condition holds:

feMew =
ˆ
f

ˆ
a
Ṽ

(
a,
fw

a

)
dF (a)dG(f).

4. The level of labor employed in production, N , is given by

N =
ˆ ˆ

1
(
f ≤ f̄(a, b)

)
n(a)dΛ(a, b)dG(f)

+
ˆ ˆ

1
(
f > f̄(a, b)

)
1
(
f ≤ f̄((1− κ)a, 0)

)
n((1− κ)a)dΛ(a, b)dG(f),

where n(a) is the policy function indicating how many workers a firm with productivity a hires
for production. Note that this policy function is independent of b. The first term is the hiring of
firms that repay their debt, and the second term is the employment of firms which default but
continue operating.

5Since ∅ /∈ B for any Borel set B ⊂ R, defaulting firms are excluded from the first term and post-default exiting firms
are excluded from the second term, without requiring explicit continuation indicators.
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5. Labor market clears:

1 = N +
ˆ ˆ

1
(
f ≤ f̄(a, b)

) f
a
dG(f) dΛ(a, b)

+
ˆ ˆ

1
(
f > f̄(a, b)

)
1
(
f ≤ f̄((1− κ)a, 0)

) f

(1− κ)a dG(f) dΛ(a, b) + feM
2
e

2 .

6. Aggregate productivity satisfies its definition.

7. The distribution of firms is stationary.

2.6 Discussion

Firms cannot accumulate cash holdings. Allowing retained earnings would alleviate the costs of fi-
nancial frictions, at the potential cost of too few indebted firms relative to the data. An alternative
approach is to allow cash holdings while adding a feature that curtails firms’ incentive to save — for
instance, a tax advantage of debt (Jermann and Quadrini, 2012) or agency frictions that limit the cash
a firm can hold (Arellano, Bai, and Kehoe, 2019). Our calibrated model matches the share of firms
with a positive net debt position well (Section 5.1), and the simpler formulation delivers a cleaner
theoretical benchmark: absent financial frictions, the decentralized equilibrium is efficient, a result we
establish in the next section.

Upon default, financial intermediaries take over the firm and sell it to new owners, who operate
it at a fraction (1− κ) of its original productivity. We do not allow the original owner and lender to
renegotiate so that the owner continues without a productivity loss. An alternative interpretation is
that the owner does remain in place, but the time, attention, and legal costs of restructuring reduce
effective productivity. Under either interpretation, the key implication is the same: default reduces
future cash flows and tightens the endogenous borrowing limit. This connects the framework to the
empirical regularity that most corporate borrowing is earnings-based: Lian and Ma (2021) show that
over 80% of U.S. non-financial corporate debt is cash-flow based. In our model, borrowing limits
depend on the present discounted value of future profits, providing a structural rationale for this
pattern.

Entry costs are financed entirely through equity. As a result, financial frictions affect the entry
margin only indirectly, through their effect on the expected present value of a new firm. Had entry
required debt financing, financial frictions would directly raise the cost of entry and amplify their
aggregate effects beyond the exit margin.6 We abstract from this channel to isolate the costs of
financial frictions operating through firm exit—the margin we identify theoretically in Section 3 and
discipline empirically in Section 4.

The model abstracts from physical capital and capital accumulation. Introducing capital would
affect the analysis in two ways that work in opposite directions. First, physical capital could serve as
collateral, improving lenders’ recovery values upon default. This would relax borrowing constraints
and reduce excess exit. Second, with capital as a production input, financial frictions would also distort

6An extensive literature studies how financial frictions shape firm entry directly; see Quadrini (2009) for a survey and
Cuciniello, Michelacci, and Paciello (2025) for a recent general-equilibrium quantification of this channel.
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the allocation of capital across firms—an intensive-margin misallocation channel studied extensively
in the literature (Buera, Kaboski, and Shin, 2011; Khan and Thomas, 2013). By abstracting from
capital, we isolate the exit margin as the sole channel through which financial frictions operate in our
model, making our framework complementary to this body of work.

3 The Role of Financial Frictions in Firm Exit

In this section, we examine how financial frictions shape firm exit decisions in the model. We first show
that market imperfections, captured by the financial friction parameter κ, create a wedge between the
efficient and decentralized exit thresholds. We then explore how the empirical relationship between
debt and firm exit is informative of the degree of financial frictions.

3.1 Dynamic Misallocation

A firm exits the economy if two conditions are satisfied. First, the current owner of the firm must
choose not to pay its current operating costs and default on its debt obligations. Second, the new
owner must not find it profitable to operate the firm. In the previous section, we have shown that
these two conditions can be stated jointly as a threshold condition on current fixed operating costs,
reproduced here for convenience:

fx(at, bt−1; Ωt) = max
{
f̄(at, bt−1; Ωt), f̄

(
(1− κ)at, 0; Ωt

)}
, (3.1)

where f̄(at, bt−1; Ωt) = atZt

[
πt(at)
wt

+ 1
wt

(
L̄(at; Ωt)− bt−1

)]
. (3.2)

In either case, the threshold depends on two components: flow profits, which capture the current
cash flow generated by production given the firm’s productivity at, and net borrowing capacity, which
summarizes the amount of external funds the firm can raise once existing debt obligations are taken
into account. Together, these components determine whether the firm remains active.

To assess the allocative implications of financial frictions on firm exit, we compare the firm’s private
exit rule with the socially efficient one. The social planner would like a given firm to continue operating
as long as the net present value of its social contribution is positive.7 Let WFB(at, ft; Ωt) denote the
social value of a firm with productivity at and operating cost ft that is active at time t. We show in
the Appendix that the social value of a firm, in units of final output, can be written recursively as
follows,

WFB (at, ft; Ωt) = 1
ε− 1A

2−ε
t ZtNta

ε−1
t −At

ft
at

+ EtMt,t+1W̃FB (at+1, ft+1; Ωt+1) , (3.3)

where W̃FB(at+1, ft+1; Ωt+1) ≡ max{WFB(at+1, ft+1; Ωt+1), 0} is the social value of the firm before
the social planner decides whether the firm should pay next period’s fixed cost. The first term in
equation (3.3) represents the flow social benefit of operating the firm. Due to love of variety, the

7We relegate the formal definition of the efficient allocation to Appendix A.2.
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benefit of any operating firm is positive and it is increasing in its idiosyncratic productivity at. The
second term captures the flow social cost of operating the firm: the resources used in fixed operating
activities that reduce available labor for direct production. The final term represents the expected
social continuation value, reflecting the discounted value of future social contributions.

The efficient exit threshold fFBx (at; Ωt) is implicitly defined by the indifference condition between
operating and exiting:

f
FB
x (at; Ωt) = atZt

[ 1
ε− 1A

1−ε
t Nta

ε−1
t + 1

ĀtZt
EtMt,t+1W̃FB (at+1, ft+1; Ωt+1)

]
. (3.4)

Comparing the decentralized and efficient thresholds illustrates how financial frictions distort exit
dynamics. Two potential wedges may arise: a static wedge reflecting differences between the firm’s
private flow profit and its flow social contribution, and a dynamic wedge capturing discrepancies
between the firm’s net borrowing capacity and the net present value of its future social contributions.
When both wedges are zero, the decentralized exit threshold coincides with the planner’s efficient
threshold. The following proposition establishes that there is no static wedge in our model.

Proposition 1. If β = 0, the decentralized and efficient allocations coincide.

We relegate all proofs to Appendix A.3, but let us sketch the proof here to build intuition. When
β = 0, absent debt obligations, the decentralized and efficient exit thresholds are equalized. Firms
have no future value, so there is neither borrowing in the decentralized equilibrium nor a continuation
social value in the planner’s problem. The exit condition then depends solely on contemporaneous
flow payoffs. Solving for the equilibrium wage and substituting into the definition of flow profits in
equation (2.1) shows that the firm’s private flow profit coincides with its social flow contribution.8

This result hinges on three key modeling assumptions: CES preferences, exogenous aggregate
labor supply, and fixed operating costs expressed in labor units. Intuitively, there is no misallocation of
production inputs because markups are identical across firms, so labor is efficiently allocated across the
set of active producers. Although an aggregate markup could, in principle, distort total labor supply
as in Edmond, Midrigan, and Xu (2023), this channel is also absent because labor supply is fixed.
Moreover, since fixed operating costs are denominated in labor units, they do not inherit the markup
distortions embedded in output prices. This result echoes the main insight in Dhingra and Morrow
(2019), namely that in static environments with these same features, productivity heterogeneity affects
profits but not the efficiency of resource allocation.

With static misallocation ruled out, we now turn to the inter-temporal dimension of the model. In
general, the decentralized and efficient exit thresholds differ because a firm’s borrowing capacity is not
equal to the discounted value of its future social contribution. The wedge arises from the difference in
the second term of equations (3.2) and (3.4), which captures the dynamic component of the decision.
Financial frictions limit the firm’s ability to borrow against future profits, preventing it from fully
capitalizing its potential future value.

8Both thresholds are defined conditional on the aggregate state Ωt. The remainder of the proof shows that the
aggregate state Ωt, which includes the distribution of incumbents and entrants before the realization of fixed operating
costs, is identical across the decentralized and efficient allocations.
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Absent financial frictions (κ = 0), the model continues to feature incomplete markets in the sense
that debt obligations are non-state-dependent. Nonetheless, allowing financial intermediaries to take
over the firm in the event of default provides sufficient financial spanning to replicate the planner’s
allocation. The following proposition formalizes this result.

Proposition 2. If κ = 0, the decentralized and efficient allocations coincide.

The proof of Proposition 2 shows that when κ = 0, the firm’s borrowing limit equals the expected
discounted stream of its future net profits. Since default entails no productivity loss, outstanding debt
obligations do not affect a firm’s exit probability. Although a highly leveraged firm may default, it
can continue operating under new ownership. As a result, the threshold for exit in the decentralized
equilibrium coincides with the efficient one.

Even in the presence of incomplete markets, firms can raise funds equal to their full discounted
stream of net profits by issuing debt that is certain to default. In this limit, debt behaves as equity:
financial intermediaries anticipate default and value their claims accordingly. Since default does not
destroy productivity when κ = 0, creditors’ payoffs are fully state-contingent ex post. Hence, despite
the absence of explicit state-contingent contracts, the equilibrium replicates the complete-markets
allocation.

To conclude, we have shown in this subsection that financial frictions in our model lead to distor-
tions in the firm exit margin. The source of misallocation is dynamic, driven by the firm’s borrowing
capacity being lower than the net present value of its future profits. We next turn from normative to
positive analysis, studying how financial frictions shape the relationship between firm exit and debt.

3.2 Financial Frictions and the Relationship between Debt and Exit

Our ultimate goal is to quantify the degree of dynamic misallocation in the economy. While the
degree of financial frictions is not observable, we show that the marginal propensity to exit with debt
provides an informative empirical moment for estimating this parameter. To build intuition and derive
analytical results, we focus on a simplified two-period version of the full model.

Suppose the economy is populated by a unit measure of potential firms that differ in their initial
debt levels, b0, and in the realization of their fixed operating cost, f , drawn from distribution G(f).
Each operating firm generates a constant gross profit π in every period in which it operates without
default. Firms borrow from competitive lenders only in the first period, b1, according to the debt
pricing schedule derived in equation (2.5):

q(b1) = βG (π − b1) + β

ˆ (1−κ)π

π−b1

[(1− κ)π − f
b1

]+
dG(f) , (3.5)

which accounts for the assumption that, upon default in the second period, the bank can operate the
firm directly but only generate (1 − κ)π. If a firm defaults in the first period, any new debt is then
priced according to:

qκ(b1) = βG ((1− κ)π − b1) + β

ˆ (1−κ)2π

(1−κ)π−b1

[
(1− κ)2π − f

b1

]+

dG(f) . (3.6)
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Intuitively, the price of debt falls after default because lenders anticipate a lower expected return:
repayment in the second period becomes less likely, as the firm’s profitability has deteriorated, and
the recovery value in case of another default is smaller. The corresponding borrowing limits are then
L̄ = maxb1 q(b1)b1 and L̄κ = maxb1 qκ(b1)b1, respectively.

Given these borrowing limits, the probability that a firm with initial debt b0 exits in the first period
is

Px(b0) = 1−G
(
max

{
π + L̄− b0 , (1− κ)π + L̄κ

})
. (3.7)

This expression links the probability of exit to the exit threshold defined in equation (2.6): a firm
exits when its realized fixed operating cost exceeds the relevant cutoff—either the default or the
exit-upon-default threshold, whichever is higher.

The following lemma characterizes the marginal propensity to exit with debt, P ′x(b0).

Lemma 1. The marginal propensity to exit with debt is

P ′x(b) =
{
g(π + L̄− b) for b < b̄

0 for b > b̄
(3.8)

where
b̄ = κπ + L̄− L̄κ.

The cutoff debt level b̄ is the point below which the exit margin is determined by the default threshold,
and above which it is determined by the exit-upon-default threshold. When debt is sufficiently low,
default is always accompanied by exit. A higher level of debt increases default probability and, as
a result, also the exit probability. At the cutoff debt level b̄ itself, Px is kinked: the left derivative
is strictly positive while the right derivative is zero. For firms with debt above b̄, exit is determined
by the exit-upon-default threshold, which is independent of the level of debt. In this region, a higher
level of debt raises the default probability but has no effect on the exit probability.

An immediate implication of Lemma 1 is that absent financial frictions (κ = 0), the marginal
propensity to exit with debt is equal to zero. Debt is not correlated with firm exit because if running
the firm is profitable, it would be sold to new owners upon default, and the firm would not exit the
economy. Finally, we examine how the relationship between debt and exit responds to changes in the
degree of financial frictions.

Proposition 3. With a decreasing density of fixed costs g(f), a rise in κ (more financial frictions)
weakly increases the marginal propensity to exit for any debt level, b.

The proof of Proposition 3 shows that a higher κ expands the range of debt levels with a posi-
tive marginal propensity to exit, and that within this range P ′x(b) increases with κ.9 The intuition
is straightforward. As financial frictions rise, it is less likely that defaulted firms can continue oper-
ating, since lenders recover less and refinancing terms worsen. Consequently, the default threshold
becomes the dominant determinant of exit. Debt, which affects exit only through its impact on default

9A decreasing g(f) is sufficient but not necessary. Under a log-normal distribution the proposition continues to hold
as long as the exit threshold lies to the right of the mode, where the density is decreasing.
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probabilities, therefore exerts a stronger influence on firms’ survival decisions, raising the marginal
propensity to exit with debt.

Lemma 1 and Proposition 3 show that the degree of financial frictions in the economy is tightly
linked to the marginal propensity to exit with debt. In Section 5, we find that the same pattern holds
also in our full calibrated model—more financial frictions increase the marginal propensity to exit with
debt. Guided by this relationship, a key moment that will help us pin down the degree of financial
frictions in the model is the marginal propensity to exit with debt in the data.

4 Empirical Evidence

In this section, we use firm-level data to study the relationship between debt and exit. We begin by
describing the data sources for our baseline analysis, which relies on confidential microdata from the
U.S. Census Bureau. We then estimate the marginal propensity to exit with respect to debt, exploring
heterogeneity by firm characteristics and over the business cycle. Finally, we complement the analysis
using firm-level data from Italy.

4.1 Data

We exploit two main confidential datasets provided by the U.S. Census Bureau to construct a repre-
sentative sample of firm dynamics with a financial overview: the Quarterly Financial Reports (QFR)
and the Longitudinal Business Database (LBD). We complement these data with the Census of Man-
ufacturers (CM), which provides additional information on firms’ production characteristics.

The QFR, perhaps the least familiar of the two, is a long-standing survey of firms in mining,
manufacturing, wholesale and retail trade, and, more recently, services. Although the survey predates
its administration by the Census, it has been managed there since 1982 and provides quarterly income
and balance sheet statements for a stratified random sample of firms. Stratification is based on firm
size: large firms with more than $250 million in book assets are sampled with certainty, while smaller
firms, those with assets between $250 thousand and $250 million, are drawn from a rotating panel
and observed for eight consecutive quarters. We focus exclusively on the manufacturing sector, where
the coverage of small firms is broadest.10 As noted by Crouzet and Mehrotra (2020), manufacturing
coverage ranges between 5 and 8 percent depending on the quarter. To ensure representativeness, the
Census Bureau assigns sampling weights to each observation, which we use throughout the analysis.

Linking the QFR micro files across quarters is not straightforward. To construct a usable panel
dataset, we closely follow the guidance of Crouzet and Mehrotra (2020), who were the first to undertake
this task.11 Specifically, we link firms primarily through their employer identification number (EIN),
and when the EIN is unavailable, we match firms by name and headquarters location. For the years
1994–2000, when Census sampling weights are missing, we adopt their imputed weights. We also
drop miscoded observations and restrict the sample to firms with strictly positive assets and internally

10Outside manufacturing, only firms with assets between $50 million and $250 million are included in the rotating
panel.

11We are grateful to Nicolas Crouzet for generously helping us work through the details of the procedure.
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consistent balance sheet data. For further details on the validation of the cleaned dataset, we refer the
interested reader to Crouzet and Mehrotra (2020). In our implementation, we extend the panel through
2017. The resulting sample contains about 814,000 firm–quarter observations between 1982:III and
2017:IV. While the dataset is constructed at the quarterly frequency, we consolidate it to the annual
level, which is the time unit of analysis in what follows.12

The QFR does not contain information on firm exit. To address this limitation, we merge the QFR
with the Longitudinal Business Database (LBD), which covers the universe of U.S. establishments with
employees. The LBD records the year in which each establishment first appears, as well as the year
it is last observed if it subsequently exits. We define firm entry as the year in which a firm’s oldest
establishment is born, and firm exit as the year in which its last establishment closes. Even though
legal restrictions allow QFR data to be merged with other Census business datasets only in Economic
Census years (historically, years ending in 2 and 7), entry and exit dates can be recovered for 90% of
the firms in our QFR sample.

Beyond exit, the LBD provides information on employment and firm demographics, while output
is obtained from the Census of Manufacturers (CM). These datasets allow us to complement the
QFR’s financial statements with additional non-financial firm characteristics. As discussed above,
these variables are observed only every five years and are used as controls whenever available.

Descriptive Statistics. Table 1 reports summary statistics on real and financial characteristics
of the firms in our main sample. We also present statistics for the subset of years ending in 2 or
7, the Census years, to confirm overall characteristics remain stable across this subsample. Firm
fundamentals include age, sales, sales growth, capital, employment, and labor productivity. Capital is
measured as net property, plant, and equipment (PP&E), corresponding to the book value of tangible
fixed assets net of accumulated depreciation. Sales and capital are expressed in millions of constant
2017 U.S. dollars. Employment corresponds to the number of employees, sales growth is defined as
the year-to-year percent change, and labor productivity is measured as the ratio of real output to
employment.

In addition to firm fundamentals, we also report financial characteristics. While the analysis
focuses on short-term financing, we present total assets and liabilities alongside a breakdown into
current and non-current components for completeness. On the asset side, this includes cash holdings,
trade receivables, and non-current assets. On the liability side, we distinguish between short-term
bank debt, trade payables, and non-current liabilities. All financial variables are expressed in millions
of constant 2017 U.S. dollars.

4.2 Debt and the propensity to exit

We now examine the relationship between debt and exit. Our goal is to estimate the conditional corre-
lation between debt and firm exit, controlling for non-financial fundamentals. As shown in Section 3,

12For balance sheet stocks, we take the average of the four quarterly observations within the year; for income statement
flows, we sum across quarters.
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Table 1: Summary Statistics

Full sample Census sample
Mean St. dev. p25 p75 N Mean St. dev. p25 p75 N

Firm fundamentals
Age 16.86 9.35 10.00 26.00 119,000 17.84 9.75 11.00 29.00 19,000
Sales 17.22 126.80 4.45 91.19 119,000 10.85 81.26 3.08 42.86 19,000
Sales growth 12.52 83.39 −38.85 55.64 119,000 4.57 83.88 −52.53 48.83 19,000
Capital stock 3.71 29.29 0.65 20.03 119,000 2.40 19.34 0.43 10.17 19,000
Employment 52.73 322.10 24.00 200.00 19,000
Labor productivity 0.14 0.59 0.07 0.19 15,500

Financial characteristics
Assets 13.88 116.10 3.53 78.36 119,000 8.86 76.92 2.56 37.45 19,000
Cash 0.83 5.13 0.09 2.75 119,000 0.69 4.16 0.08 2.01 19,000
Accounts receivable 2.52 14.58 0.81 15.64 119,000 1.72 9.63 0.58 8.17 19,000
Non-current assets 2.59 40.44 0.01 4.16 119,000 1.35 26.58 0.00 1.66 19,000

Liabilities 7.28 65.43 1.37 35.36 119,000 4.48 42.09 0.94 17.09 19,000
Short-term bank debt 0.88 5.20 0.03 3.45 119,000 0.64 3.64 0.01 2.05 19,000
Accounts payable 1.38 9.54 0.33 7.66 119,000 0.94 6.53 0.21 4.12 19,000
Non-current liabilities 3.57 39.21 0.15 11.27 119,000 2.05 25.17 0.07 5.22 19,000

Exit rate 3.17 17.52 0.00 0.00 119,000 3.70 18.88 0.00 0.00 19,000

Notes: This table reports summary statistics on firm fundamentals and financial characteristics. Sales, capital, and all
financial variables are expressed in millions of constant 2017 U.S. dollars and are winsorized at the 5–95% level each
year. Sales growth is the year-over-year percent change in sales. Employment corresponds to the number of employees,
and labor productivity is measured as the ratio of output in millions of constant 2017 dollars to employment. The
Census sample refers to years ending in 2 or 7.

this correlation is tightly linked to the degree of financial frictions in the model and will serve as a key
moment for calibration.

Our main empirical measure of financial health is the ratio of net short-term debt to sales, chosen
for consistency with our theoretical framework. Assets are absent from the model, while sales represent
the relevant cashflows against which debt obligations must be serviced. Our emphasis on short-term
debt also reflects the fact that the model explicitly features short-term borrowing. Finally, we use the
net debt position to capture financial needs that cannot be met with retained earnings. Net short-
term debt is defined as short-term loans plus accounts payable minus cash holdings and accounts
receivable.13

To isolate the role of debt, we control for non-financial firm characteristics that are known to
predict exit. Table A.1 in the appendix compares exiting firms to incumbents in the year preceding
exit and confirms well-known patterns: exiters are younger, smaller, have lower sales growth, hold less
capital, and feature lower labor productivity. These variables enter the regressions as controls and, as
reported in the appendix, operate in the expected directions.

We proceed in three steps. We begin with a baseline specification that relates firm exit to debt while
controlling for fundamentals. We then explore how this relationship varies with firm characteristics
by interacting debt with size and age. Finally, we investigate whether the link between debt and exit
changes systematically over the business cycle.

13All main results are robust to using the debt-to-assets ratio as an alternative measure of leverage; see Table A.2 for
details.
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Baseline regression. To start, our empirical model is given by

Exitist = αDebtRatiois,t−1 + X ′is,t−1 ω + δst + εist, (4.1)

where i indexes firms, s denotes three-digit industries, and t is the year. The dependent variable Exitist
is a firm-level indicator equal to one if the firm exits the market in year t. The key explanatory variable,
DebtRatiois,t−1, is the net short-term debt-to-sales ratio measured in year t−1. The vector Xis,t−1

collects non-financial firm characteristics measured in t−1, and δst are industry–year fixed effects. The
timing mirrors the theoretical framework such that future propensity to exit correlates with current
firm characteristics. Standard errors are clustered by industry-year, since some explanatory variables
vary only at that level.

Non-financial controls are grouped into main and additional firm fundamentals. The main set
comprises (i) age, captured by a dummy Y oungis,t−1 equal to one if the firm is five years old or younger;
(ii) size, captured by firm-size fixed effects based on sales quintiles constructed at the industry–year
level; (iii) sales growth; and (iv) the log of the capital stock. The additional set comprises the log of
employment and the log of labor productivity. This distinction between main and additional controls
is driven by data availability, as discussed above.

The main results are reported in columns (1)–(4) of Table 2.14 Column (1) presents a specification
without firm fundamentals, while column (2), which we take as our benchmark, adds the main set
of controls. Columns (3) and (4) restrict the sample to Census years only: column (3) mirrors the
benchmark specification in column (2), and column (4) further incorporates the additional controls.
Across all specifications, the debt ratio is positively and significantly associated with the probability of
exit. The estimated coefficient is largely unchanged across specifications and increases only marginally
when additional fundamentals are included.15 Results are not only statistically significant but also
economically relevant: in the benchmark specification, a one standard deviation increase in the debt
ratio raises the propensity to exit by 1.02 percentage points, which corresponds to more than a 32
percent increase relative to the baseline exit rate.

Size and age interactions. To investigate whether the relationship between debt and exit is hetero-
geneous across firms, we extend the baseline specification by interacting the debt ratio with measures
of firm size and age:

Exitist = αDebtRatiois,t−1 + β DebtRatiois,t−1 × Zis,t−1 + X ′is,t−1 ω + δst + εist, (4.2)

where Zis,t−1 denotes either Largeis,t−1, a dummy equal to one if firm i’s sales are above the sector–year
median, or Y oungis,t−1, defined above. Results, reported in columns (5) and (6), show no statistically
significant heterogeneity by firm size or age, although the point estimates suggest that the debt–exit
relationship is somewhat stronger for smaller and younger firms.

14Table A.2 shows that the results are robust to using the debt-to-assets ratio instead of net short-term debt to sales.
15The comparison between columns (2) and (3) shows that results for Census years are in line with the full sample,

which in turn justifies using column (4) to establish that additional controls add little beyond the benchmark specification.
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Table 2: Propensity to Exit and Debt

(1) (2) (3) (4) (5) (6) (7)
debt ratio 0.010∗∗∗ 0.010∗∗∗ 0.009∗∗∗ 0.011∗∗∗ 0.011∗∗∗ 0.010∗∗∗ 0.009∗∗∗

(0.001) (0.001) (0.002) (0.003) (0.002) (0.001) (0.001)
debt ratio × large −0.001

(0.001)
debt ratio × young 0.006

(0.004)
debt ratio × crisis 0.007∗

(0.003)

Observations 119K 119K 19K 15.5K 119K 119K 119K
R2 0.007 0.008 0.008 0.010 0.008 0.008 0.009
Industry-Year FE Yes Yes Yes Yes Yes Yes Yes
Firm Fundamentals

Main No Yes Yes Yes Yes Yes Yes
Additional No No No Yes No No No

Sample Full Full Census Census Full Full Full

Notes: The dependent variable is a firm-level exit indicator equal to one if the firm exits the market in year t. The debt
ratio is defined as net short-term debt to sales in year t− 1. Main firm controls include a young firm indicator (five
years or younger), firm size fixed effects (sales quintiles at the sector–year level), sales growth, and (log) capital stock;
additional controls further account for (log) employment and (log) labor productivity. Crisis is an indicator equal to one
if year t falls within an NBER recession. All regressions use the full sample, except columns (3) and (4), which use the
Census sample. All regressions include industry–year fixed effects. Standard errors (in parentheses) are clustered at the
industry–year level. Statistical significance at the 10, 5, and 1 percent levels is denoted by ∗, ∗∗, and ∗∗∗, respectively.

Over the business cycle. We finally examine whether the relationship between debt and exit varies
systematically over the business cycle. The specification is

Exitist = αDebtRatiois,t−1 + γ DebtRatiois,t−1 × Crisist
+ X ′is,t−1 ω + X ′is,t−1 ϕ× Crisist + δst + εist,

(4.3)

where Crisist is a dummy equal to one if year t falls within an NBER recession. Controls are also
interacted with the crisis indicator to allow their effects to vary over the cycle. The results, reported
in column (7) of Table 2, show that the correlation between debt and exit strengthens significantly
during recessions. The effect is not only statistically significant, but also economically meaningful:
a one standard deviation increase in the debt ratio raises the probability of exit by approximately
0.92 percentage points (28.9 percent) in normal times, but by 1.63 percentage points (51.5 percent) in
recessions.

4.3 Evidence from Italy

To complement the U.S. results, we exploit firm-level data from Italy collected from the Orbis database
produced by Bureau van Dijk. Orbis provides annual balance sheet and income statement information
for close to the universe of firms, allowing us to construct measures of financial health that parallel those
used in the U.S. analysis.16 Extending the analysis to Italy serves two purposes. First, it allows us to

16Appendix B describes the Orbis data, sample construction, and validation in detail.
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Table 3: Propensity to Exit and Debt: U.S. vs. Italy

Baseline Over the cycle
(1) (2) (3) (4) (5) (6)
U.S. Italy Italy (QFR) U.S. Italy Italy (QFR)

debt ratio 0.010∗∗∗ 0.032∗∗∗ 0.034∗∗∗ 0.009∗∗∗ 0.027∗∗∗ 0.029∗∗∗
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

debt ratio × crisis 0.007∗ 0.012∗∗∗ 0.012∗∗∗
(0.003) (0.002) (0.002)

Observations 119K 1.53M 1.3M 119K 1.53M 1.3M
R2 0.008 0.031 0.030 0.009 0.031 0.030
Industry-Year FE Yes Yes Yes Yes Yes Yes
Firm Fundamentals Yes Yes Yes Yes Yes Yes

Notes: The dependent variable is a firm-level exit indicator equal to one if the firm exits the market in year t. The debt
ratio is defined as net short-term debt to sales in year t− 1. All specifications include main firm controls (young firm
indicator, sales growth, log capital stock, and firm-size fixed effects) and industry–year fixed effects. Crisis is an
indicator for NBER recessions (U.S.) or the euro-area crisis, 2008–2012 (Italy). The Italy (QFR) subsample restricts to
firms with total assets above €311,000 in constant 2010 euros, the Italian equivalent of the QFR’s $250,000 in 2000
asset cutoff for manufacturing firms. Standard errors (in parentheses) are clustered at the industry–year level.
Statistical significance at the 10, 5, and 1 percent levels is denoted by ∗, ∗∗, and ∗∗∗, respectively.

evaluate whether the debt–exit relationship generalizes beyond the U.S. context. Second, because Orbis
covers the full firm size distribution, it enables us to assess whether the QFR’s underrepresentation of
small firms materially affects the estimated magnitudes.

A key advantage of Orbis over the QFR is that it covers the full firm-size distribution, including
very small firms that fall below the QFR’s asset threshold. We use this coverage to ask whether
the QFR’s underrepresentation of small firms distorts the estimated debt–exit relationship. We re-
estimate specifications (4.1) and (4.3) on two samples: the full population of Italian manufacturing
firms, and a QFR-comparable subsample that retains only firms above the Italian equivalent of the
QFR’s $250,000 asset cutoff.17 Comparing the two isolates how much the exclusion of small firms
matters for the estimates.

Table 3 reports the results. Two findings stand out. First, the positive and statistically significant
association between debt and exit extends to Italy, confirming the external validity of the U.S. results.
The estimated coefficients are roughly three times larger than in the United States. Through the lens of
the model, this suggests a higher degree of financial frictions in Italy, consistent with well-documented
differences in credit market development across the two economies. The amplification of the debt–exit
link during crises, documented for the U.S. in specification (4.3), is also present: the interaction with
the euro-area crisis indicator (2008–2012) is positive and highly significant.

Second, restricting the Italian sample to QFR-comparable firms has only a modest effect on the
estimates. The baseline coefficient increases slightly from 0.032 to 0.034, and the crisis interaction
is virtually unchanged. This result is reassuring for interpreting the QFR-based estimates: the ex-
clusion of very small firms from the U.S. sample does not appear to materially distort the estimated
relationship between debt and exit.

17The threshold is €311,000 in constant 2010 euros. A firm enters the QFR-comparable subsample in the first year it
crosses this threshold and remains thereafter, mirroring the QFR’s sampling design, under which firms stay in the survey
regardless of subsequent asset fluctuations.
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To summarize, the key finding of this section is that debt is a strong predictor of firm exit,
even after controlling for non-financial fundamentals. This relationship is robust across specifications,
holds in both the U.S. and Italy, and strengthens during recessions. The baseline coefficient of 0.010
from specification (4.1) is the empirical counterpart of the marginal propensity to exit with debt
characterized in Section 3. As shown there, this moment is tightly linked to the degree of financial
frictions in the model and will serve as a key calibration target in the next section.

5 Quantitative Analysis

In this section, we bring the model to the data. We calibrate the stationary equilibrium to match
key features of the U.S. economy, including firm exit, growth, and the sensitivity of exit to leverage
documented in Section 4. We then use the calibrated model to quantify the welfare costs of financial
frictions operating through firm exit. We also study the economy’s response to a recessionary shock,
validating the model’s ability to generate an increase in the marginal propensity to exit with debt
during downturns, consistent with the empirical evidence. Finally, we evaluate the effectiveness of
government interventions, including policies in the spirit of the Paycheck Protection Program.

5.1 Calibration

Our calibration strategy is closest to Karahan, Pugsley, and Şahin (2024), who calibrate a firm dy-
namics model to match age-specific exit rates, startup size, and firm growth profiles from the Business
Dynamics Statistics (BDS), building on the empirical findings of Pugsley, Sedláček, and Sterk (2021).
The key difference between their model and ours is the presence of financial frictions. Absent financial
frictions, i.e., with κ = 0, our economy closely resembles theirs: default has no productivity conse-
quences, so debt is irrelevant for exit and the allocation is efficient. We adopt their set of targeted
moments and augment it with the marginal propensity to exit with debt. As shown in Section 3, this
moment is tightly linked to the degree of financial frictions and is therefore key for identifying κ.

Functional forms. The quantitative model requires specifying the productivity process and the
distribution of fixed operating costs. For productivity, we follow Pugsley, Sedláček, and Sterk (2021)
and decompose idiosyncratic firm productivity into a permanent and a transitory component. Total
idiosyncratic productivity is ajt = apj · atrjt, where apj is a permanent type drawn at entry and atrjt
evolves over a firm’s lifetime.18 The permanent component takes three values and is drawn at entry
from a discretized log-normal distribution with standard deviation σpa and unit mean. The transitory
component follows an AR(1) process in logs:

log atrjt = ρa log atrj,t−1 + σaujt with ujt ∼ N(0, 1),
18As shown by Pugsley, Sedláček, and Sterk (2021), allowing for permanent productivity differences across firms is

essential for matching the observed patterns of firm growth. Models that rely solely on persistent transitory shocks
overpredict the dispersion in growth rates among older firms. Permanent heterogeneity, by contrast, allows the model to
jointly capture the high exit and fast growth of young firms alongside the flattening of these profiles with age.
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where ρa governs persistence and σa is the standard deviation of innovations. Entrants draw their
initial transitory productivity from a log-normal distribution with mean µenta and standard deviation
σenta .

For fixed operating costs, we assume that fjt is drawn each period from a Pareto distribution
with scale parameter f and shape parameter χf . The Pareto specification generates a thick right tail,
so that large cost realizations occur with non-negligible probability even though the typical draw is
moderate. This feature is important for producing realistic exit rates that decline with firm age but
remain positive even for old, productive firms.

Externally calibrated parameters. We calibrate the model at an annual frequency. Two pa-
rameters are set externally. The discount factor is β = 0.96, corresponding to a risk-free rate of
approximately 4%. The elasticity of substitution across varieties is ε = 3, a standard value in the firm
dynamics literature.

Internally calibrated parameters. The remaining nine parameters are calibrated by matching
moments of the stationary equilibrium to their data counterparts. Table 4 reports the calibrated
values. These parameters govern the distribution and dynamics of firm productivity, σpa, ρa, and σa,
the entrant productivity distribution, µenta and σenta , the marginal entry cost, f̄e, the distribution of
fixed operating costs, f and χf , and financial frictions, κ.19

Table 4 reports the nine targeted moments together with the model’s fit. The first eight are firm
dynamics moments from Karahan, Pugsley, and Şahin (2024) and Pugsley, Sedláček, and Sterk (2021),
computed using the Census micro data. These moments capture exit rates by firm age, computed as
firm-weighted averages within five-year bins (ages 1–5, 6–10, 11–15, and 16–19), average startup size
measured as employment at age one, and employment growth rates of surviving firms at age three
for three initial size groups: small (1–49 employees), medium (50–249), and large (250 or more). The
ninth moment is the marginal-propensity-of-exit coefficient from our baseline regression specification
in Table 2. In the model, the analogous coefficient is obtained by regressing exit probability on
debt-to-sales with productivity fixed effects. The model matches all nine moments closely.

Identification. While all nine parameters are jointly calibrated, the mapping from parameters to
moments has an intuitive structure that aids identification.

The four binned exit rates discipline the productivity process and the distribution of operating
costs. The average exit rate in the economy helps pin down the operating cost parameters, f and χf :
a higher scale f or a lower shape χf , corresponding to a thicker tail, raises exit rates across all ages.
The slope of exit rates across age bins is governed by the productivity process. Higher persistence,
ρa, slows the rate at which firms are selected, flattening the age profile of exit. A larger innovation
standard deviation, σa, increases the dispersion of productivity among incumbents and steepens the
decline in exit rates as low-productivity firms are weeded out. The relation between the operating cost
parameters also helps shape the exit-by-age profile. By increasing the tail of the Pareto distribution

19The calibration procedure uses fe which governs the distribution of entry costs among potential entrants. We report
the equilibrium value of the marginal entry cost, f̄e, as it has a clearer economic interpretation.
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Table 4: Parameters and Targeted Moments

Panel (a): Externally Calibrated Parameters
Parameter Description Value Source

β Discount factor 0.96 Risk-free rate ≈ 4%
ε Elasticity of substitution 3 Standard value

Panel (b): Internally Calibrated Parameters
Parameter Description Value Moment Data Model

f Operating cost scale (Pareto) 0.50 Exit rate, ages 1–5 0.13 0.13
χf Operating cost shape (Pareto) 0.95 Exit rate, ages 6–10 0.08 0.08
σa Transitory productivity innov. s.d. 0.23 Exit rate, ages 11–15 0.06 0.06
ρa Transitory productivity persistence 0.96 Exit rate, ages 16–19 0.05 0.05
σpa Permanent productivity s.d. 0.22 Growth, small firms 1.08 1.08
µenta Entrant mean log productivity −0.34 Growth, medium firms 1.01 1.01
σenta Entrant productivity s.d. 0.42 Growth, large firms 0.97 0.97
f̄e Marginal entry cost 35.66 Startup size (employees) 6.10 6.10
κ Financial friction 0.25 debt–exit coefficient 0.01 0.01

Notes: The table presents the calibrated parameters and the moments the calibration targets. Growth
rates are employment-weighted growth ratios for surviving three-year-old firms, by initial size group: small
(1–49 employees), medium (50–249), and large (250+). Data on exit rates, startup size, and growth rates
are taken from Karahan, Pugsley, and Şahin (2024) and Pugsley, Sedláček, and Sterk (2021). The debt–exit
coefficient is taken from Table 2.

(lower χf ) and simultaneously lowering the scale parameter (f), the model can hit the same average
exit rate in the economy while having a flatter exit-by-age profile.

Average startup size is primarily pinned down by the marginal entry cost, f̄e: a lower cost raises the
entry rate, increasing the number of operating firms and lowering their individual employment levels.
This acts as the main lever for matching the 6.1 employees per entrant observed in the data. The
growth rates by initial size help separate the permanent and transitory components of productivity.
Greater permanent heterogeneity, σpa, generates dispersion in the initial size of entrants. Conditional
on starting small, firms with low permanent productivity have limited growth prospects, while those
with high permanent productivity grow rapidly. The relative magnitude of σpa and σenta determines
how much of the variation in initial size reflects permanent types rather than transitory draws, thereby
shaping conditional growth rates. In particular, the declining growth profile across initial size groups,
from 8.1% for small firms to −3.0% for large firms, disciplines the degree of mean reversion in the
transitory component and the role of permanent heterogeneity.

The entrant productivity distribution, governed by µenta and σenta , further shapes the initial con-
ditions of entering cohorts. A lower mean, µenta , implies that entrants start with below-average pro-
ductivity, consistent with the evidence in Pugsley, Sedláček, and Sterk (2021) that the fast growth
of surviving young firms reflects selection, while a larger dispersion, σenta , increases heterogeneity in
initial draws and affects both startup size and subsequent growth.

Let us now turn to the identification of the key parameter of our model, κ. This parameter governs
the degree of financial frictions and is primarily identified by the regression coefficient of exit on debt-
to-sales. When κ = 0, so that there are no financial frictions, Proposition 2 established that debt
is irrelevant for exit and the regression coefficient equals zero. Proposition 3 highlighted that in the
simplified version of our model, a higher κ increases the marginal propensity to exit with debt. As κ
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Figure 1: Identification of the degree of financial friction
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Notes: This figure shows how the marginal propensity to exit with debt varies with κ in the stationary
distribution, holding other parameters fixed at their calibrated values. The strong positive relationship
sheds light on how κ is identified.

rises, highly leveraged firms are more likely to exit because default triggers a productivity loss that
can make operating unprofitable under new ownership. The calibrated value, κ = 0.25, implies that
when a firm defaults, new owners operate it at roughly 75% of its original productivity. Figure 1
presents comparative statics with respect to κ, plotting the model-implied regression coefficient as a
function of κ, holding the other structural parameters fixed at their calibrated values. The increasing
relationship between financial frictions and the marginal propensity to exit with debt shows that the
result of Proposition 3 extends to our quantitative model.20

The calibration of κ hinges on the estimated regression coefficient (4.1). One may worry that
despite controlling for observable firm-level characteristics in the empirical specification, there could
be unobservable characteristics that affect the relationship between debt and exit. Ultimately, the
parameter κ affects the debt pricing schedule as well as the borrowing limit through the recovery
rate following default—the net-present-value of the firm following the productivity loss over the face
value of the loan. Therefore, an alternative strategy for calibrating κ would be to match the observed
recovery rate in the data. Over the period 1982–2025, the average recovery rate on unsecured bank
loans to businesses in the U.S. is 44% (Moody’s Investors Service, 2026). While we do not target this
moment in our calibration, the model-implied recovery rate is remarkably close, equaling 43.2%. The
tight fit of this untargeted moment implies that our quantitative analysis is robust to this alternative
calibration strategy.

5.2 Features of the Calibrated Economy

We now describe the key features of the calibrated stationary equilibrium.
20While the figure shows that this relationship holds when we hold other parameters fixed at their calibrated values,

Figure A.1 in the Appendix shows that this pattern continues to hold when we allow other model parameters to vary.
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Figure 2: Ergodic Distribution of Firms
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Notes: This figure displays the stationary distribution of firms over transitory log productivity and
the ratio of initial debt obligations to sales. This figure considers only firms with medium permanent
productivity, but similar patterns arise for firms with low and high permanent productivity. The left panel
shows firms with zero debt; the right panel shows the distribution of firms with positive debt.

Ergodic distribution. Figure 2 displays the ergodic distribution of firms over transitory productiv-
ity and their debt-to-sales ratio. The figure shows this distribution for firms with medium permanent
productivity, which account for 69% of operating firms in the economy.21 The left panel shows the
distribution of firms with zero debt. There is a mass at zero debt because firms enter the economy
with no debt and a substantial fraction of firms has positive cash flows. The right panel shows the
distribution of firms with positive debt. Across all productivity levels, 22.6% of firms have positive
amounts of debt. This number is remarkably close to the share of firms with positive net short-term
debt position in the QFR dataset, which is 24.4%. The indebted firms are concentrated around the
mean of the productivity distribution. High-productivity firms finance their operations out of sales
and borrow little, while the mass of low-productivity firms is small because of survival selection.

Life-cycle dynamics. Figure 3 reports the life-cycle dynamics of firms. As firms age, mean rever-
sion and selection raise their productivity: a 10-year-old operating firm is about 50 log points more
productive than the average entrant, and its average size grows from 6.1 workers at entry to about
20 workers by age 10. Since productivity is back-loaded, young firms are willing to devote a larger
share of their sales to fixed operating costs. The share of workers not engaged in direct production
falls from 25% for entrants to less than 10% for mature firms.

Debt, default, and exit also evolve over the life cycle. Entrants begin without debt and are less
21Figure A.2 in the Appendix corresponds to low- and high-permanent productivity levels.
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Figure 3: Equilibrium Age Profiles
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Notes: This figure displays average values of key firm-level variables by firm age in the stationary equi-
librium. Exit rate is the fraction of firms that exit prior to the next period. Average size is measured in
employees. The fixed-cost share indicates the share of workers not engaged in direct production. Default
probability is the fraction of firms that default (but may continue under new ownership). Log productivity
combines permanent and transitory components.

productive than average, so they borrow to finance operations, and the debt-to-sales ratio rises over
the first five years. As productivity climbs, the need to borrow declines and the ratio falls with age.
Default and exit follow. Entrants have zero default probability by construction, but can still exit
when a high fixed-cost draw exceeds their continuation value; the default probability rises to about
13% by age two. Most defaulting firms exit, because financial intermediaries rarely find it profitable
to continue operating them: the share of firms that default and continue under new ownership peaks
at only 3% at age four. The exit rate declines throughout the life cycle, from about 18% for entrants
to about 5% for firms older than fifteen.

Exit and default probabilities. It is instructive to delve deeper into the exit and default proba-
bilities over the state space. Figure 4 shows the exit (left panel) and default (right panel) probabilities
for a firm with medium permanent productivity over the state space.22 Absent financial frictions, exit
probability would be independent of debt. In the presence of financial frictions, i.e., when κ is strictly
positive, more indebted firms are more likely to exit. This is the pattern observed in the left panel of

22Figures A.3 and A.4 in the Appendix report the corresponding patterns for firms with low and high permanent
productivity.
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Figure 4: Exit and default patterns
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Notes: This figure presents the exit (left panel) and default (right panel) probabilities as a function of the start-
of-period transitory productivity (y-axis) and debt-to-sales (x-axis) levels, for a medium permanent productivity
firm. The higher is the firm productivity, the lower is its default and exit probability. The higher is its debt-to-
sales ratio, the higher are these probabilities.

Figure 4. Exit rates are increasing in debt levels and decreasing in the level of productivity. The right
panel reveals a similar pattern for default probabilities.23

5.3 The costs of financial frictions

To quantify the costs of financial frictions operating through firm exit, we compare the calibrated
economy (κ = 0.25) to a frictionless benchmark in which κ = 0. Proposition 2 established that
this benchmark coincides with the efficient allocation: default entails no productivity loss, so debt is
irrelevant for exit and all firm turnover is driven by fundamentals. Table 5 reports the comparison. The
welfare gain from eliminating financial frictions is 3.6% in consumption-equivalent terms, accounting
for the full transition path from the baseline to the frictionless steady state.

The steady-state comparison reveals how financial frictions reshape the firm distribution. In the
baseline, 9.3% of firms exit each period. Removing financial frictions reduces exit rate to 5.0%, a
decline of 46%. The additional incumbents raise the mass of operating firms by 55%, from 0.034 to
0.053. As more firms share the same aggregate labor supply, individual firms become smaller: average
employment falls from 30.3 to 19.0 workers. Steady state consumption rises by 8.3%. The source of
this gain is straightforward: financial frictions force out firms whose present discounted social value
is positive but whose borrowing capacity falls short of their current obligations. Eliminating these
frictions allows such firms to survive, raising the measure of available varieties and improving resource
allocation along the extensive margin.

Figure 5 shows how exit probabilities change in the first period of the transition from the baseline
to the frictionless economy, holding the distribution of firms fixed at the baseline ergodic distribution.
This exercise isolates the effect of removing financial frictions for a given population of firms. Each
panel plots the difference in exit probabilities as a function of transitory productivity and the debt-

23While default probabilities are monotone in the productivity level for a given level of debt, they can decline for a
given level of debt-to-sales ratio. This non-monotonic pattern is driven by the productivity drop following default.
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Table 5: Costs of Financial Frictions

Baseline No financial frictions Change
Mass of firms 0.034 0.053 +54.9%
Exit rate 9.3% 5.0% −46.2%
Average size (employees) 30.3 19.0 −37.2%
Steady-state consumption 0.387 0.419 +8.3%
Welfare gain (CE, with transition) +3.6%

Notes: The table compares steady-state outcomes under the calibrated and the frictionless benchmark
(κ = 0). The welfare gain is the consumption-equivalent variation, computed using the full transition path
from the baseline to the κ = 0 steady state.

to-sales ratio for low, medium, and high permanent productivity, respectively. The reduction in
exit is concentrated among firms with moderate-to-low productivity and high debt burdens. High-
productivity firms rarely exit regardless of their financial position, because their borrowing capacity is
large enough to cover even adverse operating cost realizations. Very low-productivity firms exit under
both regimes, because their fundamentals do not justify continued operation. The firms that financial
frictions push out are those in between: productive enough to survive absent debt overhang, but too
leveraged to refinance when hit by a large fixed operating cost shock.

Removing financial frictions raises real wages in the economy, which compresses profits for all firms.
This general equilibrium force partially offsets the direct effect of eliminating frictions. Some marginal
low-debt firms that were viable in the baseline are pushed below the exit threshold in the frictionless
economy, accounting for the small negative region in Figure 5. Higher wages also reduce the value of
entry, lowering the equilibrium mass of entrants. Despite these offsetting forces, the net effect remains
large.

The welfare costs reported in Table 5 reflect two distinct channels through which financial frictions
reduce efficiency. The first is the exit channel: financial frictions prevent viable firms from refinancing,
pushing them out of the market. The second is a direct productivity loss channel: firms that default but
continue operating under new ownership produce at a fraction (1 − κ) of their original productivity.
Even when these firms survive, the accumulated productivity losses reduce their output and lower
aggregate consumption. Because transitory productivity follows an AR(1) process, the scars of past
defaults partially fade over time through mean reversion. To isolate the contribution of the productivity
loss channel, we take the baseline ergodic distribution of operating firms and track the cumulative
losses to productivity attributable to past defaults. We then compute the counterfactual level of
aggregate consumption that would obtain if each firm’s transitory productivity were restored to its pre-
default path.24 Restoring defaulters’ productivity raises aggregate consumption by 2.2%, accounting
for roughly one quarter of the 8.3% steady-state consumption gap. The remaining three quarters are
attributable to the exit channel. The modest size of the productivity loss channel reflects the fact that
few defaulting firms continue operating: only 1.6% of firms default and survive under new ownership
each period, and just 5.9% of operating firms carry productivity scars from a past default.

24This calculation holds firm decisions, prices, and the set of operating firms fixed. It therefore isolates the mechanical
output loss from accumulated productivity scarring, without confounding it with changes in exit behavior or general
equilibrium responses.
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Figure 5: Excess Firm Exit

Notes: This figure displays the difference in exit probabilities between the baseline economy and the first period of the
transition towards κ = 0, holding the distribution of firms fixed at the baseline ergodic distribution. Panels I, II, and III
correspond to low, medium, and high permanent productivity, respectively. For each panel, the horizontal axis measures
the debt-to-sales ratio and the vertical axis measures transitory productivity.

5.4 Recessions

The analysis so far has focused on steady-state comparisons. We now study the economy’s response
to two types of recessionary shocks: an adverse aggregate productivity shock and a financial crisis.
The productivity shock captures a standard business cycle downturn driven by fundamentals. The
financial crisis captures an episode in which credit markets deteriorate. The two experiments deliver a
sharp contrast. Productivity shocks barely move exit rates. Financial shocks tighten firms’ borrowing
capacity, generating large exit responses with sizable welfare consequences.

Productivity shock. We model a standard recession as a one-time unexpected decline in aggregate
productivity Zt. On impact, Zt drops by 5 log points and reverts to its steady-state value according
to an AR(1) process with persistence ρZ = 0.5, so that its half-life is one year. Figure 6 reports the
impulse response of the baseline economy.

Exit responds only modestly to the productivity shock. On impact, the exit rate rises by 27 basis
points. The increase is short-lived: within 3 periods, exit falls below its steady-state level. Two forces
drive this reversal. First, the initial spike in exit is cleansing. Firms pushed out by the shock are
disproportionately low-productivity, so the surviving population is more productive on average. Fewer
incumbents draw operating costs that exceed their continuation value, and exit declines. Second, the
drop in entry reduces the inflow of young, fragile firms in subsequent periods, further suppressing exit
during the recovery. Entry itself falls by approximately 40 basis points on impact, as lower aggregate
productivity reduces the expected present value of a new firm. The cumulative net exit over the first
five years equals 60 basis points.

Table 6 studies the welfare costs of the recession. Households in the economy are indifferent between
going through the recession and suffering a 1-year consumption decline of 11.17%. To understand the
role financial frictions play in the recession, we compute the magnitude of excess exit both in the
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Figure 6: Impulse Response to a Productivity Shock
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Notes: This figure displays the impulse response to a one-time 5 log points decline in aggregate productivity Zt
with persistence ρZ = 0.5. Panel A plots aggregate TFP in log deviations from steady state. Panel B plots entry
and exit rates in percentage-point deviations from their respective steady-state values. Panel C plots aggregate
output in log deviations from steady state.

steady state and at the onset of the recession. For each firm, excess exit is defined as the difference
between the equilibrium exit rate and the exit rate a planner would choose in the first period, assuming
the firm is subject to financial frictions from the next period on. In the steady state, the excess exit
rate equals 4.65pp. In the recession, the excess exit rate increases by only 9 basis points to 4.74pp.
The small changes in both the exit rate and excess exit rate indicate that financial frictions do not
amplify a productivity-driven recession through the exit margin.

The acyclicality of the exit rate is consistent with the data. Exit rates in the United States are
stable across most postwar recessions, rising by less than one percentage point even in severe downturns
(see Lee and Mukoyama, 2015; Ayres and Raveendranathan, 2023). The Great Recession stands out
as the exception. We turn to it next.

Financial crisis. We model a financial crisis as an unexpected increase in the financial friction
parameter κt. In our framework, κ governs recovery values, borrowing capacity, and the sensitivity of
exit to debt. A shock to κ therefore captures the key features of a financial crisis: collapsing recovery
values, tighter credit markets, and a stronger link between debt and firm survival. We assume that the
persistence of the shock to κ equals 0.5, as we did for the aggregate productivity shock, and calibrate
the size of the shock to match the rise in the exit rate during the Great Recession, 1.67 percentage
points.25

The financial crisis operates through a fundamentally different channel than the productivity shock.
Under a productivity shock, exit rises because lower TFP reduces the present value of continuation
for marginal firms. The firms pushed out are those with the weakest fundamentals. Under a financial
crisis, exit rises because borrowing capacity contracts. The firms pushed out are those identified in
Figure 5: moderate-to-low productivity, high debt burdens, productive enough to survive under normal
financial conditions but too indebted to weather the decline in borrowing capacity. As a result, exit

25We measure exit rates from the BDS as firm deaths divided by the average of current and prior-year firm counts,
and compute deviations from a linear trend over 1979–2019. The 1.67 percentage point value corresponds to the peak
deviation in 2009.
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Table 6: Welfare Costs of Recessions

Welfare cost (1-yr CE %) ∆ Exit rate (year 1) ∆ Excess exit rate (year 1)
Productivity shock 11.17 0.27 0.09
Financial crisis 3.61 1.67 1.38

Notes: Welfare costs are measured as the 1-year percentage decline in consumption that yields the same
present discounted utility loss as the shock. ∆ exit rate and ∆ excess exit rate report the change, in
percentage points, between the steady state and first period exit and excess exit rates, respectively. The
productivity shock is a 5 log points decline in Zt with persistence ρZ = 0.5. The financial crisis is an
increase in κt from 0.25 to 0.30 with persistence ρκ = 0.5.

is less cleansing than in a standard recession. Firms that would generate positive social value are
destroyed because they cannot raise the credit to continue operating.

The entry and output dynamics reinforce this distinction. Panel B of Figure 7 shows that entry
initially dips but then rises above its steady-state level. The wave of exit reduces the mass of operating
firms, which raises profits for survivors and makes entry more attractive. This stands in contrast to the
productivity shock, where entry falls sharply and remains depressed throughout most of the downturn.

Panel C reveals that the output response to a financial crisis is much more persistent. On impact,
output rises slightly. This is because exiting firms release workers from fixed operating activities,
and these workers are reallocated to direct production at the surviving firms. In the short run, this
reallocation effect dominates the loss of variety. Over time, however, the destruction of firms cumulates.
Output falls persistently, reaching 0.3 log points below steady state by period 15, even though κt has
largely reverted by then. The source of this persistence is the slow process of rebuilding the stock of
operating firms through entry. Unlike a productivity shock, where output recovers as TFP reverts,
here the damage is long lasting. Overall, the welfare cost associated with the financial crisis is 3.61%
in one-year consumption-equivalent terms, as presented in Table 6. Our aim is not to compare the
welfare costs of a financial crisis to a 5 log point decline in productivity. Rather, we emphasize that
the costs from excess exit are substantially larger in a financial crisis.26

In summary, in a standard productivity-driven recession, excess exit barely rises, so financial
frictions add little to the downturn through the extensive margin. In a financial crisis, excess exit jumps
and generates sizable, persistent welfare losses. Government intervention to support firm survival can
mitigate these costs. We evaluate two such interventions next.

5.5 Policy

We use the calibrated model to evaluate two policies inspired by programs deployed during the COVID-
19 pandemic: a grant in the spirit of the Paycheck Protection Program (PPP) and a government-
guaranteed loan in the spirit of the Economic Injury Disaster Loan (EIDL) program. We study these
programs in the steady state of the economy rather than during a financial crisis. This isolates the
mechanics of each instrument and provides a clean benchmark for assessing their effectiveness.

26In principle, because firm fundamentals are unchanged, all additional exit induced by the financial crisis is inefficient.
The “excess exit” measure in the final column of Table 6, however, is based on a one-period planner problem that takes
future financial frictions as given. Since persistent frictions reduce the planner’s value of keeping firms alive, the rise in
measured excess exit need not equal the total rise in exit.
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Figure 7: Impulse Response to a Financial Crisis
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Notes: This figure displays the impulse response to a one-time increase in κt from 0.25 to 0.30 with persistence
ρκ = 0.5. Panel A plots the path of κt. Panel B plots entry and exit rates in percentage-point deviations from
their respective steady-state values. Panel C plots aggregate output in log deviations from steady state.

Grant program. The first policy is a one-period grant program. Each firm is eligible to receive a
transfer of up to 20.8% of its prior-year wage bill, the equivalent of the 2.5-months-of-payroll formula
used in the first round of the PPP. The transfer is only extended to firms with fewer than 500 workers
and is further capped by the firm’s cash-flow shortfall in the period, in line with the PPP’s necessity
certification: firms that can cover their operating costs without external support receive nothing. We
assume that these transfers are financed by a lump-sum tax on households. We consider an unexpected
implementation of the program for a single period, starting from the steady state of the decentralized
economy, and study the transition dynamics of the economy back to the steady state and the resulting
welfare implications.

The first row of Table 7 summarizes the welfare evaluation of the grant program. The program
reduces the exit rate from 9.3% in the baseline economy to 7.6% on impact. The associated welfare
gains equal 1.67% in 1-year consumption-equivalent terms. That is, households are indifferent between
the implementation of the policy and receiving a one-time increase in consumption of 1.67%. The
overall cost of the program is 0.75% of steady-state output.

To understand the welfare effects of the grant program, recall that our model is statically efficient,
so all gains stem from reducing exit and default rates. Figure 8 sheds light on the heterogeneous
effects of the policy across firms. The solid lines in Figure 8 present the exit rate in the steady state
of the baseline economy for firms without debt along the productivity distribution. The dashed lines
present the socially optimal exit rates: for each firm, this is the exit rate a planner would choose
in the first period, assuming the firm is subject to financial frictions from the next period on. Due
to financial frictions, throughout the state space, the efficient exit rates are below the decentralized-
equilibrium ones. The solid lines with triangle markers present the exit rates in the first period following
the program implementation. The grant reduces exit rates throughout the state space, bringing the
economy closer to the dynamically-efficient allocation. While the aggregate welfare effects of the policy
are positive, we note that the exit rates of some low-productivity firms fall below the socially-efficient
ones.
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Table 7: Welfare and Cost of Policy Interventions

Gross cost Net cost ∆ Exit rate Welfare gain
(year 1, Y %) (PDV, Y %) (year 1, pp) (1-yr CE %)

Grant 0.75 0.75 −1.75 1.67
Guaranteed loan 0.70 0.29 −0.93 1.23

Notes: Both programs transfer up to 20.8% of the firm’s annual wage bill, capped by its cash-flow shortfall in the
period. The guaranteed loan extends credit at rf + 2.5 percentage points repaid over 30 years. Gross cost is the
size of the fiscal transfer in year 1, as a fraction of steady-state output. Net cost is the present value of fiscal flows,
taking into account firm loan repayments. The change in exit rate is relative to the steady state. The Welfare gain
is the one-year consumption-equivalent variation.

Government-guaranteed loan program. The second policy we consider is a government guar-
anteed loan program with a thirty-year horizon. The government extends credit to firms at a fixed
interest rate, 2.5 percentage points above the risk-free rate, repaid on a mortgage-style amortization
schedule.27 To simplify the comparison with the grant program, we assume that the loan size is capped
at 20.8% of its prior-year wage bill, is only available for firms with prior-year employment below 500
workers, and cannot exceed the firm’s operating cash-flow shortfall.28 The government bears all credit
losses, financed by lump-sum taxes. As in the grant-policy analysis, we consider an unexpected and
temporary implementation for a single period.

The second row of Table 7 summarizes the guaranteed-loan program. The program reduces the
exit rate from 9.3% in the baseline economy to 8.4% on impact, and delivers welfare gains of 1.23% in
one-year consumption-equivalent terms, 26% below the grant. The loan is less effective at preventing
exit even though it shares the same cap and eligibility conditions as the grant, and Figure 8 shows
its smaller reduction in exit rates along the productivity distribution. The reason is debt overhang.
Firms cannot selectively default; otherwise no firm would repay the guaranteed loans. The credit
disbursed by the government therefore raises firms’ default probabilities in future periods, lowering
their endogenous borrowing limit already in the period of implementation, and leaving more firms
exposed to exit.29

Despite this difference in effectiveness, the two programs disburse similar amounts: 0.7% of steady-
state output for the loan against 0.75% for the grant. The near-equality reflects the imperfect targeting
of both instruments. Each reaches roughly 30% of operating firms but prevents the exit of only 1–2%,
suggesting that better targeting could deliver large welfare gains. The two programs differ sharply,
however, in their net cost. The government recoups a large share of its lending. Over the thirty years
following implementation, the government recovers 59% of the first-year disbursement, leaving a net
present cost of 0.29% of steady-state output.

27EIDL loans carried a fixed interest rate of 3.75%. We measure the spread relative to the 10-year Treasury yield,
which roughly matches the effective duration of amortizing, prepayable loans. With the 10-year yield around 1% over
the main origination period in 2020, this implies a spread of roughly 250–300 basis points. We use 250 basis points as a
benchmark.

28The EIDL program had a higher cap in practice, 50% of the firm’s prior-year sales. In the final part of this section
we do sensitivity analysis with respect to the size of the loan cap.

29This result is related to Crouzet and Tourre (2021), who study the effects of government-guaranteed loans on
investment through debt overhang in a partial equilibrium environment without firm exit.
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Figure 8: Exit Probability under Alternative Policy Scenarios
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Notes: This figure displays the average exit probabilities as a function of a firm’s productivity. Each panel compares
four policies: the benchmark equilibrium, the planner’s optimum, a targeted grant, and a guaranteed loan. Panels I,
II, and III correspond to low, medium and high permanent productivity, respectively. The x-axis for each panel are
chosen to cover 90% of operating firms in the corresponding productivity category, prior to the exit decision.

Welfare and program size. Figure 9 studies how the cost and welfare impact of the two programs
vary with the maximum disbursement amount. The left panel of the figure presents the net costs of
each program as a function of the prior-year wage-bill limit. These costs are monotonically increasing
and concave. As the limit increases, the firm exit rate declines, and the aggregate disbursement
amount increases. Recall that the disbursement amount per firm is limited by its cash-flow shortfall.
Absent this restriction, doubling the limit of the program would result in more than double the cost—
the disbursement amount per firm would double and the number of firms receiving a benefit would
increase. With the cash flow shortfall limit in place, the disbursement amount per firm does not scale
linearly with the benefit limit. Because of the decreasing density of the operating cost distribution,
doubling the limit does not double the number of firms “saved” by the program. Overall, this results
in a concave and monotonic relationship.

Figure 9: Program size sensitivity
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Notes: This figure presents the net costs and welfare gains of the grant and guaranteed-loan programs,
varying the disbursement limit as a share of prior-year wage bill. The welfare gains are in 1-year consumption
equivalent terms.
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The right panel of Figure 9 presents the associated welfare gains. These gains are also concave
and, over the caps considered, monotonically increasing. We note, however, that this is not generally
true. At some point, the welfare gains start declining and eventually turn negative. This happens
when a larger fraction of “saved” firms have an operating cost that exceeds their net present social
value.

6 Conclusion

This paper studies how financial frictions distort the firm exit margin and quantifies the resulting
aggregate costs. We develop a general equilibrium model of firm dynamics in which a single param-
eter governs the degree of financial frictions and the resulting excess exit. The model identifies a
key informative statistic for the severity of financial frictions, the marginal propensity to exit with
debt, which we estimate using confidential U.S. Census data and use to discipline the quantitative
model. Financial frictions raise the exit rate from 5.0% to 9.3% and generate welfare losses of 3.6% in
consumption-equivalent terms. These costs are amplified in financial crises, when collapsing borrow-
ing capacity forces out viable but indebted firms, and are largely unchanged in productivity-driven
recessions.

While the model speaks to the design of interventions that prevent excessive exit, a full normative
evaluation is left for future research. We evaluate grants and guaranteed loans abstracting from the
distortionary cost of the taxes that fund them and taking the targeting of support as given. Both are
central to optimal policy, and targeting is likely first-order: the programs we study reach roughly a
third of firms but prevent the exit of only one to two percent, so directing support toward viable but
constrained firms, and away from firms that would exit efficiently, could deliver far larger gains per
dollar.

A second direction for future research concerns the empirical object at the center of our analysis:
the marginal propensity to exit with debt. Our model shows that this moment is central to calibrating
the degree of financial frictions. We estimate it from confidential U.S. Census data, conditioning on a
rich set of firm fundamentals. Given its importance, the moment invites further empirical work that
measures it across settings and with sharper identification.

In summary, financial frictions impose substantial aggregate costs not only by distorting investment
among continuing firms, the channel emphasized in prior work, but also, as we show, by inefficiently
shaping which firms survive.
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A Model Appendix

A.1 Firm Profit Maximization Problem

Consider the static problem of an operating firm j that hires labor njt and chooses price pjt to maximize
profits:

πjt = max
{pjt,yjt}

pjtyjt −
yjtwt
Ztajt

,

s.t. yjt = p−εjt Yt.

The firm’s optimal price is
pjt = ε

ε− 1
wt
Ztajt

.

Households minimize the cost of purchasing the aggregate good Yt, yielding the aggregate price index

Pt =
(ˆ Jt

0
p1−ε
jt dj

) 1
1−ε

.

Imposing the normalization Pt = 1 and substituting the optimal price gives

ε

ε− 1
wt

ZtAt
= 1 ⇒ wt = ε− 1

ε
ZtAt. (A.1)

Hence, the relative price of firm j is pjt = At/ajt and labor demand follows from the production
function yjt = Ztajtnjt:

njt =
(
ajt

At

)ε 1
ajt

Yt
Zt
.

Aggregating over firms yields
Yt = AtZtNt, (A.2)

where Nt is aggregate labor employed in production. These conditions jointly define the static decen-
tralized equilibrium used below. The labor employed in direct production in each firm is then given
by

njt =
(
ajt

At

)ε−1
Nt. (A.3)

The operating profits of firm j at time t are therefore given by

π(ajt; Ωt) = 1
ε
aε−1
jt A

2−ε
t NtZt.

A.2 Social Planner’s Problem and Efficient Allocation

This appendix characterizes the efficient allocation by solving the planner’s problem in two steps: (i)
the efficient allocation of labor across active firms, and (ii) the optimal exit and entry conditions.
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A.2.1 Efficient Allocation Across Operating Firms

The planner allocates Nt units of labor across a measure Jt of firms with heterogeneous productivities
ajtZt to maximize aggregate consumption,

max
{cjt}

(ˆ Jt

0
c
ε−1
ε

jt dj

) ε
ε−1

s.t.
ˆ Jt

0

cjt
ajtZt

dj = Nt.

The first-order condition, c−
1
ε

jt C
1
ε
t = λt/(ajtZt), implies cjt

ckt
=
(
ajt
akt

)ε
. Using the resource constraint

and defining At ≡
(´ Jt

0 aε−1
jt dj

)1/(ε−1)
, we obtain

cjt = aεjtA
1−ε
t ZtNt, Ct = AtZtNt. (A.4)

Dividing the resource constraint firm by firm gives the implied labor allocation,

njt = cjt
ajtZt

=
(
ajt

At

)ε−1
Nt. (A.5)

Hence, labor is allocated proportionally to relative productivity, and aggregate consumption equals
aggregate productivity times effective labor.

A.2.2 Efficient Entry and Exit

The planner decides which firms operate and how many new firms enter, according to the net present
value of their social contribution.

Flow social benefits and costs. Each firm affects aggregate output through two channels: its
contribution to aggregate production and the labor it absorbs for fixed operations. The firm’s marginal
contribution to aggregate productivity is given by

1
ε− 1 A

2−ε
t aε−1

jt ,

and, multiplying by ZtNt, the corresponding contribution to aggregate output is

1
ε− 1 A

2−ε
t ZtNta

ε−1
jt .

Conversely, operating the firm diverts labor ft/Ztat from production, implying an output flow cost of

−At
ft
at
.

Recursive social value of the firm. Let WFB(at, ft; Ωt) denote the firm’s social value (in final
consumption units):
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WFB(at, ft; Ωt) = 1
ε− 1A

2−ε
t ZtNta

ε−1
t −At

ft
at

+ Et
[
Mt,t+1W̃FB(at+1, ft+1; Ωt+1)

]
,

where W̃FB(·) ≡ max{WFB(·), 0} is the pre-decision social value, andMt,t+1 = β Ct
Ct+1

is the stochastic
discount factor.

Efficient exit. The planner keeps a firm active if WFB(at, ft; Ωt) ≥ 0, which implies

Atft
at
≤ 1
ε− 1A

2−ε
t ZtNta

ε−1
t + Et

[
Mt,t+1W̃FB(at+1, ft+1; Ωt+1)

]
.

Hence, the efficient exit threshold is

f
FB
x (at; Ωt) ≡ atZt

[ 1
ε− 1A

1−ε
t Nta

ε−1
t + 1

AtZt
Et
[
Mt,t+1W̃FB(at+1, ft+1; Ωt+1)

]]
. (A.6)

Efficient entry. The total entry cost is 1
2feM

2
e,t in effective units of labor. Since one effective unit

corresponds to 1/Zt units of raw labor, the marginal entrant diverts feMe,t/Zt units of labor from
production. Valued at the output per unit of labor, AtZt, the social cost of entry in output units is
feMe,tAt.

The planner expands entry until this equals the expected social value of a new firm:

feMe,tAt =
ˆ ˆ

W̃FB(at, ft; Ωt) dF (at) dG(ft). (A.7)

In sum, the efficient labor allocation across firms (A.5), the exit threshold (A.6), and the free-entry
condition (A.7) jointly characterize the efficient allocation.

A.3 Proofs

A.3.1 Proof of Proposition 1

To prove that the decentralized and efficient allocations coincide, we will show that the equilibrium
conditions are equivalent. In particular, we show labor is distributed efficiently in the market allocation
according to (A.5), the exit threshold is equivalent to (A.6), and free entry satisfies (A.7).

No misallocation in production labor We start by noting that labor is efficiently allocated in
the market allocation. That is, the equation that pins down the allocation of production labor across
firms in the market allocation (A.3) is identical to the efficient one (A.5).

Exit thresholds With β = 0, the stochastic discount factor Mt,t+1 = 0, so lenders receive no
expected return from extending credit. Consequently, the debt price satisfies q(at, bt; Ωt) = 0 for all
firms, implying a zero borrowing limit and no outstanding debt in equilibrium. With bt−1 = 0 and no
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continuation value,

Ṽ (at,
wtft
Ztat

; Ωt) = max
{
π(at; Ωt)−

wtft
Ztat

, 0
}
, W̃FB(at, ft; Ωt) = max

{
1
ε−1A

2−ε
t ZtNta

ε−1
t −At

ft
at
, 0
}
.

Substituting (2.1) and (A.1) into the first expression yields the pointwise proportionality

Ṽ (at,
wtft
Ztat

; Ωt) = ε− 1
ε

W̃FB(at, ft; Ωt),

so the zero-value cutoff is the same in both problems. Hence the decentralized and planner exit
thresholds coincide firm by firm for any given Ωt.

Free entry From the main text and Appendix A.2, the decentralized and planner free-entry condi-
tions are

CE: feMe,twt
Zt

=
¨

Ṽ (a, wtf
Zta

; Ωt) dF (a) dG(f), SP: feMe,tAt =
¨

W̃FB(a, f ; Ωt) dF (a) dG(f).

Using Ṽ = ε−1
ε W̃FB and wt = ε−1

ε AtZt, the CE condition transforms into the SP condition exactly.
Thus, the mass of entrants Me,t and the implied aggregate state Ωt (hence At, Nt) are the same in
both economies.

Since exit rules coincide firm by firm, free entry pins down the same mass of entrants, and pro-
duction labor is efficiently allocated, the decentralized equilibrium is identical to the social planner’s
one.

A.3.2 Proof of Proposition 2

To prove that the decentralized and efficient allocations coincide, we will show that the equilibrium
conditions are equivalent. In particular, we show labor is distributed efficiently in the market allocation
according to (A.5), the exit threshold is equivalent to (A.6), and free entry satisfies (A.7).

No misallocation in production labor We start by noting that labor is efficiently allocated in
the market allocation. That is, the equation that pins down the allocation of production labor across
firms in the market allocation (A.3) is identical to the efficient one (A.5).

Exit thresholds. Plugging the expression for profits (2.1) and the real wage (A.1), we have that
the decentralized equilibrium exit threshold under κ = 0 is

fx(at, bt−1; Ωt) = f̄(at, 0; Ωt) = atZt

[ 1
ε− 1a

ε−1
t A

1−ε
t Nt + ε

ε− 1
1

ZtAt
L̄(at; Ωt)

]
.

To prove that the threshold rule coincides with that of the planner, we need to show that

L̄(at; Ωt) = ε− 1
ε

Et
[
Mt,t+1W̃FB (at+1, ft+1; Ωt+1)

]
.
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We proceed in three steps. First, we show that the borrowing amount is weakly increasing in bt.
Second, we show that the borrowing limit equals the expected private continuation value of the firm.
Finally, we show that the expected private and social continuation values coincide, implying identical
exit thresholds in the decentralized and planner economies.

(i) Borrowing amount is increasing in b Recall that the borrowing limit is given by

L(at; Ωt) = max
b
q(at, b; Ωt)b,

where

q(at, bt; Ωt) =Et
[
Mt,t+1G

(
f̄ (at+1, bt; Ωt+1)

)]
+ Et

Mt,t+1
Ṽ
(
(1− κ)at+1,

ft+1wt+1
Zt+1(1−κ)at+1

; Ωt+1
)

bt
1
[
ft+1 > f̄ (at+1, bt; Ωt+1)

] .
Define the borrowing amount when debt issuance is equal to bt to be L(at, bt; Ωt). So that L(at; Ωt) =
maxb L(at, b; Ωt). Using the equation above, when κ = 0 we have

L(at, bt; Ωt) =Et
[
Mt,t+1G

(
f̄ (at+1, bt; Ωt+1)

)
bt
]

+ Et
[
Mt,t+1Ṽ

(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1

)
1
[
ft+1 > f̄ (at+1, bt; Ωt+1)

]]
.

Differentiating with respect to bt we obtain,

∂L(at, bt; Ωt)
∂bt

= Et
[
Mt,t+1G

(
f̄ (at+1, bt; Ωt+1)

)]
+ Et

[
Mt,t+1g

(
f̄ (at+1, bt; Ωt+1)

) Zt+1at+1
wt+1

[
Ṽ

(
at+1,

f̄ (at+1, bt; Ωt+1)wt+1
Zt+1at+1

; Ωt+1

)
− bt

]]
,

where we’ve used ∂f̄(at+1,bt;Ωt+1)
∂bt

= −Zt+1at+1
wt+1

. From the equation above, we can see that if

Ṽ

(
at+1,

f̄ (at+1, bt; Ωt+1)wt+1
Zt+1at+1

; Ωt+1

)
≥ bt, (A.8)

for all at+1 and Ωt+1, then ∂L(at,bt;Ωt)
∂bt

is positive. By definition, we have

Ṽ

(
at+1, bt + f̄ (at+1, bt; Ωt+1)wt+1

Zt+1at+1
; Ωt+1

)
≥ 0, (A.9)

because the firm chooses not to default. Note that since the firm chooses not to default Ṽ (·) = V (·)
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which is defined in (2.4):

V (at, xt; Ωt) = max
{bt,dt}

dt + Et
[
Mt,t+1Ṽ

(
at+1, bt + ft+1wt+1

Zt+1at+1
; Ωt+1

)]
,

s.t. dt = π(at; Ωt)− xt + q(at, bt; Ωt)bt
dt ≥ 0

Using the envelope theorem, we have that

∂V (at, xt; Ωt)
∂xt

= −λ,

where λ is the Lagrange multiplier on the dividend constraint. The FOC with respect to dt implies
that

λ = 1 + ν,

where ν ≥ 0 is the Lagrange multiplier on the non-negativity of dividends constraint. So we obtain
∂V (at,xt;Ωt)

∂xt
≤ −1 for all {at, xt,Ωt}. We can now use this derivative to obtain

Ṽ

(
at+1,

f̄ (at+1, bt; Ωt+1)wt+1
Zt+1at+1

; Ωt+1

)

= V

(
at+1,

f̄ (at+1, bt; Ωt+1)wt+1
Zt+1at+1

; Ωt+1

)

= V

(
at+1, bt + f̄ (at+1, bt; Ωt+1)wt+1

Zt+1at+1
; Ωt+1

)
−
ˆ bt

0

∂V
(
at+1, b+ f̄(at+1,bt;Ωt+1)wt+1

Zt+1at+1
; Ωt+1

)
∂xt

db

≥ V
(
at+1, bt + f̄ (at+1, bt; Ωt+1)wt+1

Zt+1at+1
; Ωt+1

)
+ bt

≥ bt

where the second-to-last inequality follows from ∂V (at,xt;Ωt)
∂xt

≤ −1 and the last inequality follows from
(A.9). Thus, condition (A.8) is satisfied and ∂L(at,bt;Ωt)

∂bt
≥ 0.

(ii) Borrowing limit equals private continuation value As a result, we have that L(at; Ωt) =
limbt→∞ L(at, bt; Ωt). Plugging into the L(·) function, we obtain

L(at; Ωt) = Et
[
Mt,t+1Ṽ

(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1

)]
(A.10)

because f̄ (at+1, bt; Ωt+1) < 0 when bt → ∞. Note that when κ = 0, the firm exits if and only if
f > f̄ (at+1, 0; Ωt+1). This follows from the fact that the firm’s productivity remains unchanged after
default and that f̄ (at+1, bt; Ωt+1) decreases with bt. So if the firm owner would choose to exit without
any debt, the firm would also choose to default with any level of positive debt.
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(iii) Private and social continuation values coincide The final step to verify that the decen-
tralized and efficient exit thresholds coincide is to show that the expected continuation value of the
firm is identical in both problems. Specifically, we need to establish that

Et

 Ṽ
(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1
)

At+1Zt+1Nt+1

 = ε− 1
ε

Et

[
W̃FB (at+1, ft+1; Ωt+1)

At+1Zt+1Nt+1

]
.

where we have substituted for the stochastic discount factorMt,t+1 and conditioned on Ωt. We will
show that

ε

ε− 1
Ṽ
(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1
)

At+1Zt+1Nt+1
= W̃FB (at+1, ft+1; Ωt+1)

At+1Zt+1Nt+1
. (A.11)

Under standard regularity conditions—β < 1 and a bounded productivity process, which imply that V
and Ṽ are bounded—the Bellman operator is a contraction with a unique fixed point. The argument
below uses a guess-and-verify approach: we conjecture that bt → ∞ is optimal when κ = 0, derive
the resulting value function, and then verify that the derived function satisfies the original Bellman
equation. In this limiting case, the firm effectively transfers ownership to creditors each period;
creditors accept this because κ = 0 implies no productivity loss following default, so they recover the
full continuation value of the firm. The monotonicity of L(a, b) in b established in step (i), combined
with boundedness of Ṽ , ensures that limb→∞ L(a, b) exists and is finite. In that case, we have that

V (at, xt; Ωt) = π(at; Ωt)− xt + Et
[
Mt,t+1Ṽ

(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1

)]
. (A.12)

where we have already used the expression for the borrowing limit (A.10).

Let’s define V v(at, ft; Ωt) ≡ ε
ε−1

V

(
at,

ftwt
Ztat

;Ωt
)

AtZtNt
and Ww

FB (at, ft; Ωt) = WFB(at,ft;Ωt)
AtZtNt

.
Defining V v(·) and Ww(·) in this way, it is sufficient to show that they coincide to verify condi-
tion (A.11).

Using equation (A.12) and the definition of V v(at, ft; Ωt)

V v (at, ft; Ωt) = ε

ε− 1
1

ZtAtNt

(
π(at; Ωt)−

ftwt
Ztat

)
+βEt

[
ε

ε− 1
1

Zt+1At+1Nt+1
Ṽ

(
at+1,

ft+1wt+1
Zt+1at+1

; Ωt+1

)]
.

Given Ṽ v (at, ft; Ωt) = max{V v (at, ft; Ωt) , 0} and the expressions for profits (2.1) and the real wage
(A.1), this simplifies to

V v (at, ft; Ωt) = 1
ZtAtNt

(
1

ε− 1a
ε−1
t A

2−ε
t NtZt −

ftAt
at

)
+ βEt

[
Ṽ v (at+1, ft+1; Ωt+1)

]
, (A.13)

Using equation (3.3) and the definition of Ww
FB (at, ft; Ωt), it follows that

Ww
FB (at, ft; Ωt) = 1

ZtAtNt

(
1

ε− 1a
ε−1
t A

2−ε
t NtZt −

ftAt
at

)
+ βEt

[
W̃w
FB (at+1, ft+1; Ωt+1)

]
(A.14)
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where W̃w
FB (at, ft; Ωt) = max{Ww

FB (at, ft; Ωt) , 0}.

Note that equations (A.13)–(A.14) are equivalent, so condition (A.11) holds. This confirms our
conjecture that taking bt → ∞ indeed maximizes the firm’s private value, as the owner obtains the
complete-markets value of the firm. Since the borrowing limit equals the firm’s private continuation
value, which in turn equals its social continuation value, the decentralized and planner exit thresholds
coincide.

Free entry. From the main text and Appendix A.2, the decentralized and planner free-entry condi-
tions are

CE: feMe,twt
Zt

=
¨

Ṽ
(
a, fwtZta

; Ωt

)
dF (a) dG(f), SP: feMe,tAt =

¨
W̃FB(a, f ; Ωt) dF (a) dG(f).

Using wt = ε−1
ε AtZt and equation (A.11), the CE condition transforms exactly into the SP condition.

Hence Me,t and the implied aggregate state Ωt coincide across the two economies.

Since exit rules coincide firm by firm and free entry pins down the same mass of entrants, the
survivor operator and aggregates (At, Nt) coincide. Together with identical aggregate accounting, the
decentralized allocation equals the efficient allocation when κ = 0.

A.3.3 Proof of Lemma 1

From equation (3.7),
Px(b) = 1−G

(
max{π + L̄− b, (1− κ)π + L̄κ}

)
.

Let
A ≡ π + L̄ and B ≡ (1− κ)π + L̄κ,

so that the cutoff debt level is b̄ = A−B.
When b < b̄, we have A− b > B, and therefore

Px(b) = 1−G(A− b).

Differentiating with respect to b yields

P ′x(b) = −G′(A− b) (−1) = g(A− b) = g(π + L̄− b).

When b > b̄, we have A − b < B, so Px(b) = 1 − G(B) is constant in b, implying P ′x(b) = 0. At
b = b̄, the left-hand derivative equals g(B) while the right-hand derivative is zero, generating a kink
at the cutoff.

A.3.4 Proof of Proposition 3

The proof proceeds in three steps. First, we show that the borrowing limit L̄ is weakly decreasing in
the degree of financial frictions, κ. Second, we establish that the cutoff debt level b̄ is increasing in κ.
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Finally, we combine both results to show that the marginal propensity to exit with debt, P ′x(b), rises
with κ for any given debt level.

(i) L̄ is decreasing in κ. For notational convenience, set

A(π0, κ) ≡ (1− κ)π0, z ≡ π0 − b ∈ [0, π0].

Multiplying (3.5) by b = π0 − z and changing variables yields the equivalent program

L̄(π0, κ) = β max
z∈[0,π0]

Φ(z;π0, κ), where Φ(z;π0, κ) = (π0 − z)G(z) +
ˆ A(π0,κ)

z
(A(π0, κ)− f) dG(f),

with the convention that the integral is 0 when z ≥ A(π0, κ). An integration-by-parts computation
(using dG = g df on [f,∞)) gives, for z ≤ A(π0, κ),

Φ(z;π0, κ) = κπ0G(z) +
ˆ A(π0,κ)

z
G(f) df.

Consequently, the envelope (one-sided) derivatives of L̄ are

∂L̄

∂κ
(π0, κ) =


β π0

[
G(z∗)−G(A(π0, κ))

]
≤ 0, if z∗ ≤ A(π0, κ),

0, if z∗ ≥ A(π0, κ),
(A.15)

where z∗ = z∗(π0, κ) is any maximizer of Φ(·;π0, κ). Hence L̄ is (weakly) decreasing in κ.

(ii) b̄ is increasing in κ. Next, let’s turn to the derivative of L̄ with respect to profits:

∂L̄

∂π0
(π0, κ) =


β
[
κG(z∗) + (1− κ)G(A(π0, κ))

]
≥ 0, if z∗ ≤ A(π0, κ),

β G(z∗) ≥ 0, if z∗ ≥ A(π0, κ).
(A.16)

Define
b̄(κ) = κπ + L̄(π, κ)− L̄

(
(1− κ)π, κ

)︸ ︷︷ ︸
≡L̄κ

.

Differentiating gives

b̄′(κ) = π + ∂L̄

∂κ
(π, κ)−

[∂L̄
∂κ

(
(1− κ)π, κ

)
− π ∂L̄

∂π0

(
(1− κ)π, κ

)]
. (A.17)

From (A.15) with π0 = π and A(π, κ) = (1− κ)π,

∂L̄

∂κ
(π, κ) ≥ −β πG

(
(1− κ)π

)
.
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Also, by (A.15) and (A.16) at π0 = (1− κ)π,

− ∂L̄
∂κ

(
(1− κ)π, κ

)
≥ 0, ∂L̄

∂π0

(
(1− κ)π, κ

)
≥ 0.

Plugging these bounds into (A.17) and dropping the non-negative terms yields the uniform lower
bound

b̄′(κ) ≥ π
[

1− β G
(
(1− κ)π

) ]
> 0, (A.18)

so b̄ is strictly increasing in κ.

(iii) Putting the pieces together. By Lemma 1,

P ′x(b;κ) = g
(
π + L̄(π, κ)− b

)
1{ b < b̄(κ) }.

By (i), L̄(π, κ) decreases with κ, while by (ii), b̄(κ) increases with κ. Thus, higher κ both expands the
region where P ′x(b;κ) > 0 and lowers the argument π + L̄(π, κ)− b. Since g is decreasing, this implies
that both the support and the magnitude of P ′x(b;κ) increase with κ.

B Data Appendix: Italian Firm-Level Data

This appendix describes the construction of the Italian firm-level dataset used in Section 4.3. The data
come from the Orbis database, produced by Bureau van Dijk (Moody’s Analytics), the predominant
source for multi-country firm-level analysis. Its coverage is particularly strong for European countries,
where mandatory filing requirements ensure broad representation of small and medium-sized firms
alongside larger enterprises. Orbis reports annual balance sheet and profit-and-loss data, allowing us
to construct measures of firm financial health that mirror those available in the QFR.

We focus on Italian manufacturing firms (NACE Rev. 2, divisions 10–33) over the period 2002–
2016. The choice of country is guided by data quality: Italy has high coverage rates relative to
national aggregates. We exclude observations with negative total assets, negative sales, or internally
inconsistent balance sheet identities. Financial variables are deflated using the Italian GDP deflator
(base year 2010 = 100) from Eurostat. Our main measure of firm indebtedness, the net short-term
debt-to-sales ratio, is defined identically to the US analysis. All continuous financial variables are
winsorized at the 5th and 95th percentiles within each year. A firm is classified as exiting in year t if
its Orbis status indicator records a terminal event—bankruptcy, dissolution, or liquidation. The exit
is dated to the year following the firm’s last year of reported financial statements.

To assess how sample composition affects the estimated debt–exit relationship, we construct a
QFR-comparable subsample: firms whose total assets exceed €311,000 in constant 2010 euros, the
Italian equivalent of the QFR’s $250,000 (2000 USD) asset cutoff. A firm enters this subsample from
the first year in which it crosses the threshold and remains thereafter. After cleaning, the sample
comprises 229,637 unique firms and approximately 1.97 million firm–year observations.
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We validate the representativeness of our sample along two dimensions. Table A.3 reports the
ratio of Orbis sample aggregates to EU KLEMS national accounts for Italian manufacturing. Coverage
ranges between 49% and 82% for employment, 72% and 91% for the wage bill, and 79% and 95% for
output, with coverage generally improving over time. Table A.4 compares the distribution of economic
activity across firm-size classes with Eurostat’s Structural Business Statistics for the year 2012. The
sample closely matches the actual distribution, particularly for medium and large firms; small firms
(fewer than 10 employees) are slightly underrepresented, as expected. Table A.5 reports summary
statistics on firm fundamentals and financial characteristics.

C Computational Appendix

This appendix describes the numerical algorithm we use to solve the model. We first describe the
discretization of the state space, then the algorithm for the stationary equilibrium, the calibration
procedure, the algorithm for perfect-foresight transition dynamics, and finally the implementation of
the policy experiments. Throughout, it is convenient to collect the aggregate variables that scale a
firm’s flow profits in equation (2.1) into a single demand index Dt, so that profits are proportional
to aε−1Dt and the real wage follows from the household’s optimality conditions. In the stationary
equilibrium, solving for the aggregate allocation is equivalent to solving for the scalar D.

C.1 State Space and Discretization

The idiosyncratic state of a firm consists of its permanent productivity ap, its transitory productivity
atr, and its beginning-of-period debt obligations b. We discretize this state space as follows.

Productivity. The permanent component takes Nap = 3 values, equally spaced in logs at
{−2.5σpa, 0, 2.5σpa} around the (de-meaned) mean, with entry probabilities given by the corresponding
intervals of the normal distribution. The transitory component is discretized on a grid of Natr = 71
points using the method of Tauchen (1986), with the grid spanning three unconditional standard
deviations of the AR(1) process. The same procedure delivers the transition matrix over transitory
productivity and the distribution of entrants’ initial draws.

Debt. Debt obligations lie on a grid of Nb = 150 points on [0, b̄]. The grid is polynomial of degree
three, bi = (i/Nb)3 b̄, so that points are concentrated near zero where most of the mass of firms lies,
and includes an exact zero (the state of entrants and of firms taken over after default).

Operating costs. We do not discretize the fixed operating cost f . Because the repayment,
takeover, and exit decisions all take a threshold form in f (equations (2.3) and (2.6)), all objects that
require integrating over f—repayment and default probabilities, expected operating-cost payments
conditional on surviving, and the distribution of next-period debt obligations—have closed forms
under the Pareto distribution G, which we use directly. In particular, for each state and each borrowing
choice, the probability of landing on each point of the next-period obligation grid is computed as a
difference of the Pareto CDF evaluated at the implied f -thresholds.

Default. The productivity loss upon default maps log atr into log atr + log(1−κ), which generally
falls between grid points. We represent this mapping as a Markov matrix that splits each grid point’s
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mass between the two adjacent grid points with linear-interpolation weights. Objects evaluated at
the degraded productivity level (the value of the firm under new ownership and its borrowing terms,
which enter the debt-pricing equation (2.5)) are computed by spline interpolation of the corresponding
functions along the transitory-productivity dimension.

C.2 Stationary Equilibrium

For a given demand index D, the firm’s problem and the debt-pricing schedule form a joint fixed point:
the schedule q(a, b′) depends on next period’s repayment thresholds and on the value of defaulted
firms, while values and thresholds depend on the schedule. We solve this fixed point by value function
iteration:

0) Start with a guess for the value function on the grid, V . We use the present value of flow profits,
V = π(a)/(1− β).

1) Given the implied continuation values, update the debt-pricing schedule q(a, b′) from the in-
termediaries’ break-even condition (2.5): the expected repayment probability follows from the
Pareto thresholds, and the recovery value is the expected value of the firm under new ownership,
evaluated by interpolation at (1 − κ)atr. To enhance stability, we dampen the update of the
schedule, with a weight of 0.3 on the new schedule. The borrowing limit is L̄(a) = maxb′ q(a, b′)b′

on the grid.

2) Given the schedule, compute the repayment threshold f̄(a, b) from equation (2.3) and the exit
threshold from equation (2.6), and update the value function: current dividends use the closed-
form conditional expectation of f given survival, and continuation values integrate over the
transition matrices for productivity and obligations.

3) If max |V new − V | is below tolerance (10−10 in the baseline), stop; otherwise dampen (V =
0.3V new + 0.7V ) and return to step 1.

With the converged policies, we compute the stationary distribution Λ(a, b) by iterating on the
law of motion (2.7), normalizing the measure of entrants to one, until the maximal change is below
10−12. The repay and default-and-continue branches use their respective transition matrices; entrants
are injected at zero debt with their initial productivity distribution.

Two equilibrium conditions remain: free entry and labor-market clearing. In the calibration we
exploit the model’s homogeneity: given D, the free-entry condition and the labor-market-clearing
condition jointly pin down the measure of entrants Me and the entry-cost parameter fe in closed
form, given the value of entry Ve and total labor demand per entrant implied by the normalized
stationary distribution. The calibrated D is the value at which the implied moments match the
data (next subsection), and we verify that markets clear at the calibrated parameter vector. For
counterfactual steady states—most importantly the frictionless economy with κ = 0—we hold fe fixed
at its calibrated value and solve for the new equilibrium D by bisection on the labor-market-clearing
residual, with tolerance 10−8; each evaluation of the residual requires re-solving steps 0–3 and the
stationary distribution at the candidate D.
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C.3 Calibration

We calibrate the nine internal parameters by simulated method of moments. Because each evaluation
of the model is costly, we proceed in three steps. First, we evaluate the model on quasi-random
Sobol draws over a hypercube of the parameter space, computing at each draw the full set of targeted
moments (exit rates by age, computed by pushing a cohort of entrants through the stationary transition
operator; average startup size; employment growth of surviving three-year-old firms by initial size;
and the exit-on-debt regression coefficient, computed by weighted least squares on model-generated
state-level data with productivity fixed effects, weighting each state by its mass in the stationary
distribution). We iteratively narrow the hypercube around the best-fitting region; the final round
uses 1,000 draws. Second, we fit a third-order polynomial response surface mapping parameters
to moments on the final round of draws, weighting draws by the inverse of their distance to the
data moments. Third, we minimize the moment distance over the fitted surface, which delivers the
calibrated parameter vector. We verify that the model solved at the calibrated vector reproduces the
targeted moments.

C.4 Transition Dynamics

All experiments in Section 5 are unexpected (“MIT”) shocks followed by perfect-foresight transitions
back to a stationary equilibrium. A transition is a path {Dt}Tt=1 such that, given the path, firm values
and policies are consistent with backward induction from the terminal steady state, the distribution of
firms evolves consistently from the initial distribution, and labor markets clear in every period. The
horizon T is chosen large enough that the economy has converged (T = 100 for the transitory shocks,
T = 150–200 for the policy experiments and the removal of financial frictions); we verify that results
are insensitive to T .

The algorithm iterates on the path of the demand index:

0) Guess a path {Dt}. For shocks that revert to the initial steady state we initialize at the steady-
state value; for the transition to the frictionless economy we interpolate linearly between the
initial and terminal values.

1) Backward pass. Starting from the terminal steady-state value function, iterate the firm’s problem
backward from t = T − 1 to t = 1. Each step updates the period-t debt-pricing schedule,
repayment probabilities, recovery values, and value function, given period-t+ 1 objects, exactly
as in step 1–2 of the stationary algorithm.

2) Forward pass. Starting from the initial stationary distribution, iterate the distribution forward.
In each period, the value of entry determines the measure of entrants from the free-entry con-
dition, the transition matrices implied by the period-t policies update the distribution, and
labor-market clearing delivers the implied demand index D̃t along with aggregate consumption,
output, entry, exit, and default rates.

3) If maxt |D̃t −Dt|/Dt is below tolerance (10−3; 10−4 for the policy-size sweep in Figure 9), stop.
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Otherwise update Dt toward D̃t with a damping weight that increases linearly across iterations
(from 0.15 to 0.35 for the shock experiments) and return to step 1.

Aggregate shocks enter the backward and forward passes directly: aggregate productivity Zt scales
the effective demand index and converts operating and entry costs into effective labor units, while a
time-varying κt changes the default operator and the recovery values period by period.

C.5 Policy Experiments

The grant and guaranteed-loan programs of Section 5 require two extensions. First, both programs
cap transfers by the firm’s prior-year wage bill and restrict eligibility by prior-year employment, which
are not part of the recursive state. We therefore construct, once, an augmented distribution of firms at
the policy date that records both the current state and the productivity in the preceding period, from
which prior-year wage bills and eligibility shares are computed. Second, the transfer received by a firm
depends on its cash-flow shortfall, which depends on the same operating-cost draw f that determines
its repayment and exit decisions. We integrate over f consistently—the same draw determines the
transfer amount, the survival decision, and the next-period obligations—by quadrature over the Pareto
distribution within each cell of the augmented state space.

Transfer amounts are then discretized into K = 50 bins (a finer partition leaves the results es-
sentially unchanged). For the grant, the bin only matters in the program period, so the transition
solver is the baseline one with a modified first period. For the guaranteed loan, the bin is an ad-
ditional state variable for the following thirty years: each bin carries a fixed mortgage-style annual
payment, computed at a rate of 2.5 percentage points above the risk-free rate, that enters the firm’s
budget constraint; a firm that defaults sheds its government loan along with its private debt, and the
government absorbs the loss. The backward pass therefore solves K + 1 coupled value functions per
period (parallelized across bins), and the government’s net fiscal cost is the initial disbursement minus
the present value of collected payments. The welfare effects of the programs are computed from the
equilibrium consumption path as one-year consumption-equivalent variations.
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D Additional Figures

Figure A.1: Sensitivity-based identification of κ

Notes: Each panel shows how one calibration moment (as reported in Table 4) varies with κ under a Sobol
sensitivity design following the identification argument of Daruich (2026). All parameters are independently drawn
from a 20% band around their estimated values. Solid lines denote the median across draws and shaded areas the
interquartile range.
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Figure A.2: Ergodic Distribution of Firms by Permanent Productivity Type

Panel A: Low permanent productivity
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Panel B: High permanent productivity
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Notes: This figure displays the stationary distribution of firms over transitory log productivity and the
ratio of initial debt obligations to sales for low (Panel A) and high (Panel B) permanent productivity
types. Within each panel, the left subplot shows firms with zero debt; the right subplot shows firms with
positive debt, where color indicates mass.
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Figure A.3: Exit and default patterns: low permanent productivity

I. Exit probability II. Default probability
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Notes: This figure presents the exit (left panel) and default (right panel) probabilities as a function of start-
of-period transitory productivity (y-axis) and debt-to-sales (x-axis), for a low permanent productivity firm.
Higher transitory productivity is associated with lower exit and default probabilities, while higher debt-to-sales
is associated with higher exit and default probabilities.

Figure A.4: Exit and default patterns: high permanent productivity

I. Exit probability II. Default probability
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Notes: This figure presents the exit (left panel) and default (right panel) probabilities as a function of start-
of-period transitory productivity (y-axis) and debt-to-sales (x-axis), for a high permanent productivity firm.
Higher transitory productivity is associated with lower exit and default probabilities, while higher debt-to-sales
is associated with higher exit and default probabilities.
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E Additional Tables

Table A.1: Characteristics of Exiters vs. Incumbents

Incumbents Exiting firms T-statistic
Age 16.92 14.92 7.89∗∗∗
Sales 17.41 11.42 13.74∗∗∗
Sales growth 12.76 5.27 3.13∗∗∗
Capital stock 3.75 2.52 11.35∗∗∗
Employment 52.96 46.57 2.21∗∗
Labor productivity 1.65 −9.64 2.44∗∗

Notes: This table compares firm fundamentals between incumbent firms and exiters. Sales and capital are expressed
in millions of constant 2017 US dollars. Sales growth is the year-over-year percent change in sales. Employment
corresponds to the number of employees. Labor productivity is computed as the deviation from the year-industry
average, as output in millions of constant 2017 dollars per employee. The reported t-statistic tests for equality of means
between exiters and incumbents. Statistical significance at the 10, 5, and 1 percent levels is denoted by ∗, ∗∗, and ∗∗∗,
respectively.

Table A.2: Propensity to Exit and Debt-to-Assets

(1) (2) (3) (4)
debt ratio 0.023∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.018∗∗∗

(0.001) (0.002) (0.004) (0.004)

Observations 119K 119K 24K 16K
R2 0.007 0.009 0.009 0.010
Industry-Year FE Yes Yes Yes Yes
Firm Fundamentals

Main controls No Yes Yes Yes
Additional No No No Yes

Sample Full Full Census Census

Notes: The dependent variable is a firm-level exit indicator equal to one if the firm exits the market in year t. The debt
ratio is defined as debt to assets in year t− 1. Main firm controls include a young firm indicator (five years or younger),
firm size fixed effects (sales quintiles at the sector–year level), sales growth, and (log) capital stock; additional controls
further account for (log) employment and (log) labor productivity. Columns (1) and (2) use the full sample while
columns (3) and (4) use the Census sample. All regressions include industry–year fixed effects. Standard errors (in
parentheses) are clustered at the industry–year level. Statistical significance at the 10, 5, and 1 percent levels is
denoted by ∗, ∗∗, and ∗∗∗, respectively.
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Table A.3: Orbis Sample Coverage Relative to EU KLEMS — Italy (%)

Year Employment Wage bill Output
2002 67 72 81
2003 59 91 88
2004 49 74 79
2005 50 76 81
2006 61 79 83
2007 62 79 84
2008 63 81 85
2009 60 82 88
2010 61 85 88
2011 76 86 91
2012 77 85 91
2013 79 87 91
2014 80 89 93
2015 82 89 95

Notes: Each cell reports the ratio (in %) of the Orbis sample aggregate to the corresponding EU KLEMS national
account figure for the Italian manufacturing sector.

Table A.4: Firm-Size Distribution: Orbis vs. Eurostat — Italy (2012)

Orbis Eurostat
Size class Empl. Output Empl. Output
<10 employees .09 .06 .15 .09
10–19 employees .12 .09 .15 .09
20–49 employees .19 .14 .18 .14
50–249 employees .29 .27 .25 .26
250+ employees .31 .44 .27 .42

Notes: Each cell reports the share of total employment or total output accounted for by each size class in the Orbis
sample and in Eurostat’s Structural Business Statistics (SBS), for the year 2012.
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Table A.5: Summary Statistics — Italy

Mean St. dev. p25 p75 N
Firm fundamentals
Age 19.86 15.51 8.00 28.00 906,724
Sales 3.00 4.99 0.25 3.00 1,967,190
Sales growth (%) 2.12 68.08 −12.27 16.87 1,577,620
Capital stock 0.70 1.29 0.02 0.63 1,969,904
Employment 31.65 177.94 4.00 23.00 1,342,815
Employment growth (%) 0.81 36.69 −5.13 8.00 1,057,035
Labor productivity 0.29 30.72 0.09 0.26 1,342,809

Financial characteristics
Assets 3.12 5.14 0.32 3.08 1,970,100

Cash 0.18 0.35 0.00 0.15 1,946,525
Accounts receivable 0.83 1.53 0.00 0.79 1,969,980
Non-current assets 1.98 3.30 0.17 1.99 1,946,429

Liabilities 2.20 3.52 0.24 2.24 1,970,084
Short-term bank debt 0.35 0.78 0.00 0.23 1,970,084
Accounts payable 0.64 1.17 0.00 0.61 1,970,100
Non-current liabilities 1.07 1.60 0.12 1.20 1,970,084

Notes: Sales, capital stock (book value of tangible fixed assets), and all financial variables are expressed in millions of
constant euros (2010 base year) and are winsorized at the 5–95% level each year. Employment corresponds to the
number of employees. Labor productivity is the ratio of real operating revenue (millions of 2010 euros) to employment.
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