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Abstract

Should firms in financial distress be saved to stabilize an economy, even if less-
productive ones are kept alive, possibly reducing economic growth? To assess this
fundamental stabilization-vs.-growth trade-off, we develop a new dynamic general
equilibrium model with endogenous growth and innovation externalities. We dis-
cipline key parameters using microeconomic data and an instrumental variable ap-
proach that links firm productivity growth to R&D expenditure. Based on the cali-
brated model, we find that economies that save distressed firms with credit subsidies,
debt restructuring, or evergreening of loans all reduce GDP volatility, but they also
feature lower economic growth. Welfare is higher in an economy without such inter-

ventions, calling into question the tendency to stabilize business cycles at all costs.
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1 Introduction

A number of policy interventions and lending practices in credit markets imply a fun-
damental trade-off: they can stabilize business cycle fluctuations but may reduce eco-
nomic growth. As a concrete example, consider the business funding programs during
the Covid-19 recession, such as the paycheck protection program in the United States.
These programs had the goal to save firms in financial distress and prevent them from go-
ing bankrupt, thereby stabilizing employment and economic activity. At the same time,
the programs may have kept less-productive firms alive, possibly preventing other firms
from entry and reducing economic growth in the medium to long-term. Thus, how should
such firm credit programs be optimally designed if a policymaker takes both short-run
stabilization but also longer-term growth effects into account?

In this paper, we aim to answer this question, not only for business credit subsidies,
but also for lending practices where a similar stabilization-vs.-growth trade-off can be
present. A restructuring or reorganization of distressed businesses reduces existing debt
burden, as, for example, Chapter 11 in the United States, again possibly stabilizing an
economy in downturns while also keeping less-productive firms alive. Similar effects can
be associated with so-called "evergreening" or "zombie-lending" practices which allow
struggling firms to roll-over their debt at possibly favorable terms (Peek and Rosengren,
2005; Caballero, Hoshi and Kashyap, 2008). To analyze the trade-off for various policy
interventions and lending practices, a framework is needed that includes business cycles,
tinancial intermediation that channels funds from savers to businesses, firm heterogeneity
with endogenous exit and default decisions, as well as endogenous growth. Existing
macroeconomic models typically fall short along at least one of these dimensions. We
therefore develop a new framework that incorporates all of these features and remains
tractable to account for firm heterogeneity in general equilibrium.

Our model has two important features. First, firms differ in their productivity, and
some may choose to default and exit. However, lenders and policymakers can steer firms’
default decisions by reducing their legacy debt, easing credit conditions, or by directly is-
suing grants to firms. We show that a lender’s decision to save a firm in distress is the
optimal result of a decision problem that aims to maximize lender profits. Intuitively, a
lender rather offers a distressed firm more favorable loan terms and therefore receives
at least part of the outstanding debt, as opposed to letting the firm default and recover
only the collateral that backs the loan. Second, aggregate total factor productivity (TFP)
is endogenous and shaped by firms’ innovation decisions to invest in research and devel-
opment (R&D). We posit that firms learn from each other and that the R&D costs depend



negatively on the average productivity of incumbent firms. As a result, if low-productive
tirms exit the economy, the R&D costs for all subsequent firms are affected, a mechanism
similar to the "cleansing effect" that can lead to more innovation and growth (Schumpeter,
1939).

We tightly calibrate the model to various empirical moments for the U.S. economy,
such as lending spreads, default rates, loan recovery rates, and the typical relative pro-
ductivity of exiting versus continuing firms. Most importantly, we use firm-level data
to pin down the elasticity of firm productivity growth to R&D investment and the in-
novation externalities that drive the learning between firms. To this end, we employ an
instrumental variable approach that instruments firm R&D expenditure with variation in
state-level R&D tax credits (Wilson, 2009; Bloom, Schankerman and Van Reenen, 2013).
We find that a 1% increase in R&D expenditure, or a 1% higher productivity of a firm’s
peers relative to its own productivity, each lead to firm productivity growth of around
0.3% over the next year.

Based on these parameter estimates, we first consider an economy where neither
lenders nor policymakers intervene ex-post to save firms from default. In analogy to the
"soft budget constraint” literature (Kornai, Maskin and Roland, 2003), we term this econ-
omy the "hard credit" economy. Relative to this benchmark, we consider three counter-
factual economies where credit terms are softened after idiosyncratic firm productivities
realize: an economy where lenders can write off a fraction of the firms’ legacy debt ("re-
structuring economy"), an economy where lenders lower interest rates on new borrowing
while leaving the legacy debt unchanged ("evergreening economy"), and an economy
where distressed firms receive grants ("transfer economy"). Each of these interventions
is designed such that a firm that would default without additional support receives a
subsidy just large enough for the firm to continue operating.

Across the various counterfactuals, one common pattern emerges. Each intervention
reduces the share of firms exiting each period, thereby raising output and employment all
else equal, and reducing output volatility overall as well as in response to adverse aggre-
gate shocks. However, by keeping less-productive firms alive, the average productivity
of incumbents falls, raising the R&D costs for subsequent firms all else equal. This effect
is due to the innovation externality that we closely match to the data based on our regres-
sion estimates. As a result, the hard credit economy features around 0.14%-0.23% higher
GDP growth per year compared with the counterfactual economies. That is because more
firms exit in this economy each period, leading to lower R&D costs and higher innovation
choices of new firm vintages. To illustrate the importance of the differential growth rates,

consider the number of years it takes to double GDP. In the hard credit economy, this



milestone is achieved after around 30.5 years, while it takes around 3-4.5 years longer in
the counterfactual economies.

To assess the stabilization-vs.-growth trade-off, we compute aggregate welfare for all
four economies. To make the counterfactual economies comparable, we pick parameters
to equalize the share of subsidized firms across the three economies. We find that welfare
in the hard credit economy is largest due to higher economic growth. Relative to this
benchmark, the restructuring and the transfer economies show around 2% lower welfare,
while the evergreening economy features an additional 2.8% reduced welfare. The rel-
atively poor performance of the evergreening economy is explained by the fact that the
relaxed credit terms in this economy distort firm labor choices, leading to higher labor de-
mand and increased wages. In turn, firm profits are lower, and firms invest less in R&D,
further reducing economic growth.

In summary, our results show the striking welfare benefits of creative destruction
(Aghion and Howitt, 1992). At a minimum, they also speak against excessive and poorly
targeted firm subsidy programs, bankruptcy systems that are designed to save even less-
productive firms, and bank regulation that does not penalize the practice of evergreening
loans. But beyond this minimum, our findings call into question a short-run focused
tendency to stabilize business cycles at all costs, as such efforts may come with reduced

economic growth and, on net, a welfare loss to the economy as a whole.

2 Model

Time is discrete and infinite, t = 0, 1, .... The economy consists of three types of agents: (i)
a unit mass of firms that are heterogeneous within each period, (ii) a unit mass of lenders,
each matched one-to-one with a firm, and (iii) a representative household that supplies la-
bor, deposits with financial intermediaries, and ultimately owns all financial claims in the
economy. Two central features characterize the model: (i) the institutional arrangement
governing the lender-borrower relationship, which can give rise to ex-post interventions
in equilibrium; and (ii) endogenous firm innovation decisions, which determine future
productivity and economic growth.

Our model baseline is called hard credit economy, and is characterized by the absence of
ex-post interventions and arrangements that may support firms in distress. We compare
this benchmark to three soft-credit economies that each feature a different type of ex-post
intervention: (i) the evergreening economy, where lenders may condition current loan terms
on outstanding debts, (ii) the restructuring economy, where lenders may undertake ex-post

restructuring of legacy debts, and (iii) the transfer economy, where firms in distress may
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receive transfers from a fiscal authority.

2.1 Firms

There is a unit mass of firms that are identical across periods but heterogeneous within
the period. This structure simplifies the interaction between firms and lenders, allowing

for tractable modeling of firm heterogeneity in a dynamic, stochastic environment.

Technology. Firms produce using a decreasing returns-to-scale production function
y = x"1(gk) ", M)

where y denotes output, k is physical capital that depreciates at rate J, { is an aggregate
capital quality shock (as in Brunnermeier and Sannikov, 2014, for example), and 7 is labor.
Firm-level productivity is given by x = ze, where z represents fundamental productivity,
which reflects firms” accumulated technological knowledge and can be improved through
costly R&D investment, and ¢ is an i.i.d. shock across firms and time drawn from a distri-
bution F|0, o). Fundamental productivity evolves through R&D investment, where the
next period 2z’ is chosen subject to a cost given by:

o ()

with ¢ = ¢Z = denoting the level costs of R&D which follow a time trend where Z
is the aggregate fundamental productivity.! The parameter x governs the curvature of
R&D costs, and x* is the average x of operating firms, that is, the average product of the
fundamental and idiosyncratic component for firms that produced this period.

The term x* introduces a spillover effect in innovation. Higher average productivity
for operating firms reduces R&D costs through a learning externality parameterized by
p € [0,1]. This relates to the literature on learning, imitation, and growth, where the rel-
ative costs of innovation are tied to the productivity of other agents in the economy (Lu-
cas, 2009; Perla and Tonetti, 2014; Lucas and Moll, 2014). Firms observe their own z and ¢
separately: while the latter affects production, it is not taken into consideration for invest-
ments going forward. However, firms cannot disentangle fundamental and idiosyncratic

productivity of other firms, and only observe their realized productivity x. Thus, the cost

'The choice of future productivity subject to a cost is found, for example, in Greenwood, Han and
Sénchez (2022) or Vereshchagina (2023). We assume that level costs scale with a measure of productivity;
this is necessary for the existence of a balanced growth path as further explained in Section 2.7.
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of R&D does not depend on ¢ of the firm itself but on the average ¢, as x* = Ze*. In-
novation is independent from average idiosyncratic productivity when p = 0, while it

depends only on average economy-wide productivity when p = 1.

Financial frictions. Firms borrow in two types of debt: intraperiod debt ¢ and interpe-
riod debt b. Intraperiod debt is risk-free and used to satisfy a working capital constraint
on total payroll expenses (as in Christiano, Eichenbaum and Evans, 2005, for example):

¢ > wn. 3)

Firms borrow and repay this loan in the same period, at the gross interest rate 1 + .
Interperiod debt finances physical capital and R&D investments. Firms borrow gb’,

and repay b’ in the next period, where g~ ! is the interest rate on interperiod debt. Borrow-

ing in interperiod debt is subject to a collateral constraint defined over physical capital:

b < 6K (4)

Finally, firms have limited liability and may default on interperiod debt and exit. This oc-
curs at the beginning of each period after aggregate and idiosyncratic shocks are realized
but before production takes place. In case of default, creditors recover a fraction of the
firm’s capital stock equal to (1 — A)Z’k’/, where A represents the fraction of resources that
is lost in default.

Timing. The model setup is such that, in equilibrium, all firms choose the same state
variables across periods: capital, interperiod debt, and fundamental productivity. How-
ever, at the beginning of each period, firms are hit with a purely idiosyncratic productivity
shock €. Additionally, they need to take on an intraperiod loan to finance the hiring of
labor. Depending on the terms of this intraperiod loan and potential ex-post interven-
tions by policymakers and lenders, they may choose to default on their interperiod debt
and exit. If they choose not to exit, they produce, repay their debts, and choose the state
variables for the next period. The exact timing within the period is as follows:

1. Firms enter the period with endogenous states s = (z, k, b, {) and a realization of the
capital-quality shock.

2. Idiosyncratic productivity shocks e ~ F are realized.

3. Based on the realization of the idiosyncratic shocks, lenders and policymakers can
intervene to save distressed firms from default. We consider three types of interven-
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tions. In the evergreening economy, lenders offer interest rates on intraperiod debt i,
which can be relatively favorable for distressed firms. In the restructuring economy,
lenders can write off a fraction ¢ of a firm’s legacy debt. In the transfer economy, the

fiscal authority can choose a lump-sum transfer T to save distressed firms.

4. Given idiosyncratic shocks and ex-post interventions, firms choose to default or to
repay any outstanding interperiod debt, and produce. Firms hire labor n at a wage
rate w to produce subject to the working capital constraint (3).

5. Exiting firms are replaced by entrants with zero capital. Entering firms do not pro-
duce in their period of entry.

6. Surviving firms and entrants choose (z’, K/, b’) subject to the collateral constraint (4).

This timing—summarized in Figure 1—generates intraperiod heterogeneity, but hetero-
geneity within the period does not carry over to the final stage, when firms undertake
dynamic decisions. Thus, the model ensures aggregation and identical dynamic choices
(z/,K',b’) as long as all firms enter the period with the same s. This setup is similar to that
of Gomes, Jermann and Schmid (2016) and reminiscent of models with a “day-and-night”
market structure that allow for intraperiod heterogeneity while preserving aggregation
across periods (Lagos and Wright, 2005).

enter with state ex-post interventions exit of defaulters
(z,k,b,0) i, ¢ 1) & entry withk =0
@ @ ® @ ® ®&) next period
idiosyncratic shock € default / repay b choose (z/,k,b')

& produce with n

Figure 1: Intra-period timing of firm decisions and shocks.

Value functions. The firm takes as given the following objects, each determined by the

aggregate state S, the firm’s individual state s, and the idiosyncratic shock e:

e the intraperiod interest rate i(s,¢; S), the interperiod price of debt 4(s,S), and the
share of debt write-off {(s, ¢; S) offered by the lender,

e the transfer 7(s, ¢; S) provided by the government,
e the wage w(S) in the labor market,

e the average productivity x*(S),



¢ the representative household’s stochastic discount factor M-,
e and the law of motion for the aggregate state, S’ = I'(S).

To simplify notation, we suppress the dependence of these objects on the aggregate
state S and on its transition S’ = I1(S). In equilibrium, all firms make identical choices,
so the individual state coincides with the aggregate state, s = S.

The value of the firm at the beginning of the period, after the idiosyncratic shock ¢ is
realized, is

Vo(s,e) = max{0, V¥(s,¢)},

where 0 is the normalized value of default and exit, and V? denotes the value of repaying

interperiod debt b and continuing production. The continuation value is

VP(s,€) = max (ze)1 7 (Zk)*n" —wn + € — (1+ )0 — b(1 — &) + (1 — 6)k — v+ T + Vi (s)

nt

s.t. ¢ > wn.

The firm produces and sells output y, hires labor at cost wn, takes on a working-capital
loan ¢, and repays it with interest (1 + 7)¢. It also repays legacy debt b(1 — ¢), sells the
undepreciated portion of capital (1 — )¢k, incurs the fixed operating cost v, and may
receive a transfer 7. All profits are paid immediately as dividends to the representative
household, and there are no costs of issuing equity.

Finally, the continuation value Vj(s) of the firm is

. zZ " / ' /.
Vl(s)—g}f}(?j}—ﬁb(m) — kK + g+ Ep o [M- Vo(s',¢)] ()
st. b <oK.

The firm chooses next period’s productivity z’ through R&D investment, accumulates
capital &/, and selects its debt position b’ subject to a collateral constraint. Future value
is discounted using the household’s stochastic discount factor, M, and continuation de-

pends on next period’s state (s',¢’).

Solution to the intraperiod problem. To solve the firm’s problem, it is helpful to begin
with the static decisions on labor and intratemporal debt. We assume that the working-

capital constraint always binds.? Setting ¢ = wn, the static decision on labor yields an

2This is guaranteed as long as i > 0. As we show later, i < 0 can arise in equilibrium, which requires us
to impose this assumption to prevent unbounded borrowing.



optimal labor choice and an expression for sales minus labor costs as a function of (i, ¢, 7):

1
11
n(z, ki) = ze 17@—]() 7
w(1+1)
o

=1 (71)% 7 — N — S Ty = ;
= (ze) 71(Ck)*nT —wn(1+1i) = ze(Ck) T {w(l n z)} (1—1n)=zen(k,Z,i).
Given this expression, we can characterize the default decision as a threshold rule. A firm

defaults if and only if ¢ < & where the threshold value solves

0=zen(k i) —b(1—¢) + (1—8)Tk—v+T+ Vi(s),
b(1-¢)—(1—-9)Ck+v—1—Vi(s)
zm(k, i) '

= &(s,i,¢,T) =

(6)

2.2 Lenders

Each firm is matched with a risk-neutral lender. To fund interperiod lending, lenders use
deposits raised from households. For intraperiod lending, they have access to a technol-
ogy that allows them to raise funds at a linear cost w. We assume that these are not true
resource costs but that they are directly rebated to the representative household. Follow-
ing the notation above, we denote by W the value of the lender at the beginning of the
period, when choosing intraperiod loan terms, while W; denotes the value of the lender
at the end of the period when making dynamic decisions. We assume that there is free

entry of lenders at both lending stages.

Interperiod problem. The dynamic problem for interperiod lending is given by
Wi(s) = mgxlEgl A M- [Wo(s',e)—d']}
g’ 7
st. gb < QYd.

The lender maximizes its next-period value, which equals the expected payoff from the
intraperiod stage minus the repayment of deposits raised today. The lender chooses the
price of interperiod debt g and the amount of deposits d’ to be raised. We assume that
lenders hold no capital, so all lending must be fully deposit-funded. For simplicity, we
also assume that the lender cannot commit to 4 when offering i, and cannot commit to i
when offering 4.



Intraperiod problem. Lenders offer the intraperiod interest rate i and the debt write-off
¢ after idiosyncratic productivity ¢ is observed, but before the firm chooses to default on
interperiod debt b. This timing assumption creates incentives to evergreen or restructure
debt.> Lenders may choose to influence the firm’s default decision to recover b. Intu-
itively, a lender may prefer this option to recovering the capital stock, as it yields a higher
overall payoff. Lenders offer take-it-or-leave-it offers, which can generate heterogeneity
across firms depending on e. The problem for a lender at the intraperiod lending stage is

Wo(s,e) = max_ 1[e > &(s,i, ¢, T)][{b(1—¢) + (i —w)wn(z k& i) + Wi(s)} (7)

izireg, égéreg

+ 1[e < &(s,i,¢,7)](1 — A) Tk,

where "% is an exogenous lower bound for the interest rate that the lender is allowed
to charge, and ¢"*3 is the maximum amount of debt write-off. Such limits may exist for
institutional or regulatory reasons, and we define economies in light of those limits and
the possible transfers by policymakers. We term an economy without transfers and ex-
post interventions of lenders the hard credit economy, that is, "¢ = w, ¢" = 0, and
7% = 0, defined accordingly. Relative to this benchmark, the evergreening economy
allows for i"8 < w, the restructuring economy permits "¢ > 0, and the transfer economy
features °¢ > 0. The minimum possible i"*8 and the maximum possible "¢ or 7/
govern the strength of the ex-post interventions in the various economies. Note that,
while we set up the general intraperiod problem for a lender in (7), we consider only one
type of intervention at a time.

Given any transfers and ex-post lender interventions, if the borrower survives and
repays the legacy debt, the firm takes on a working capital loan and the relationship
continues. We assume that the firm is free to look for and match with a new intraperiod
lender, which in equilibrium constrains the set of feasible i for the incumbent bank. In

contrast, if the borrower defaults, the lender recovers a fraction of the firm’s capital.

2.3 Intraperiod lending equilibrium

To solve the intraperiod lending equilibrium, it is useful to first examine the lender’s
interperiod problem. In equilibrium, the funding constraint binds, so that &’ = gqb’/ Q.

Free entry of banks at the interperiod lending stage implies that expected lender profits

3The timing assumption is similar to the one in Faria-e-Castro, Paul and Sanchez (2024), with the dif-
ference that lenders offer interest rates on new interperiod debt in that setting.
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must be zero:

IEC’,S/{ M- W()(S/, 8’) }
- . ®)

This condition simplifies the intraperiod lending problem, which becomes static once we

Wi(s) =0 = gq=

impose Wj(s) = 0. We use this structure to characterize the intraperiod equilibrium in
each of the economies considered below.

2.3.1 Hard Credit Economy

In the hard credit economy, lenders are not allowed to condition their offer of i on the
firm’s state, i.e. i"®® = w = i, and are not allowed to restructure debts, i.e. ("¢ = 0. As
a consequence, the intraperiod equilibrium is such that all firms are offered loans at the
lender’s marginal cost of funds, i = w. This allows us to characterize the firm’s default
decision as a threshold for the idiosyncratic shock €, which depends only on the state

variables s, by evaluating (6) ati = w:

Ui

b—f—v—(l—(S)Ck—Vl(s)] [w(l-l—w)]lﬂ 1
1—1n U 2(Zk) T

&(s,w,0,0) = 9)

We refer to this object as the distress threshold and, to simplify notation, write it as &(s). It
corresponds to the default threshold in the hard credit economy and, as we will see next,
it also plays an important role in the other economies we analyze. Firms with ¢ > &(s) are

able to borrow at i = w, while firms with € < &(s) default and exit.

2.3.2 Evergreening Economy

In the evergreening economy, we allow lenders to condition their offer of i on the firm’s
state (s, €). Free entry of lenders implies that i < w: if a lender were to offer an intraperiod
rate above w, the firm could switch to a new lender and borrow at a lower rate, which
places an upper bound on i.

Since we focus on one soft-credit mechanism at a time, when analyzing evergreening
we set { = T = 0 and write £(s,1,0,0) simply as &(s, 7).

Given the stated conditions, we can rewrite the intraperiod lending problem in (7) as

Wo(s,e) = max (1—A)Zk+1[e > &(s,i)[{b— (1 = A)lk+ (i —w)wn(z, k& i)}

icli"es, wl

The lender internalizes that the distress threshold &(s, ) depends on i. To solve the prob-
lem, it is helpful to define the objects M and iMaX The interest rate ™™ is the minimum
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rate at which the lender is willing to lend, rather than liquidate the firm. The rate i™®* is
the maximum interest rate at which the firm is willing to borrow, rather than default.
Equivalently, i™" (s, ¢) is defined by the lender’s indifference condition between liqui-

dation and lending, for given (s, ¢):
b—(1—A)Ck+ (™" — w)wn(z, ke i™) =0.

Importantly, i™" < w whenever b > (1 — A)k. In words, if the recovery value of collat-
eral is below the legacy debt b, a lender has an incentive to offer a subsidized intraperiod
loan to prevent default and recover the full amount b.

The rate i™@(s, ¢), on the other hand, is defined as the rate i such that &(s, i™®*) = «.

This yields the closed-form solution

0=zem(k,C,i™™)—b+(1—-906)Ck—v+ Vi(s)

max _ T (e L/ i
N 140 = (ze) 7 (Ck) (b_(1—5)§k+v—V1(S)) '

Given (s, €), the intraperiod equilibrium can be characterized as follows:

1. if i < @ < ™3, a firm is in the normal funding region and the lender offers i* = w,
the competitive rate set by outside lenders;

2. it ™M <M < w, a firm is in the evergreening region and the lender offers i* = ™%,

a rate just low enough to prevent the firm from defaulting;

3. if M3 < ™" there is no feasible contract and the firm is liquidated. Recall that
M < @, so the firm would default even if attempting to borrow from an outside

lender.

Alternatively, one can express these regions in terms of thresholds for the idiosyncratic
shock e. The threshold separating the normal funding region from the evergreening re-
gion corresponds to i™Ma*

The liquidation threshold &, (s) is the value of ¢ for which i™* = jmin;

= w, which yields the same distress threshold as in (9).

b—(1—A)Ck+ (i —w)wn(s,e(s),im™™) =0.
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This implies
(6) = w(l+ w)

[b+v— (1—68)Zk — Vi(s)] ™7
(1 —n)(Ck)*

The following proposition characterizes the intraperiod equilibrium:

(10)

1
=

Proposition 1. The intraperiod equilibrium is given by:
1. Ife < &,(s), the firm is liquidated.
2. Ife € [&,(s), &(s) ], the lender evergreens the firm’s debt and i < w.
3. If e > &(s), the firm borrows at the competitive rate i = w.

An evergreening region exists if and only if b > (1 — A)Ck.

Figure 2 provides a graphical representation of the intraperiod equilibrium at the
stochastic steady state of the model (see Section 3 for details on the calibration). Id-
iosyncratic productivity is on the horizontal axis. The blue dashed line represents w, the
competitive funding rate. The green dot-dashed line is i™™", the minimum interest rate at
which the bank is willing to lend, and the solid red line is i™?*, the maximum interest at
which the firm is willing to borrow and not default. For high enough ¢, the firm borrows
at the competitive rate. At some point, i falls below w but is still higher than /™",
This is the evergreening region, in which the lender is willing to lend at an intraperiod
rate below the market rate. For low enough ¢, however, the bank’s minimum lending rate
exceeds the maximum rate the firm is willing to pay, and so the lender prefers to liqui-
date the firm. The solid black line represents the rate that is offered in equilibrium as a
function of e.

One important consequence of evergreening is that the choice of i influences the amount
of labor hired by the firm. To the extent that some firms that would otherwise default are
now supported by evergreening, total demand for labor expands, everything else con-
stant. Moreover, not only total labor demand but also its distribution changes. Firms that
have lower levels of productivity benefit from lower interest rates and thus demanding
relatively more labor. Thus, evergreening is a source of static misallocation in the econ-

omy, as it expands input demand for less productive firms.
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Figure 2: Intraperiod equilibrium for the evergreening economy as a function of idiosyn-
cratic productivity e. i* denotes the equilibrium interest rate offered by the lender.

2.3.3 Restructuring Economy

We now consider the case in which lenders are allowed to write off a fraction {(s,¢) €
[0,1] of past firm debt b. As in the evergreening economy, lenders may find it optimal to
restructure debt ex-post whenever the recovered value under restructuring exceeds that
obtained through liquidation.

We assume that while lenders can condition the size of restructuring on the firm’s
state, they cannot condition the intratemporal interest rate on those states; thus "¢ =
w = i. As with evergreening, we impose regulatory limits on the extent of restructuring,
requiring ¢(s,€) < {8, where "8 is an exogenous cap. The restructuring economy nests
the hard credit economy when ¢’*¢ = 0, in which case no restructuring is allowed.

First, note that—as in the evergreening economy—Ilenders offer restructuring only to
firms with productivity below the distress threshold, ¢ < &(s). For such distressed firms,

the lender prefers restructuring to liquidation if and only if
[1—¢lb = (1—A)Ck,

that is, when the amount recovered under restructuring exceeds the recovery of the col-

lateral. This condition implies that the maximum feasible restructuring is independent of
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the idiosyncratic shock e:

gmaX(k, b, C) —1— (1 _b/\)gk

From the point of view of a distressed firm, restructuring ensures survival if and only if

ezm(k,{,w)—[1—=¢lb—v+(1—-0)Ck+ Vi(s) > 0,

which implies that the minimum share of debt write-off needed for the firm to survive is

Cmin(s, e7) = b+v—(1-90)Ck —bvl(s) —ezmt(k, g,w)'

We assume that the lender offers a restructuring program exactly equal to this amount,
leaving the firm indifferent between exiting and continuing. Restructuring is therefore
feasible for a distressed firm if (i) the lender is willing to offer the required write-off
needed for survival, and (ii) this amount does not exceed the regulatory limit. That is,
restructuring is feasible if and only if

min{g™(k,b,7), &} > ™ (s,e,0).

The right-hand side is monotonically decreasing in e. Hence, there exists a threshold level
of productivity above which restructuring is feasible, and below which it is not:

v—(1-6)Ck—Vi(s) + b(1 — min{¢™(k,b,{), {"¢})
zm(k,{,w)

§x(51 C) - . (11)

The intraperiod equilibrium is therefore again characterized by three regions:

1. if e > &(s, {), the firm receives normal funding and no restructuring occurs;
2. ife € [g,(5,0), &(s) ], the firm’s debt is restructured;

3. if e < g,(s, (), restructuring is not feasible and the firm is liquidated.

The equilibrium is depicted in Figure 3 as a function of the idiosyncratic shock e. The
horizontal dashed line represents the regulatory restructuring limit, the solid black line
shows the unconstrained amount of restructuring the lender would choose, and the solid
red line shows the resulting optimal restructuring policy given the constraints.

The three regions are similar to those of the evergreening economy, in the sense that
restructuring supports distressed firms and helps prevent their exit, everything else con-
stant. One key difference is that restructuring does not distort the intraperiod lending
rate and, in turn, the labor demand decision.
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Figure 3: Intraperiod equilibrium for the restructuring economy as a function of idiosyn-
cratic productivity e.

2.3.4 Transfer Economy

In the fourth economy;, a fiscal authority issues transfers to support businesses in distress.
These transfers are financed with non-distortionary lump-sum taxes on households. Such
a program resembles interventions at the onset of the Covid-19 pandemic, such as the
paycheck protection program (PPP). However, some important differences are that we
consider an intervention that is directly targeted at firms in financial distress, with an
amount that is just large enough to save a firm from default, and which occurs even
outside of recessions.

We assume that firms in distress are eligible to receive a transfer that may depend on
their own states, T(s, €). The size of the transfer is such that firms are indifferent between
continuing and defaulting, with an upper bound T per firm. Thus, this economy nests the
hard credit economy when T = 0.

As in the previous economies, firms that are not distressed with ¢ > &(s) are never
eligible for transfers. A distressed firm survives if and only if the transfer is large enough:

zem(k,{,w) —b+ (1—06)lk—v+ Vi(s) +1(s,€) =0,
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which implies that the required transfer is
T(s,e) = —[zemt(k,{,w) —b+ (1 —06)Ck — v+ Vi(s)].

Note that the required transfer is decreasing in e. Thus, there exists a threshold level of
productivity below which a firm only survives with a transfer that exceeds the limit 7.
This threshold is given by

_btv-(1-0)Ck-Vi(s) - T
(s, Q) = zm(k, g, w) 1 |

(12)

The equilibrium characterization is similar to that of the restructuring economy:
1. if e > &(s, {), firms survive and receive no transfers;
2. ife € [e.(s,0), &(s) ], firms receive fiscal support and fully repay their debt;

3. if e < g.(s,0), the firm cannot survive without a transfer larger than the limit and

therefore exits (without receiving a transfer).

The equilibrium is shown in Figure 4 as a function of the idiosyncratic shock e. The
solid black line represents the unconstrained level of transfers the firm would require to
survive. The horizontal red dashed line depicts the transfer limit, and the solid red line
represents the transfer actually offered in equilibrium.

2.3.5 Dynamic Decisions

The full intraperiod equilibrium conditions and the dynamic decisions of lenders and
firms are stated in Appendix A. Importantly, when choosing investment, innovation, and
debt, the firm does not internalize any future states where it is distressed ¢ < &(s’;5'),
even if it survives through evergreening, restructuring, or fiscal support. That is because
in these states, the firm is indifferent to defaulting and its value function is therefore equal

to zero.*

“We can further show that the firm’s borrowing constraint (5) always binds in equilibrium. To see this,
combine the expression for the price of intertemporal debt in (22) with the firm’s first-order condition for
debt in (20). Since the firm and the lender have the same SDF, the expected repayment cancels out and
leaves a strictly positive expected recovery term that implies that the Lagrange multiplier must be positive.
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Figure 4: Intraperiod equilibrium for the fiscal transfer economy as a function of idiosyn-
cratic productivity e.

2.4 Households

The representative household has preferences over consumption and labor as in King,
Plosser and Rebelo (1988). Utility, in sequential form, is:
I+¢77
00 Ctl_o 1"‘(0'—1))(]1]3_40
U=TEo ) p) :
t=0 1-

(o4

where ¢ is the inverse elasticity of intertemporal substitution, x is a level disutility pa-
rameter for labor, and ¢ is the inverse Frisch elasticity. As discussed below, the model
features balanced growth, which constrains the class of utility functions we can use. Im-
portantly for our purposes, King, Plosser and Rebelo (1988) preferences are consistent
with balanced growth and stable hours worked along the balanced growth path.” The
household supplies labor and bank deposits, and is the ultimate owner of all financial

claims in the economy, receiving net profits from both firms and financial intermediaries.

1+¢
SFlow utility becomes equal to log C; — xﬁ—tp in the limit ¢ — 1. This is the only separable utility

function over consumption and hours that is consistent with balanced growth does not require a trend for
the disutility of labor. See Boppart and Krusell (2020) for an extended discussion.
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The household’s period budget constraint is given by
C+QD'=wN+D+Y,

where ¥ are net transfers from firms and financial intermediaries. The problem yields

two optimality conditions: a labor supply condition and an Euler equation, given by

Nl—!—go
U)gCNq’:w[1+(a—1)X ],

1+¢
1+ (0 — D)WL (oo
o — 5B 1+ (0 -1 HT]U() -
[1+(0—1)X1¥++ﬂ Cc—o

2.5 Aggregate Resource Constraint

Next, we define the aggregate resource constraint. The joint intraperiod payoff for a firm-
bank pair is given by:

(ze)1 (k) " — (1 +)wn+ (1 —=8)k —b(1 = &) —v+b(1 =)+ (i — w)wn + 1,
=(ze)1 71 (Zk)*n" — (14 w)wn + (1 = 8)k — v+ T.

Liquidated firms yield a joint payoff equal to (1 — A)lk. Let A denote aggregate joint
payoffs plus labor income. We can therefore write this term as:

A= /S:)[(zs)lﬂ(gk)“n” (1 +w)wn+ (1— )k —v+ T] dF(e)
4 /;(s)(l ~ \)ZkdF(e) + (1 + w)wN.

Total income to the household from labor and net transfers from the banking and

corporate sectors is thus given by:

A+QdD’—D—K’—¢{%;)p} :

The aggregate resource constraint is obtained by combining this constraint with the house-

hold’s budget constraint, yielding;:

C+K’+¢{Zé;)p} = A
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Consumption plus aggregate investment in physical capital and R&D equals labor earn-

ings plus total net transfers from the corporate and financial sectors.

2.6 Equilibrium

A competitive equilibrium is a sequence of allocations (C¢, Nt, Dyy1, 2441, ki+1, bri1, e, £r),
prices (wt, qt, it), and thresholds for liquidation and distress (g, &;), such that for all ¢:

1. Household optimization. The representative household chooses {C, Ni, Dy11} to
maximize lifetime utility subject to its budget constraint, taking prices and firm dis-

tributions as given.

2. Firm optimization. Firms choose intraperiod allocations (ny, ;) and interperiod
decisions (z;41,kt+1,b¢11) to maximize firm value, taking prices, lending policies,
and thresholds as given. In equilibrium, all firms make identical dynamic decisions,

SO sy = S;.

3. Lender optimization. Lenders choose intraperiod contract terms and the interpe-
riod price of debt {it, ;,g:} to maximize profits subject to regulatory constraints,
zero-profit/free-entry conditions, and funding constraints. The thresholds (g, &)

satisfy the firm’s indifference conditions implied by optimal lending contracts.

4. Market clearing. The labor, goods, deposit, intraperiod debt, and interperiod debt

markets clear.

5. Consistency of laws of motion. Aggregate states evolve according to the transition
rules implied by firm decisions and the stochastic processes for shocks.

2.7 Balanced Growth Path

Under suitable parameter restrictions, a balanced growth path exists with detrending
1=
factor z,*. Accordingly, we express all equilibrium conditions in terms of detrended
1-y
variables x; = %; -z, " . Letting G; = z;41/z: denote the growth rate of the common com-

ponent of productivity, the growth rate of all real quantities in the economy—including
1z
output—equals G, *. The complete set of detrended equilibrium conditions is provided

in Appendix A.3.
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An expression for the gross rate of productivity growth G, can be obtained by rewrit-
ing the firms” dynamic decision (21), shown in Appendix A.2, in its detrended form as:

(1=a)

(l—a . aV()(S/,SI) / k(1—a)—(1-7)
Z_ (8*)% % {]E[M oz dF(e )]} = G, (13)
z Kp
where
oVo(s',€') N e Ui = [ G 1" /
0y /g(s,)ﬁ (Ck) T {m] (1=n)+ 1 —p)xdp [(8*/)4 dF(¢’)

Expression (13) determines the growth rate of the common productivity component z,
showing that it is the product of two components. The first is a function of the average
productivity of incumbents €* and highlights the key role played by the innovation exter-
nality, which is governed by the parameter p: the more productive are firms that survive,
the faster the common component of productivity grows. The second term reflects the
private benefits of innovation relative to its costs. These benefits include the marginal
profit generated by an extra unit of z’ as well as the perceived reduction in the future cost
of innovation, of which the firm only privately internalizes a fraction equal to 1 — p. Im-
portantly, the benefits are only internalized in states of the world where ¢ > &(s’). Thus,
an expansion of the evergreening, restructuring, or transfer region that is associated with
an increase in the distress threshold &(s) can result in lower incentives to invest in R&D.

Equation (13) demonstrates that as long as there is an innovation externality, p > 0,
the productivity of current incumbents directly impacts the growth rate of the economy.
This resonates with the literature on creative destruction and imitation. For example, in
Aghion and Howitt (1992), new entrants innovate over incumbent technology at fixed
steps. In Perla and Tonetti (2014), firms learn from each other in equilibrium. With
such relations, the average productivity of incumbents generates externalities that affect
economy-wide productivity.

3 Calibration and Solution

In this section, we describe our strategy that calibrates the model to annual U.S. data,
and the method we use to solve the model. Our framework encompasses a series of
parameters that are standard in the macro-finance literature but a few parameters that
are unique to our model. For this reason, we adopt a multi-step approach. First, we

directly estimate the parameters that govern the innovation cost function (2), ¥ and p,
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by combining theoretical relations produced by the model with firm-level micro data.
Second, we externally calibrate parameters that are standard in the literature, or that have
obvious counterparts in the data. Finally, we jointly calibrate all remaining parameters to
match a series of empirical targets. Next, we describe these three steps in more detail.

3.1 Direct Estimation

To obtain estimates for p and x, we start from the R&D investment cost function (2). To
take this equation to the data, we rewrite the expression with time-, industry-, and firm-

specific subscripts as
K

R&Djg =y [ 2t | (14)
Zi,s,t (xzs,t)p
where we associate the productivity and R&D costs to firms denoted by subscript i. We
assume for now that the scale ¢; has the same time trend for all firms, whereas firms learn
from the average productivity x* that is specific to their industry s, and we vary both
restrictions below.® Taking logs and rearranging (14) yields the equation
x*

(logR&Dj s — logr) + p - log =", (15)

logzissi1 —10gziss = — -
St 8Zijst
K Zigt

We transform this expression into a regression specification by using time fixed effects
Xt to absorb the time trend ¢, predetermined values for the productivity terms to align

those with the timing in the model, and by allowing for random variation u; s ;

«

l0gzist4+1 — 108Zis,—1 = Xt + P1 - 0gR&Dj5 ¢ + B2 - lOg% + Uit (16)

where B1 corresponds to (1/x) and B, to p, which measure the elasticity of firm produc-

tivity growth to log-variation of firm R&D expenses and the log-differences between a
firm’s peers’ productivity relative to its own.”

When estimating this regression on firm micro data, we would be concerned about

the possible endogeneity of logR&D; , ;. For example, young firms may conduct less R&D

since they have fewer skilled labor for such purposes at the beginning of their lifetime.

®When computing x*, we omit a firm’s own value, such that x* is specific to firm i.

7An extensive literature estimates rates of return to R&D investment (see, e.g., Hall, Mairesse and
Mohnen, 2010; Hall, 2011). While the most common approach starts from a production function with
knowledge capital, we instead derive the relation between productivity growth and R&D from a cost func-
tion for R&D expenditures.
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At the same time, younger firms have higher productivity growth, leading to biased esti-
mates for f; when omitting firm age from the regression.

To address the possible endogeneity of logR&D,; ; ;, we proceed with an instrumental
variable approach. As an instrument, we use state-level R&D tax credit rates following
Wilson (2009) and Bloom, Schankerman and Van Reenen (2013).8 For the various re-
gression specifications considered below, we find that firms headquartered in states with
higher R&D tax credits report more R&D expenses, and that the instrument passes typical
tests for weak instruments with first-stage F-statistics close to 20.

In contrast, the possible endogeneity of log(x],, 1/zis:—1) is a smaller concern for
our analysis since the associated coefficient simply measures the pace of convergence
if ex-ante productivity levels diverge. To continue the example above: younger firms
may have lower productivity levels than their peers, while they show higher productivity
growth, leading us to find B, > 0 which measures the pace at which younger firms catch
up. Thus, the age of the firm can explain why firms converge and we do not need to
control for it in our regression. More important is that we interpret such convergence
to occur because of learning. Younger firms learn from their peers and therefore have
relatively faster productivity growth. While we view learning as a broad explanation
of productivity convergence, we test the robustness of our main findings to alternative

values of p than the one we use for our baseline calibration below.

Data and TFP Estimation. We use annual firm data from S&P’s Compustat database for
publicly-traded corporations for the years 1982-2023.° We compute a firm’s capital stock
based on the perpetual inventory method as in Ottonello and Winberry (2020) and deflate
the values using the nonresidential fixed investment good deflator from the NIPA tables.
All other nominal variables are deflated using the GDP deflator. Given these data, and
assuming a Cobb-Douglas production function of the form (1), we estimate the following

regression

log(value added; ;) = a + B1s - log(capital;; ;) + B1s-log(employees; ;) +u;s,  (17)

8We use the updated data provided by Glaeser and Yoo (2025), available for the years 1982-2023. Bloom,
Schankerman and Van Reenen (2013) document large cross-sectional variation in state-level R&D tax credits
that is seemingly uncorrelated with economic and political variables, providing pseudo-random variation
to R&D expenditures (see Appendix B.3 therein). We directly use the state-level R&D tax credit rate as an
instrument as opposed to the user cost of R&D capital as in Wilson (2009), which we find to yield nearly
identical results.

9We restrict the sample to firms headquarted in the United States, that operate outside of the utilities
and finance sectors (SIC codes 4900-4999 and 6900-6999), and do not show acquisitions larger than 5% of
total assets per year.
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Table 1: Estimates R&D Cost Function.

(i) (i) (iii) (iv) (v)
Baseline Fixed Effects TFP-Def. Learning Capital
B1 (= 1/x) 0.35%** 0.52%** 0.41%** 0.53**  0.24***
(0.09) (0.13) (0.12) (0.14) (0.07)
B2 (= p) 0.29%** 0.39%** 0.39** 0.39%**  0.23***
(0.02) (0.03) (0.05) (0.04) (0.01)
Time FE v v v v
Industry-Time FE v
First-Stage F-Stat 19 18 15 16 24
R-squared 0.12 0.17 0.12 0.14 0.11
Observations 34,556 34,243 34,556 34,556 35,519
Number of Firms 4,847 4,823 4,847 4,847 5,380
Number of Industries 46 41 46 46 47

Notes: Estimation results for regression (16). Standard errors in parentheses are clustered by firm. Sample:
1982-2023. ***p < 0.01, **p < 0.05, *p < 0.1.

where we allow the coefficients f; and B, to vary by industry s using two-digit SIC codes.
We recover the log-TFP estimates as

log(TFP,y) = (& + 1) /(1 — 7). (18)

Note that we divide by our calibration for (1 — 7), stated below, to align the estimates
with our assumed production function in (1).!

Results. Equipped with the firm micro data and the TFP estimates, we estimate (16)
using the outlined instrumental variable approach. The results are shown in Table 1.
Column (i) portrays our baseline estimates of 0.35 for 81 and 0.29 for B, which are both
statistically significant at the 1 percent confidence level. Whereas 8, directly corresponds
to the parameter p, f; implies a value of around 3 for x, and we use these numbers in
our baseline calibration. Our estimate for «x is close to the parameter values estimated or
assumed in other models that rely on similar functional forms for the cost of innovation
(see, e.g., Acemoglu et al., 2018; Greenwood, Han and Séanchez, 2022).

19Gince Compustat does not separately identify prices and quantities of goods sold, our TFP measure
reflects both physical productivity and markups. However, as long as markups are slow-moving or orthog-
onal to R&D expenditures, the identified variation based on regression (16) can be associated with physical
productivity.
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Robustness. The remaining columns show the estimations results from various robust-
ness checks. Column (ii) uses industry-time fixed effects to allow for the possibility that
¢ in equation (14) also varies by industry, which gets absorbed into these fixed effects.!!
Column (iii) uses an alternative TFP definition, which simply employs the calibration
mentioned below to recover TFP, as opposed to estimating the parameters first and ob-
taining TFP based on these parameters as described above. Column (iv) assumes that
firms learn not only from their industry peers but more broadly from all firms in the
economy, such that xj;, ; does not vary by industry in (16). And finally, column (v) uses
net property, plant, and equipment as a measure of the firm’s capital stock. Across the
various robustness checks, we find estimates for f; and B, that are close to our baseline
numbers, ranging between 0.24-0.52 and 0.23-0.39, respectively. If anything, our base-
line estimates are conservative in the sense that they imply a higher curvature of the cost

function via x and a lower learning externality via p.12

Further Evidence. Appendix Tables 5 and 6 provide further evidence. Columns (ii) and
(iii) in Table 5 show the results from regressions that test for the dynamic response of firm
productivity by changing the timing of the dependent variable to (109z; s> —109Zi 1)
and (l0gz; s ++3 — 108z s t—1), respectively. The estimated coefficients ; and B, are slightly
larger but close to our original estimates, illustrating that most of the productivity dynam-
ics occur within the one-year horizon of our baseline specification, but also some there-
after. Columns (iv) and (v) in Table 5 use alternative dependent variables and regressors
compared to our baseline. Column (iv) employs labor productivity—defined as value
added/employees—instead of TFP, which has the advantage that it does not require a
separate estimation step. Column (v) uses R&D;  ;/ Assets; s ; as opposed to logR&D; g ;
in (16). The resulting estimation equation resembles the ones commonly derived from
production functions with knowledge capital (see, e.g., Hall, Mairesse and Mohnen, 2010,
and Hall, 2011).'® For both specifications, we obtain estimated coefficients 1 and f; that
remain statistically significant at the one percent confidence level. While the estimates for

Hintentionally, we do not include firm fixed effects since lo ¢(R&D; 5 +), as well as the state-level tax credit
rates, have a positive time trend and the inclusion of such fixed effects imply a within-transformation that
subtracts an average firm-specific value across periods, while the dependent variable in (16) is defined in
log-differences.

12 Another potential concern may be that firms operate in multiple states and relocate their R&D expen-
ditures to places with higher R&D tax credits without raising their overall expenditures (see, e.g., Wilson,
2009). However, in the presence of such R&D expenditure shifting, our instrument should not predict
higher firm R&D spending, in contrast to our findings.

13Such a regression specification could alternatively be derived from a R&D cost function that takes the
form R&D; ¢y = Assets;q - log(¢r - (zilsltﬂ/(zlw xF

ist (X75)P))F), and is therefore different than our original
functional form (14).
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B2 are close to our baseline, the estimates for B, differ quantitatively due to the alternative
variable definitions.

Columns (ii)-(iv) in Appendix Table 6 test the empirical estimates of p when firms are
assumed to learn from other parts in the firm productivity distribution than the average.
To this end, we posit that firms learn from the median, the 75th percentile, or the 90th
percentile of the TFP distribution of firms within the same industry, yielding alternative
definitions for x; ;. For the various specifications, we obtain estimates of p in the range
[0.34,0.37] and thus close to our baseline. Finally, we test the robustness of our findings to
using the method by Ackerberg, Caves and Frazer (2015) to estimate production functions
and hence TFP. Specifically, this approach deals with the concern that firms observe part
of their own productivity when choosing inputs, rendering those inputs to be endoge-
nous regressors that are correlated with the error term in (17).!* Column (v) in Table 6
shows the estimation results based on this method which are again similar to our original

estimates in magnitude and significance.

3.2 External Calibration

Table 2 presents the values for the externally calibrated parameters of the model. We
assume a standard value for the Frisch elasticity, ¢ = 1, and an inverse EIS equal to
o = 1.5. For the firm production function (1), we set the factor shares a and 7 equal
to 0.36 times a parameter that governs the degree of returns to scale ¢, and 0.64 x ¢,
respectively. This is consistent with the standard assumption of a capital share of close to
1/3. The parameter ¢ is internally calibrated in the next section to match the profit share.
The depreciation rate is set, such that aggregate investment over the stock of capital is
8% at the annual level. We assume a borrowing constraint parameter equal to 6 = 1 to
generate a ratio of debt to fixed-assets of 1 based on the empirical evidence in Faria-e-
Castro, Paul and Sanchez (2024).

For financial intermediaries, we set the loss given default parameter to 0.35, which is
in line with loss given default (LGD) rates reported by U.S. banks in the FR Y-14Q data.'
Note that A coincides with the LGD in equilibrium given our choice of § = 1.1 We set the

4This method requires the choice of a dependent variable and we use value added in accordance with
the production function in (17). Similarly, we choose employees as the labor input and the capital stock as
the state variable. Importantly, we pick net investment (difference of capital stock between two periods) as
the proxy variable.

15The FR Y-14Q is a dataset maintained by the Federal Reserve for the purpose of stress-testing large
bank holding companies. Specifically, our empirical moment is taken from Schedule H.1, which is a quar-
terly loan-level dataset that contains detailed information on all credit facilities over $ 1 million. For details,
see https:/ /www.federalreserve.gov/publications/fr-y-14-qas/y-14-qas.htm.

16More generally, and assuming a binding borrowing constraint, the LGD would be given by A x 6. The
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intraperiod lending cost to be 2% annually, similar to the average value of the external
bond premium measured by Gilchrist and Zakrajsek (2012). We view this as a reasonable
target since it is a measure of the cost of borrowing that is purged of default risk, which
corresponds to the risk-free intraperiod debt in our model.!”

Table 2: Externally Calibrated Parameters.

Parameter | Description | Value | Target/Reason
Households

o Inverse EIS 1.5 -
[ Inv. Frisch elasticity 1 Standard

Firms
« Capital share 0.36 x ¢ | Standard
n Labor share 0.64 x ¢ | Standard
o Depreciation rate 0.08 | Standard
0 Collateral constraint 1 Debt to fixed-assets of 1 (FPS, 2024)

Financial Intermediaries

A Loss given default 0.35 Y-14 data
w Lending cost 0.02 2% yearly, Gilchrist and Zakrajsek (2012)

3.3 Internal Calibration

The next calibration step requires us to choose which of the economies is our calibration
benchmark. Based on the empirical evidence in Faria-e-Castro, Paul and Sdnchez (2024),
who show that U.S. banks have been evergreening loans even in normal times in recent
years, we pick the evergreening economy as the main counterpart to the data.

Given the direct estimation and the external calibration, we jointly choose the eight
remaining parameters such that simulated model averages are close to eight empirical
target moments: the productivity of firms that exit relative to continuing firms, the typical
historical firm exit rate, an average credit spread, the real interest rate, the firm profit
share, average GDP growth, as well as its annual persistence and conditional volatility.
Table 3 describes the parameters and targets.

implied recovery rate based on our LGD value is higher than the recovery rates for capital that are typically
estimated in the literature, as in Kermani and Ma (2020), for example. Our goal of choosing this alternative
target is to capture intermediaries’ perceived expected losses from delinquency in the context of our model,
rather than the physical recovery rates on liquidated capital.

7The target value is also consistent with the evidence in Philippon (2015), who reports an annual finan-
cial intermediation cost of 1.5%-2% for the U.S. economy over the past 130 years.
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We assume that idiosyncratic productivity follows a lognormal distribution, and that
its mean is equal to 1, hence loge ~ N(—0.507,02). The dispersion parameter is set to
e = 0.192, in order to match the evidence in Lee and Mukoyama (2015) regarding the
productivity of exiting firms. Using one of their TFP measures, the authors find that the
average TFP of firms that exit is about 65% that of continuing firms. The fixed cost v is
set to 0.012, targeting an exit rate of 5% in the baseline economy with evergreening. Even
though firm exit rates in the U.S. have been around 7.5% in recent decades (Crane et al.,
2022), we target an exit rate of 5% since not all exits correspond to defaults in the data,
whereas the two always coincide in our model. The average probability of loan default
reported in the FR Y-14Q data is around 2.5% (Faria-e-Castro, Paul and Sanchez, 2024).
We therefore take an average between these two rates as our target.

The lower bound on interest rates i is set to -5.1% to match an average credit spread
of 2% for variable rate loans in the FR Y-14Q) data. The level of returns to scale is chosen
to match the average ratio of EBITDA to value added among Compustat firms, which
is 42.2%.1% The level cost of R&D ¢ is chosen to target a real GDP growth rate of 2%,
roughly the average value of U.S. per capita GDP growth since 1960. Finally, the persis-
tence and conditional volatility parameters for the exogenous process are set to match the
persistence and conditional volatility of U.S. GDP growth since 1960.

Table 3: Internally Calibrated Parameters.

Parameter | Description | Value | Moment | Source | Data | Model
O¢ Variance of prod. 0.192 | Relative TFP firms LM(2015) 0.65 0.65
v Fixed cost 0.012 | Exit/default rate See text 5.0% | 4.99%
i Lower bound int. rate —0.051 | Credit spread Y14 data 2.0% | 1.97%
B Discount factor 0.995 | Real interest rate U.S. data 3.0% | 2.99%
P Returns to scale 0.864 | EBITDA/Value Added | Compustat | 42.2% | 41.6%
¢ Level cost of R&D 0.171 | GDP pc growth U.S. data 2% 2%
(e Capital quality persistence | 0.685 | GDP growth rate U.S. data 0.044 | 0.041
org Capital quality volatility 0.020 | GDP growth rate U.S. data 0.023 | 0.024

Notes: LM(2015) refers to Lee and Mukoyama (2015).

3.4 Solution Method

We obtain a global nonlinear solution of the model using time iteration over a set of pol-
icy functions that depend on the state variables of the model. We start by casting the
equilibrium as a function of current states, a system of forward-looking difference equa-

tions that contain expectations over future shocks. We then guess functional forms for the

18We define this ratio in the model as (y — wn — v) /y.
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model’s policy functions as a function of the (aggregate) endogenous and exogenous state
variables: (k,Z).!” For each point in the grid, we solve for the values of policy functions
at date t, interpolating over the guesses to compute expectations. We then update the
interpolants with the updated policy functions and repeat the process until convergence.
See, for example, Richter, Throckmorton and Walker (2014) and Faria-e-Castro (2024), for
a detailed description and for applications of this method.

4 Quantitative Analysis

In this section, we compare the different economies in terms of simulation moments, re-

sponses to aggregate shocks, and their sensitivity to important parameters.

4.1 Aggregate Moments

To begin, we simulate the various economies and compute aggregate moments that are
reported in Table 4. To make the soft credit economies comparable, we calibrate ¢"*¢ and
T'°¢ for the restructuring and transfer economies, such that the share of firms that are
saved is equalized to the one in the evergreening economy at around 6%. Of course,
that share is zero in the hard credit economy where ex-post interventions are not permit-
ted. This economy therefore features almost twice as much firm exit compared with the
various soft credit economies. In turn, more exit of low-productive firms raises the aver-
age productivity of all surviving firms e* which lowers the R&D costs of subsequent firms
through the innovation externality. As a result, productivity growth rises, leading to GDP
growth that is between 0.14-0.23 p.p. higher in the hard credit economy compared with
the counterfactual economies. The evergreening economy lacks behind on GDP growth,
which is around 0.09 p.p. lower relative to the restructuring and the transfer economy:.

However, higher growth in the hard credit economy comes at the cost of higher volatil-
ity. For example, relative to the evergreening economy, the standard deviation of GDP-
growth in the hard credit economy is around 0.7 p.p. higher. These patterns also carry
over to consumption and hours worked, which show similar differences across hard and
soft credit economies, though these effects are less pronounced quantitatively.

The possibility to save distressed firms ex-post also affects the pricing of intertemporal
credit. Across the soft credit economies, lenders charge a spread on intertemporal credit

of around 2%, which partly reflects the flexibility to ease credit terms ex-post. However,

Note that z is not a state variable for the detrended economy, and the fact that the borrowing constraint
always binds implies that we do not need to keep track of k and b independently.
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Table 4: Simulated moments various economies.

Moment | Hard Credit | Evergreening | Restructuring | Transfer
Saved firms 0.00 5.95 5.96 5.96
Exit rate 9.77 4.99 4.92 4.94
e* 1.03 1.02 1.02 1.02
GDP growth 2.23 2.00 2.08 2.09
7(Gy) 3.12 2.44 2.54 2.54
7(Ge) 2.42 237 2.40 2.39
o(log N) 1.92 1.59 1.69 1.60
Spread, % 3.75 1.97 1.96 1.96
i, % 2.00 1.79 2.00 2.00
K/Y ratio 2.04 2.36 2.36 2.36
Wage 0.76 0.82 0.82 0.82
Welfare ‘ 0.00 ‘ 4.81 ‘ 2.02 ‘ 2.05

Notes: Welfare is computed as the CEV gain of moving to the hard credit economy.

when this possibility is taken away in the hard credit economy, spreads almost double to
3.75%. As credit becomes less flexible, lenders more often face a steeper loss when firms
are in the default region, which is reflected in the pricing of credit ex-ante.

These differences in credit spreads, which by and large originate from changes in loan
rates, affect firms’ intertemporal capital choices. As the cost of borrowing declines, firms
invest more in physical capital in the soft credit economies. In turn, this increases the
capital-to-output ratio in these economies relative to the hard credit economy. Thus, while
the hard credit economy features higher productivity and GDP growth, physical capital
investment relative to the same stock of capital is actually lower in this economy relative
to the soft credit economies. Appendix Figure 8 visually illustrates these patterns by
showing the firm policies for capital and productivity investment as a function of the
stock of capital for various economies. In contrast to intertemporal credit, the rate on the
working capital loan is the same across all economies at 2%, apart from the evergreening
economy where this rate is used by lenders to influence firm default decisions.

When saving firms in distress, a larger set of firms produce, raising labor demand
and pushing up wages all else equal. This effect is visible in Table 4 as the aggregate
detrended wage is higher in the soft credit economies relative to the hard credit economy.
A higher wage also reduces firm profits all else equal, partly depressing investment in
R&D and physical capital. While this effect does not dominate the incentive to invest
more in physical capital due to lower spreads in the soft credit economies, it does impact
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the liquidation and distress thresholds as shown in Appendix Figure 9. Relative to the
hard credit economy, the distress threshold in the soft credit economies is slightly higher
in terms of the idiosyncratic shock € due to the wage effect that depresses firm profits.

To assess the stabilization-vs.-growth trade-off quantitatively, we report welfare dif-
ferences in the final line of Table 4, measured as the consumption-equivalent variation
(CEV) of moving to the hard credit economy. To obtain the CEV, we compare each soft
credit economy (sc) to a version of the hard credit (hc) economy with the same initial
z, and then compute the additional percent consumption that the representative agent
would require to be compensated at the BGP to move to the hard credit economy, that
ig,20

Welfare = exp|[(1 — 8) (U™ — U*)] — 1.

This difference is around 2% for the restructuring and the transfer economies, and around
4.8% for the evergreening economy. Thus, despite higher volatility, the hard credit econ-
omy outperforms the rest in overall welfare due to higher economic growth. The ev-
ergreening economy performs worst since it distorts firm labor decisions as intraperiod
loan terms are eased, leading to slightly higher wages in that economy versus the other
two soft credit economies.

4.2 Responses to Aggregate Shocks

To illustrate the stabilization-vs.-growth differences across economies, we study the re-
sponse of each of the economies to an aggregate shock, a disturbance to the capital qual-
ity level {. Since the model is nonlinear, with state-dependent responses to shocks, and
because the various economies differ in their balanced growth paths, we compute gener-
alized impulse response functions starting from the stochastic steady state of each respec-
tive economy. To this end, we simulate the various economies many times, and for each
of the paths we compute a counterfactual one where the capital quality level is perturbed
with a one-standard-deviation shock. Impulse responses are the average difference be-
tween the actual paths and the counterfactual paths across simulations.

Figure 5 plots the response of selected endogenous variables to a 5% shock to capital
quality in the hard credit, the evergreening, and the restructuring economies. We omit the
transfer economy as the results turn out to be very similar to the restructuring economy.
Since the economies have different balanced growth paths, we start them with the same
z, and plot the simulated paths of the economy forward in levels, as opposed to reporting
differences from the balanced growth paths. The first panel shows the response of ¢,

20See more details on how to obtain a recursive formulation of welfare in appendix A 4.
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which is assumed to follow an AR(1) process and reverts to its mean over time.

(b): Measured TFP (c): Output

log dev.
°
S
g
log dev.

-0.05

pp

% dev.
o

periods periods periods

Figure 5: Generalized impulse response functions with respect to a one standard devia-
tion shock to capital quality for hard credit, evergreening, and restructuring economies.

Panel (b) plots the path of aggregate TFP, defined as Y/(K*N"), and therefore com-
prising not only fundamental productivity z but also the effects of selection via €*. On
impact, there is only a small effect on TFP. However, while TFP for the hard credit econ-
omy continues to grow at a similar rate, the soft credit economies experience a more
pronounced slowdown. Panels (c) and (d) plot the paths of GDP and labor. At the time
when the shock realizes, both fall by more in the hard credit economy compared with the
soft credit economies. However, over time, the hard credit economy catches up and its
level of output surpasses the one in the other economies as it grows faster, illustrating the
initial stabilization and subsequent growth differences to such an adverse shock.

Panels (e) and (f) shed light on why output and labor drop by less: while the exit rate
rises on impact in all economies, it increases by less than in the soft credit economies,
as the share of firms that are saved by their lenders increases. These firms still produce
and hire labor, unlike those that exit, which is reflected in the aggregate statistics of those
variables. Thus, our model illustrates how different lending regimes can amplify or buffer

the effects of business cycle shocks.
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4.3 Comparative Statics

To gain further intuition on our key results and to test their robustness, we compute
comparative statics with respect to important parameters in this section and document
how stochastic steady states of the different economies change.

First, we vary the exogenous limits i"*¢, {3, and 7'%¢ that determine the strength of
the ex-post interventions in the various soft credit economies. The results for selected
variables are shown in Figure 6. To make the economies comparable, we report the share
of subsidized firms on the horizontal axis. The vertical dashed lines mark our calibration
benchmark that normalizes this share to around 6% in the soft credit economies. As i"3
becomes more negative or ¢'°¢ and 1'% rise, the share of subsidized firms increases. In
contrast, as these exogenous limits approach their values in the hard credit economy, the

share of subsidized firms converges towards zero.
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Figure 6: Comparative statics with respect to i3, {"*¢, and 7"“¢.
Starting with the top left panel, GDP growth falls as ex-post interventions become

stronger and more distressed firms are saved. This decline is more pronounced for the

evergreening economy as lenders in this economy have an additional effect on firm la-
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bor decisions when easing credit terms to save distressed firms. As shown in panel (b),
the standard deviation of GDP growth similarly falls as the ex-post interventions stabi-
lize economies, but the relative decline of the evergreening economy is less pronounced.
Panel (c) shows the decline in lending spreads, which reflects the reduced exit reported
in panel (d). Both of these patterns are similar across economies, illustrating the inherent
relation between the two variables.

Panel (e) shows the average idiosyncratic productivity €* of incumbents. As more
distressed firms are saved, €* falls, leading to the GDP growth differences in panel (a).
Finally, panel (f) shows how growth and stabilization effects are ultimately valued by
the representative household. As more firms are saved, all of the soft credit economies
perform worse, as the welfare gains of moving to the hard economy rise. The slope of
this increase is sharpest for the evergreening economy due to its distortive effects on firm
hiring decisions.

The innovation externality via the R&D cost function (2) is an important mechanism
in our model that shapes productivity differences and determines the cleansing effect of
recessions. The strength of this mechanism is determined by the parameter p, and we
therefore vary this parameter in the next exercise to understand how it affects model
outcomes.

Our benchmark calibration uses p = 0.3, and we recompute stochastic steady states
for values of p from zero to 0.5. The results are reported in Figure 7. Panel (a) shows
that higher values p imply faster GDP growth for all economies: as firms learn more
past vintages of surviving firms, their costs of innovation are reduced, leading to higher
innovation choices and, hence, more growth. Comparing hard and soft credit economies,
the growth differences become larger the higher is p. That is because the hard credit
economy features more exit and higher €*, intensifying the learning effect the higher p is.

Panel (b) shows that the volatility of GDP growth declines when p increases. To gain
intuition on this relation, consider an adverse shock that decreases output and raises firm
exit. As a result of more exit, the average productivity of surviving firms increases. Thus,
the higher p is, the more easily an economy can recover from such an adverse shock,
lowering overall volatility.

While GDP growth and its volatility are therefore strongly affected by the parametriza-
tion of p, panels (c)-(e) show that it is less important for the exit decision of firms, the ex-
post interventions, and the pricing of intertemporal credit. What matters more for these
margins are the exogenous limits we analyze in Figure 6.

Finally, panel (f) shows the effect of p on welfare. Specifically, we report again the
CEV of moving to the hard credit economy. As documented in Table 4, the hard credit
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Figure 7: Comparative statics with respect to p.

economy obtains the highest welfare for our benchmark calibration with p = 0.3, outper-
forming the restructuring and the transfer economies by around 2%, and the evergreening
economy by around 4.8%. Higher values of p only intensify these differences. It is only
at about half of its benchmark value, so around p = 0.15, that welfare in the hard credit,
the restructuring, and the transfer economies equalize. For lower values of p, the sta-
bilization benefits start to outweigh growth differences, such that the restructuring and
the transfer economies begin to outperform the hard credit economy. In contrast, due to
its distortionary effects on the labor market, the evergreening economy always performs

worse than the hard credit economy.
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A Model Appendix

A1 Intraperiod equilibrium conditions
In this appendix, we provide a complete characterization of the intraperiod equilibrium
for each of the four economies.

A.1.1 Hard credit

1. When ¢ > g, the firm finds itself in the normal funding region. The relevant intrape-

riod objects are:

I=w

_( n(@Rr T

n_ze(M)

VP = ze(Ck) T (ﬁ)l” (1=5) —b—v+(1—58)Zk+Vi(s)
Wo = b

2. When ¢ < g, the firm is liquidated, and so i is not defined:

n=20
VP =0
Wo = (1—-A)Ck

A.1.2 Evergreening
1. When ¢ > g, the firm finds itself in the normal funding region. The relevant intrape-

riod objects are:

I=w
e (gh)”

VP = ze(Ck) T (ﬁ) Ay —b—vt (1—6)Tk+ Vi(s)
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2. When ¢ € [g,, €], the firm is in the evergreening region:

. |7 177’7 % 1_77 177’7_ — jmax
' {E(Z’E) (Ck) (b—(1—5)§k+v—V1(s)) 1]( )

_ [b+v— (1—06)Ck — vl(s)]%
(1 —1)(ze)t~1(Ck)"

VP =0

=~

b+v—(1-96)Ck— Vi(s)
(1 =) (ze)' = 1(Zk)*

Wo:b+£[b+v—(1—5)§k—vl(s)]—(1+w)w[

3. When ¢ < g,, the firm is liquidated, and so i is not defined:

n=20
VP =0
Wo = (1—-A)Ck

A.1.3 Restructuring

1. When ¢ > g, the firm finds itself in the normal funding region. The relevant intrape-
riod objects are:

_( n(@kr T

n_ze(M)

VP = ze(Zk) T (ﬁ)” (1—=7)—b—v+ (1-58)Zk+ Vi(s)
E=0

Wo = b
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2. When ¢ € [g,, &, the firm is in the restructuring region:

i=w

(@R N

== (i)

VP =0

;- b+v—(1-906)k—Vi(s) —ezm(k,{w,w)
N b

Wy = ezmt(k, ;w, w) + (1 —6)Ck — v + Vi(s)

3. When ¢ < g, the firm is liquidated, and so (i, ) are not defined:

n —=
VP =0
Wo = (1—A)Zk

A.1.4 Fiscal transfers

1. When ¢ > g, the firm finds itself in the normal funding region. The relevant intrape-
riod objects are:

I=w
n(@k)* \©
== ()
VP = ze(Ck) T (m)” (1—5) —b—v+(1—68)Zk+ Vi(s)
T=0
Wo = b
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2. When ¢ € [g,, £, the firm is in the transfer region:

i=w
e (@0 T
e (M)
VP =0
T=b+v—(1-0)Ck—Vi(s) —ezm(k,{;w,w)
Wo = b

3. When ¢ < g, the firm is liquidated, and so i is not defined:

n=20
VP =0
T=0
Wo = (1= A)Ck

For reference, the total fiscal cost for this program can be computed as

costr(s) = /:E: T(s,e)dF(e) = zm(k, ; w,a))/£ o [£(s) — €]dF(e)

A.2 Dynamic decisions

Given the solution to the intraperiod equilibrium, we can characterize the dynamic deci-

sions and payoffs of lenders and firms.

Firms. Recall that the firm’s dynamic problem is given by 5. Given the intraperiod equi-

librium, we can derive the FOC for each of the firm’s decisions as:
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Notice that when choosing investment, innovation, and debt, the firm does not inter-

nalize any future states where ¢’ < &(s’), even if it survives through evergreening. Thus

an increase in this threshold tends to be associated with underinvestment in both capital

and R&D in partial equilibrium.

Lenders. For brevity, we report the lender’s dynamic decisions for the evergreening

economy. The equivalent conditions for the other economies are easy to derive given the

expressions for the intraperiod equilibrium in A.1. Given the intraperiod equilibrium for

the evergreening economy, we can write the value of the lender at the beginning of the

period as:

Wo(s,e) =1[e > &(s)] - b

+1[e(s) < e < 2(s)] - {b Lty - <11—_‘j7)§k — Vi(s)] }

<< {52

vV
ol

+1[e < g(s)] min{(1 — A)Ck, b}

This can be combined with 8 to write an expression for the equilibrium price of intertem-

poral debt:
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A.3 Full list of equilibrium conditions for the evergreening economy

&= (b [wuiw)}”uq)/jedm) (E1)
1—6q:]EM’{1i77@//+[,OO [(1-06)7 0] dF(s’)} (E.2)
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A.4 Welfare

In this appendix, we explain how to obtain a recursive formulation for welfare that allows

comparisons between economies.

Time-0 welfare comparisons. Comparing economies with different growth rates is not
trivial since they will presumably have different detrending factors Z. Our welfare com-
parisons are based on assumptions that both economies start out with identical levels of
Zy, similar to the assumptions in Acemoglu et al. (2018).

EIS different than 1, ¢ # 1. When the EIS is different than 1, a recursive formulation
for welfare is trivial and given by

(1-0) = | Thus welfare com-

where C is detrended consumption, and U/ is equal to U x Z
parisons across economies are valid as long as the comparison starts at a point where
both economies have the same Z, which we assume throughout the paper. Note that the
above formulation is not valid for the case ¢ = 1, when King, Plosser and Rebelo (1988)

preferences become separable. We treat this case separately next.

EIS equal to 1, c = 1. To derive a recursive formulation for welfare under separable

preferences, it is convenient to start from the sequential formulation of welfare:

o N1+-CP
Wi=) p llog(Ct+~) X1
i=0 1 I+¢
Detrend consumption to obtain
1+¢
© . - N, . 1—
_ 1 A t+1 77 X
Wi = E)'B [log(ct—H) X1+ p T, log Z; 4,
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Now subtract % log Ztﬁ from both sides to write

11—y o T N7

1 —
Wi g1, 08% = L log(Cri) — X7 f:q) + 1 10g(Zi1i/ Z1)
i=0 L
B 1+¢
A - N, . © 71—
= Z ‘31 log(Ct+i) - Xl :_qu + Z 131 |:1 — Z log(Zt—i—i/Zt)]
i i=0
Vit 172,,16

The v ¢ term is simple and can be written recursively as

1+¢

vy = log(Cr) — x + B+

t
1+¢

The v, s term requires some extra work. Expand the summation to write:

1—
v = T Z[O-i—ﬁloth-l-,B[loth+loth+1]+ﬁ [log G; + log Gr11 + log Grsa] + }
11— o , |
1 Z ﬁl tZ[SZ—i—ﬁleth_i_lZﬁl+ﬁ310th+2Zﬁl+
i=0 i=0 i=0
1-7 1 &
—1_ am;ﬁlog(}t—lﬂ'

Thus we can write this term recursively as

1-n B

Vo = 77—~

1-al1-p8

We can therefore write welfare recursively as

log Gt + Bras11

1+
N, ¢+1_’7 p

Vt:log(ét)_xl—i—qo ey

IOg Gt + ’BIEVt+1

where v; is detrended welfare, equal to

— log Zs.

As with the previous case, time-0 welfare comparisons are valid for economies with
the same Z.
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B Further Evidence Direction Estimation

Table 5: Further Evidence (1) - Estimates R&D Cost Function.

(i) (ii) (iii) (iv) (v)
Baseline  h=2 h=3 LP R&D/ Assets

B1 (=1/x) 0.35***  0.41** (0.51*** (0.17** 1.78%**

(0.09) (0.12)  (0.18)  (0.04) (0.42)
B2 (= p) 0.29***  (0.34*** (0.40*** (.33*** 0.18***

(0.02) 0.03)  (0.04)  (0.03) (0.01)
Time FE v v v v v
First-Stage F-Stat 19 15 11 19 109
R-squared 0.12 0.14 0.13 0.1 0.1
Observations 34,556 29,033 24,641 39,238 44 648
Number of Firms 4,847 4518 3,824 5,789 6,073
Number of Industries 46 46 46 47 49

Notes: Estimation results for regression (16). Standard errors in parentheses are clustered by firm. Sample:
1982-2023. ***p < 0.01, **p < 0.05, *p < 0.1.

Table 6: Further Evidence (2) - R&D Cost Function.

(i) (i) (i) (iv) (v)
Baseline P50 P75 P90  ACF

B1(=1/x) 0.35***  0.49%* (0.43** 041"** 0.26***
(0.09) (0.13)  (0.11)  (0.11)  (0.07)
B2 (= p) 0.29***  0.37*** 0.36*** 0.34*** (0.41***
(0.02) (0.03)  (0.03)  (0.03)  (0.02)
Time FE v v v v v
First-Stage F-Stat 19 16 17 18 27
R-squared 0.12 0.14 0.14 0.13 0.09
Observations 34556 34,556 34,556 34,556 34,554
Number of Firms 4,847 4847 4,847 4,847 4,846
Number of Industries 46 46 46 46 46

Notes: Estimation results for regression (16). Standard errors in parentheses are clustered by firm. Sample:
1982-2023. ***p < 0.01, **p < 0.05, *p < 0.1.
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C Firm Policies and Default Thresholds
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Figure 8: Firm policy functions for detrended physical capital k' and R&D z’ for ev-
ergreening, restructuring, and hard credit economies. The dots indicate the stochastic
steady state of each respective economy.
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Figure 9: Probability distribution function of idiosyncratic productivity, liquidation and
distress thresholds in the evergreening economy (red), the restructuring economy (green),
and liquidation threshold in the hard credit economy (blue).
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