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Abstract

We build a model with heterogeneous firms and banks to explain how accommodative pol-
icy can get trapped due to credit misallocation and its spillovers, as witnessed in Japan in
the 1990s and in Europe in the 2010s. Conventional monetary policy is sufficient to achieve
efficient production following small negative shocks, but large shocks necessitate unconven-
tional policy such as regulatory forbearance towards banks. Excessive accommodation, how-
ever, induces “diabolical sorting”, whereby low-capitalization banks lend to low-productivity
“zombie” firms. Due to congestion externalities of zombie lending on healthier firms, policy-
makers avoiding short-term recessions can get trapped into protracted low rates, excessive

forbearance, and permanent output losses.
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1 Introduction

In this paper, we build a model with heterogeneous firms and banks to analyze how monetary and
banking policies affect credit allocation and long-term economic outcomes. In particular, we ex-
plain why policy may get trapped into protracted low rates and excessive regulatory forbearance
towards banks that are coincident with permanent output losses.

Since the housing and banking crisis in Japan in the early 1990s, regulatory forbearance to-
wards banks, effectively allowing severely under-capitalized or insolvent banks to continue op-
erating by backstopping bank creditors, has been increasingly used in conjunction with accom-
modative monetary policy in a bid to restore economic growth in the aftermath of aggregate
shocks. This policy combination also found favor in the Eurozone following the global financial
crisis of 2007-08 and especially after the European sovereign debt crisis in 2010-12.! In both
cases, despite an operative period exceeding in length the initial intentions and expectations, this
policy script’s impact on economic growth remained relatively muted. Starting with Peek and
Rosengren (2005) and Caballero, Hoshi and Kashyap (2008), the literature has attributed this inef-
fectiveness of employed policies (at least in part) to credit misallocation and, in particular, to the
phenomenon of zombie lending: the provision of subsidized credit to poorly-performing firms by
weakly-capitalized banks.?

Section 2 puts the experiences of Japan and Europe into perspective, presenting stylized facts
that document the proliferation of zombie lending in the aftermath of the crisis outbreaks, the
negative externalities that zombie lending generated, and its feedback loop with policy interven-
tions. Importantly, the evidence suggests that adverse effects of credit misallocation due to the
proliferation of zombie lending persist and even compound over time.

Motivated by these facts, we build a tractable model that provides a unified framework si-
multaneously explaining and conforming to all of them. We start with a static setting, before
turning to the full dynamic model. The economy is populated by heterogeneous firms that dif-
fer in their productivity and risk. Firms’ investments require credit, which is provided by banks
that are themselves heterogeneous in their level of capitalization. Banks face a portfolio problem,
whose solution depends on their capital: they decide whether to invest in safe assets (meant to
capture a wide range of non-loan assets, such as central bank reserves, government bonds, or safe
mortgage-backed securities) or lend to the productive sector, and if so, to which type of firms.

Policies play a crucial role in banks’ incentives, and thereby the equilibrium allocation of

Tn the U.S., several aspects of how the savings and loans institutions (or thrifts) crisis was resolved in the mid
1980’s and how thrifts responded to it by gambling for resurrection also resemble these episodes.

Poorly-capitalized banks supply credit to poorly-performing firms either because they are incentivized to en-
gage in risk-shifting (gambling for resurrection) or because they attempt to avoid reporting losses on distressed
positions, as documented in Giannetti and Simonov (2013), Acharya et al. 2019, Blattner et al. (2023), Gropp et al.
2020, Faria E Castro et al. 2021, Acharya et al. (2021a), and Schivardi et al. (2021), among others.



credit. We summarize all the components of policy that affect bank decisions into two simple
instruments: the risk-free rate R/ set by conventional monetary policy, and an unconventional
“forbearance policy” p that determines the level of government guarantees granted to banks that
are willing to lend. Accommodative conventional monetary policy makes lending more attrac-
tive by lowering the return on safe assets Rf. This is a standard bank lending channel. Increasing
forbearance also stimulates lending, by compressing the cost of funds associated with lending: a
higher p lowers the cost of funds because a larger part of the bank loan risk is borne by public
authorities (the government, the central bank, or the deposit insurance agency). However, exces-
sive forbearance can shift banks’ portfolios towards riskier loans to less productive firms, which
we refer to as the “zombie lending channel”.

The two-sided firm-bank heterogeneity opens the door to the “diabolical sorting” documented
in the data: banks with low capital and high leverage end up lending to less productive firms,
even though aggregate output would be raised by letting these firms exit and be replaced by
more productive entrants. The reason is that the subsidy from forbearance increases with the
interaction of banks’ asset risk and leverage. This sorting between banks and firms leads to a
delicate policy trade-off. While zombie lending and depressed creative destruction are the main
perils on the side of poorly-capitalized banks, policymakers must also encourage well-capitalized
banks to lend to the good firms. Well-capitalized banks are not tempted by zombie lending, but
may simply invest in safe assets. The tension between inducing well-capitalized banks to lend
and preventing poorly-capitalized banks from engaging in zombie lending is at the heart of our
analysis of the optimal policy mix in response to exogenous shocks.

Importantly, firms’ output depends on an aggregate productivity or demand shock.® If zom-
bie loans and safe assets are always less productive than loans to good firms, output reaches its
potential if and only if all banks lend and there is no zombie lending. As long as the risk-free rate
is not constrained, conventional monetary policy alone without any forbearance can achieve this
objective. Without forbearance, there is no zombie lending by weak banks, while a sufficiently
low risk-free rate (i.e., the “natural interest rate” in our economy) encourages healthy banks to
lend. However, larger negative shocks to fundamentals must be accommodated by increasingly
lower interest rates. Hence, if the shocks are large enough, conventional monetary policy runs
into an effective lower bound on interest rates (ELB), assumed exogenously in the model. This
is where unconventional policy in the form of regulatory forbearance and its unintended conse-
quences come into play.

We show that a small amount of forbearance is beneficial, as it can substitute for the con-

strained conventional monetary policy and help lower banks’ funding costs, thereby stimulating

*Motivated by the empirical evidence (see Section 2), the shock can affect either the average productivity of
firms or the cross-sectional dispersion between good (safer) and bad (riskier) firms.



lending and output. Pushing on the forbearance string, however, eventually spurs zombie lend-
ing by weak banks. Zombie lending reduces aggregate output and productivity because of the
misallocation of credit and, as documented in the empirical literature, because it can generate
congestion externalities in input and output markets that ultimately impair the productivity and
growth prospects of healthy firms in the economy:.*

If congestion externalities are large, we show that the optimal forbearance policy is non-
monotonic in the size of the shocks: when shocks are moderate, forbearance should increase
with the size of the shock as expected; but in the face of large shocks, policymakers should actu-
ally backtrack and reduce forbearance to avoid triggering zombie lending, even though this entails
letting some banks invest in safe assets instead of lending. For large shocks, the loss from zombie
lending can far exceed the opportunity cost of not lending to some healthy firms. Thus, there
exists a “reversal” level of forbearance policy, a counterpart to the “reversal interest rate” below
which conventional monetary policy turns contractionary (Brunnermeier and Koby, 2019). How-
ever, if policymakers put a low welfare weight on congestion externalities (for instance, because
they are politically aligned with current labor or lobbied by bank shareholders), then they will
focus on maximizing output by maximizing bank lending, ignoring concerns about the compo-
sition of lending. This is achieved by responding to larger shocks with more forbearance which
induces zombie lending.

To explore the intertemporal trade-offs posed by zombie lending, we expand on the static
framework and model the dynamic interactions between policy choices, zombie lending, and
aggregate outcomes. Since zombie lending also causes negative spillovers on the productivity of
healthy firms in future periods via the congestion externalities, the policy trade-off is dynamic,
between maximizing short-run output and hurting future productivity. We show that the crucial
parameter (corresponding to the welfare weight on congestion externalities in the static model)
is the horizon of policymakers and consider two polar cases: “patient” policymakers, seeking to
avoid future output losses, and “myopic” policymakers willing to preserve incumbent firms at
the expense of future productivity. Myopic policymakers are not naive and realize the effect of
their policies on equilibrium outcomes, but are subject to capture, term limits, or reputational
concerns that shorten their effective horizon of decision-making.’

In our main policy experiment, we consider a transitory exogenous shock to fundamentals,

as in the static model. When policymakers are patient, the optimal response is exactly as in the

“There is now a large body of evidence showing that the broad adverse effects of zombie lending on healthier
firms translate into lower economic outcomes such as depressed aggregate employment, investment, productivity,
innovation, and output (see the survey of Acharya et al. (2021b) and references therein). The empirical estimates
available to date suggest that not only can the spillover effects be substantial, but also that the output losses due to
spillover effects might be persistent and even compound over time.

3See, for instance, Alesina and Tabellini (1990) and Boot and Thakor (1993).



static model: conventional monetary policy without forbearance achieves potential output for
small shocks; some forbearance is optimal once the ELB binds when shocks remain moderate;
and forbearance should decrease for large shocks to avoid any zombie lending and the associated
congestion externalities. When policymakers are myopic, they implement the same joint policies
for small and moderate shocks as patient policymakers, but respond very differently to large
shocks. Since they are focused on maximizing short-term output, they accept zombie lending
and respond to larger shocks with more forbearance.

The dynamic consequences of such myopic policy can be dire: we find that if spillovers from
zombie lending to the productivity of healthy firms are strong enough, the optimal myopic policy
response precipitates the economy into the following policy trap. Unlike in standard macroeco-
nomic models, the natural rate becomes an endogenous variable. Although the exogenous shock
is transitory, future policymakers face an endogenously low productivity due to the congestion
externalities, and continue responding in the same accommodating way, keeping interest rates
low and forbearance high. This keeps zombies alive, and productivity low, for at least another
period. At the very least, this negative dynamic feedback generates endogenous persistence.

In the extreme, for large enough initial shocks, the pattern repeats itself until the economy
converges to a sclerosis steady state, defined as featuring a permanent combination of interest
rates stuck at the ELB, high forbearance, zombie lending, and low output. In our theory, forward-
looking policymakers should accept a “V-shaped” (i.e., sharp but transitory) recession precisely
when fundamental shocks are large, which is exactly the opposite of what myopic policymakers
do and what is often argued in practice.® We discuss two ways to exit the sclerosis steady state: a
bank recapitalization, which improves banks’ incentives at some fiscal cost, and an improvement
in productivity. Both need to be sufficiently strong, as timid interventions only have a transitory
effect before the economy and the policy become trapped again.

Finally, the central role of bank capital in our analysis raises important questions: Do under-
capitalized banks have incentives to issue more equity? And if not, can regulators eliminate the
zombie lending problem by simply increasing capital requirements? We address these questions
in an extension of our model, allowing for costly equity issuance, legacy lending, and capital re-
quirements. We find that the same risk-shifting incentives affecting bank lending decisions also
apply to capital structure decisions, preventing under-capitalized banks from raising enough cap-
ital to avoid zombie lending. Imposing high capital requirements can then deter zombie lending if
the costs of breaking the relationship with a legacy zombie borrower (e.g., recognizing losses) are

low enough. However, if these costs are high, we show that zombie lending becomes inevitable,

SWhile this argument resembles some of the classic “liquidationist” views of Hayek and Schumpeter, in our
framework this conclusion is contingent on many factors such as the size of the shock, the policy space available to
address the shock with conventional tools, and the state of capitalization of the banking sector when the shock hits.



in the sense that some banks will evergreen (lend to legacy zombie firms) for any level of capital
requirement. Furthermore, there is a zombie-minimizing level of capital requirement and going
beyond this level leads to more zombie lending.

Overall, our model consistently explains a set of empirical facts connecting bank capital-
ization, credit misallocation, policy choices, and aggregate growth and productivity, following
adverse economic shocks. In particular, it makes three important contributions.

First, it helps understand why in the face of large shocks, the policy response to restore eco-
nomic growth may feature a combination of conventional policy in the form of monetary ac-
commodation and unconventional policy in the form of regulatory forbearance towards banks.
Forbearance becomes useful in our model only when the conventional policy hits an effective
or zero lower bound. This is a distinctive feature of our model relative to the banking literature
that models regulatory forbearance as arising from a time-inconsistency problem of regulation
(Mailath and Mester, 1994).

Secondly, our model derives the empirically documented phenomenon that regulatory for-
bearance leads to zombie lending and a diabolical sorting, whereby low-capitalization banks ex-
tend new credit or evergreen existing loans to low-productivity firms. It is this positive implica-
tion of the model that then allows for a meaningful normative analysis of the policies affecting
bank incentives to engage in such lending.

Thirdly, by examining a dynamic setting in which zombie lending imposes congestion exter-
nalities in the form of adverse productivity spillovers on healthier firms, the model explains why
economies facing large, but only transitory, shocks may jointly feature thereafter (i) a phase of
delayed recovery and potentially permanent output losses, which we call economic sclerosis; and,
(ii) a policy trap whereby monetary accommodation and regulatory forbearance aimed at avoid-
ing short-term recessions become entrenched even as they persistently fail to restore long-term
economic health. The possibility that a transitory shock turns into permanent stagnation when
policymakers favor avoiding recessions in the short run is the most salient feature of our analysis.
A key policy implication is that to avoid zombie lending and associated economic sclerosis, it is
important to maintain a well-capitalized banking system but also that bank capital requirements

need to be raised upfront rather than upon realization of economic shocks.

Related Literature

Our model builds on the seminal contribution of Caballero et al. (2008) (henceforth CHK) and
extends it in two key dimensions. First, CHK features negative spillovers generated by zombie
firms due to congestion in input and output markets, but it does not explicitly model the role of

credit markets and financial intermediaries, and their incentives to extend credit to low produc-



tivity firms. By contrast, the credit market, banks and their capital structures are front and center
in our framework. Second, our model stresses the nexus between policy interventions, credit
allocation, and aggregate outcomes. To the best of our knowledge, ours is the first theoretical
treatment emphasizing the zombie lending-policy feedback loop, where macro-financial policies
dynamically affect and are affected by banks’ credit supply choices. In this respect, our results
on economic sclerosis and policy traps also speak to the stagnation traps analyzed by Benigno
and Fornaro (2018), who highlight the ineffectiveness of conventional monetary policy alone in
stimulating the economy.

Also related to our model are the theoretical contributions of Bruche and Llobet (2013), Hu
and Varas (2021), and Begenau et al. (2021) investigating the role of bank incentives as driver of
zombie lending, with a particular emphasis on the role of hidden losses and asymmetric infor-
mation. We share with these papers the emphasis on developing a micro-founded model of bank
lending, although we do not directly model asymmetric information frictions. Rather, we focus on
developing a tractable general equilibrium framework to study how credit allocation and policy
actions shape aggregate outcomes. In this regard, Tracey (2021) also shows that excessive for-
bearance may ultimately play a significant role in explaining the slow economic growth observed
in the aftermath of aggregate shocks.

More broadly, our paper is related to the macroeconomic literature on financial frictions and
misallocation. Gopinath et al. (2017), Banerjee and Hofmann (2018), Asriyan et al. (2021) and
Jafarov and Minnella (2023) stress how a low interest rate environment and financial frictions
can induce capital misallocation and aggregate losses. Our focus is on the central role played by
financial intermediaries and how their actions depend on and influence macro policies. Buera
et al. (2013) study how policies aimed at stimulating output can lead to long-run productivity
losses. Their focus is on targeted industrial policies such as credit subsidies directly aimed at
firms. In contrast, we are interested in studying stabilization policies and bank lending incentives
in response to macroeconomic shocks.

Finally, motivated by the policies adopted during of the COVID 19 pandemic, Crouzet and
Tourre (2021) and Li and Li (2021) also highlight how government interventions can have neg-
ative long-run effects, by exacerbating debt overhang or worsening the quality distribution of
firms, respectively. Li and Li (2021) shows how public liquidity support might be able to pre-
serve a country’s production capacity in the short run but also dampen creative destruction in a
self-perpetuating way. Complementary to these papers, our model focuses more on the zombie

lending channel operating via weakly-capitalized banks.

The remainder of the paper is organized as follows. We first present stylized empirical facts
about zombie lending in Section 2 and then develop our baseline model in Section 3. In Section

4 we analyze optimal policy and turn to the dynamic model in Section 5. Section 6 presents



extensions around the role of bank capital and capital requirements. Section 7 concludes with

some directions for future research.

2 Zombie Lending: Incidence, Consequences, and Policy Re-

sponses

We present a set of key stylized facts about the incidence of zombie lending, its consequences
for the real economy, and the feedback loops with policy responses that motivate and guide our
theoretical framework. We draw on the historical experiences of Japan in the early 1990s and
peripheral European countries (Italy, Spain, and Portugal) after 2010, following significant aggre-
gate shocks. For Japan, the aggregate shock was the burst of a real estate crisis; for the peripheral
European countries the outbreak of a sovereign debt crisis. In all countries, the burst of the crisis
was followed by a substantial and protracted slowdown in economic activity, accompanied by the
proliferation of zombie lending. Table 1 and Figure 1 show salient aggregate statistics for both

episodes.

Table 1: Zombie lending, aggregate outcomes, and bank capital in Japan and European periphery.

pp. change between pp- change relative to
1986-1989 and 1990-2001 Germany during 2010-2019

Japan Italy Spain  Portugal
Share of zombie firms 6.1 7.7 24 3.8
Annualized GDP growth -3.1 -18.1 -11.6 -14.4
Annualized aggregate TFP growth -6.3 -10.7 -7.7 -7.1
Banking system capitalization -3.3 -3.5 -3.1 -3.6

Note: The table reports the following statistics: the change (in percentage points) of the average share of zombie firms
by assets after the aggregate shock relative to the average share of zombie firms in the benchmark (defined below),
where the definition of zombie firm follows the one in Caballero et al. (2008); the change (in percentage points) in the
annualized growth rate of real GDP and aggregate total factor productivity (TFP) relative to the annualized growth
rates of real GDP and aggregate TFP in the benchmark; and the change (in percentage points) in the average capital
ratio of the Japanese banking system relative to the average capital ratio in the benchmark. For Japan, the aggregate
shock is the burst of the real estate crisis in 1989-1990, the post-shock period is 1990-2001, and the benchmark is
Japan itself in the pre-shock period (1986-1989). For Italy, Portugal, and Spain, the aggregate shock is the burst of
the European sovereign debt crisis in 2010, the post-shock period is 2010-2019, and the benchmark is Germany in
2010-2019. See Appendix A for additional information on data sources and variables’ definition.

The Japanese stagnation is a textbook case study of the phenomenon of zombie lending and
its implications. Figure 1A (left-side plots) shows that the growth rate of GDP and aggregate
total factor productivity (TFP) slowed down dramatically relative to the period that preceded the



real estate crisis (a reduction of 3.1 and 6.3 percentage points, respectively, as shown in Table
1). A similar pattern emerges when looking at the GDP and productivity dynamics of peripheral
European countries in the aftermath of the sovereign debt crisis (Figure 1B, right-side plots). Italy,
Spain, and Portugal all experienced sharp GDP and TFP slowdowns in the post-sovereign crisis
period when compared to Germany (the reference country) over the same period. Both in Japan
and the European periphery, the burst of the crisis marked a steady increase in the number of

poorly-performing firms receiving subsidized credit.

Figure 1: GDP and aggregate TFP growth of Japan and Europe after the aggregate shock.
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and variables’ definition.



For instance, Table 1 shows that in Japan and Italy, the proportion of zombie firms by assets (rela-
tive to the total active firms) increased by 6.1 and 7.7 percentage points, respectively, representing
a doubling of their pre-crisis levels.

Table 1 also documents that the (officially recorded) capitalization of the banking system was
over 3 percent lower during the crisis compared to the pre-crisis period, for Japan, and 3 percent

lower during the crisis relative to Germany over the same period, for Italy, Spain, and Portugal.

Initial shocks and subsequent zombie lending—Data suggests that the proliferation of zombie lend-
ing is related to both the size of the initial economic shock and the cross-sectional incidence of the
shock (whether it reduced or widened the profitability gap between good and poorly-performing
firms). Both of these relationships will be featured in our theoretical framework.

First, we document the role of large negative shocks in igniting zombie lending. The binned
scatter plot in Figure 2A (left) relates the average impact of the crisis on firms for a given country-
industry pair in Europe (measured by the change in average industry profitability before and
after the burst of the crisis) to the growth rate of zombie lending in that country-industry pair
in the aftermath of the sovereign debt crisis. The negative correlation between the two variables
indicates that the industries more affected by an initial negative shock are those that display a
greater incidence of zombie lending.

A second empirical regularity is the connection between zombie lending and the heteroge-
neous impact of the crisis on different firms within an industry-country pair. Figure 2A (right)
shows that the growth rate of zombie lending is particularly pronounced in industry-country
pairs in which the initial negative shock reduced the profitability of better-performing firms rel-

ative to the profitability of poorly-performing ones.’

Negative spillovers—Previous studies have highlighted various channels through which the pro-
vision of subsidized credit to poorly-performing firms impedes the economy’s ability to grow
and thrive.® For one, zombie lending tames creative destruction, by distorting both entry and
exit margins. Favorable lending terms keep unproductive firms afloat, trapping bank capital that
could otherwise be allocated toward more productive newcomers. For another, the presence of
zombie firms can impact the performance of healthier firms that compete with them, due to con-
gestion in labor and other input markets (Caballero et al., 2008), congestion in output markets
due to price competition (Acharya et al., 2020a), or reduced innovation incentives (Schmidt et al.,
2023). In line with these findings, Figure 2B (left) shows, for peripheral European countries, a
strong negative correlation between the change in the zombie share of an industry and its TFP

growth after the crisis. We observe a similar patter in Japan in the aftermath of the real estate

"We measure firms’ profitability as EBITDA over total assets. The correlations shown in Figure 1A are robust to
the inclusion of industry fixed effects and country fixed effects.
8See, e.g., the discussion in Hoshi and Kashyap (2015) and the review in Acharya et al. (2021b).
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Figure 2: Economic shocks, zombie lending, and productivity growth: Cross-sectional evidence.

Panel A: Initial shocks and subsequent zombie lending (Europe).
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Notes: Panel A studies the role of profitability shocks in igniting the proliferation of zombie lending in Europe. The
graph on the left is a binned scatter plot that displays on the x-axis the percentage change in the average profitability
(percentage change in EBITDA/Assets) of a country-industry pair between 2009 and 2011, and the percentage change
in the share of zombie firms of the country-industry pair between 2012 and 2015 on the y-axis. The graph on the
right displays on the x-axis the change in profitability of good firms relative to poorly-performing firms in a country-
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The sample includes Italy, Spain, Portugal—whose industries had been strongly hit by the burst of the sovereign debt
crisis—and also France, and Germany—whose industries had been less affected by the shock and are therefore used
as benchmark.

Panel B studies the implication of the presence of zombie firms for an industry productivity growth. The binned
scatter plot displays the growth rate (in percent) of TFP of a given industry, on the y-axis, and the percentage change
in industry share of zombie firms on the x-axis. Each dot is an industry (left panel) or an industry-country pair
(right panel). For Italy, Spain, and Portugal, the change in industry share of zombie firms is the difference between
2012 and 2015; the percentage change in industry profitability of European industries is measured between 2012 and
2015; The TFP growth rate is measured between 2012 and 2015. For Japan, the graph replicates Figure 6 in Caballero
et al. (2008). The change in industry share of zombie firms is the difference between average share of zombie firms
in the 1981-1992 period and the average share of zombie firms in the 1993-2002 period; the TFP growth rate is the
average annual growth rate between 1990 and 2000. See Appendix A for additional information on data sources and
variables’ definition.
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crisis (Figure 2B, right).’

The role of policy interventions—Finally, these Japanese and European episodes also offer insights
into the role played by policy interventions. In both countries, policymakers implemented a se-
ries of unprecedented macro-financial measures in an effort to shield the real economy from the
adverse effects of the real estate and sovereign debt crisis. These interventions featured capital
injections into their national banking systems as well as incisive packages of forbearance mea-
sures in the form of implicit or explicit government guarantees, central bank liquidity support
facilities, and delayed loss-recognition schemes. As shown in Table 1, equity injections were not
able to adequately recapitalize the banking sector. The forbearance policies did help lower banks’
cost of capital but also allowed weakly-capitalized banks to extend new credit or evergreen exist-
ing loans to borrowers who should have otherwise been deemed insolvent (Peek and Rosengren

2005; Giannetti and Simonov 2013; Acharya et al. 2019), generating negative spillovers.

3 A Model of Zombie Lending

We begin with a static model building on the empirical evidence presented in Section 2. This

static model can be viewed as one period of the dynamic model presented in Section 5.

3.1 Environment: Heterogeneous Firms and Banks

The economy is populated by heterogeneous firms that differ in their productivity and risk. These
firms’ investments require credit, which is provided by heterogeneous banks that differ in their

level of capitalization. Figure 3 shows a timeline of the events in a period.

3.1.1 Firms

There are two types of firms, G or B. Initially, the economy is populated by a unit mass of
incumbent firms. A mass (1—A) of incumbents are endowed with an indivisible project of type G,
that yields revenues y9 in case of success and zero otherwise. A mass A of incumbents are endowed
with type B projects, yielding revenues y® in case of success and zero otherwise. The success
probability is 69 for type G projects and 6° for type B projects. Success is independent across
firms, but the payoffs y9 and y° are exposed to an aggregate shock z; we omit the dependence

in z until Section 4. There are also potential entrants, each endowed with a type G project.

?Quantitatively, in Japan, CHK finds that, depending on the industry, the presence of zombies reduced other
firms’ cumulative investment and employment by 14 to 50 pp. and 5 to 19 pp., respectively. In the aftermath of
the European sovereign crisis, Acharya et al. (2019) and Blattner et al. (2023) estimate that the reallocation of credit
toward zombies can explain a 3 to 11 pp. employment loss of non-zombie firms experienced and a substantial portion
of the observed decline of aggregate TFP.
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Figure 3: Timeline of events within a period.

Period ¢
] ‘ ‘ ‘ ‘ ]
T T T T T T
Macro shock Policymakers set Banks issue debt, Firms’ payoffs realized
z; realized interest rate R/: invest in loans
and regulatory or safe assets Banks survive or
Idiosyncratic forbearance p; are bailed out
cost shocks Firms decide to
to firms realized produce or exit Bank creditors repaid

Credit market clears

Without loss of generality, we assume the mass of potential entrants to be equal to A to simplify
expressions.

Both types of projects require $1 in capital to be implemented. Firms have no wealth, and need
to finance their project entirely via bank debt. Firm types are observable to banks. Therefore, the
debt contracts feature type-specific interest rates: G firms borrow at a rate RY and B firms borrow
at a rate R.1°

In addition, all firms incur a production cost € € [0, €] distributed according to the same c.d.f.
H for both types of firms. The realization ¢; is known to the firm (but not to the bank) before
production and financing decisions are made. Before their entry decision, potential entrants also
observe their idiosyncratic cost €, drawn from the same distribution H as incumbents.

Given the binary payoff structure, the project and the loan share the same risk: firms repay
their loan entirely if their project succeeds, and default on the full loan if their project fails. We

make the following assumption on payoffs:
Assumption 1. A0 = (09 — 6°) > 0 and 0 < 6byP < 09y9 — €.

In words, type B projects are riskier, which captures the fact that B firms have more out-
standing debt and are thus more likely to default on their new loans. Moreover, even the least
productive type G firms with a draw € = € are better than the most productive type B firms with
a draw € = 0. The greater risk and lower profitability of type B projects mirror the characteristics

of “zombie firms!!

10We call these “loans” even though given the binary project payoffs there is no difference between equity and
debt contracts.

11Empirical studies document that zombie firms are riskier borrowers, as they tend to have higher leverage, lower
net worth, higher interest rate coverage ratio, and lower profitability ratios than healthy firms (Hoshi 2006; Acharya
et al. 2019).
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3.1.2 Banks

There is a unit mass of heterogenous financial intermediaries (hereafter, banks) with a balance
sheet scale of $1. Banks are indexed by their exogenous equity e, distributed in the interval
[ émins émax] according to the c.d.f. F, with 0 < epin < emax < 1. In Section 6 we allow e to be
chosen endogenously subject to equity issuance frictions.

Each bank can invest its entire $1 in a single asset, which can be either a risky corporate loan
or a safe asset. Banks can lend to a type j = {b, g} firm at rate R/, earning an expected return
equal to 0/R/. Credit markets are competitive: loan rates R’ are taken as given by both firms and
banks, and determined in general equilibrium. Alternatively, banks can invest in “safe assets”.
We interpret safe assets as a broad class of assets held in banks’ portfolios that are generally safer
than corporate loans, such as mortgages, reserves, Treasuries, or asset-backed securities. Safe
assets are supplied elastically and pay a risk-free return R/ set by monetary policy. Investment
in safe assets does not produce output; results are unchanged if investments in safe assets yields
a positive output lower than what is produced by lending to firms.'?

On the liability side, a bank with capital e needs to raise (1 — e) of debt in order to invest.
In equilibrium, debt holders require an expected return equal to R/. The actual contractual rate
paid to debt holders by each bank, R/, depends on the riskiness of banks’ asset choice j and on
the degree of regulatory forbearance indexed by a parameter p set by policy, as we describe next.
Specifically, we assume that, under the forbearance policy, debt holders are able to recover their
principal with probability p € [0, 1] if the bank defaults.’® Thus the contractual rate R/ on the

debt of a bank that invests in asset j € {g, b, f} needs to satisfy

R =60/RI+ (1-6/)p. (1)

3.1.3 Policy Instruments: R/ and p

Policymakers affect banks decisions through the choice of the two variables R/ and p. They
directly control the level of the risk-free rate R/ through conventional monetary policy, but are

subject to an “effective lower bound” (ELB):

12The assumption that banks invest in a single asset captures more broadly bank specialization, which is common
in the data, see e.g. Berger et al. (2017), Paravisini et al. (2020), and Blickle et al. (2023). Loans can be reinterpreted
as being portfolios of loans to the sector in which individual banks have acquired information and competences.
What matters is that banks with different leverage end up with different portfolios, instead of all investing in the
same diversified loan portfolio. The assumption of full specialization could be relaxed by allowing banks to hold a
portfolio of projects with correlated risks a la Vasicek (1977) without affecting the key message of the model.

13An alternative formulation would assume that the net interest (R/ — 1) is also guaranteed with probability p.
Our formulation yields simpler expressions throughout and is consistent with the typical insurance scheme offered
to depositors (e.g., by the FDIC in the U.S).
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Assumption 2. There is an effective lower bound Ri . > 0 on the risk-free rate:
f
RI>R (2)

The ELB can be interpreted as a standard zero lower bound due to the presence of cash (which
would correspond to Ri ., = 1 since these are gross rates), but also as a constraint on monetary
policy due to conflicting objectives. For instance, the central bank may be unable to further lower
Rf to stabilize banks when it is already busy fighting inflation.

Policymakers also set the parameter p, which influences banks’ cost of capital through the
debt pricing equation (1): a higher degree of insurance p encourages risky lending by decreasing
the associated cost of funds. We will show that p can become a valuable tool once the constraint
(2) starts binding. The level of p captures the extent of explicit and implicit government guaran-
tees to banks, which are often reinforced when bad macroeconomic or financial shocks hit.!* p
can also be viewed as indexing the leniency of bank closure policy: higher p means more regula-
tory forbearance. Closure can be avoided by rescuing a distressed bank, which in turns reduces
the ex-ante risk-sensitivity of the bank’s creditors. The relevant common thread of these uncon-
ventional policies is that a higher p undermines market discipline imposed by bank creditors by
decoupling the cost of funds from asset risk."

We focus on the case of an homogeneous forbearance policy p which is independent of banks’
portfolio choices. A risk-sensitive p would alleviate risk-shifting incentives, but information fric-
tions may prevent regulators from tailoring p to bank-specific conditions. Risk-sensitive guaran-
tees may not be incentive-compatible in a general environment with private information about
assets and/or moral hazard in monitoring, as shown by Chan, Greenbaum and Thakor (1992). In-
stitutional constraints also play a role, as p could be constrained to be the same across U.S. states

or European countries in spite of large differences in the quality of local banks’ balance sheets.

Relationship Lending and Evergreening. In the baseline model we focus on risk-shifting
as a driver of zombie lending, and abstract from the role of relationship lending, and in particu-
lar from weak banks willing to “extend and pretend” by rolling over loans at subsidized rates to

legacy borrowers that should be declared non-performing. We incorporate this important “ever-

4Tn the U.S., in the run-up to the Savings and Loans (S&L) crisis in the 1980s, the Depository Institutions Deregu-
lation and Monetary Control Act increased deposit insurance from $40,000 to $100,000 per account with the purpose
of curbing deposit outflows. The cap increased to $250,000 in 2008 and the FDIC introduced the Transaction Account
Guarantee Program guaranteeing corporate checking accounts without limit, and the Debt Guarantee Program pro-
viding debt guarantees to banks, until 2012. In the recent 2023 banking crisis, the FDIC effectively guaranteed all
uninsured deposits of distressed banks and introduced the Bank Term Funding Program allowing banks to borrow
against eligible securities at par.

15 Acharya et al. (2019) provides evidence showing how central bank policies in Europe helped lowering banks
funding costs at the cost of reducing market discipline, with substantial effects on banks’ asset composition.

15



greening” channel in Section 6 and show that it reinforces sorting between weak banks and bad

firms, to which we turn next.

3.2 Equilibrium Bank-Firm Sorting

We need to determine both the equilibrium allocation of bank capital (aggregate lending and
aggregate investment in safe assets) and the composition of lending (good versus bad types of
firms). As we explain below, the highest level of aggregate output is achieved when there is
maximal creative destruction. That is, all the type B incumbent firms exit, and are replaced by
more productive type G entrants. We model the entry and exit process building on CHK, with
the additional layer of banks’ portfolio choices. Equilibrium loan interest rates are the variables

that adjust to bring about, or hinder, creative destruction.

Firms’ entry and exit decisions. Given the realization of production costs € and the borrow-
ing rates offered by banks, incumbent firms decide whether to produce or exit, and potential
entrants decide whether to enter or not. Incumbents remain in business and undertake their
project if and only if they expect positive profits, which happens if and only if the idiosyncratic
cost realization € is lower than a type-specific threshold €’,i = g, b. A type i incumbent drawing
€ produces if

e<é&=0(y-R) 3)

and exits otherwise. The masses of active firms of type G and B are respectively

md = (1-A) H (&) +AH (&%) = H (09 (¢ — RY)),
incumbents entrants

mb = AH (9” (yb - Rb)) . 4)

m9 and m® are the aggregate loan demands from each type of firm. There is no intensive margin
adjustment as projects are all of unit size, but higher loan rates decrease aggregate loan demand

at the extensive margin.

Banks’ asset choice. A bank with equity e chooses among the three investment options (safe
assets, lending to type G firms, lending to type B firm) to maximize expected profits. Taking as
given p, the loan rates RY, RY and the risk-free rate R/, the bank solves

max 0/ [RF —Ri(1-e 5
je{g.b.f} [ ( )] ©®
.. Rf—(1-¢/
st. R/ = ( . )p.
0J
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The following lemma, proved in Appendix B, characterizes the solution of banks’ problem as a

function of their level of capitalization:

Lemma 1 (Diabolical sorting). Define the following equity levels:

*_

- (0IRI — OPRD)

pAO
v _, _ (R —0R)
p(1-069)

With parameters such that e* < e**, banks invest as follows:'®

(i) Banks with equity e < e* lend to a type B borrower at rate R”.
(ii) Banks with equity e € (e*,e**) lend to a type G borrower at rate RY.
(iii) Banks with equity e > e** do not lend and invest in safe assets at rate Rf .

Lemma 1 shows that the solution of banks’ problem features a diabolical sorting of poorly-
capitalized banks with low productivity firms. The lemma takes loan rates as given, but will
continue to hold once rates are determined in general equilibrium. Our sorting result is in line
with the evidence cited in introductory remarks that poorly-capitalized banks are more likely to
extend credit to risky and unproductive borrowers.

A key observation is that regulatory forbearance p induces risk-shifting in lending decisions.
Sorting arises because risk-shifting incentives depend on bank capitalization. To see this, we can

rewrite bank e’s expected profits from choosing investment of type j as
O'[R-R(1-e)]=0/R —R(1-e)+p(1-6/)(1—e),

where the last term is the policy-induced subsidy to type j investments. Government guarantees
provide a subsidy only if banks have some leverage, and if they take positive risk; thus there
is no subsidy for safe investments (§/ = 1) or for fully equity-funded banks (¢ = 1). Outside
these extreme cases, the subsidy is increasing in p, in leverage (1 — e) and in risk (1 — 6/), but
also supermodular in these three variables. Thus our diabolical sorting result reflects the strong
complementarity between leverage and risk-taking: for any p > 0, banks with high leverage
are the ones who benefit the most from risk-taking. Figure 4 offers a graphical intuition for this
result, showing the expected profits from the three available investments as a function of bank

capital e.

16Condition (A.1) in the Appendix ensures e* < e**. The only difference if e* > e** is that that region (ii) does
not exist, i.e., no bank lends to a G firm. This leads to an even more extreme diabolical sorting: low equity banks
lend to type B borrowers, and high equity banks invest in safe assets.
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Figure 4: Optimal asset choice as a function of bank capital e.
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Note: Each line shows the expected profit from investing in asset j, 6 [Rj —Ri(1- e)], as a function of e. The red
line shows j = b (lending to a type B firm). The blue line shows j = g (lending to a type G firm). The black line
shows j = f (investing in safe assets).

General equilibrium. Given policies (R, p), the static general equilibrium of the model is
characterized by loan rates (RY, R?) such that agents optimize and credit markets clear. The mar-

ket clearing conditions are

F(e") =mb = AH (eb (yb - Rb)) , 6)
F(e™) —F(e") =mf = H (¢ (7 - R)), (7)
where the thresholds e* and e** are defined in Lemma 1. Equation (6) equalizes the supply of

zombie loans, by banks with equity e < e*, to the demand from type B firms with idiosyncratic

shocks € < 6° (yb — R ). Similarly, equation (7) describes market-clearing for good loans.

3.3 Output and Policy Objective

Given equilibrium loan rates, aggregate output can be written as

69 (y9—R9) 0®(y*-R?) -
Y:/O (0999 — €] dH (e) +/1/0 [9 y —e] dH (€) . )

The first term in (8) captures the net contribution of type G firms (both incumbents and entrants).
The second term is the net contribution of type B firms. By Assumption 1 both terms are posi-
tive, thus lower lending rates R9 and R® increase aggregate output by stimulating the entry and
continuation of productive firms.

We define potential output Y* as the highest possible aggregate output the economy can
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achieve given its fundamentals, given by Y* = 89y9 — E [€] . According to equation (8), the econ-
omy attains Y* when all bank capital is used to finance the productive sector (i.e., there is no
investment in bonds) and, within the productive sector, the most productive firms (i.e., there is

no zombie lending).

Congestion Externalities and Policy Objective. When analyzing optimal policy, we assume
policymakers set policies (p, Rf) to maximize output net of congestion externalities resulting from
zombie lending. A substantial body of empirical evidence, discussed in Section 2, highlights that
zombie firms can impact the performance of healthier firms in the economy through various
channels, such as congestion in labor and input markets, congestion in output markets due to
price competition, or reduced innovation incentives.

As our focus is on banks’ incentives to engage in zombie lending and how policy affects
them, we introduce these various congestion externalities in a reduced-form manner. In general
the policy objective is

emax
Y- pr(m')=¢p [ (1= 0P (1 - )dF(e), ©)
€min
where T is an increasing and convex function of the extent of zombie lending m?, and there is no
externality if m® = 0, that is, ['(0) = 0; in Section 5 we revisit the role of externalities and provide
a dynamic specification that more closely matches the empirical evidence. The parameter f > 0
denotes the policy weight on congestion externalities.

The third term in (9) denotes the fiscal costs of insuring banks at the expense of taxpayers,
where j(e,Rf, p) € {g,b, f} is the optimal portfolio choice for a bank with capital e given policy
(Rf,p) and ¢ > 0 is the shadow cost of public funds. We assume that { is infinitesimal, hence
fiscal costs are irrelevant except to break ties: if different combinations of p and R/ can achieve
the same level of output net of congestion externalities (9), policymakers strictly prefer policies
that minimize p. A non-negligible fiscal cost { would lead to a lower optimal p and thus be similar

to increasing . Therefore we define the optimal policy as follows:

Definition 1. The optimal policy is the combination (p, R/) that minimizes p among the set of

policies that maximize ¥ — BT (mb).

4 Optimal Policy Response to Aggregate Shocks

Having set up the model and the policy objective, we now analyze how policymakers can opti-
mally combine their instruments R/ and p to maximize their objective (9), and how the optimal

policy mix should respond to shocks to fundamentals.
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The two variables Rf and p impact banks’ decisions—and therefore credit allocation—through
two different channels. The first channel is a standard bank lending channel, that is, the choice
between investing in safe assets versus lending to the productive sector. A lower R/ stimulates
lending to both types of firms by decreasing the return of investing in safe assets relative to loans.
Government guarantees subsidize riskier investments, thus a higher p also stimulates lending to
both types of firms, by lowering the cost of funds.

The second channel is the zombie lending channel, operating through the choice between
lending to different types of borrowers. A higher p not only makes lending in general more
appealing, but it also increases the profits from loans to B firms relatively more. These loans are
riskier, thus a given subsidy p lowers the cost of funds by more when lending to B firms, through
the term (1 — Qb) p in (1). As we will show, the incentives to lend to one type of firm or the other

are bank-specific, as they depend on bank capitalization.

4.1 Shocks and Optimal Unconstrained Policy

We assume that firm outputs y9(z) and y®(z) are decreasing functions of an aggregate productivity

or demand shock z
y'(z) = (1-2z)7 fori=g,b, (10)

where z lies between 0 and zn,x such that Assumption 1 holds even for z = zpy. Therefore
potential output Y™ also decreases with z. This shock to aggregate productivity corresponds to
the empirical evidence in Figure 2 (left plot) in Section 2. In Appendix C we generalize the shock
structure to allow for asymmetric shocks, and show that shocks that reduce the profitability gap
between good and bad firms lead to even more zombie lending, consistent with Figure 2 (right
plot) in Section 2.

A policy combination that yields Y = Y*(z) must be optimal according to criterion (9). When
there is no binding ELB (2), this can be achieved through a sufficiently low risk-free rate Rf that
discourages substitution towards safe assets, together with a low subsidy p that curbs the risk-

shifting incentives of poorly-capitalized banks:

Proposition 1. Given z, there exist a threshold p(z) > 0 and a function Rf (p;z) increasing in p

and decreasing in z, such that output reaches its potential, Y = Y*(z), if and only if the following

two conditions hold:
Rf < Rf (p;z) (full lending)

p < p(z) (no zombie lending)

For any p > p(z), zombie lending necessarily emerges in equilibrium.

If the ELB is sufficiently low, Rﬁﬁn < RF(0; zmay), then potential output Y*(z) can always be
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attained and the optimal policy is

R (2) = R (0;2),
p(z) =0.

The “full lending” condition Rf < Rf ensures that the return on safe assets is sufficiently
low to make lending attractive to the least leveraged banks (e = emax), who benefit the least
from government guarantees. The “no zombie lending” condition p < p ensures that the most
leveraged banks (e = emin), who benefit the most from guarantees, still prefer to lend to type G
firms.

If the ELB R£1 i low enough, a sufficiently low R/, together with p = 0, achieves potential

b remains at zero.

output without any congestion externality, since the mass of zombie firms m
Thus Rf (0; z) provides a notion of the “natural interest rate”, that is the interest rate required to
achieve Y* without subsidy. The natural rate fluctuates with fundamentals: larger z shocks must

be accommodated by a lower risk-free rate, exactly as in standard macroeconomic models.

4.2 Optimal Policy with an ELB Constraint

We now characterize the optimal joint policy response to shocks when R/ cannot be made ar-
bitrary low. The constrained planning problem is to maximize welfare Y — I'(m?) subject to the
equilibrium conditions (6)-(8) and the ELB constraint (2).

We focus on two polar cases that are sufficient to illustrate the economic mechanisms: (i)
when the weight  on congestion externalities is low, in which case the optimal policy is just to
maximize bank lending; and, (ii) when f is high, in which case the optimal policy features “No
Zombie lending”. Between these extremes, the optimal policy may be characterized by an interior
solution that trades off the marginal congestion externality SI"(m’) with the output loss from

reducing bank lending, and thus requires an intermediate level of accommodation.

Low f: Output-maximizing policy. If the welfare weight on congestion externalities is low

enough relative to the output gains from zombie lending
BT (1) < 0757 (1 — Zmax) — €, (11)

then the optimal policy simply maximizes bank lending and output, by setting p at a high enough
level to ensure that no bank invests in safe assets.
There are two thresholds z and z. In line with Proposition 1, following small shocks z < z,

an accommodative conventional monetary policy can achieve Y* at no costs (p = 0). Moderate

shocks z € [g, Z], however, require combining conventional monetary policy and forbearance
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policy in order to keep the economy at its full capacity. Specifically, a positive p helps stabilize
output once conventional monetary policy is constrained by the lower bound (R/ = R£1 .)- In this
region, the optimal forbearance increases in response to more severe shocks. The increase in p
subsidizes bank lending as much as possible, but all the lending is to type G firms. Thus if shocks
are moderate, some forbearance p > 0 is sufficient to attain Y*.

Once the shock is severe enough, z > z, stimulating aggregate lending necessarily triggers

some zombie lending by banks at the bottom of the equity distribution.

High f: No-Zombie Lending policy. If congestion externalities are costly enough:
pr'(0) > 6°3", (12)

then the marginal output gain from zombie lending is not worth bearing congestion externalities.
The optimal policy is then to maximize output while preventing zombie lending, i.e., keeping
m® = 0. Our main result in this case is that the optimal forbearance policy p (z) is non-monotonic
in the size of the shock.

As in the previous case, for shocks z < z, the economy can achieve its potential Y = Y*(z).
If the economy is hit by severe aggregate shocks z > z, conventional monetary policy is still
constrained by the effective lower bound, but now the optimal forbearance needs to balance two
opposite forces. On the one hand, an increase in regulatory forbearance (higher p) spurs lending
at the expense of investment in safe assets. On the other hand, if forbearance p is too high,
poorly-capitalized banks engage in zombie lending, which creates congestion externalities.

As a result, for large enough shocks, policymakers must optimally reduce the degree of regu-
latory forbearance p as shock size z increases, and allow some banks to retrench from lending and
invest in safe assets instead. Aggregate output Y necessarily falls short of its potential Y*(z). Put
differently, when severe aggregate shocks hit the economy, policy should allow healthy banks to
start hoarding safe assets, rather than “pushing on a string”: more accommodation would only
trigger more zombie lending by the poorly-capitalized banks. The key point is not that policy
should not increase p(z) given a high weight  on congestion externalities, but that even holding
p fixed would trigger more zombie lending, hence p should actually be reduced when z is larger.
Our result thus shows that there exists a “reversal” level of forbearance p above which further
accommodation becomes harmful, a counterpart to the “reversal interest rate” for conventional

monetary policy (Brunnermeier and Koby, 2019).

Proposition 2 formalizes these results. The proof, including the definitions of the thresholds

z and Z, is in Appendix B.

Proposition 2 (Optimal policy). There exist thresholds z > 0 and Z > z such that the optimal
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policy response to an aggregate shock z is the following:

(i) For small shocks z < z, conventional monetary policy alone achieves Y*. The optimal policy

features p = 0 and an interest rate Rf (z) that decreases with the size of the shock.

f

min’

(ii) For moderate shocksz € (z,z), forbearance policy p can achieve Y*. The ELB binds, Rf = R
and the optimal p (z) increases with the size of the shock.

(iii) For larger shocks z > z, Y* is not attainable. The ELB binds and the optimal p (z)

(a) increases with the size of the shock in the case of a low f (11);

(b) decreases with the size of the shock in the case of a high f (12).

Figure 5 illustrates the result by contrasting the two policy regimes and the level of output
achieved by the two policies in the short run. The only difference arises for p in the case of large
shocks z > z. The high-p policy backtracks and reduces forbearance p as shocks grow larger,
whereas the low-f policy keeps accommodating more and more until it hits the upper bound
p=1

Proposition 2 especially highlights the role of large shocks. A lack of profitable investment
opportunities for good firms is not only detrimental per se, but it also makes zombie lending more
attractive to banks. Thus zombie lending tends to emerge after large shocks that hit economies
with a weak banking sector. While this is optimal in the case of a low f, it must be prevented in

the case of a high f, by tightening policy in spite of large shocks z.!”

Complementarity between bank capital and stabilization policy. Our model also high-
lights that the capitalization of the banking system not only plays a crucial role in determining
the allocation of credit—as illustrated in Proposition 1—but also mediates the effectiveness of
policy interventions following real economic shocks. The threshold shock size z in Proposition

2 depends on the minimal level of equity emin:

Corollary 1. An improvement in the health of weak banks (higher ey, ) leads to a more resilient

economy, in the sense that policy can achieve Y* in response to a larger range of shocks z € [0, z].

This result links the potency of monetary policy to the level of capitalization of the banking

system, and is consistent with the evidence in Acharya et al. (2020b).

7Note that our results abstract from the frictions in the bankruptcy system that may also follow such large
shocks. A massive wave of bankruptcies may lead to court congestion, fire sales, and widespread financial stress,
calling for a richer set of policies than those we consider, such as those analyzed in Gourinchas et al. (2020) and
Greenwood, Iverson and Thesmar (2020).
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Figure 5: Optimal policy as a function of shock z under high-f and low-§ policy regimes.
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Note: The left panel illustrates the optimal joint policy response (R and p) when f is high (solid black line) and when
B is low (red dotted line) as a function of the size of the shock z. The right panel illustrates the aggregate output Y
under the policy regimes and potential output Y* (dashed line).

To summarize, the single-period theoretical framework reproduces some key empirical find-
ings relating the allocative efficiency of credit markets, optimal policy actions, and the capital-
ization of the banking system, recognizing that zombie lending has real spillover effects in the
form of negative externalities imposed by unproductive firms on the other firms in the economy.

Next, we study the dynamic implications of zombie lending in the presence of these externalities.

5 Dynamic Model: Policy Traps and Sclerosis

Zombie lending is far from being a temporary problem. As discussed in Section 2, a substan-
tial body of empirical evidence from the historical experiences of Japan and Southern European
countries suggests that the adverse effects of credit misallocation on healthy firms due to the
proliferation of zombie lending practices might be persistent and even compound over time.

To incorporate these features we turn to a dynamic version of our model that emphasizes
how the interplay of accommodative policies and zombie lending can lead to persistent output
losses and policy traps. Our main result shows that in response to transitory shocks and policies
seeking to avoid a recession in the short run, the economy can get stuck in a state of permanent
low productivity and output (which we call “sclerosis”) with policymakers forced to implement
a combination of low interest rates and high forbearance (which we call a “policy trap”). We
then discuss how the economy can exit such a trap through a large bank recapitalization or an

improvement in the productivity of good firms.
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5.1 Dynamic Environment

To analyze the short-run and long-run implications of zombie lending, we provide a dynamic
foundation for the congestion externalities T'(m”) imposed by the presence of zombie firms. As
in Section 4.2, we assume the economy is hit by an adverse aggregate shock z, at time ¢ = 0,
which affects the productivity of all firms as in (10): y) = §'(1 — zo) for i = g, b. To capture that
the full cost of keeping zombie firms alive materializes over time, we assume the presence of type

B firms hurts the productivity of healthy firms in the next period: starting from t = 1,
y =9 (1-2z) t>1

where the endogenous output loss z; increases with the extent of zombie lending in the previous
period
z=aml | fort>1. (13)

The parameter a > 0 is the counterpart of I in the static model, capturing the strength of the
congestion externalities. Caballero et al. (2008) and Acharya et al. (2019) find spillover effects
consistent with (13). One potential mechanism is impaired innovation: Schmidt et al. (2023)
find that zombie lending reduces patent applications and R&D spending, particularly in R&D-

intensive and highly competitive sectors.

Bank and firm dynamics. To close the model, we need to specify the dynamics of the bank-
ing sector. Bank returns are stochastic, with some banks failing and others making large profits.
In general, accounting for bank entry and exit and tracking the evolution of the full distribu-
tion of bank equity presents significant technical challenges, similar to the ones encountered in
macroeconomic models with heterogeneous households and incomplete markets. We thus make

the following assumptions to make the dynamic model tractable:

Assumption 3 (Bank dynamics). There are overlapping generations of bankers: bank managers at
t are replaced after one period and earn a fraction p of the income accruing at t + 1. The manager of

a bank with date-t equity e; chooses projecti € {b, g, f} to maximize
pb' [R; - Ri(1- e)] .

At the beginning of each period t + 1, after date-t bank managers have been paid and replaced,
failing banks are replaced by new banks and the profits of all surviving banks are pooled together
and redistributed to all banks equally and banks raise equity 1 > 0.

This simplification allows us to keep track of the evolution of the aggregate capitalization of

the banking system, rather than the entire distribution of bank equity. Lemma 1 continues to
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apply as we collapse the distribution of banks: even though the portfolio of individual banks is
indeterminate in the limit of homogeneous banks, the aggregate portfolio of the banking system
is well-defined, which is all we need to study the output effects of zombie lending.

The short-term nature of bank managers’ contracts implies that banks’ franchise value does
not enter the bank investment problem, therefore banks’ portfolio choice is the same as static
problem of Section 3. In particular, given date-t equilibrium rates, the optimal portfolio choice
is characterized by the same thresholds e; and e;* stated in Proposition 1. In a more general
setting, banks would have to consider their franchise value when choosing their portfolios, which
would then feed back into the equilibrium thresholds e; and e;*. Accounting for the effect of the
franchise value on bank’s portfolio choices is an interesting extension that we leave for future
research.!®

Like before, in each period, a fraction A of incumbent G firms turn permanently into B firms,

and there is a mass A of type-G potential entrants.

Equilibrium. Given a path of policies {R{ , pt}and fundamentals {yf P } a dynamic equilib-

rium is a sequence of masses {mi’, mf, m{ }, equity e;, and loan rates {Rg, Rf } such that for all
t, banks sort optimally, bank equity e; follows Assumption 3, markets clear, and productivity
follows (13)."°

Next, we describe how policies are determined depending on policymakers’ objectives, and

characterize the resulting equilibria.

5.2 Policymakers’ Objective and Policy Rules

The dynamic equilibrium depends on the path of policies { Dt R{ } which in turn are set by policy-
makers depending on their objective function. We assume that the policy objective is to maximize

the present discounted value of aggregate output:

max B'Y;.
PN

Unlike in Section 3, policymakers only care about output. The reduced-form externalities T'(m?)
in the static model can be interpreted as the present value of future productivity losses for good
firms due to current zombie lending. Lending to type B firms has short-term benefits but possi-

ble long-term costs, and the optimal policy depends on how much weight policymakers put on

18We also assume that firms are focused on short-term profits, hence their entry and exit decisions are the same
as in the static model; unlike the assumption on the bank side which simplifies the dynamic model considerably, the
assumption on firms is mostly for exposition and can be relaxed to allow for forward-looking firms, see Appendix E.
9The full expressions defining optimal sorting, bank dynamics, and market clearing are in Appendix D.1.
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current lending relative to future productivity, as captured by . Therefore the welfare weight f
put on congestion externalities in the static model can be micro-founded as the discount factor
of policymakers.

As in the static model, we focus on two polar cases: a “No Zombie lending” policy under high
B, chosen by patient policymakers concerned about long-run productivity, and a short-termist or
“myopic” policy under low S, chosen by policymakers who are effectively more impatient. We
interpret a low policy horizon as arising from term limits, regulatory capture by incumbents, or
reputational concerns that create a wedge between the public and regulatory objectives, as an-
alyzed, for example, by Boot and Thakor (1993). Another interpretation is to think of the short
policy horizon as a reflection of policymakers’ inability to implement policies that have immedi-
ate fiscal costs. Fiscally constrained governments tend to help financial institutions in distress by
deploying guarantees and/or engaging in some form of forbearance, rather than promptly inter-

vening with capital injections or restructuring and resolution measures (Acharya et al., 2021a).

Long horizon: No Zombie lending policy. The No Zombie lending (NZ) policy

pNZ (Zts et)

is the high-f optimal policy in the static model described in Proposition 2, in the special case of
a degenerate equity distribution with epi, = emax = €;. In particular, pNZ is non-monotonic in
z;. For moderate shocks (as long as Y* can be reached), regulatory forbearance p increases with
the shock z;; for large shocks, the optimal p decreases with z; (see Figure 5). Preventing zombie
lending has a cost: it leads to a lower short-run output Y; than under the policy that maximizes
short-run output (described next), as some healthy banks end up investing in safe assets instead
of lending. A policymaker with a high enough discount factor f is willing to bear this cost to

maintain future productivity.

Short horizon: Myopic policy. Conversely, a policymaker with a sufficiently low discount
factor f chooses to minimize the short-term costs of the shock z. This might require allow-
ing zombie lending in equilibrium, even if doing so jeopardizes future productivity and output.
Specifically, the optimal myopic policy

p" (21 )

is the low-f optimal policy in Proposition 2. It maximizes short-run output at each point in time
by ensuring that all banks lend (m! + m? = 1) but ignoring congestion externalities and future
productivity losses. As a result, the optimal myopic p is increasing in the size of the shock z:

larger shocks are accommodated with a higher p, until p reaches its upper bound of 1.
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5.3 Persistence of Output Losses under Different Policy Regimes

We now turn to our main dynamic experiment and result: transitory shocks can generate perma-
nent output losses and policy traps due to the dynamic externalities imposed by zombie lending.
Suppose the economy starts in a “good” steady state in which the zero lower bound is not bind-
ing: Rf = (0949 — €) > Ri .- Thus no forbearance is needed (p = 0), there is no zombie lending,
aggregate output is Y = Y*, and equity is ¢y = m.

At date-0 a transitory shock zo > 0 hits, so that yJ = 79 (1 — zo). We contrast the paths of the
economy under the No Zombie lending and myopic policy rules. Recall from Proposition 2 that
there exists a threshold z such that for shocks zy < z, optimal policy can still attain the potential
output Y* without triggering any zombie lending. Therefore the NZ and myopic policies only
differ for large shocks zp > Zz. Let us then restrict attention to large enough shocks zy > Z.
Under both policy stances, the optimal conventional policy implies setting the minimal risk-free
rate R{ =r

i, as long as as z; > z. However, the paths of p; will differ across policy stances
markedly. In fact, we show that seemingly small within-period differences between the NZ and

myopic policies can lead to completely different long-run outcomes.

No Zombie Lending Policy: Transitory Recession and Full Recovery. Under the NZ pol-
icy (high p), congestion externalities never materialize since there is no zombie lending in any
period in equilibrium. The endogenous component of productivity losses is always zero, and
since there are no further exogenous shocks, z reverts immediately to zero starting from date-1
(zt =0 Vt > 1). The date-0 recession is “V-shaped”: it can be quite deep, but remains short-lived.
Output recovers immediately from the transitory aggregate shock. The following proposition

formally describes the full equilibrium path:

Proposition 3. Under the No Zombie lending policy, the transitional dynamics for policies and

aggregate output following the shock z, are given by

t=0 forallt > 1
R{; = Riin Rl =699 - ¢
pO = Rﬁin - ebgb(l B ZO) p = 0

(1-e) (1-6°) !
Yo = YV < Y* (20) Y, = Y* (0)

Myopic Policy: Policy Trap and Sclerosis. Under a myopic policy regime (low f), policy-
makers accommodate using regulatory forbearance, and allow some zombie lending at any date

t, in spite of the potential long-term costs on the productivity of healthy firms.
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The mass of zombies at date-t is
m’t7 =AH (Gbyf - R{ +p" (21, e1) (1 —ey) (1 - Qb)) )

In particular, since zy > Z the date-0 mass of zombies mg will be positive, which hurts the pro-
ductivity of good firms at date-1 through z; > 0, and so on. The form of congestion externalities

(13) implies that z; follows the first-order Markov process

211 = aAH (0"} = R, (20) + p™ (1,6 (1= &) (1- 6°))

The myopic policy creates an endogenous “reverse hysteresis” channel: current accommodation
leads to endogenous persistence of the initial shock, that worsens when congestion externalities
a are larger. If @ is high enough, the myopic policy response to a sufficiently severe transitory

shock z pushes the economy to a steady state with permanently lower output, defined as follows:

Definition 2 (Sclerosis steady state). A sclerosis steady state is a steady state equilibrium with
the interest rate at the ELB (Rf = Ri; ..)» permanent forbearance (p > 0) and potential output
permanently depressed (z > 0).

Unlike in standard macroeconomic models, the natural rate becomes an endogenous variable.
Sclerosis is associated with a policy trap: present policies aimed at minimizing short-term losses
tie the hands of future policymakers through their effect on future productivity. As a result, the
economy may be stuck at the ELB forever even though the natural interest rate would recover to
a positive level under a different policy rule.

We can now express our main dynamic result.

Proposition 4 (Myopic policy and sclerosis). Suppose that congestion externalities are large enough,
a > a, for some positive & (given in Appendix B) and the technical condition (A.2) in the Appendix
holds. Then,

1. There exists a unique stable sclerosis steady state. It features maximal forbearance p = 1 and

permanent output losses zo, > 0 such that

Zoo = AAH (ngb - Rﬁin +(1—ex) (1 - Qb))

o
1-(1-p)R.

min

where e, = < ey denotes steady state bank equity.

2. There exists a threshold z*(a) increasing in a such that for initial shocks zo < z* («), the
economy converges to the no-zombie steady state, while for initial shocks zo > z* (a) the
economy converges to the stable sclerosis steady state with z; > 0, p; > 0 and a binding ELB
R{ =r for all t along the transition.

min
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Figure 6: Impulse responses under the NZ policy (black) and the myopic policy (red dotted).
Panel A: Small initial shock zg < z* («)
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Panel B: Large initial shock zy > z* (a)
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Note: Output losses z;, aggregate output Y; and potential output Y;* (dashed lines), and the optimal policies R{ and
p; under the two policy regimes (No Zombie lending, in solid black lines, and the myopic policy, in red dotted lines).
Panel A: small initial shock zy < z* (). Panel B: large initial shock zo > z* (@).
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Figure 6 displays the impulse responses of output losses z;, aggregate output Y;, and the op-
timal policies R{ and p; under the two policy regimes (NZ policy, in black, and myopic policy, in
red). Panel A shows equilibrium paths following a shock z, that is above z but below the thresh-
old z* () defined in Proposition 2. The ELB binds at the time of the shock under both policy
regimes. Forbearance also increases in both cases, but by much more under the myopic policy.

As a result, output drops sharply under the NZ policy, but recovers immediately to its pre-
shock level at t = 1. The interest rate also recovers after the initial shock. By contrast, the
myopic policy succeeds in stabilizing date-0 output at a higher level thanks to the more generous
forbearance policy that keeps some zombie firms alive. However, the stabilization of short-term
output comes at the cost of a protracted output loss for multiple periods, with interest rates stuck
at the ELB and forbearance p at a high level. While this path features endogenous persistence of
the initial shock, the economy eventually converges back to its pre-shock steady state.

Panel B shows the equilibrium paths following a large initial shock zy > z* (a). While ini-
tially the paths under the two policy regimes are similar to the ones following a smaller initial
shock, they soon start diverging from each other. Like before, the economy experiences a sharp
but short-lived output loss under the No Zombie lending regime. But under the myopic policy,
the date-1 output loss z; stemming from congestion externalities is even larger than the initial
shock z,. This puts the economy on a dangerous path: at ¢t = 1, the endogenously weaker fun-
damentals induce myopic policymakers to accommodate even further, by keeping interest rates
as low as possible and allowing even higher forbearance (p]" > p'), which, in turn, hurts date-2
productivity, and so on. For a while, this myopic policy manages to stabilize output Y; close to
potential output Y/, albeit with a major side effect: potential output Y;" itself (dashed red line)
starts falling because the presence of zombie firms reduces the productivity other firms in the
economy. Moreover, once zombie lending becomes a permanent feature of the economy, all poli-
cymakers can do is exert maximal accommodation to stimulate output (Rf = R£1 oo P™ = 1), which
however is not sufficient to prevent a large gap between output and its potential. The economy

snowballs towards sclerosis and monetary policy is trapped.

5.4 Exiting the Policy Trap

Proposition 4 characterizes the steady state for given fundamentals. Can an economy exit a policy
trap and recover from sclerosis? An obvious way to exit the trap is to appoint a more conservative
or long-term policymaker, as in the literature on inflation bias (Rogoff, 1985). In our context
this would correspond, for instance, to switching from a myopic policy regime to a No Zombie
lending policy regime. This is isomorphic to our earlier example; the only difference is that the

initial shock z, is not exogenous but caused by the congestion externalities in the sclerosis steady
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state (that is, zg = am?, where m?, is the steady state mass of zombie firms). At date-0, the NZ
policy reduces forbearance p sufficiently to induce all zombie firms to exit. This causes a sharp
but transitory recession, and allows a clean start at t = 1.

More interestingly, suppose we maintain the myopic policy regime but change the initial
conditions. We consider two experiments: an improvement in fundamentals and a bank recapi-
talization. In each case the economy starts from a policy trap with R = Rﬁl ., and p = 1, hence

from the associated sclerosis steady state with output losses ze.

Improvement in fundamentals 0979. Fundamentals such as the productivity of good firms
affect the threshold z* () in Proposition 2. For instance, z* is increasing in 6979 and decreasing
in the churn parameter A. A low growth environment is thus particularly dangerous: not only is
potential output already low, but the economy is also more fragile and output is more susceptible
to fall below potential due to zombie lending. Conversely, an improvement in 6779 can help the
economy exit the policy trap and sclerosis; but once the economy is in a trap it needs a large
shift in fundamentals. Figure 7, panel A, shows an example with a sufficiently large increase in
9. Lending to good firms becomes relatively more attractive, which again sets the economy on

a virtuous path towards a good steady state.

Bank recapitalization. Suppose next that at t = 0 the government recapitalizes the banking
sector. In our model this corresponds to an exogenous increase of bank equity from e, to a higher
level eg. A small intervention will only have a transitory effect. But a large recapitalization can
help the economy exit the policy trap. Figure 7, panel B, shows such an example. Output falls
at the time of the recapitalization: z, is still high initially, hence lending opportunities are still
weak and the higher equity induces a subset of banks to invest in safe assets. However, a better
capitalized banking sector implies that risk-shifting incentives and zombie lending fall, which
triggers a virtuous feedback loop: congestion externalities are lower in the next period, which
makes lending to good firms more attractive, and so on. Over time, the economy can recover
and converge back to the “good” steady state with no zombie lending, high interest rate, no
forbearance, and high productivity (z = 0).

Historically, recapitalizations of the banking sector by the government—either directly through
capital injection or indirectly at times through the establishment of “bad banks”—have been the
most effective antidote to the proliferation of zombie lending.?’ Despite their efficacy, decisive

interventions have been more the exception than the norm. In both Japan and southern Europe,

20Noteworthy cases of successful recapitalization efforts through asset purchases by a “bad bank” are the estab-
lishment of the Korea Asset Management Corporation (KAMCO) in South Korea following the 1997-1998 financial
crisis and the establishment of the Resolution Trust Corporation (RTC) in the U.S. following the Savings and Loans
crisis in the 1980s.
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Figure 7: Impulse responses under the myopic policy.

Panel A: Improvement in §7 at ¢ = 0.
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Note: Output losses z;, aggregate output Y;, and the optimal policies R{ and p; under the myopic policy regime.
Panel A: permanent increase in 9 at t = 0. Panel B: bank recapitalization at t = 0.
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for example, despite policymakers’ recapitalization efforts the capitalization of the banking sys-
tem effectively shrunk (see Table 1) or did not increase enough to cope with the aggregate shocks
hitting the economy. Furthermore, as shown empirically by Peek and Rosengren (2005) and Gian-
netti and Simonov (2013) in Japan, and Acharya et al. (2019) in Europe, the timid recapitalization
measures put in place were unable to prevent the spread of zombie lending, as they were unable

to effectively recapitalize the weakest financial institutions.?!

6 Equity Issuance, Relationship Lending, and Capital Re-

quirements

Our framework highlights how an undercapitalized banking sector constrains policymakers, thereby
making the economy more fragile in response to fundamental shocks. In the baseline model, we
made this point taking the distribution of bank equity as given. We next consider how the dis-
tribution of bank equity itself responds to monetary policy, forbearance, and capital requirement
regulation. How do the conclusions change when banks can choose their capital structure? And
if capital is endogenous, can regulators solve the misallocation of credit by forcing banks to raise

more capital?

6.1 Bank Equity Issuance

We first extend the static environment described in Section 3 by allowing banks to issue equity.
We find that conventional monetary policy accommodation can increase zombie lending, by re-
ducing banks’ incentives to issue equity relative to debt.

Suppose banks start with a pre-issuance equity level e before deciding jointly how much
equity they want to issue (A > 0) and in which asset to invest (type G loans, type B loans, or safe
assets). Bank e solves:

max 6’ (Rj—ﬁj (1 —e—A)) -k (A)
Jjefgb.fHA

where «x is an increasing, convex, differentiable equity issuance cost function. Conditional on

21The government may lack the ability or the willingness to recapitalize the banks sufficiently in the short run,
due to fiscal constraints or from the fact that just like the instruments we already considered, bank recapitalizations
are subject to policy myopia. Hence a government may optimally delay injecting equity if the costs of doing so (e.g.,
political backlash, heightened sovereign credit risk) are borne immediately while the benefits only materialize over
time. Studying the optimal mix of policies as a function of the government’s fiscal capacity is an important extension
for future research.
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choosing project j, the optimal equity issuance is
N = () (efﬁf) (14)

Accounting for their optimal equity issuance decisions, banks sort themselves into projects j. The
optimal equity issuance policy does not depend directly on a bank’s pre-issuance equity e because
the cost k is additive. Yet, in equilibrium, the amount of issuance issued by different banks varies
with e. Intuitively, e determines banks’ asset choices, which in turn affect the optimal equity
issuance. Hence risk-shifting acts as a “double whammy”: banks with a lower initial level of
capitalization also issue less equity, anticipating that they will be the ones lending to relatively
riskier borrowers. By contrast, banks that start with high capital internalize that they will be the
ones lending to safer borrower or even investing in safe assets, and thus have incentives to issue
more equity.

As in the baseline model, there is a diabolical sorting: poorly-capitalized banks engage in
risk-shifting and zombie lending. But now the equity thresholds e* and e** depend on the equity

issuance margin. In order to focus on e*, suppose that e** > ey,.x. We have the following result:

Proposition 5. An decrease in Rf raises e* and thus zombie lending. An increase in p raises e* and

zombie lending more than without equity issuance.

Proposition 5 uncovers a new relationship between zombie lending and conventional mone-
tary policy when bank equity is endogenous. As previously discussed, when banks cannot choose
their leverage—or, equivalently, when equity issuance costs are infinitely high—the level of Rf has
no bite on banks’ relative returns from lending to good versus bad types of firms. Once equity
issuance costs are introduced, however, a reduction in the monetary policy rate R/ increases the
threshold e*, thereby increasing zombie lending.

A higher interest rate increases the returns on all assets and therefore encourages banks to
issue more equity to take advantage of these higher returns. Our reduced-form formulation in
which equity is limited by an issuance cost function xk makes this point particularly stark and
simple. More generally, higher interest rates will increase equity issuance if the required return
on bank equity does not adjust fully with the risk-free rate, as is the case empirically, so that

higher interest rates make the cost of equity relatively lower.??

22 An important implication of this result is that the endogenous response of banks’ capital structure imposes an
additional constraint on monetary policy. Moderate interest rates are needed to prevent banks from investing in safe
assets instead of lending, as in the baseline model with exogenous equity. But there is a new force: lowering interest
rates “too much” makes zombie lending more likely, by deterring equity issuance. Hence achieving potential output
Y* requires, as in Proposition 1, to set p and Rf low enough, together with a novel restriction that the risk-free rate
R/ cannot be set too low either. Proposition 7 in the Appendix formalizes this result.
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6.2 Relationship Lending and Evergreening

Empirically, an important source of zombie lending stems from weak banks willing to “extend
and pretend”, by rolling over loans at subsidized rates to legacy borrowers that should be declared
non-performing.”> We can incorporate this element by breaking the symmetry between old and
new borrowers in a parsimonious way. Banks start the model matched with a legacy borrower.
A random fraction A of banks have an outstanding B borrower, and the remaining (1 — 1) banks

have an outstanding G borrower.

Assumption 4. If a bank switches from its legacy B borrower to a new borrower, its equity falls

frome to (e — §), for some switching cost § > 0.

The presence of a positive switching cost will prolong some borrower-lender relationships.
The switching cost § captures first and foremost the loss provisions that banks must put aside
when declaring loans as non-performing; but § is also meant to include the screening effort that
the bank must spend when creating a relationship with a new borrower.?* Indeed, banks will
never want to switch from a legacy B borrower to a new B borrower, so the only switches that
could be observed in equilibrium are towards a new G borrower. This presumes some costly
information gathering to learn which borrowers are indeed good. Our results extend to a more
general switching cost structure, with costs ;; depending on both the legacy match i and the

new match j.

The distinction between legacy and new borrowers requires us to model lending relationships.
First, we need to determine which outstanding borrower-lender pairs are continued, and which
of them are broken so that the bank can lend to a new borrower. Second, we must specify the loan
rates offered to legacy borrowers, as those can differ from the rates offered to new borrowers due
to the hold-up problem. We assume that the borrower-lender pair separates if and only if the joint
surplus of remaining matched is lower than the joint surplus outside the relationship, in which
case the bank lends to a new borrower and the borrower seeks to borrow from a new bank. In
the case of continuation, the bank makes a take-it-or-leave-it offer to the firm, hence legacy and

new B borrowers pay the same rate R”. Positive bargaining power for the firm would decrease

23The empirical literature documents that the credit extended by under-capitalized banks to poorly-performing
firms is granted at rates lower than justified by the credit risk of these borrowers. The subsidized nature of these
credit transactions is one of the quintessential features of zombie lending. For this reason, Caballero et al. (2008)
and most of the following literature use subsidized bank credit as a criterion to empirically identify zombie firms,
and finds that their borrowing rates are often as low as those charged to the safest borrowers (Acharya et al. 2019;
Schivardi et al. 2021). For incentives to postpone loss recognition, see also Blattner et al. (2023).

24The efficiency of the debt resolution system affects the cost of insolvencies and the magnitudes of loan loss
provisions. Therefore, bankruptcy reforms may alleviate the incidence of zombie lending (Becker and Ivashina,
2022). However, the benefits of such reforms depend on the level of bank capitalization, which determines the
strength of banks’ zombie-lending incentives (Kulkarni et al., 2021).
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the rate to legacy borrowers to R® < R?.?

With § > 0, Lemma 1 generalizes as follows:

R —p(1-69)
pAO

% 26

Lemma 2 (Diabolical sorting with evergreening). Let v = and suppose that e* < e**.

Banks matched with a legacy B borrower invest as follows:
(i) Banks with equity e < e* + v lend to a type B borrower at rate R’
(ii) Banks with equity e € (e* + dv, e**) lend to a type G borrower at rate RY.
(iii) Banks with equity e > e** do not lend and invest in safe assets at rate R .
Other banks follow the policies (i)-(iii) with a threshold e* instead of e* + 6v as in Lemma 1.

Therefore relationship lending induces a second source of sorting, in addition to risk-shifting:
a positive switching cost § increases zombie lending at the bottom of the bank equity distribution.
Some banks with capitalization between e* and (e*+vJ) choose to roll over the loan to their legacy
B borrower in order to economize the cost §, even though given their capital they would lend to a
new G borrower absent this preexisting lending relationship. The most interesting implications
of this “evergreening” channel, in the next section, arise when we consider how it interacts with

capital requirements.

6.3 Capital Requirements

A key policy question in the face of prevalent zombie lending is whether tightening capital re-
quirements is a good remedy. In light of our sorting result, improving the distribution of bank
capital appears to be a natural solution to tilt credit allocation towards safer and more productive
lending. The counterargument is that tighter regulation may backfire, by generating incentives
for banks to extend and pretend out of fear of having to recapitalize to satisfy the requirement.
We now allow for both equity issuance and positive switching costs § > 0 as described in the two
previous subsections. In addition, the regulator can impose a capital requirement: post-issuance
equity e’ must remain above a floor é. Our main result is that if switching costs § are high enough,
and capital requirements are already strict, then tightening regulation further (increasing é) can

increase zombie lending through the evergreening channel.

Throughout this section we keep other policies Rf and p fixed (for instance, because the econ-

omy has already fallen into a dynamic policy trap) to focus on the effect of capital requirements.

%Low loan rates are also a way to ensure repayment of the zombie loans when the default probability depends
on loan rates, as in the literature on credit rationing (Stiglitz and Weiss, 1981). Faria E Castro et al. (2021) focus on
this mechanism and find empirical support in U.S. data.

26 As before this is the case if condition (A.1) in the Appendix holds.
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It is convenient to define
o(e) =09 [RI—RI (1-¢)] - 6 [Rb R 1-¢)

which represents the payoff difference between lending to a G firm and a B firm (ignoring any
equity issuance costs) for a bank with post-issuance equity e’. We restrict attention to parameters
such that if the regulator sets a capital requirement low enough that it does not bind even for the

bank with the lowest capital e = ey, then that bank prefers to lend to a type-B firm. Formally,
o(€) <k (é—emin+d)—K(€— emin) . (15)

for all € < min {emm +AY epin + A9 — 5 } Condition (15) means that there is indeed some zombie
lending absent capital requirements. This is the only interesting case to consider, as otherwise
capital requirements would be irrelevant for credit allocation and aggregate output, and intro-

ducing them would only create a deadweight loss in terms of equity issuance costs.?’

In the absence of any switching costs (§ = 0), it is straightforward to deter zombie lending
completely: the regulator can just impose a capital requirement ¢ that is sufficiently high, and
more precisely, above the equity threshold e* in an equilibrium without zombie lending. Intu-
itively, the case of low enough switching costs must be similar to when there are no switching
costs at all. Indeed, we find that for low enough §, there always exists a sufficiently tight capi-
tal requirement é¥4 (where NZ stands for No Zombie lending) that suppresses zombie lending
altogether (m® = 0). Does it mean that we can always solve the zombie lending problem using
capital regulation? We find that the answer is no. Surprisingly, when the switching cost é is high
enough, no capital requirement can deter zombie lending completely: some positive equilibrium
zombie lending is inevitable. In fact, the stronger result is that increasing capital requirements

beyond some level can even backfire, by further encouraging zombie lending:

Proposition 6. Let éN7 solve o (eN?) =k (éN% — emin + 8) — k (eN% — emin).

N.

« If6 < N9 — AP, then any capital requirement above éN? suppresses zombie lending.

« If§ > N — AP, then zombie lending is minimized by setting the capital requirement

GIRI — PRY
- pAO

e=1

and increasing capital requirements above that level strictly increases zombie lending. No

capital requirement can suppress zombie lending altogether.

2"In a dynamic setting, capital requirements could matter for future credit allocation even if they do not bind in
the present. This is one rationale behind precautionary cyclical capital requirements.
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The case of a high § captures the evergreening motive of zombie lending. The intuition is
as follows. A bank compares two options: recognizing the loss at a cost §, which allows a fresh
start with a new G borrower, or rolling over the loan to the legacy B borrower. The second
option allows to economize the switching cost §, and becomes especially attractive with a high 6.
Switching to a new borrower brings an additional cost if the bank is already poorly-capitalized:
its equity will drop to e — §, which forces the bank to undertake a costly recapitalization to satisfy
the requirement é. Thus there is a set of banks for which the cost of recapitalization acts as an
additional motive to roll over the zombie loan, and the set of such banks expands as the capital

requirement € increases.

Proposition 6 highlights a subtle link between capital requirements and zombie lending. In
particular, both cases are likely to be relevant because the switching cost § and the threshold §
depend on the country and industry of the borrower, and the history of the lending relationship.
For instance, § will be higher when there is more asymmetric information between banks and
potential new borrowers, and when zombie debt has been accumulating for a longer time (as this
increases the losses that banks would eventually recognize). Just like in the dynamic model, the
longer policymakers wait before tackling the zombie lending problem, the harder it becomes to
solve it. The case of high switching costs § is consistent with some of the empirical evidence
on the unintended consequences of capital requirements, for instance following the increase in
capital requirements by the European Banking Authority in 2011, as documented by Blattner,
Farinha and Rebelo (2023). Relatedly, Chopra, Subramanian and Tantri (2020) show that other
regulatory actions such as ex-post bank cleanups can also trigger zombie lending if they are not

accompanied by ex-ante bank recapitalization.

7 Conclusion

In this paper we develop a theoretical framework with heterogeneous firms and banks to study
the complex feedback loop between bank under-capitalization, credit misallocation due to zombie
lending, accommodative monetary policy and regulatory forbearance, and adverse aggregate out-
comes such as permanent losses in growth and productivity. Our model generates linkages that
are consistent with several features of aggregate and banking sector data characterizing the “lost
decade” of Japan following its real estate crisis, and more recently, the aftermath of the sovereign
debt crisis in southern Europe. Viewing the world through the lens of our model, to avoid de-
layed recoveries and persistent output losses, policymakers should avoid excessively “pushing on
a string” of forbearance towards banks precisely when economies are hit by large shocks.

Our results have salient policy implications and suggest several directions for further research.
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A focal point of our model is the interaction between monetary and banking policy with the
fundamental of firms and bank in the economy, potentially converting transitory shocks into
accommodative policy traps and lost decades. This risk is receiving increasing attention in the
aftermath of the recent pandemic, especially in the case of China, where the adoption of lenient
regulatory stances toward financial intermediaries has inevitably raised the specter of long-term
economic stagnation from a zombification of the economy. Further empirical work is needed to
better inform policy makers coping with large shocks on how to optimally resolve the trade-off
between short-term versus long-term losses.

Finally, our study also suggests how properly designed capital injections in the banking sec-
tor can effectively tackle the incentives problems at the root of zombie lending. However, it is
assumed in our framework, as in the real world, that governments lack the willingness or the
ability to recapitalize the banks sufficiently in a timely fashion. This can be due to policy myopia
or to binding fiscal constraints. Studying the optimal mix of macro-financial policies as a function
of the government’s fiscal capacity also remains an open question and an important extension

for future research.
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Online Appendix

A Data Sources

Japan. The share of zombie firms is computed by weighting firms by their assets from Caballero
et al. (2008). Real GDP and aggregate TFP is from the Penn World Tables. The capitalization of the
banking system is defined as the total adjusted core capital over total assets of Japanese banks.
It is an authors’ elaboration using data from Fukao (2003, 2007). Adjusted core capital is defined
as Core capital + Unrealized capital gains and losses — Estimated under-reserves — Deferred Tax
Assets. Core capital is Tier 1 capital. The computation of unrealized capital gains and losses
uses the calculations suggested by Fukao (2003, 2007) and is equal to 0.6"(Market Value Shares —
Book Value Shares). Estimated under-reserves is loss reserves minus estimated loan losses. The
calculation of Deferred Tax Assets follows (2003, 2007). The industry data used to compute the
correlation between the percentage change in share of zombie firms in a given industry (1981-
1992 average to 1993-2002 average) and the TFP growth (average growth rate between 1990 and
2000) comes from Caballero et al. (2008).

European countries. Real GDP and aggregate TFP is from the Penn World Tables. Bank capital
is the Tier 1 ratio (Tier 1 capital over risk-weighted asses) from the ECB statistics warehouse.
The country-industry level data used to compute the binned scatter plots in Figure 2 is from
Acharya et al. (2021a). The percentage change in share of zombie firms (from 2012 to 2015)
is the asset weighted share of zombie firms in a given country-industry pair. TFP growth is
the asset weighted average change in firm-level TFP (from 2012 to 2015) of firms operating in a
given country-industry pair. The percentage change in profitability is the asset weighted average
percentage change of EBITDA over total assets (between 2009 and 2011) of firms operating in
a given country-industry pair. The weighted average is computed focusing on the subsample
of incumbent firms observed in the data both before the crisis (2009) and in the aftermath of
the crisis (2010-2011). The profitability gap between good firms and poorly-performing firms is
computed as the difference between the percentage change in the average profitability of good
firms in a country-industry pair and the percentage change in the average profitability of poorly-
performing firms (firms with interest coverage ratio below the industry median and bank leverage
above the industry median). The binned scatter plots in Figure 2 are obtained weighting each

country-industry pair by its assets in 2009.
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B Proofs

B.1 Proof of Lemma 1

There are two cases to consider:
Case 1. A bank prefers lending to a type G borrower at rate RY instead of lending to a type B

borrower if:
69 (Rg—zim —e)) > ¢ (Rb “Ra —e)).

Using the definition of R, J = g, b, this condition is met for banks with level of capitalization

above the following threshold:

0IRI — PP RY
1——
pAb

When 6§ > 0 and a bank has a legacy B borrower, the bank prefers to switch to a new G borrower
if
69 (Rg—zig(l—em)) > gt (Rb—zibu—e))
which is equivalent to
e>e" +0v

_ 09R9 _ R —p(1-09)
where V= W = pT

Case 2. A bank prefers investing its capital in safe assets rather than lending to a type G borrower
at rate RY if:
RF—Ri(1-¢)> 69 (R—" (- e))

. .rs 5q _ RA-(1-09)p . d _ pf . fps
Using the definition of R = ——— and under the assumption that R* = R/, this condition

is met for banks with level of capitalization above the following threshold:

RS — @9R9
Cp(1-09)

As long as e** > e*, a bank that prefers investing in safe assets over lending to type G firms

sk

e>e =1

a fortiori prefers investing in safe assets over lending to type B firms. The following conditions

ensured that e* < ¢**:
R —@IRI  GIRI — OPRP

1-09 ~  g9_gb

>

or, equivalently,

RING < 0IRI(1 - 0°) — °RP(1 — 09). (A.1)
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B.2 Proof of Proposition 1

Y = Y* is achieved when all banks lend and there is no zombie lending, hence mJ = 1 and mb = 0.
Relative to this composition of firms, any substitution towards bonds decreases output, and any
increase in zombie lending decreases output by Assumption 1.

In an equilibrium with Y = Y* loan rates are given by

R'=7"(1-2)
€

g — 79(1 — ___
R =§(1-2) -

Given these equilibrium loan rates, we verify that that all banks lend, that is e™ > eyay, and that
there is indeed no zombie lending, that is e* < ep;y.

These conditions can be rewritten respectively as

f — QIRI f 4+ e —0939(1 — _
p(1-69) p(1-69)

where R/ (p,2) = 0959(1 — 2) — €+ (1 — emax) (1 — 69) p, and

09RI — 0°R® (6999 - 0°3") (1-2) - ¢
p(67-06") p (69 - 0")

< emin © p < p(z)

where

_ (@ -0 (1-2) €

e e (0

If R is lower than the type G project with the lowest net present value, i.e. Rf < §959(1 —z) — €,
then all banks lend and with p < p the economy reaches Y* because there is also no zombie
lending. Finally, if p > p then there is necessarily zombie lending in equilibrium and Y < Y*,
regardless of the level of R

B.3 Proof of Proposition 2

When the shock z is small, an accommodating conventional monetary policy alone can achieve
Y = Y™ at no costs (p = 0), without violating the ELB constraint. Adapting the results of Propo-

sition 1, the monetary policy rate that achieves m9 = 1 with p = 0 is

RN(2) =099 (1-2) — ¢
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This interest rate satisfies the ELB constraint if 8999 (1 — z) — € > R or

min

For moderate shocks, z; > z, a combination of conventional and a lax forbearance policy, p (2),
can still achieve Y = Y* even if the ELB binds. Adapting the results of Proposition 1, given the

loan rates in an equilibrium without zombie lending, this requires
R (2) = 099° (1= 2) = €+ (1 = emax) (1= 0%) p (2).

. . : . . . f
Exhausting the stimulus from conventional monetary policy, the optimal policy sets Rf (z) = R

so p must satisfy Riin =0999 (1—2) —€+ (1 — emax) (1 —809) p (2), or

R +é- 0999 (1-2)

(1 - emax) (1 - 09)
which is an increasing function of z. The conjectured equilibrium loan rates are correct as long

as p(z) < p(z) or

p(z) =

1

(1—emax) (1-09) (1 = emin) (‘99—917)

R +e—099 (1-2) 3 (6999 — 6bit) (1—2) — &

(=emn) (0=67) [of ] . .
() (109) [Rmin * 6] +é

z<z=1

 ara abb 4 pang Uemn) (09-07)

0999 = 079" + 0999 =, Smamy
For large shocks, z > Zz, conventional monetary policy is constrained by the lower bound and
increasing the level of forbearance induces credit misallocation. There are two cases, depending

on the value of the weight f on congestion externalities in social welfare (9):

« If B is high as in (12), the optimal policy response ensures m” = 0 but Y* is not attainable.

The optimal forbearance policy p(z) > 0 solves:

min

1-69 p(1—-69)

o, (O emn) (96" RL,—0"8(1-2)

) - H (eggg (1-2) = 6%° — p (1 - emin) Ae),

which implies that the optimal p (z) is decreasing in the size of the shock.

« If Bislow as in (11), the optimal policy response maximizes bank lending and thus output,

ignoring congestion externalities. Given z and p the equilibrium loan rates R?(z, p) and
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RI(z, p) must solve

=e*

(0 (02 #)) = (1 - 2O
AH (68 (¢ (1= 2) = R') ) + H (69 (371 = 2) = RO)) = F( 1 - %)

—e**

o . . . R —69RI(z,1)
If e™* evaluated when p = 1 is strictly below ey, i€, 1 — i — < €max, then the

optimal p is the maximal possible forbearance p = 1. Otherwise the optimal p is the lowest

p ensuring that all banks lend, solving

min

p(1-69)

which yields a solution p(z) that is increasing in z. To see this, we rewrite the equilibrium

R~ 09RI(z, p)

= €max

system under the optimal policy as

Dy(R, 2) = S, (R, R, p)
Dy(R’, z) + Dy(R%, 2) = 1
(1= emax) (1= 609)p + 09RI = Rf

min

where we define the demand for type Bloans D, = AH (6° (5°(1 — 2) — R?)), the demand for

type Gloans Dy = H (69 (39(1 — z) — RY)), and the supply of type Bloans S, = F (1 _ PR-G'R

pAD
The argument only relies on the monotonicity of these functions and goes through even

without differentiability, but the exposition is simpler using derivatives and the implicit
function theorem. Suppose that the optimal forbearance is not everywhere non-decreasing
with z, i.e., there exists a z such that % < 0. Then from the third line of the system we

have % > 0. The second line then implies

<0 >0 <0
e ——
dR? 1 (0Dy dRY 9Dy 4D,
= - ( —_— t—+ — ) <0

dz oD, \ 9RI dz 0z 0z

ORb
——

<0

and that locally D,(RY, z) falls with z, hence D, (R?, 2) rises with z. But this is incompatible
with the first line since Sy (R?, R, p) would fall with z. Therefore p’(z) > 0 everywhere.
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B.4 Proof of Corollary 1

We have from the expression of z in the proof of Proposition 2

min

(1_emin) (eg_eb)
(1—emax) (1-69) [

Rf +e‘]+e‘

(1_emin) (Qg_eb)

099 = 09" + 0% e,

x[R£1n+e_:| +€ . th _ (1—€mm)(9g—9b)
W mcecreases with x = m.

The derivative of this function with respect to x is positive if and only if

Therefore Z increases with ey, if the function x —

[Rf;m + é] [x@ggg + 6999 — ebg”] > 0939 [x [Rim + e‘] + é]
b=b
;Y9

which is satisfied.

B.5 Proof of Proposition 4

We assume a technical condition on the distribution H of idiosyncratic cost shocks €,

B0y - R, + (1= (1-0%)) A0
sup >1-——
eE[OJ]h(H‘l(1—)LH(Qbyb—Rf +(1—e)(1—9b)))) 1-0

min

(A.2)

which is satisfied when H is uniform, for instance.

A stable sclerosis steady state must have
pm (Z’ eOO) =1
Le.

min min

H (07 (1-2) = R, + (1 - ) (1-09)) 4 2H (0" - R, + (1= e) (1- 6°)) <1
This can be written concisely as
z>Z ()

where

r

min

+e=(1-0) (1= + 7 (1-2H (0% Rl + (1-0) (1-0')))

{(e)=1- i

Z () = max {2, { ()}

A.6



are decreasing functions of e by (A.2).
At any t the zero lower bound binds and p™ (z;,e;) > 0 if and only if z; > z. Moreover, if

z; > Z (e;) then the optimal myopic policy sets p™ (z;, ;) = 1 and therefore

zi41 = aAH (Qbyf —R (e (1 - eb))

Thus we have a permanent sclerosis equilibrium (defined below) if for each ¢, z;41 > Z (e;41) or
alH (Gbyf - Rim +(1—e) (1 - Qb)) > max {Z,{ (l +(1-p) Riinet)}

that is for all ¢

s max{Z,{(t+(1—p)R£linet)}

~2H 0y — R+ (1-e) (1 0))

{ is decreasing in e but the denominator is also decreasing in e;. We always have

L 4

= < < =
_(-pR. =TT (09 - 4]

min

Therefore an upper bound on the right-hand side is

max {Z, 4 (l +(1-p) Rf;ingoo)}

AH (ngb(l - 20) -rR 4 (1--ep) (1 - 9”))

min

a=
and a sufficient condition for permanent sclerosis to happen is o > @.

B.6 Proof of Proposition 5

Following the same steps as without equity issuance costs we find:

(09— 6b)p QIR — GPRY
N Rf —pigs ¢ (R)-o (egﬁg)
p(1-69)  Rf—@9Ry

where ¢ (x) = x ()7 (x) —k ((K’)_1 (x)). The function ¢ inherits the properties of k, as ¢’ (x) =
()7 (x) and ¢” (x) = m Since §9RI — 6°RP = (69 — 6%)p > 0, it follows from the

@(09R9)—p(0°R?)

TR g0 is increasing with R/ and (decreasing with p).

convexity of ¢ that the slope of
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B.7 Proof of Proposition 6

When § > AY — AP, there are three relevant regions for banks initially matched with a bad firm.
If e < é — AP, then the capital requirement is binding even if the bank remains with its legacy B
borrower. If e > é — A9 + §, the capital requirement is never binding, whether the bank switches
or not. For intermediate equity e € [é ~ AP 6— N9+ 5], the capital requirement is binding only
if the bank switches.

We start with the banks matched to a borrower that turns B.

1. Suppose that ¢ is high enough that the bank e = é—A® prefers to switch to a new G borrower
and thus issue é — e — § = Ab + §, that is

o(é) >« (Ab + 5) - K (Ab) (A.3)
or
S<k! (0' (é) +k (Ab)) — AP

Therefore, all the banks above e = é — A will prefer to switch, and the only potential for
zombie lending is for banks below é — A”. In that case, banks lending to zombies are those

with pre-issuance equity e below the indifference threshold e* solving
c(é)=k(é—e"+6)—x(é—e")

Note that o (é) > 0 implies é > E*. From the implicit function theorem, when ¢é increases

(holding loan rates fixed in this partial equilibrium first step) we have

de* o’ (&) _ QIRI — OPRP

96 K'(6—e*+8) -k (6 —e*) _K’(é—e*+5)—1<’(é—e*)

This can be rewritten as

de’ K (A%) =« (8°)

96 K(é-e+d8) -« (6-e)

Since § > A9 — AP and é — e* > AY, we necessarily have

oe*
0é

>0

and thus in this region, increasing capital requirements worsens legacy zombie lending.

(a) Suppose then that (A.3) doesn’t hold:
§>k! (a (é) +x (Ab)) — AP
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which implies that the bank with e = é — A? prefers to stay matched with its legacy B

borrower.

I

1l

If the bank with e = é — AY + § prefers to switch to a new G borrower, that is
o (8) > k (A9) — x (Ab) + PR (5 Y Ab) (A4)

holds, then all banks with even higher e also switch. Thus the indifference thresh-

old e* is in the intermediate region [é —Ab e — NI+ 5] and solves
e [Rb—Rb (1—e* —Ab)] —K(Ab) =09 [RI—RI(1-¢)] — k(¢ —¢ +0)
or
o (&) = 0°RP (e* —é+Ab) +k(é—e"+0) —K(Ab)
By the implicit function theorem,

o _ o (8) K (é—e+8)—OIRI

. - — = — >
de K (é—e+8)—0PRb Kk (é—e+5)—OPRb

which follows from é — e + 8 > A9 > AP. Therefore, in this region as well,

increasing capital requirements worsens legacy zombie lending.

The last case is when é is so low that even the bank with e = é — A9 + § prefers to

lend to its legacy B borrower, that is
o (8) < Kk (A9) -k (Ab) + PR (5 Y A”) (A.5)

holds, and so all the banks with lower equity also rollover the B loan. Then the
indifference threshold e* is above é — A9 + § and is the same as in the absence of

a capital requirement:

QgRg _ HbRb Q (Qgﬁg) - (Qbﬁb) Ggég
* - 1 _ _ _ _ _ _ _ _
‘ OIRI — QP RP QIRI — QP RP " QIRI — QP RP
E*

so does not vary with é. Low enough capital requirements become irrelevant for

legacy zombie lending.

For banks matched with a good firm, since we abstract from switching costs J, they will

A9



switch to a new zombie borrower if their post-issuance equity is below

09RI — "R

E'=1- =~

09RI — GPRP
hence capital requirements have a knife-edge effect: either é < E* and the capital require-
ment is irrelevant, or é > E* and the capital requirement prevents all these banks (matched
with a G firm) from switching to a new B borrower. Since we just showed that increasing
é can never decrease legacy zombie lending, the only potential benefit is to prevent “new”

zombie lending.
Next, note that the point € such that (A.5) holds with equality, that is

® (Gglig) - (Qbﬁb) 9P Rb

é=E"+N9 - _ - + — _
QIRI — GbRP OIRI — GbRP

is strictly above E* since o (é) = k (A9) — « (Ab) + 6PR? (§ — A9 + Ab) > 0 = 5 (E").

The following result generalizes Proposition 1 and characterizes the optimal policy, in the case

of quadratic equity issuance costs k (x) = %x; that allow for closed-form solutions:

Proposition 7 (Optimal policy with equity issuance). Output reaches its potential (Y = Y*) if and

only if
R (p) <R <R (p)

and
p=p
where R (p) and Rf (p) are given in the Appendix.

The limit case a — 0 recovers the no-issuance benchmark from Proposition 1. Under

quadratic issuance costs, the optimal policy is characterized by the thresholds

f () = _W+W%j._e.lé_]
B(w—p@ au map 1

2
_ 1 _ ap? (1 - 09)*
RS S —-
(P) = T ap (1= 69y Mo ssuance P) ¥ 37 Lo (1= g9y
and p and Rﬁ o issuance (P) are as defined in Proposition 1.
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B.8 Proof of Proposition 7

Banks choose borrower type based on their post-issuance equity e’ = e + Ae. Define the function
@ (x) =x (k)7 (x) =k (k)" (x)). There are two cases to consider:
Case 1. A bank with pre-issuance equity e prefers lending to a type G borrower at rate RY instead

of lending to a type B borrower if:
69 (Rg—fig(l —e—Ag)) “k(A9) 2 6 (R”—Rb (l—e—Ab)) —K(Ab)
which can be rewritten as
ey (991%9) p (ebzib)

09RI — OPRY 09R9 — QPR
Case 2. A bank with pre-issuance equity e prefers investing its capital in safe assets rather

e>e" ' =1-

than lending to a type G borrower at rate RY if:
Rf (e+Af) —K(Af) > 99 (Rg—zigu—e—Ag)) — k(%)

which can be rewritten as

sk

e>e =1

Rf—@IR9 @ (Rf) -9 (egﬁg)
CRf—@Q9R9 Rf —@9R9

C Asymmetric shocks

We generalize the shocks structure (10) to show that whether zombie lending constrains macroe-
conomic stabilization depends on the nature of the shocks, and more precisely on their relative

incidence on good and bad firms. Let firm outputs be decreasing functions of z:

y'(2), i=g.b.
We define two types of shocks:

Definition 3. Shocks z are gap-reducing if they affect G firms’ expected revenue more than B

firms’: ,
dy? dy

09— < 9b=L < A6

dz < dz — (A-6)

. . . . dy? pdy®
and gap-augmenting otherwise, i.e., if 0 > 695~ > 6° .
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We call shocks satisfying (A.6) “gap-reducing” to make the economic mechanism transparent
in what follows, but this class of shocks is much less restrictive than it sounds: it includes stan-
dard specifications of aggregate shocks, including symmetric multiplicative shocks (10) as well
as symmetric additive shocks y'(z) = ' — z. Equation (A.6) simply rules out shocks that have a
disproportionate impact on zombie firms.

The nature of the shock matters through the no-zombie lending constraint p < p(z). Our

model highlights that gap-reducing shocks are the ones that tighten this constraint:

Lemma 3. p(z) is decreasing in z for gap-reducing shocks and increasing in z for gap-augmenting
shocks.

Gap-reducing shocks make loans to healthy firms less attractive for a given p, hence the
constraint p < p(z) gets tighter for larger shocks z. Conversely, with gap-augmenting shocks,
shocks z relax the constraint p < p(z) and policymakers can safely increase forbearance p in
deeper recessions (higher z) to stimulate lending, as zombie lending becomes less of a threat.

Therefore we focus on gap-reducing shocks, that imply a meaningful trade-off between stim-
ulating aggregate bank lending and preventing zombie lending. As discussed in Section 2, empir-
ical studies on the Japanese and European crises document a lower investment and employment
growth of healthy firms in sectors with a larger share of zombie firms. This evidence is consis-
tent with a combination of congestion externalities—which is the leading interpretation in the
literature—and gap-reducing shocks. For instance, our model predicts that with multiple sectors
or regions facing different gap-reducing shocks z; but subject to a common forbearance policy
p, the sectors suffering from larger shocks z; would display more zombie lending in equilibrium.

This is indeed what Section 2, Figure 2 documented.?

D Static equilibrium conditions with § > 0
The market clearing condition for new B loans

(1= A)F(e") + AF () [1 _H (eb (yb - Rb))] - AH (9” (yb - Rb)) [1—F(e* +26)]
so indeed for § = 0 we have the simple form

F(e*) = AH (9" (yb - Rb))

28The model suggests important directions for future empirical research. Firstly, whether accommodative policies
trigger zombie lending depends on the nature of the recession, e.g., on the capitalization of the banking sector at the
time of the shock (see Corollary 1) and how the shock affects the profitability gap between zombie firms and healthy
firms. Secondly, it would be valuable in future work to disentangle congestion externalities and gap-reducing shocks.
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as in the main text.

The market clearing condition for new G loans is
H (09 (y? - R9)) =(1-2) [F (e") — F ()]
+A[F(e"™) —F(e" +2z6)]
+A [1 _H (eb (yb - Rb))] [F (¢" +26) — F (¢")]
which also specializes to the simple form in the main text
H (69 (y) - R9)) =F (e) — F (")

for 6 = 0.

D.1 Dynamic Equilibrium

Given a path of policies {R{ , pt} and fundamentals {yf b } a dynamic equilibrium is a se-
>0

>0’
quence of masses {mlt’ , m? , m{ } , equity e;, and loan rates {Rg , Rb } such that for all ¢, banks sort
optimally:

b * QQR?—QbR?
m >0=e<e¢=1-

B pe (69 -0)

S g
R — 09R

mi+ml <1=e>e =1-—L—"L
p: (1—09)

bank equity e; follows

ee=1+(1-p) [mt 1R{ L+ mg 7 [R’f_1 - Rf_l (1- et_l)] + mi’_IQb [Rff_l - Iii’_l (1- et_l)H ,
(A7)

where m!_, is the mass of banks investing in asset class i € {b, g, f} at t — 1, markets clear

F(ef) =m! = (m?_1 +/1mf_l)H (Qb (yf —Rf)),
F(ef") = F(ef) =myi = [(1 = Hym_, + 2] H (67 (v - /),

1—F(f*):m{—1—mlt7 m,

and productivity follows (13).
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E Forward-looking firm dynamics

Incumbent firms draw a cost shock € in each period. If they do not exit they earn current expected
profit
7 (€)= 0" (y; —R;) - e

Assume firms exit when their project fails. A forward-looking incumbent firm’s value function

if it does not exit is

IT, () = 7, (€) + BO"Ey [ (1 — A') max {IT,, (€+1),0} + A max {II;}, (41),0}]

—i
_M/t+1

where with a probability A’ the firm can change type to —i next period. Then the firm does not
exit if and only if
I (€) 2 0 & € < & = 0" (y; + pW,,y — R))
A myopic firm ignores the W/ | part, hence does not exit if and only if 7} (¢) > 0, ie, € <
0" (y; — RY).
Potential entrants are all of the i = g type, and have cost ¢; — y — €. If they enter they must

pay an entry cost k, hence they earn current expected profit
(€)= 07 (y) - RY) +y —e—x

in the first period. After one period they become incumbents and lose their productivity advan-
tage y (it is straightforward but inconvenient to generalize to y lasting multiple periods). Thus a

potential entrant enters if and only if
e<&=&+y-«x

Incumbents’ value functions satisfy

i &t

(1- A1) / I (€) dH (€) + A / "
0 0

I, () = } (€) + 0"

I (€) dH (e')]

Since € is additive and iid, IT} (¢) = IT! (0) — € and by definition (in the case of an interior solution
which we will check)
T} (0) = &

Thus we need only keep track of the two paths of the two thresholds {étg ,éb } .- Rearranging the
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Bellman equation, they solve

(1- 1) /0 o (eie, - €) drt () + 2 /0 w (g7 -¢)an (e')]

If H is uniform between 0 and 1, this simplifies to two quadratic equations.

& = (0) + o'
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