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Abstract

In traditional macro-finance models, firms’ debt contracts impose hard borrowing constraints,

which require indiscriminate reductions of borrowing and investment when adverse shocks tighten

these limits, giving rise to financial acceleration. We study the macroeconomic implications of

“sophisticated borrowing constraints” akin to financial covenants among large U.S. nonfinancial

firms, commonly specified based on firms’ debt relative to operating earnings. We model these

constraints as debt thresholds that trigger a transfer of control rights to creditors when they are

violated, in which case creditors influence firms’ decisions to maximize their value instead of cut-

ting credit unconditionally to adhere to fixed ratios. At the micro level, our model is quantitatively

consistent with empirical patterns of investment and earnings around covenant violations. At the

macro level, sophisticated borrowing constraints do not generate financial acceleration, because

constraint tightening and violations do not induce creditors to downscale firms indiscriminately.
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1 Introduction

In traditional macro-finance models, firms’ debt contracts impose hard borrowing constraints (e.g.,

Kiyotaki and Moore, 1997). For example, firms can borrow up to a share of the value of their capital,

or up to a multiple of their earnings. When firms hit the hard constraints, they need to cut borrow-

ing indiscriminately to maintain these limits, resulting in sharp declines in investment, output, and

earnings. At the macro level, this deleveraging generates “financial acceleration”: firms’ adjustments

lead to drops in prices and quantities that further tighten borrowing constraints, which trigger further

adjustment by firms and precipitate larger economic contractions in response to aggregate shocks.

In practice, large U.S. nonfinancial firms, which account for the majority of investment in the

economy, face more sophisticated debt contracts. These contracts include legally binding financial

covenants that commonly set borrowing thresholds based on operating earnings (Lian and Ma, 2021).

When financial covenants are violated, creditors do not force firms to cut credit indiscriminately, but

instead play an active role in firms’ governance to improve their performance. Violations of financial

covenants are common, and around 15% of all public nonfinancial firms can be in violation in a given

year, as Nini, Smith, and Sufi (2012) document.

What are the macroeconomic implications of these debt contracts observed in practice? In this

paper, we address this question by developing a new quantitative macro-finance framework with “so-

phisticated borrowing constraints” akin to financial covenants for large U.S. nonfinancial firms, com-

monly specified based on firms’ debt relative to operating earnings. We conceptualize sophisticated

borrowing constraints as debt thresholds whose violations trigger creditor intervention in firms’ de-

cisions. Following the corporate finance literature on covenant violations, we model these interven-

tions as transferring control rights to creditors, who then shape firms’ decisions to maximize creditor

value. At the micro level, our model is quantitatively consistent with firm-level outcomes observed

around covenant violations. At the macro level, we find that sophisticated borrowing constraints do

not lead to financial acceleration because constraint tightening and the resulting violations do not

induce creditors to downscale the firm unnecessarily.

Our model features heterogeneous firms financing their investment through defaultable long-

term debt, subject to sophisticated borrowing constraints. In addition, firm managers are subject

to agency problems and value some unproductive use of capital (e.g., empire building for their per-

sonal ambitions). Managerial agency problems are well recognized as a pervasive issue among firms,

a key theoretical foundation for contingent creditor control, and an important element in explaining

firms’ outcomes around covenant violations (Jensen, 1986; Aghion and Bolton, 1992; Dewatripont and

Tirole, 1994; Nini, Smith, and Sufi, 2012; DeMarzo et al., 2012). We show that this model is quantita-

tively consistent with empirical patterns of investment and earnings around covenant violations. In
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the data, firms exhibit positive capital growth and declining earnings before covenant violation, but

negative capital growth and rising earnings afterward. Our sophisticated borrowing constraint model

replicates this empirical pattern because constraint violation is driven by a combination of increasing

agency frictions (which explain the positive capital growth before violation) and decreasing produc-

tivity (which explains the negative earnings growth before violation). Creditor control after covenant

violation curbs managerial agency frictions and curtails unproductive use of capital, thereby account-

ing for the reduction in capital combined with the increase in earnings. Our model also matches

unconditional moments related to firms’ borrowing, such as the fraction of firms newly violating a

financial covenant each quarter, the total fraction of firms in the violation state, and the distribution

of firm-level leverage.

An important feature of our model is that creditors’ control rights are useful for alleviating agency

frictions when firms underperform, but this does not imply that shareholders would be better off

having creditors operate the firm permanently. This is consistent with the observation of Dewatripont

and Tirole (1994) that creditor control is preferable on the downside, as creditors care particularly

about downside risks but may forgo investment opportunities on the upside. Quantitatively, we find

that shareholders prefer managers operating the firms away from borrowing constraints and only

prefer creditors taking control in those states in which the firms are close to the constraints.

We embed our sophisticated borrowing constraints model into a canonical heterogeneous-firm

New Keynesian framework (as in Ottonello and Winberry, 2020) to study its macroeconomic impli-

cations. As a benchmark, we contrast our results with those from a model that replaces sophisti-

cated borrowing constraints with hard borrowing constraints, in which managers always retain con-

trol rights and must strictly adhere to borrowing limits.

We use our model to study the macroeconomic implications of sophisticated borrowing con-

straints, particularly the importance of financial acceleration in shaping macroeconomic outcomes.

By financial acceleration, we refer to the general-equilibrium feedback mechanism with two compo-

nents: (i) adverse economic outcomes tighten borrowing constraints, and (ii) the tightening of bor-

rowing constraints further worsens economic outcomes.

We first analyze the second component of financial acceleration through the macroeconomic ef-

fects of a constraint-tightening shock. In hard-constraint models, the macroeconomic effects of this

shock are strongly contractionary. This is because tightening hard constraints induces firms near

the constraint to downscale indiscriminately to maintain these limits. In contrast, under sophisti-

cated borrowing constraints, tightening these constraints generates a muted, mildly expansionary

aggregate response. This muted response reflects the interplay of two opposing channels. The first is

an extensive-margin channel, which captures responses arising when tightening induces some firms

to violate the constraint and transition to creditor control. This channel improves firm outcomes,
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as creditors mitigate agency problems and do not engage in the contractionary precautionary be-

havior that characterizes managers’ responses. The second is an intensive-margin channel, which

captures responses to tightening holding the allocation of control rights fixed. This channel is con-

tractionary, as managers respond precautionarily to avoid violating the constraint and relinquishing

control. However, such precautionary behavior is much weaker than under hard constraints, because

the decline in firms’ capital after violating the sophisticated constraint is much milder than after hit-

ting hard borrowing constraints.

We then study the importance of financial acceleration in determining the macroeconomic ef-

fects of monetary policy shocks. To do so, we compare full general-equilibrium responses, which

incorporate financial acceleration, to counterfactual responses where borrowing constraints are gov-

erned by steady-state values and thus do not tighten in response to the shock. We find significant

financial acceleration in the hard-constraint model but not in the sophisticated-constraint model.

This difference reflects the constraint-tightening analysis above: in both models, the monetary policy

shock depresses aggregate demand, lowering prices and earnings, which in turn tightens borrowing

constraints. As shown above, this tightening generates further contractionary effects in the hard-

constraint model but only muted effects in the sophisticated-constraint model. Finally, we study al-

ternative variants and calibrations of the sophisticated-constraint and hard-constraint models and

show that financial acceleration remains significant in the hard-constraint model and muted in the

sophisticated-constraint model.

Related literature. Our paper contributes to three strands of literature. First, we provide a new mod-

eling framework for the literature on the macroeconomic impact of financial frictions. A core topic in

this literature is financial acceleration: adverse economic outcomes exacerbate financial frictions,

which in turn worsen economic outcomes (e.g., Bernanke and Gertler, 1989; Kiyotaki and Moore,

1997; Bernanke, Gertler, and Gilchrist, 1999). In some models, financial frictions not only amplify fun-

damental shocks but can also give rise to self-fulfilling cycles (Gertler, 1992; Liu and Wang, 2014; Azari-

adis, Kaas, and Wen, 2016). Our model shows that with sophisticated borrowing constraints, which are

central to debt contracts of large U.S. nonfinancial firms, financial acceleration can be muted. These

findings align with observations about the macroeconomic dynamics in the Great Recession, during

which nonfinancial firms experienced negative shocks, but financial acceleration primarily stemmed

from households and financial institutions (Gertler and Gilchrist, 2018; Jordà et al., 2022).

Second, our analysis complements theoretical and empirical research on debt contracting. A large

body of theoretical work studies creditor monitoring as a response to agency problems (Diamond,

1984; Jensen, 1986; Berlin and Loeys, 1988; Rajan and Winton, 1995; Hartman-Glaser, Mayer, and

Milbradt, 2025), and models of contingent control are particularly related to our focus on covenants
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(Smith and Warner, 1979; Aghion and Bolton, 1992; Dewatripont and Tirole, 1994; Berlin and Mester,

1999; Garleanu and Zwiebel, 2009).1 Moreover, empirical work on debt contracts has documented

the importance of creditor influence following violations of debt covenants (Chava and Roberts, 2008;

Roberts and Sufi, 2009; Nini, Smith, and Sufi, 2012; Falato and Liang, 2016; Gong, 2021). We inte-

grate this feature into macroeconomic analysis. We focus on debt limits as a function of firms’ earn-

ings given their prevalence in U.S. corporate debt contracts, as shown by a growing body of research

(Greenwald, 2019; Lian and Ma, 2021; Drechsel, 2023; Caglio, Darst, and Kalemli-Ozcan, 2021; Adler,

2025; Zhao, 2025; Su, 2026; Su and Yan, 2026), and our sophisticated borrowing constraint approach

complements the models that analyze these debt limits using hard constraints.

Third, our paper contributes to the literature connecting macroeconomic models with firm-level

data (e.g., Khan and Thomas, 2013; Bloom et al., 2018; Ottonello and Winberry, 2020, 2024; Jeenas,

2023; Winberry et al., 2025). Our focus is on developing a macroeconomic framework that incor-

porates key features of debt contracts in practice. We do so by introducing sophisticated borrowing

constraints whose violations trigger transfers of control rights, allowing the model to map directly to

empirical evidence on covenant violations. Bisetti, Li, and Yu (2024) examine how creditor control

following covenant violations affects the risk profile of investment and the corresponding macroeco-

nomic implications. We complement this work with a micro to macro approach, and provide a novel

way to discipline heterogeneous-firm models with financial frictions, which uses firm-level outcomes

around covenant violations. In matching these patterns, our model underscores that agency frictions

are important at the micro level, and these frictions also influence macroeconomic dynamics (e.g.,

Arellano, Bai, and Kehoe, 2019; Terry, 2023). Our core mechanism can also be viewed as a financial

channel that generates cleansing effects of downturns, which operates through reducing mismanage-

ment instead of through firm exits (Caballero and Hammour, 1994).

Our results echo the view that institutions shaping corporate debt enforcement can influence

macroeconomic fluctuations (e.g., Corbae and D’Erasmo, 2021; Bornstein and Castillo-Martinez, 2023;

Guntin, 2023). Substantial financial amplification among nonfinancial firms can still exist when the

contracting environment is less sophisticated (Kornejew et al., 2024; Ivashina et al., 2025). In addition,

debt contracts among financial institutions can be very different (e.g., deposits, commercial paper,

asset-backed securities, and repos). They generally do not enforce creditor control in the same man-

ner (Ma and Scheinkman, 2019);2 some impose hard borrowing constraints tied to the market value

1Models of dynamic optimal contracts have also analyzed limited commitment, the maturity structure of debt, the
optimal number of creditors, and risk management (Hart and Moore, 1994, 1998; Bolton and Scharfstein, 1996; DeMarzo
and Fishman, 2007; Rampini and Viswanathan, 2010; Bolton, Chen, and Wang, 2011; Rampini and Viswanathan, 2013;
DeMarzo, 2019), but financial covenants are not their focus.

2One possibility is that payment default of financial institutions is costly and complex (given their short-term liabili-
ties), so creditors cannot credibly use payment acceleration as a threat to implement creditor control. Financial regulation
also restricts the scope of creditor control.
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of financial securities, and the resulting financial acceleration has been well studied (Brunnermeier

and Pedersen, 2009; Geanakoplos, 2010). Finally, household debt also cannot easily implement cred-

itor control, and the resolution of financial distress is challenging. Prior research shows that it often

contributes to persistent downturns (Mian, Rao, and Sufi, 2013), and modeling household borrowing

constraints as soft versus hard has significant implications for the macroeconomic impact of a credit

crunch (Alonso, 2018).

2 Corporate Debt Contracts and Financial Covenants

Financial covenants and enforcement. Corporate debt contracts in the US commonly impose legally

binding requirements on firms using financial covenants. The most widely used financial covenants

restrict total debt (or interest payments) relative to operating earnings in the form of EBITDA (earn-

ings before interest, taxes, depreciation, and amortization), and those in loans are typically assessed

for compliance on a quarterly basis (Lian and Ma, 2021).3 Violations of financial covenants give cred-

itors the ability to exert control and influence firms’ operations. Specifically, a covenant violation trig-

gers a “technical default,” in which case creditors have legal power to accelerate payments and make

the debt due immediately. Creditors rarely pursue acceleration, but use this threat to play an active

role in firms’ governance. They typically grant “waivers” and relax financial covenants for some period

of time, on the condition that firms follow the actions that creditors demand to fix the business. The

most common demands include restricting additional borrowing, reducing capital expenditures, and

limiting acquisitions and operating expenses; they may also push for replacing the CEO (Nini, Smith,

and Sufi, 2012). Some of these demands are formalized by amending the credit agreement with ad-

ditional covenants restricting capital expenditures and other payments. In addition, “creditors work

behind the scenes to affect changes in the way that the company is managed,” and “creditors can of-

fer advice to management and the board, quid pro quo, and suggest actions the company can take to

maximize the chance of receiving a covenant waiver” (Nini, Smith, and Sufi, 2012). We provide a more

detailed discussion and examples of how violations of financial covenants lead to creditor control in

Appendix A.

These practices echo insights in the contract theory literature: the contingent transfer of control

rights triggered by financial covenants helps approximate optimal contracts in models of incomplete

contracts (e.g., Aghion and Bolton, 1992; Dewatripont and Tirole, 1994), in which it is beneficial for

managers to have control rights in good times to preserve the upside and for creditors to have control

3Covenants in bonds are assessed whenever borrowers take significant actions (e.g., issuing new debt). Moreover,
for large U.S. nonfinancial firms, monitoring-intensive syndicated loans typically become substantial when debt is high
enough to be close to covenant violation.
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rights to protect the downside. Moreover, loan contracts have relatively concentrated ownership,4

while the shareholders of public companies are dispersed, so creditors can have stronger incentives

and easier coordination compared to shareholders to impose control over company management.

Accordingly, legal scholars have similarly observed: “When a business stumbles, creditors typically

enjoy powers that public shareholders never have, such as the ability to replace the managers and

install those more to their liking... Loan covenants now are the principal mechanism for handling one

of the most challenging problems in corporate governance” (Baird and Rasmussen, 2006).

In the data, financial covenants, as well as violations, are highly prevalent (Lian and Ma, 2021). As

Nini, Smith, and Sufi (2012) document, each year around 15% of all public nonfinancial firms are in

violation of financial covenants, and over 40% have violated a financial covenant at least once over

their sample period (1997 to 2008).

Firm outcomes around covenant violations. To guide our model analysis, we examine firm out-

comes around covenant violations, following a leading approach in the corporate finance literature

(Chava and Roberts, 2008; Roberts and Sufi, 2009; Nini, Smith, and Sufi, 2012). For this, we com-

bine firm-level variables from quarterly U.S. Compustat with data on financial covenant violations

disclosed in firms’ financial statements, kindly shared by Greg Nini, which extend the data in Nini,

Smith, and Sufi (2012) to 2016.

Using this approach, Figure 1 depicts the dynamics of capital and earnings around covenant vio-

lations. Panel (a) shows firms’ capital in quarter t +h relative to quarter t when they initially report

a covenant violation (normalized by capital at the beginning of quarter t so that the differences over

time come from the numerator rather than the denominator). Panel (b) shows firms’ quarterly earn-

ings in quarter t+h relative to quarter t (normalized by capital at the beginning of quarter t ). A striking

pattern is that before covenant violation, firms have positive capital growth and declining earnings;

after covenant violation, firms have negative capital growth and rising earnings. This pattern is consis-

tent with the evidence from Nini, Smith, and Sufi (2012) Figure 4 (capital dynamics around covenant

violation) and Figure 7 (earnings dynamics around covenant violation). In Figure B.1, we also verify

that the baseline patterns of capital and earnings dynamics around covenant violation hold in macro

recessions (2001 to 2002 and 2007 to 2009). On average, creditor intervention after covenant violation

continues to improve earnings in macro recessions, even though some constrained lenders may cut

credit supply more substantially (Acharya et al., 2020; Chodorow-Reich and Falato, 2022). Our work

focuses on the overall effect.

Firms’ debt contracts in practice use a variety of covenant specifications (e.g., interest coverage

4Even for syndicated loans, the average number of lenders is only around 8 (Blickle et al., 2022), which is very small
compared with the number of shareholders.
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Figure 1: Dynamics of Firm Outcomes around Covenant Violations
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Notes: Panel (a) shows firms’ capital (property, plant, and equipment) in quarter t +h relative to quarter t when they
initially report a covenant violation (normalized by capital at the beginning of quarter t so that the differences over time
come from the numerator rather than the denominator). Panel (b) shows firms’ quarterly earnings in quarter t +h relative
to quarter t (normalized by capital at the beginning of quarter t ). The line shows the median value for each quarter t +h.
The sample includes US Compustat firms that have a debt-to-EBITDA covenant in quarter t (according to DealScan data).
Covenant violation data are kindly shared by Greg Nini and cover 1996 to 2016.

ratio covenants that require interest payments to be less than a fraction of operating earnings, debt-

to-EBITDA covenants that require total debt to be less than a multiple of operating earnings, as well

as other formulas). Our baseline figures focus on firms with debt-to-EBITDA covenants (as this is

the most common form), and we use this sample for our model calibration where the covenant is

correspondingly written on debt-to-EBITDA. We verify that the core patterns in Figure 1 are robust

when we consider all firms with financial covenants in Figure B.4, or all firms with earnings-based

financial covenants (i.e., debt-to-EBITDA covenants plus interest coverage ratio covenants) in Figure

B.5.

As additional analysis, Figure B.3 shows that firms’ equity values decline before covenant viola-

tions and rise afterwards, consistent with Nini, Smith, and Sufi (2012) Figures 8 and 9. These patterns

indicate that creditor interventions do not appear to destroy firm value.5 Finally, Table B.1 shows the

empirical results in regressions to check their robustness to controls. The outcome variables include

the change in EBITDA in the next four quarters (normalized by beginning of quarter capital), and cap-

ital growth over the next four quarters. The regressions control for a number of firm characteristics

(e.g., book leverage, EBITDA over capital, capital growth) in the previous 4 quarters as well as their

squares and cubes following Nini, Smith, and Sufi (2012). The indicator variable “Violation” indi-

5We also do not see that creditors cut valuable long-term investment. For example, Figure B.2, Panel A shows that
research and development (R&D) expenditures do not fall around covenant violations. This pattern contrasts with capital
expenditures shown in Panel B. Creditors do not appear to cut R&D spending even as they reduce capital investment.
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cates the quarter of reporting an initial violation of financial covenants. The results show that future

EBITDA is significantly higher and capital growth significantly lower following covenant violation,

compared to the usual path of these variables.

3 Model

We now develop a heterogeneous firm New Keynesian model featuring sophisticated borrowing con-

straints that capture key aspects of corporate debt contract in Section 2, and study the macroeco-

nomic implications. We describe the model in two steps. We begin by describing the core of our

model, the “macro-finance block,” and then proceed to describe the rest of the model.

3.1 The Macro-Finance Block

A unit mass of heterogeneous production firms produce and invest in capital, subject to sophisticated

borrowing constraints. Time is discrete and infinite and there is no aggregate uncertainty. As further

specified below, we study the perfect foresight transition path in response to unexpected aggregate

shocks realized at the beginning of period 0. Each firm j ∈ [0,1] produces an undifferentiated good

with relative price pt (in terms of the final good, described below) using the production function y j t =
z j t k̃αj tℓ

ν
j t , where z j t is the firm’s productivity, k̃ j t is the firm’s capital input for production, ℓ j t is the

firm’s labor input, and α+ν < 1. The productivity follows a log-AR(1) process, log z j t+1 = ρz log z j t +
ϵ j t+1, where ϵ j t+1 ∼ N

(
0,σ2

z

)
, independently over time. The production firm generates operating

earnings

πt
(
z j t , k̃ j t

)≡ max
ℓ j t

pt z j t k̃αj tℓ
ν
j t −wtℓ j t − fc ,

where wt is the real wage and fc is the average real fixed operating cost. Capital depreciates at rate δ,

and firms can purchase new capital k j t+1 − (1−δ)k j t in a competitive market with the relative price

of capital qk,t , subject to the adjustment costs

AC
(
k j t ,k j t+1

)=ψac

(
k j t+1 − (1−δ)k j t

k j t

)2

k j t .

Motivated by the corporate finance literature (Jensen and Meckling, 1976; Nini, Smith, and Sufi,

2012) and by the empirical patterns documented in Section 2, we introduce managerial agency fric-

tions.6 Specifically, managers derive utility H
(
a j t−1,τ j t k j t

) = a j t−1
(
τ j t k j t

)αH −CH I
(
τ j t k j t > 0

)
by

using a fraction τ j t ∈ [0,1] of capital for unproductive use, with αH ∈ (0,1), CH > 0, and the remain-

6The corporate finance literature documents a wide range of such frictions consistent with our modeling, including
value-destroying acquisitions (e.g., Harford, 1999; Moeller, Schlingemann, and Stulz, 2005), conglomerate diversification
(e.g., Lang and Stulz, 1994; Berger and Ofek, 1995), and managerial perks (e.g., Yermack, 2006).
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ing capital used as input for production, k̃ j t = (
1−τ j t

)
k j t . a j t captures the idiosyncratic shock to

agency frictions, which we refer to as the “agency shock.” It follows a log-AR(1) process log a j t =(
1−ρa

)
log

(
µa

)+ρa log a j t−1+ϵa
j t , where ϵa

j t ∼N
(
0,σ2

a

)
, independently over time and independently

of {ϵ j s}∞s=0. CH captures the fixed cost of unproductive use of capital, which can be microfounded as

the cost managers incur to avoid being caught diverting capital. The choice of τ j t ∈ [0,1] is made at

t −1, and the utility H
(
a j t−1,τ j t k j t

)
is also obtained at t −1, reflecting the time lag for managers to

implement projects that yield personal benefits.7 This explains why a j t−1 is relevant for the utility

associated with unproductive use of period t capital. Creditors do not value the unproductive use of

capital.

The production firm can finance its expenditures by both debt and equity. In terms of debt financ-

ing, the firm can borrow externally through a long-term, defaultable, real debt where the payment

declines at a factor γ ∈ [0,1]. We use b j t ≥ 0 to denote the payment of long-term debt due at period t .

The firm can issue new debt b j t+1 −γb j t given the price schedule qb,t (· · · ), which captures the post-

coupon-payment period-t price of debt that promises one unit of payment at t +1, γ at t +2, γ2 at

t + 3, and so on. The price schedule is determined by creditors (financial intermediaries owned by

the representative household) who competitively purchase and trade firms’ debt, as further specified

below.

The issuance of new debt is subject to the “sophisticated borrowing constraint,” which governs

the transition between two different states representing the allocation of control rights. In the nor-

mal state (ω j t = n), managers make decisions to maximize their value. In the violation state (ω j t = v),

creditors make decisions to maximize their value. The transition from the normal state to the violation

state is given by the sophisticated borrowing constraint, summarized by the mappingΓb

(
b j t+1,b j t+1

)
7→

ω j t+1, where b j t+1 is the threshold debt level that triggers covenant violation and the transition to

the violation state. If the firm is currently in the normal state ω j t = n, it stays in the normal state

(ω j t+1 = n) if the next period debt is below the threshold, b j t+1 ≤ b j t+1, and transitions to the viola-

tion state (ω j t+1 = v) if the next period debt is above the threshold, b j t+1 > b j t+1:

ω j t+1 = Γb

(
b j t+1,b j t+1

)
=


n, if b j t+1 ≤ b j t+1,

v, if b j t+1 > b j t+1.

(1)

Following the contractual evidence of Lian and Ma (2021) about the popularity of earnings-based

covenants, we further specify the threshold debt level b j t+1 based on the ratio of the face value of

debt and earnings:

q̃ face
b b j t+1 =φπt+1

(
z j t+1, k̃ j t+1

)
, (2)

7If those decisions are instead made in the same period as production, then managers can easily lower τ to boost
earnings so that the sophisticated constraint is satisfied based on (2), and they can always avoid violation.
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where q̃ face
b = ∑∞

k=0β
kγk = 1

1−βγ is the face value of one unit of debt, β is the representative house-

hold’s discount factor, and φ is the debt-to-earnings limit.8
′9 The contingent transfer of control rights

engineered by sophisticated borrowing constraints helps approximate optimal contracts in models

of incomplete contracts, such as Aghion and Bolton (1992) and Dewatripont and Tirole (1994). They

show why it is beneficial for managers to have control rights in good times to preserve the upside,

but for creditors to have control rights to protect the downside. One may also interpret our approach

as approximating a bargaining outcome between creditors and borrowers in which creditors have all

the bargaining power. This power derives from creditors’ legal right to accelerate payments. They

rarely do so, as it is inefficient, but they use this power to impose creditor control and influence firms’

decisions (Nini, Smith, and Sufi, 2012).

The firm can also issue equity. The literature has identified various frictions associated with equity

issuance (e.g., Gomes, 2001; Hennessy and Whited, 2007; Guo et al., 2025), as well as with adjusting

dividend payments (e.g., Jermann and Quadrini, 2012, and references therein). We capture these fric-

tions with the cost function AD
(
d j t

)= (
ψd +ψe I

(
d j t < 0

))
d 2

j t , where d j t denotes dividend payments

to shareholders, and negative d j t indicates equity issuance; ψd > 0 captures costs associated with

adjusting dividends (we center this cost around zero given that around 90% of firm-quarters in Com-

pustat have zero dividend payments); andψe > 0 represents the cost of equity issuance. The firm pays

corporate tax Tc, j t = τc
[
πt

(
z j t , k̃ j t

)−δqk,t k j t − (1−β)q̃ face
b b j t

]
, where τc is the corporate tax rate.10

From both normal and violation states ω j t ∈ {n, v}, firms can be liquidated for two possible rea-

sons. First, firms liquidate with an exogenous exit probability χd ∈ (0,1) . Second, when the total value

of continuation (joint between shareholders and creditors, further specified below) is lower than that

of liquidation, determined by ξqk,t k j t , where ξ ∈ [0,1] captures the liquidation value per dollar of

capital.

The timing of events within each period t is as follows. At the beginning of each period, idiosyn-

cratic shocks to existing firms’ productivity and agency frictions occur, the allocation of control rights

for existing firms is determined, and liquidation occurs for the two aforementioned reasons. New

firms enter the economy, and the mass of entrants equals the mass of firms being liquidated. Each

8Following the practice of financial covenants, we assume that the threshold in (2) is specified based on the book value
of debt, q̃ face

b , computed using a risk-free valuation of debt. Specifically, q̃ face
b is the pre-coupon-payment risk-free face

value of debt that promises one unit of payment in the current period, γ units of payment in the next period, and so on.
Additionally, we let the face value q̃ face

b be constant at its steady-state level. This is because financial covenants use book

value of existing debt, which does not vary with changes in interest rates. Moreover, if πt+1
(
z j t+1, k̃ j t+1

)< 0, we simply set

b j t+1 = 0.
9Also, in practice, the threshold in (2) is typically specified in terms of operating earnings over the past twelve months.

For tractability, we instead use current-period (quarterly) earnings to avoid an additional state variable for rolling earnings,
which would make the model computationally intractable.

10(1−β)q̃ face
b b j t captures steady-state interest (but not principal) payments on debt with promised total payments of b

in the current period, reflecting that only interest payments, not principal payments, are tax-deductible.
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entrant starts in the normal state, and its initial borrowing, capital, fraction of capital in unproductive

use, and technology and agency shocks are drawn from the distribution of x = (b,k,τ, z, a) of firms in

the normal state in the previous period. Then, each existing and new firm (excluding liquidated ones)

makes decisions as described below.

We now write the optimization problem in each state recursively. Once the allocation of control

rights has been determined, the relevant state variables for each firm are (ω, x) . We omit subscripts

for current variables (e.g., b for b j t ) and use the superscript ’ for future variables (e.g., b′ for b j t+1) for

notational simplicity.

The manager’s value. In the normal state (ω = n) where the sophisticated borrowing constraint is

not violated, the manager of each production firm holds control rights and makes decisions to maxi-

mize the manager’s value. Specifically, they optimally choose next period’s debt b′, capital k ′, the frac-

tion of capital for unproductive use τ′, and the dividend payment d . The manager’s value Vm,t (n, x)

can be written as the solution to their optimization problem:

Vm,t (n, x) = max
k ′,b′≥0,τ′∈[0,1],d

d − AD (d)+H
(
a,τ′k ′)+E

[
Λt+1V 0

m,t+1

(
ω′, x ′) |z, a

]
, (3)

whereΛt+1 is the representative household’s stochastic discount factor (SDF), further specified below.

The problem is subject to the transition of firm states, ω′ = Γb

(
b′,b

′)
, and the flow budget constraint:

b︸︷︷︸
debt payment

+ d︸︷︷︸
dividends

=πt (z, (1−τ)k)︸ ︷︷ ︸
earnings

+qb,t
(
n,b′,k ′,τ′, z, a

)(
b′−γb

)︸ ︷︷ ︸
debt issuance

−Tc,t (x)︸ ︷︷ ︸
tax

−[
qk,t

(
k ′− (1−δ)k

)+ AC
(
k,k ′)]︸ ︷︷ ︸

investment

,

(4)

where V 0
m,t+1

(
ω′, x ′) captures the manager’s value in the next period incorporating the possibility of

liquidation, further specified below. We use
(
k ′

t (n, x) , b′
t (n, x) , τ′t (n, x) , dt (n, x)

)
to denote the opti-

mally chosen managerial decisions in (3) at period t , and ω′
t (n, x) and x ′

t (n, x) to denote the corre-

sponding (stochastic) laws of motion of the state variables.

The manager’s value in the violation state is determined passively, where dt (v, x) , τ′t (v, x), k ′
t (v, x),

ω′
t (v, x) , and x ′

t (v, x) are determined by the optimally chosen creditor decisions in (7) below:

Vm,t (v, x) = dt (v, x)−AD (dt (v, x))+H
(
a,τ′t (v, x)k ′

t (v, x)
)+E[

Λt+1V 0
m,t+1

(
ω′

t (v, x) , x ′
t (v, x)

) |z, a
]

. (5)

Production firms are owned by the representative household, which receives the dividend pay-

ments. Their value, termed shareholder value, is given by the manager’s value without the agency-

friction H (a,τk) term. Specifically, for ω ∈ {n, v},

Vs,t (ω, x) = dt (ω, x)− AD (dt (ω, x))+E
[
Λt+1V 0

s,t+1

(
ω′

t (ω, x) , x ′
t (ω, x)

) |z, a
]

, (6)

where dt (ω, x) , ω′
t (ω, x) , and x ′

t (ω, x) are determined by the optimally chosen manager and creditor

decisions in (3) and (7).
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The creditor’s value. In the violation state (ω = v) where the sophisticated borrowing constraint

is violated, the creditor obtains control rights and makes decisions to maximize the creditor’s value.

They do not derive value from unproductive use of capital and optimally choose next period capital k ′,

the fraction of capital for unproductive use τ′, the dividend payment d , and the fraction of (current)

debt coupon payments to forgive ζ. The total value of debt to creditors who hold it at the beginning

of t , Vc,t (v, x), can then be written as the solution to their optimization problem:

Vc,t (v, x) = max
k ′,τ′∈[0,1],d≥0,ζ∈[0,1]

(1−ζ)b +E
[
Λt+1V 0

c,t+1

(
ω′, x ′) |z, a

]
(7)

The problem is subject to the transition of firm states (9) and the flow budget constraint:11

s.t. (1−ζ)b︸ ︷︷ ︸
debt payment (allowing forgiveness)

+ d︸︷︷︸
dividend

=πt (z, (1−τ)k)︸ ︷︷ ︸
earnings

−Tc,t (x)︸ ︷︷ ︸
tax

−[
qk,t

(
k ′− (1−δ)k

)+ AC
(
k,k ′)]︸ ︷︷ ︸

investment

,

(8)

where V 0
c,t+1

(
ω′, x ′) captures the creditor’s value in the next period incorporating the possibility of liq-

uidation, further specified below. We use
(
k ′

t (v, x) , τ′t (v, x) , dt (v, x) , ζt (v, x)
)

to denote the optimally

chosen creditor decisions in (7) at period t , and ω′
t (v, x) and x ′

t (v, x) to denote the corresponding

(stochastic) laws of motion of the state variables.

The creditor’s problem in (7) embeds three assumptions regarding creditor control in the violation

state. First, we let debt naturally mature, b′ = γb. This is consistent with the median debt issuance

being effectively zero during violations in the data.12 In practice, firms that are in violation cannot

issue new debt, given the covenant restrictions. In addition, creditors typically do not accelerate debt

repayments, because, given the scarcity of cash flows in violations, this would imply sizable capital

liquidations. Indeed, in Appendix D, we consider an extension in which creditors can accelerate debt

repayments in the violation state (b′ < γb is allowed) and verify that this deviation does not meaning-

fully increase creditor value over the ergodic distribution of firms in the violation state.

Second, we restrict d ≥ 0, since equity issuance in violation is rare too with a median of zero.13 For

example, classic debt overhang problems would make equity issuance difficult in this case (Myers,

1977).

Third, we assume that the transition from the violation state back to the normal state is exogenous,

11Although we keep the notation Tc,t (x) for brevity, in the violation state the deductible interest term is evaluated using
the paid portion of current debt, (1−ζ)b, rather than the promised payment b.

12For firms in violation, the median quarterly net debt issuance relative to capital is −0.0025, and the mean is 0.0129.
13For firms in violation, the median quarterly net equity issuance relative to capital is 0 and the mean is 0.0268.
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governed by the transition probability λ. That is,

ω j t+1 =


n, with probability λ,

v, with probability 1−λ.

(9)

The transition back to the normal state is not governed by the original threshold because creditors

may suspend or modify the original covenants for some period of time (see the discussion in the previ-

ous section and Appendix A). In addition, how long it takes to resolve problems caused by managerial

agency frictions (e.g., inefficient capital expenditures, pet projects, bureaucracies) may be difficult to

fully anticipate (if the duration of the initial covenant modification is not sufficient, creditors typically

extend it while making additional requests for operational adjustments). For simplicity, we model the

transition to the normal state as an exogenous stochastic event.14

The creditor’s value in the normal state is determined passively by the optimally chosen manage-

rial decisions in (3). Specifically, the total value of debt to creditors who hold it at the beginning of t is

given by:15

Vc,t (n, x) = b + γb

b′
t (n, x)

E
[
Λt+1V 0

c,t+1

(
ω′

t (n, x) , x ′
t (n, x)

) |z, a
]

, (10)

Compared to (7), it captures that, in the normal state, there is no debt forgiveness (ζ= 0), but there can

be net debt issuance or retirement (b′ ̸= γb). Because creditors can competitively trade firms’ debt, all

holders of debt at the beginning of t +1 have the same valuation. Thus the continuation value of the

remaining claims held by beginning-of-t creditors is scaled by γb
b′

t (n,x)
.

Liquidation. In the case of liquidation, the recovery value is ξqk,t k j t , where ξ ∈ [0,1] captures the

liquidation value per dollar of capital. The value of the creditor, manager, and shareholder in liquida-

tion is then given by

V l
c,t (x) = min

{
ξqk,t k, q̃ face

b b
}

and V l
m,t (x) =V l

s,t (x) = max
{
ξqk,t k − q̃ face

b b,0
}

. (11)

For i ∈ {m,c, s} and ω ∈ {n, v}, the value functions incorporating liquidation are then given by

V 0
i ,t (ω, x) =χl

t (ω, x)V l
i ,t (x)+

(
1−χl

t (ω, x)
)

Vi ,t (ω, x) , (12)

where the probability of liquidation χl
t (ω, x) is given by

χl
t (ω, x) =

χd Vc,t (ω, x)+Vs,t (ω, x) ≥V l
c,t (x)+V l

s,t (x)

1 Vc,t (ω, x)+Vs,t (ω, x) <V l
c,t (x)+V l

s,t (x)
, (13)

14If the transition back to the normal state were instead determined by whether the constraint b j t+1 ≤ b j t+1 were sat-
isfied, almost all violating firms would transition back immediately, which is counterfactual. This is because, as creditors
do not value the unproductive use of capital, they significantly improve earnings by avoiding such use when they have
control rights (set τ′ = 0) and the constraint b j t+1 ≤ b j t+1 is satisfied immediately.

15If b′
t (n, x) = 0, the right-hand side of (10) is interpreted as its right limit as b′

t (n, x) → 0+.
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which incorporates two reasons for the transition to liquidation: exogenous exit with probability χd ∈
(0,1) and cases where the total continuation value, jointly for shareholders and creditors, is lower than

the liquidation value. The latter case mirrors the practice of the bankruptcy system in the US, where

the supervising court decides on continuation or liquidation based on the total continuation value

versus the liquidation value.

The debt price schedule. Because creditors competitively purchase and trade firms’ debt at the firm-

specific price schedule qb,t
(
ω,b′,k ′,τ′, z, a

)
, the creditors’ value and the price schedule are linked by,

for ω ∈ {n, v},16

Vc,t (ω, x) = (1−ζt (ω, x))b +γbqb,t
(
ω,b′

t (ω, x) ,k ′
t (ω, x) ,τ′t (ω, x) , z, a

)
. (14)

The first term in (14) captures the debt payment at t . The second term captures the period-t value

of debt that promises γb units of payment at t + 1, where γ reflects debt maturing. Together with

the creditor’s value in (7) and (10), we obtain the usual recursive expression for the competitive price

schedule:17

qb,t
(
ω,b′,k ′,τ′, z, a

)= E
[
Λt+1

(
1−χl

t+1

(
ω′, x ′))((

1−ζt+1
(
ω′, x ′))+γqb,t+1 (· · · )) |z, a

]
(15)

+E

[
Λt+1χ

l
t+1

(
ω′, x ′)min

{
ξqk,t+1

k ′

b′ , q̃ face
b

}
|z, a

]
,

where x ′ = (
b′,k ′,τ′, z ′, a′) and ω′ are determined by (1) and (9). The first term captures the debt’s

value if the firm is not liquidated at t +1, and the second term captures the debt’s value if the firm is

liquidated at t +1.

3.2 The Macro Block and Equilibrium

We follow Ottonello and Winberry (2020) to parsimoniously generate a New Keynesian Phillips curve

that relates nominal variables to the real economy by introducing sticky-price retailers. There is a

unit mass of retailers i ∈ [0,1]. Each retailer i produces a differentiated variety ỹi t using the produc-

tion firms’ undifferentiated good as its input: ỹi t = yi t , where yi t is the amount of the undifferenti-

ated good demanded by retailer i . Retailers set a nominal price for their variety p̃i t but must pay a

quadratic price adjustment cost ϕ
2

(
p̃i t

p̃i t−1
−1

)2
Yt .

A representative, competitive final good producer purchases differentiated varieties from retailers

and uses a CES production technology that incorporates retailers’ varieties as inputs, with an elasticity

16We define ζt (n, x) = 0 (no debt forgiveness in the normal state) and b′
t (v, x) = γb (debt naturally matures in the viola-

tion state).
17In (15), the full argument list of qb,t+1 is

(
ω′,b′

t+1

(
ω′, x ′) ,k ′

t+1

(
ω′, x ′) ,τ′t+1

(
ω′, x ′) , z ′, a′). If b′ = 0, qb,t is defined by the

right limit as b′ → 0+.
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of substitution γC ES : Yt =
(∫

ỹ
γC ES−1
γC ES

i t di

) γC ES
γC ES−1

. Together, this gives rise to a New Keynesian Phillips

curve (linearized for simplicity):

logΠt = γC ES −1

ϕ
× log

pt

p∗ +β logΠt+1, (16)

where pt is the relative price of output from financially constrained production firms, and p∗ = γC ES−1
γC ES

is its steady-state value. The Phillips Curve links the macro block to the macro-finance block through

the relative price pt . When aggregate demand increases, sticky-price retailers expand production of

their differentiated goods and raise demand for the heterogeneous firms’ produced goods, yi t , which

increases their relative price, pt , and generates inflation through (16).

A representative, competitive capital goods producer produces new capital goods using the tech-

nology Φ
(

It
Kt

)
Kt , where It is units of the final good used to produce capital, Kt is the aggregate start-

of-period capital, and Φ (ι) = δ
1
η

1−1/η ι
1−1/η− δ

η−1 . Its optimality pins down the relative price of capital as

qk,t =
(

It /Kt
δ

)1/η
. The evolution of aggregate capital is then given by

Kt+1 =Φ
(

It

Kt

)
Kt +Kt (1−δ) . (17)

The monetary authority sets the nominal risk-free interest rate Rnom
t according to the Taylor rule

logRnom
t = log

1

β
+ϕπ logΠt +ϵm

t , (18)

where ϵm
t is the monetary policy shock and ϕπ > 1 is the Taylor coefficient.

There is a representative household with preferences over consumption Ct and labor supply Lt

with life-time expected utility

E

[ ∞∑
t=0

βt (
log(Ct )−ΨLt

)]
,

whereβ is the discount factor andΨ parametrizes the disutility of labor. The household owns all firms

in the economy, serving as a shareholder of both production firms and financial intermediaries that

lend to them. The stochastic discount factor and nominal interest rate are linked through the Euler

equation for bonds,Λt+1 =β Ct
Ct+1

= Πt+1
Rnom

t
, where Rnom

t is the nominal risk-free interest rate, andΠt+1 is

the inflation between period t and t +1.

The economy starts from a steady state with all ϵm
t equal to zero. An unexpected shock to monetary

policy,
{
ϵm

t

}∞
t=0 , is realized at the beginning of period 0, and we study the perfect-foresight transition

back to the steady state.

An equilibrium is a set of value functions
{

Vi ,t (ω, x) ,V 0
i ,t (ω, x)

}
ω=n,v,i=m,c,s

,

decision rules
{
k ′

t (ω, x) ,τ′t (ω, x) ,dt (ω, x) ,b′
t (n, x) ,ζt (v, x)

}
ω=n,v , measure of firms Ft (ω, x), debt price

schedule
{

qb,t
(
ω,b′,k ′,τ′, z, a

)}
ω=n,v , probability of liquidation

{
χl

t (ω, x)
}
ω=n,v , and aggregate vari-
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ables
{
Ct ,Yt ,Lt ,Kt , It , wt , pt , qk,t ,Πt ,Rnom

t ,Λt+1
}

such that (i) managers optimize in the normal state,

creditors optimize in the violation state, and the probability of liquidation is given by (13), (ii) cred-

itors price competitively, (iii) the household optimizes, (iv) the measure of firms is consistent with

decision rules, (v) goods, labor, and capital markets clear, (vi) monetary policy follows (18).

3.3 The Hard Borrowing Constraint Model

We will contrast the above model with sophisticated borrowing constraints with a model with hard

borrowing constraints. The key difference from the sophisticated borrowing constraint model speci-

fied above is that, consistent with the literature on hard borrowing constraint models (e.g., Khan and

Thomas, 2013; Bianchi and Mendoza, 2018; Drechsel, 2023), agents always respect the hard borrow-

ing constraint, so there is no violation state. In the baseline hard borrowing-constraint problem, we

also remove managerial agency frictions, as these are not part of standard hard borrowing-constraint

models. Besides these two differences, the rest of the production firm’s problem is exactly the same as

above. The relevant firm state is x = (b,k, z) and the firm’s value V hard
t can be written as the solution

to the following optimization problem:

V hard
t (x) = max

b′≥0,k ′,d
d − AD (d)+E

[
Λt+1V hard,0

t+1

(
x ′) |z]

(19)

subject to the flow budget constraint

d =πt (z,k)−b +qhard
b,t

(
b′,k ′, z

) · (b′−γb
)−Tc,t (x)− [

qk,t
(
k ′− (1−δ)k

)+ AC
(
k,k ′)] , (20)

and the hard borrowing constraint18

q̃ face
b b′ ≤φhardE

[
πt+1

(
z ′,k ′) |z]

, (21)

where V hard,0
t+1

(
x ′) incorporates the possibility of the two types of liquidation similar to (13), and qhard

b,t (·)
is priced competitively similar to (15).

The enforcement of hard borrowing constraints (21) differs from that of sophisticated borrowing

constraints. When a firm hits hard borrowing constraints, it must cut credit indiscriminately to remain

within borrowing limits.

We consider two additional extensions featuring different versions of hard borrowing-constraint

models. First, we introduce a hard borrowing-constraint model with managerial agency frictions.

Second, we consider a hard borrowing-constraint model where the borrowing constraint takes the

form of an asset-based borrowing constraint.

q̃ face
b b′ ≤φhardqk,t+1k ′. (22)

18As in (2), if E
[
πt+1

(
z ′,k ′) |z]< 0, we set the borrowing limit to zero.
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4 Firm-Level Implications of Sophisticated Borrowing Constraints

4.1 Model Parameterization and Validation

We calibrate the model in two steps. First, we exogenously assign a subset of parameters. Second, we

choose the remaining parameters to match firm-level moments in the data. We describe each step

next. Appendix C gives details on the numerical solution of the model.

Table 1: Fixed Parameters

Parameter Value Description

Panel 1: Micro

β 0.990 Discount Factor

α 0.240 Capital Share

ν 0.610 Labor Share

δ 0.025 Depreciation Rate

ξ 0.350 Recovery in Liq.

φ 14.000 Debt to Earnings Limit

χd 0.005 Exogenous Exit Prob.

τc 0.300 Corporate Tax

Panel 2: Macro

γC ES 10.000 Elasticity of Substitution

κ 0.100 Philips Curve Slope

η 4.000 Elasticity of Capital

ϕπ 1.500 Taylor Rule Coefficient

Ψ 0.618 Disutility of Labor

Notes: This table displays parameters exogenously fixed in the calibration. A model period is one quarter.

Fixed parameters. Table 1 lists the parameters that are exogenously assigned. The model period is

one quarter, so we set the discount factor to β= 0.990. We choose total returns to scale α+ν= 0.850,

a commonly used value in the heterogeneous-firm literature, and set ν = 0.610, close to the value

documented in Karabarbounis and Neiman (2014). We set the quarterly depreciation rate to δ= 2.5%,

also a commonly used value in the literature. We set φ, the capacity of earnings-based borrowing,

to 14, following the contractual evidence in Lian and Ma (2021).19 The liquidation value per dollar of

capital is set to ξ= 0.350, based on Kermani and Ma (2023). We set the quarterly exogenous exit rate to

χd = 0.5% based on the exit rate of large firms with more than 500 employees in the Census Business

Dynamics Statistics (BDS) database, and the corporate tax rate to τc = 0.3 based on estimates of the

19Lian and Ma (2021) find that the capacity of earnings-based borrowing, measured as the debt-to-annual-earnings
ratio, is approximately 3.5, which corresponds to a debt-to-quarterly-earnings of 14.
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effective corporate tax rate in recent decades in Dyreng et al. (2017). The elasticity of substitution

across differentiated varieties is γC ES = 10, and the slope of the New Keynesian Phillips curve, which

determinesϕ, is κ≡ (γC ES −1)/ϕ= 0.1, both taken from Ottonello and Winberry (2020). The elasticity

of aggregate investment with respect to the relative price of capital goods is η= 4, also from Ottonello

and Winberry (2020). We set the Taylor rule coefficient to ϕπ = 1.5. Finally, the disutility of labor

Ψ= 0.618 is chosen so that the steady-state real wage is normalized to one.

Table 2: Fitted Parameters

Parameter Value Description

Panel 1: Technology

ρz 0.876 Persistence of TFP Shocks

σz 0.099 SD of TFP Shocks

ψac 0.115 Capital Adj Cost

Panel 2: Agency Frictions and Creditor’s Control

ρa 0.704 Persistence of Agency Shocks

σa 0.225 SD of Agency Shocks

µa 0.066 Mean of Agency Shocks

αH 0.426 Agency Curvature

CH 0.055 Agency Fixed Cost

γ 0.977 Coupon Decay Rate

λ 0.107 Prob. of Transition to Normal from Violation

Panel 3: Financial Frictions

ψd 0.458 Dividend Adj Cost

ψe 0.619 Equity Issuance Cost

fc 0.046 Fixed Operating Cost

Notes: This table displays parameters that are chosen to match moments in Table 3 and Figure 1.

Calibrated parameters. In the second step of the calibration, we choose the parameters listed in

Table 2 to target key moments describing the dynamics of investment, earnings, and financing, both

unconditionally and around covenant violations, reported in Table 3 and Figure 1. We compute these

moments using the same sample as in Figure 1 (Compustat firms with debt/EBITDA covenants). In

terms of unconditional moments, we target the standard deviations of the earnings-to-capital ratio

and investment rates ( k ′−(1−δ)k
k ) (0.028 and 0.056); the median leverage (0.320), the median dividend-

to-capital ratio (0.000), and the median equity issuance-to-capital ratio (0.001); the fraction of firms

newly violating a financial covenant each quarter (2.5%); and the total fraction of firms in the violation

state (15%). For firm outcomes around covenant violations, we match the dynamics of median capital

and earnings changes shown in Figure 1, normalized by capital in the first quarter of covenant viola-
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tion t , corresponding to k j t+h/k j t and
(
π j t+h −π j t

)
/k j t in the model, for h ∈ {−4,−3, . . . ,−1,1, . . . ,4},

omitting the event quarter h = 0.

While all parameters are jointly chosen to match the full set of moments, we describe identi-

fication in terms of three groups of moments. First, the unconditional standard deviations of the

earnings-to-capital ratio and investment rates are primarily linked to the parameters governing the

stochastic process for idiosyncratic productivity shocks, (ρz ,σz), and capital adjustment costs, ψac

(see Appendix Figure E.1).

Second, the dynamics of capital and earnings around covenant violations and the violation rates

are mainly linked to the parameters governing agency frictions and creditor control (see Appendix

Figures E.2-E.4). As we further discuss below, more volatile and persistent agency shocks (σa ,ρa)

induce a negative correlation between capital and earnings, which helps explain their dynamics be-

fore covenant violations. The parameters governing the attractiveness of allocating capital to unpro-

ductive use, (µa ,αH ,CH ), play a central role in explaining the rate of violation and the post-violation

dynamics of capital and earnings: when managers derive higher utility from diversion, they avoid

frequent violations and allocate higher fractions of capital to unproductive use, which leads to larger

increases in earnings when creditors obtain control and curtail such allocation. Additionally, the ma-

turity of debt, γ, governs how quickly debt matures when creditors are in control, also affecting post-

violation dynamics, and the probability of transitioning from the violation state to the normal state,

λ, primarily affects the violation rate in the steady state.

Finally, median leverage, dividend-to-capital ratio, and equity issuance-to-capital ratio are mainly

linked to the parameters governing dividend adjustment and equity issuance costs, ψd and ψe , and

fixed operating costs, fc (see Appendix Figure E.5).

Table 3: Unconditional Targeted Moments and Model Fit

Model Data

Median Leverage 0.293 0.320

New Violation Rate 0.019 0.025

Frac. in Violation 0.146 0.150

Median Dividend/Capital 0.024 0.000

Median Equity/Capital 0.000 0.001

SD of Earnings/Capital 0.028 0.028

SD of Investment Rate 0.081 0.056

Notes: This table displays the empirical moments targeted in our calibration and the corresponding values generated by

the steady state of the model. Leverage, dividend-to-capital ratio, equity-issuance-to-capital ratio, earnings-to-capital

ratio, and investment rate correspond to q̃ face
b b/k, max{d ,0}/k, max{−d ,0}/k, πk , and k ′−(1−δ)k

k in the model, respectively.

We use assets as a proxy for capital when calculating unconditional moments in this table.
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Figure 2: Targeted Dynamics Around Covenant Violations and Model Fit

Qtrs Until Violation
-4 -2 0 2 4

0.95

0.96

0.97

0.98

0.99

1

1.01
Capital

Qtrs Until Violation
-4 -2 0 2 4

0

0.005

0.01

0.015

0.02

0.025
Earnings

Model
Data

Notes: The blue solid line in the left panel shows the median firm’s capital in period t +h normalized by its capital at t

when it initially violates the sophisticated borrowing constraint, i.e., kt+h/kt in the model. The blue solid line in the right

panel shows the median firm’s earnings in period t +h relative to period t , normalized by capital at t , i.e., (πt+h −πt )/kt

in the model. The lines are based on all firms violating the sophisticated borrowing constraint in the steady state of the

model. The red dashed lines in both panels correspond to their empirical counterparts, i.e., the median lines in Figure 1.

Figure 3: Distribution of Leverage: Model vs. Data
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Notes: The red bar plots the deciles of firm leverage in the data, using a sample of US Compustat firms that have a debt-to-

EBITDA covenant according to DealScan. The blue bar plots the deciles of firm leverage in the steady state of the model,

defined as q̃ face
b b/k.

Despite being overidentified, in the sense that the model features 13 fitted parameters and 23

targeted moments (7 unconditional moments and 16 moments describing the dynamics of earnings

and capital around covenant violations), the model matches the targeted moments reasonably well.
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In particular, Figure 2 shows that the model closely tracks the dynamics of capital and earnings around

covenant violations, although it implies a slightly less gradual decline in earnings before the violation.

The calibrated parameters in Table 2 are broadly comparable to existing estimates in the literature. In

addition, the average duration of covenant violations, 1
λ ≈ 9 quarters, is close to that observed in our

Compustat sample of firms combined with the data on covenant violations in Nini, Smith, and Sufi

(2012).

Validation. Figure 3 shows that our model generates a distribution of leverage, which is not targeted

in the calibration, that is closely aligned with that observed in the data. In addition, Appendix Table

E.1 shows that the firm size distribution implied by the model, illustrated by the lower and upper in-

terquartile distances relative to the median of the capital distribution, is also aligned with its empirical

counterpart.

Appendix Table E.1 further shows that the model is broadly consistent with several unconditional

moments of investment and earnings that are not targeted in the calibration. First, it produces a

positive comovement between investment rates and earnings-to-capital ratios, albeit stronger than in

the data, as well as a negative comovement between covenant violation rates and earnings-to-capital

ratios. Second, the model predicts positive autocorrelation in both investment rates and earnings-to-

capital ratios, although the autocorrelation of earnings-to-capital ratios is larger than in the data.

4.2 Unpacking Firm Outcomes Around Covenant Violations

Policies under manager and creditor control. To better understand how our model matches the

dynamics of capital and earnings before covenant violations (under manager control) and after viola-

tions (under creditor control), we now zoom in on policies under manager and creditor control.

We start with the normal state under manager control. Panel (a) of Figure 4 plots the manager’s

chosen next period capital k ′(n, x) in the steady state and the corresponding expected earnings E
[
π′|z, a

]
(determined by k ′(n, x) and the manager’s chosen τ′(n, x)) as functions of current productivity z and

agency shock a.20

The left subfigure shows that with higher productivity, z, the manager chooses higher capital, as

the marginal product of capital will be persistently higher. Earnings will also be higher due to both

the direct effect of productivity and the higher chosen capital. The right subfigure shows that with

higher agency shocks, a, the manager also chooses higher capital, as the unproductive use of capital

becomes more attractive. However, earnings decrease with a because the manager allocates a higher

fraction of capital, τ′(n, x), to unproductive use.

20We omit the subscript t when describing steady-state value functions and decision rules. For example, k ′(n, x) cap-
tures the manager’s optimally chosen capital in the normal state in the steady state.
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We now turn to the violation state under creditor control. We first comment on a few features of

the creditor’s optimal policy in (7). First, the creditor optimally chooses not to allocate any capital

to unproductive use, τ′(v, x) = 0, because they do not derive any value from it. As further explained

below, such an alleviation of managerial agency frictions is key for the model to match the recovery

of earnings after covenant violations in Figure 1. Second, the creditor optimally chooses not to pay

dividends, d(v, x) = 0.21 This is because, from the flow budget in (8), creditors can use any funds

that would have been paid as dividends (which do not increase creditor value) to increase next period

capital, k ′, thereby increasing creditor value. Third, when the debt burden, b, is high relative to capital

k and productivity z, creditors may choose debt forgiveness (ζ(v, x) > 0), although this is rare in the

ergodic distribution of our model.

Panel (b) of Figure 4 plots the creditor’s chosen next period capital k ′(v, x) in the steady state and

the corresponding expected earnings E
[
π′|z, a

]
(determined by k ′(v, x) and τ′(v, x)) as functions of

current productivity z and agency shock a. Compared to Panel (a), capital k ′(v, x) increases much less

with z. This can be seen from the flow constraint (8) under creditor control when dividend payments

are set to zero:

(1−ζ(v, x))b =π (z, (1−τ)k)−Tc (x)−qk
(
k ′(v, x)− (1−δ)k

)− AC
(
k,k ′(v, x)

)
. (23)

Under creditor control, z only affects k ′(v, x) through the direct effect on current earningsπ (z, (1−τ)k) .

This contrasts with the case under manager control, where k ′(n, x) also increases with z because it

raises the marginal product of capital in the future. Earnings also increase somewhat less with z com-

pared with manager control, but are more sensitive to z than capital.

Moreover, Panel (b) of Figure 4 shows that, under creditor control, next period capital and ex-

pected earnings are no longer sensitive to the agency shock, a. This is because creditors choose

τ′(v, x) = 0, making their expected earnings insensitive to the agency shock a, and from the flow con-

straint (23), k ′(v, x) does not depend on a either.

Dynamics around the violation of sophisticated borrowing constraints. We now examine what

drives the dynamics of capital and earnings before and after covenant violations. Figure 5 shows

that firms violating sophisticated borrowing constraints experience negative productivity shocks (de-

creases in z) and positive agency shocks (increases in a) before violations. After violations, z increases

and a decreases. Moreover, unproductive capital use τ (see Appendix Figure E.6) increases before vi-

olations due to positive agency shocks and decreases after violations as creditor control alleviates

managerial agency frictions. The magnitude of τ in the model is modest, rising from below 5% to

roughly 10% just before violations. These values are consistent with empirical evidence on agency-

21We have verified that, in the violation state, creditors choose τ′(v, x) = 0 and d(v, x) = 0 across the entire ergodic
distribution of state variables in our model.
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Figure 4: Capital and Earnings under Manager and Creditor Control
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(b) Creditor control
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Notes: The red lines plot next period capital, k ′, as a function of current productivity z (left subfigures) and the agency
shock a (right subfigures). The blue lines plot next period expected earnings, E

[
π′ | z, a

]
, as a function of current produc-

tivity z (left subfigures) and the agency shock a (right subfigures). Every non-moving state variable is fixed at the median
of the ergodic distribution. The plots in panel (a) are based on the manager’s problem in (3), evaluated in the steady state
when the firm is in the normal state. The plots in panel (b) are based on the creditor’s problem in (7), evaluated in the
steady state when the firm is in the violation state.

driven unproductive uses of corporate capital (e.g., Berger and Ofek, 1995; Harford, 1999; Moeller,

Schlingemann, and Stulz, 2005).

The decline in earnings before violations in Figure 2 is explained by both negative productivity

shocks and positive agency shocks before violations. From Panel (a) of Figure 4, both shocks lower

firms’ earnings and contribute to violations of sophisticated borrowing constraints in (2). The in-

crease in earnings after violations in Figure 2 is explained by i) creditor control after violations, which

eliminates unproductive capital use (τ′ = 0), alleviates managerial agency frictions, and raises earn-

ings, and ii) increases in z following violations.

23



Figure 5: Firms’ Idiosyncratic Shocks around Covenant Violations
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Notes: The left panel plots the median firm’s idiosyncratic productivity shock z in period t+h normalized by its productiv-
ity shock at t , i.e., zt+h/zt in the model. The right panel plots the median firm’s idiosyncratic agency shock a in period t+h
normalized by its agency shock at t when it initially violates the sophisticated borrowing constraint, i.e., at+h/at in the
model. The lines are based on all firms violating the sophisticated borrowing constraint in the steady state of the model.

The increase in capital before covenant violations in Figure 2 is explained by positive agency

shocks. Without agency shocks, capital would otherwise have decreased due to negative produc-

tivity shocks (according to Panel (a) of Figure 4). The decrease in capital after violations in Figure

2 is mostly explained by creditors divesting capital after violations because their demand for capital

declines when unproductive capital use is eliminated.

Without agency frictions, productivity shocks alone cannot jointly explain the dynamics of capital

and earnings before and after covenant violations. The productivity process in Figure 5 would coun-

terfactually lead to a decrease in capital before violations and an increase in capital after violations.

To further illustrate the importance of managerial agency frictions in explaining the dynamics of

capital and earnings around covenant violations, we consider a variant of our model in which man-

agerial agency frictions are shut down (H (· · · ) = 0).22 Appendix Figure E.7 shows that such a model has

difficulty explaining the dynamics of capital and earnings before and after covenant violations, even

after recalibrating this model using the same procedure as in our baseline model, directly targeting

the firm outcomes around covenant violations in Figure 1.

Finally, despite not being targeted, our baseline model with agency frictions can also explain the

empirical pattern in which firms’ equity value declines before covenant violations (due to a combi-

nation of negative productivity shocks and positive agency shocks) and rises afterward (as creditor

control alleviates managerial agency frictions and productivity recovers). Appendix Figure E.8 plots

22Appendix Tables E.2 and E.3 report the calibrated parameters in this model and its fairly good fit to the unconditional
moments.
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Figure 6: Differences in Shareholder Value between Manager and Creditor Control
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Notes: The figure plots the difference in the shareholder value function (defined in (6)) under manager control and creditor
control, Vs (n, ·)−Vs (v, ·), as a function of firms’ earnings-to-debt ratios (π/
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in the model). Each dot represents a
percentile of the earnings-to-debt ratio in the ergodic distribution of the steady state of our model. The pink bar plot shows
the probability density of the earnings-to-debt ratio in the ergodic distribution of our model. The grey line indicates the
earnings-to-debt ratio corresponding to 1/φ.

firms’ cumulative equity returns based on the shareholder value, Vs(·) (defined in (6)), and shows that

it is broadly consistent with its empirical counterpart in Figure B.3.

4.3 Do Shareholders Prefer Manager or Creditor Control?

After violations of sophisticated borrowing constraints, creditor control eliminates unproductive cap-

ital use, alleviates managerial agency frictions, and improves firms’ earnings. One may wonder whether

creditor control always improves the firm’s performance. That is not the case. The creditor’s capital

policy in Panel (b) of Figure 4 helps explain why. Under creditor control, capital increases little with

productivity: creditors do not raise capital in response to increases in the future marginal product of

capital.

To analyze this more systematically, Figure 6 plots the difference in shareholder value between

manager control and creditor control, Vs(n, ·)−Vs(v, ·), as a function of firms’ earnings-to-debt ratios.

Away from sophisticated borrowing constraints, when the earnings-to-debt ratio is high, shareholder

value is higher under manager control. There, the benefits of managers’ closer-to-optimal capital

policy outweigh the costs of managerial agency frictions arising from the unproductive use of capital.

Close to or after violations of sophisticated borrowing constraints, when the earnings-to-debt ratio is

low, shareholder value is higher under creditor control. In those states, shareholders prefer creditor

control, as manager control leads to both agency frictions in terms of unproductive capital use and
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strong precautionary behavior, because managers want to avoid violating sophisticated borrowing

constraints, since they can no longer derive utility from unproductive capital use. Such precautionary

behavior can be seen in Figure 4, where capital is lower under manager control than under creditor

control for low levels of productivity (when violations of sophisticated borrowing constraints become

a concern). For most of the ergodic distribution of our model, shareholders would prefer manager

control to creditor control.

This finding is consistent with Dewatripont and Tirole (1994), who argue that a contingent transfer

of control rights from managers to creditors upon poor firm performance is an effective way for share-

holders to mitigate managerial agency frictions when managers cannot be directly contracted on. Be-

cause managerial contracts are inherently incomplete and shareholders of public companies are too

dispersed to coordinate direct oversight, the contingent transfer of control through debt covenants

serves as a practical governance mechanism.

Appendix Figure E.9 also plots the difference in total shareholder and creditor values Vs(n, ·) +
Vc (n, ·)− (Vs(v, ·)+Vc (v, ·)), under manager and creditor control. Similarly, total value is higher under

manager control when the earnings-to-debt ratio is high, but higher under creditor control when the

earnings-to-debt ratio is low.

4.4 Comparison with the Hard-constraint Model

Can the hard-constraint model described in Section 3.3 explain the dynamics of capital and earnings

around covenant violations in Figure 1? We recalibrate this model using the same procedure as in

our baseline model, matching both the unconditional empirical moments in Table 3 and the firm

outcomes around covenant violations in Figure 1, where we interpret firms hitting the hard borrowing

constraint (21) as “violations.” Appendix Tables E.4 and E.5 and Figure E.10 report the calibrated

parameters in the hard-constraint model, its fit to the unconditional moments, and the dynamics of

capital and earnings around covenant violations.

Despite directly targeting them, the hard-constraint model has difficulty matching both the un-

conditional moments and the firm outcomes around covenant violations. For unconditional mo-

ments, almost all firms with a binding hard borrowing constraint (9.8%, compared with 15% in the

data) newly hit the constraint in that quarter (9.3%, compared with 2.5% in the data, despite being

directly targeted). In other words, firms in the hard-constraint model counterfactually do not want to

remain at the binding constraint and have a strong precautionary motive to maintain some distance

from it: being exactly at the hard constraint is costly for firms, since temporarily violating it (as in the

sophisticated-constraint model) is not an option. Such a precautionary motive in the hard-constraint

model is significantly stronger than the manager’s precautionary motive in the sophisticated con-
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Figure 7: Targeted Dynamics Around Covenant Violations and Model Fit: Sophisticated vs Hard
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Notes: The left panel plots the median firm’s capital in period t + h normalized by its capital at t , i.e., kt+h/kt in the
model. The right panel plots the median firm’s earnings in period t +h relative to period t , normalized by capital at t , i.e.,
(πt+h −πt )/kt in the model. The blue lines are based on all firms violating the sophisticated borrowing constraint in the
steady state of our baseline model, where t captures when they initially violate the sophisticated borrowing constraint.
The green lines are based on all firms hitting the hard borrowing constraint in the steady state of our hard-constraint
model, where t denotes the initial period in which the hard constraint binds, recalibrated using the same procedure as
in our baseline model, matching both the unconditional empirical moments and the firm outcomes around covenant
violations. The red lines correspond to their empirical counterparts, i.e., the median lines in Figure 1.

straint model, as further discussed below.

Figure 7 shows that firms’ capital and earnings drop significantly after they hit the hard borrowing

constraint (the dashed green lines), much more so than in the sophisticated-constraint model (solid

blue lines) and in the data (dashed red lines). This is because firms that hit the hard constraint are

forced to sell capital to ensure that the hard constraint in (21) is satisfied. Furthermore, in subsequent

periods after hitting the hard constraint (even when it no longer binds), firms have a further precau-

tionary motive to maintain some distance from it, as discussed above. This further contributes to the

large declines in capital and earnings in the periods after hitting the hard constraint. As studied in the

next section, such large declines in firms’ outcomes after hitting the hard constraint contribute to the

large financial acceleration in hard-constraint models.

In addition, we show that the previous conclusions about the hard-constraint model (e.g., coun-

terfactually large declines in firms’ capital and earnings after hitting the constraint) also apply to al-

ternative versions of it: (i) the hard-constraint model with φhard recalibrated such that its median

leverage matches that of the data, while keeping all other parameters the same (Appendix Table E.6

and Appendix Figure E.11); (ii) the hard-constraint model with the asset-based borrowing constraint

(22), calibrated using the same procedure (Appendix Tables E.7 and E.8, as well as Appendix Figure

E.12); (iii) the hard-constraint model with agency frictions, calibrated using the same procedure (Ap-

pendix Tables E.9 and E.10, as well as Appendix Figure E.13).

27



5 Macro Implications of Sophisticated Borrowing Constraints

We now study the macroeconomic implications of sophisticated borrowing constraints, particularly

the importance of financial acceleration in determining macroeconomic outcomes. We do so by con-

trasting these implications with those under hard borrowing constraints. By financial acceleration

(e.g., Kiyotaki and Moore, 1997 and Bernanke, Gertler, and Gilchrist, 1999), we refer to the general

equilibrium feedback mechanism in which (i) adverse economic outcomes tighten borrowing con-

straints, and (ii) the tightening of borrowing constraints further worsens economic outcomes.23

Section 5.1 studies the macroeconomic effects of a constraint-tightening shock, while Section 5.2

studies the effects of monetary policy shocks. Section 5.3 examines the robustness of these results to

alternative model variants and calibrations.

5.1 Constraint-Tightening Shocks

We begin by studying the macroeconomic impact of a constraint-tightening shock that lowers φ, a

“financial shock” frequently examined in the macro-finance literature (e.g., Jermann and Quadrini,

2012; Khan and Thomas, 2013). This type of shock directly informs the second step of the financial-

acceleration feedback mechanism (how tightening borrowing constraints further worsens economic

outcomes) and is thus useful for understanding the role of financial acceleration in shaping the macroe-

conomic impact of other aggregate shocks (e.g., monetary policy shocks), which we analyze later.

In this experiment, we allow φt to be time varying. We then study the responses of key aggregate

variables to an unexpected tightening of borrowing constraints at period 0, with an initial size of 5%

of steady-state borrowing capacity and with a persistence of 0.5.24 We compute the perfect foresight

transition path of the economy as it converges back to steady state. We compare the sophisticated-

constraint model and the hard-constraint model based on their respective calibrations discussed in

the previous section.

Effects under hard borrowing constraints. Figure 8 plots the responses of aggregate investment It

and output Yt to the constraint-tightening shock under both hard and sophisticated borrowing con-

straints. Under hard borrowing constraints, we observe a significant decline in aggregate investment

and output. To better understand the large decline in investment, the red dots in panel (a) of Figure 9

show the partial-equilibrium effect of a constraint-tightening on firms’ capital as a function of a firm’s

earnings-to-debt percentile. Firms for which the borrowing constraint is binding, which tend to have

low percentiles of earnings-to-debt, adjust debt one-for-one in response to the tightening, resulting

23Similarly, the mechanism also applies to positive economic outcomes, which relax borrowing constraints.
24Specifically, in the sophisticated-constraint model, we consider a tightening with initial magnitude ∆φ0 = −5%×φ,

and in the hard-constraint model, a tightening with initial magnitude ∆φhard
0 =−5%×φhard.
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Figure 8: Macroeconomic Effects of a Constraint-Tightening Shock
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Notes: This figure plots the responses of aggregate investment and output to a tightening of sophisticated borrowing con-
straints with initial magnitude∆φ0 =−5%×φ in the sophisticated-constraint model (solid blue lines), and the counterpart
responses to a tightening of hard borrowing constraints with initial magnitude∆φhard

0 =−5%×φhard in the hard-constraint
model (dashed red lines). The constraint-tightening shock has a persistence of 0.5. It is computed as the perfect foresight
transition in response to an unexpected shock from the steady state. The units of responses are expressed in terms of
percentage deviations relative to steady state.

Figure 9: Unpacking the Macroeconomic Effects of a Constraint-Tightening Shock
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0.95×φhard in the hard-constraint model) as a function of the percentile of firms’ earnings-to-debt ratio (π/
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in the
model). In both cases, the policy functions under the original and tightened constraint are evaluated at states drawn from
the steady-state distribution associated with the benchmark economy, and percentiles are computed with respect to the
same distribution. Blue dots correspond to the sophisticated-constraint model; red dots to the hard-constraint model.
Panel B plots next-period capital k ′ as a function of firms’ earnings-to-debt ratios (π/
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in the model) under creditor
control (red dots) and manager control (blue dots) around the sophisticated borrowing constraint.
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in a severe decline in capital as they sell assets to pay down debt to satisfy the constraint. Additionally,

firms whose borrowing constraints are not currently binding but are close to the constraint also lower

their capital significantly, driven by a precautionary motive to avoid hitting the hard constraint in the

future.25 The decline in aggregate investment then depresses aggregate demand and lowers aggregate

output and earnings (see Appendix Figure E.15 for impulse responses of earnings). The resulting de-

cline in earnings further tightens hard borrowing constraints, generating financial acceleration that

further worsens economic outcomes.

Effects under sophisticated borrowing constraints. Under sophisticated borrowing constraints, in

contrast, Figure 8 shows that the constraint-tightening shock generates a small increase in aggre-

gate investment and output. To better understand this, it is useful to decompose the effects of a

tightening of the sophisticated borrowing constraint on firms’ investment into three channels (for-

mally defined in Appendix C.3): (i) an intensive-margin channel, defined as the partial-equilibrium

effect of the shock without reallocating control rights; (ii) an extensive-margin channel, defined as the

partial-equilibrium effect arising from changes in the allocation of control rights driven by violations

of the sophisticated constraint induced by the shock; and (iii) indirect channels, given by the effects

of general-equilibrium movements in prices induced by the shock.

To illustrate the intensive-margin channel, the blue dots in panel (a) of Figure 9 show the partial-

equilibrium effect of a constraint-tightening on firms’ capital as a function of a firm’s earnings-to-

debt percentile, without reallocating control rights. Firms in the violation state governed by creditors,

which tend to have low percentiles of earnings-to-debt, are only weakly affected by the shock, because

φ does not directly affect creditors’ decisions in violation, as the transition back to the normal state

is exogenous. This is in sharp contrast to the hard-constraint model, in which firms at the bottom of

the earnings-to-debt distribution are the most responsive to a constraint-tightening shock. Firms in

the normal state governed by managers are more strongly affected by the shock, because managers

respond precautionarily by cutting debt and investment to mitigate the risk of violating the constraint

and losing control. However, this contraction is substantially smaller than in the hard-constraint

model because, as shown in Figure 7, the decline in firms’ capital after violating the sophisticated

constraint is much milder than after hitting hard borrowing constraints.

Turning to the extensive-margin channel, the constraint-tightening shock induces some firms to

violate the sophisticated constraint and transition from manager to creditor control. The transfer of

25The percentage change in capital in panel (a) of Figure 9 increases smoothly with the earnings-to-debt percentile,
without a visible kink separating binding and non-binding firms. This reflects the choice of x-axis variable: the panel
plots capital changes against the percentile of the current earnings-to-debt ratio (π/

(
q̃ face

b b
)
), which maps smoothly into

the probability of binding hard constraints that depend on next period’s ratio as in (21). Appendix Figure E.14 instead
plots capital changes against the percentile of firms’ expected earnings-to-debt ratio (E[π′]/

(
q̃ face

b b′)), where firms in lower
percentiles exhibit the sharpest declines and a clear kink appears at the binding threshold.
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control rights leads to a change in capital approximately given by k
′
(v, x)−k

′
(n, x). Panel (b) of Figure

9 compares k
′
(v, x) and k

′
(n, x) across percentiles of firms’ earnings-to-debt distribution, showing

that the creditor chooses a higher level of capital k
′
(v, x) than the manager k

′
(n, x) near the sophisti-

cated constraint, because managers precautionarily adjust capital to avoid losing control, while cred-

itors lack such a precautionary motive.

As illustrated in Appendix Figure E.16, which decomposes the aggregate effects on investment into

the three channels, the extensive margin quantitatively dominates, implying an expansionary partial-

equilibrium response of investment to the constraint-tightening shock in Figure 8. The price of capital

increases in response to the partial-equilibrium increase in investment (see Appendix Figure E.15),

generating a contractionary indirect effect that moderately attenuates this response.

The responses of aggregate output and earnings (also shown in Appendix Figure E.15) under so-

phisticated borrowing constraints follow mechanisms similar to those of investment, with an addi-

tional channel operating through the extensive margin: creditor control after violation alleviates man-

agerial agency frictions (by setting τ′ to zero) and improves firms’ production and earnings for a given

level of capital. This translates into a lower fraction of capital allocated to unproductive use, as de-

picted in Appendix Figure E.15. Together, the positive extensive-margin responses break the second

step of the financial-acceleration feedback mechanism: tightening borrowing constraints no longer

worsens economic outcomes.

The role of agency frictions in macroeconomic effects. To assess how our macroeconomic results

depend on the presence of agency frictions, we analyze the effects of the constraint-tightening shock

in a variant of the sophisticated-constraint model without managerial agency frictions, described in

Section 4 (see also panel (b) of Appendix Figure E.7). Appendix Figure E.17 shows that the aggregate

effects of this shock remain muted relative to those in the hard-constraint model, indicating that the

lack of amplification does not rely on agency frictions. The sign of the effects, however, reverses rela-

tive to the baseline model: the constraint-tightening becomes mildly contractionary on both invest-

ment and output. This reversal reflects the fact that, without agency frictions, the transfer of control

rights from managers to creditors is no longer associated with an improvement in the productive use

of capital. The transfer therefore neither increases output nor raises earnings available to finance

investment, weakening the extensive-margin channel that drives the expansionary responses of in-

vestment and output in the baseline.

5.2 Monetary Policy Shocks

We now turn to studying the macroeconomic effects of monetary policy shocks. To gauge the im-

portance of financial acceleration in determining the aggregate responses to a monetary policy shock
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and to connect it to the previously studied responses to the constraint-tightening shock, we compare

the benchmark aggregate responses, incorporating the full general-equilibrium feedback of financial

acceleration, to counterfactual aggregate responses where the feedback is shut down. In this counter-

factual, borrowing constraints are governed by the steady-state earnings functionπ (· · · ) instead of the

actual earnings function πt (· · · ). For example, in the sophisticated-constraint model, the evolution of

firm states is governed by the counterpart of (2):

q̃ face
b b j t+1 ≤φπ

(
z j t+1,

(
1−τ j t+1

)
k j t+1

)
. (24)

The counterfactual shuts down financial acceleration by shutting down the general-equilibrium

loop, whereby adverse economic outcomes (which lead to lower relative prices of production firms’

goods, pt ) tighten borrowing constraints through a lower earnings function,πt (· · · ), and further worsen

economic outcomes. Hence, the differences between the aggregate responses that incorporate gen-

eral equilibrium feedback and the counterfactual responses can be interpreted as the contribution

of financial acceleration. These differences are also closely linked to the responses to constraint-

tightening shocks studied above.

We consider a 30 bps monetary tightening (ϵm
0 = 0.3%) with a persistence of 0.90. The persistence

is designed to roughly capture the fact that the magnitude of nominal interest rate changes following

a monetary policy shock halves over a one-year horizon, as documented in Caravello, McKay, and

Wolf (2024). We compute the perfect foresight transition path of the economy as it converges back to

steady state.

Panel (a) of Figure 10 depicts the responses of aggregate investment and output to the monetary

tightening in the hard-constraint model, both for the full general-equilibrium responses, which incor-

porate financial acceleration, and for the counterfactual responses that shut down financial accelera-

tion. The counterfactual responses are significantly dampened relative to the full general-equilibrium

responses, indicating that financial acceleration plays a nontrivial role in worsening aggregate out-

comes. The hard-constraint model produces considerable acceleration for two reasons. First, the

monetary policy shock depresses aggregate demand and lowers the relative price of goods produced

by financially constrained firms, pt , thereby reducing their earnings (see Appendix Figure E.18) and

further tightening borrowing constraints. Second, a tightening of the constraint has a significant

macroeconomic impact, as emphasized in the previous subsection.

Panel (b) of Figure 10 plots the aggregate responses to the monetary policy shock in the sophisticated-

constraint model. Overall, the responses of aggregate variables are less negative than those in the

hard-constraint model and are broadly aligned with those in New Keynesian models with heteroge-

neous firms and default risk (Ottonello and Winberry, 2020). The figure further shows that the full

general-equilibrium responses are similar to, and slightly less negative than, the counterfactual re-
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Figure 10: Macroeconomic Effects of a Contractionary Monetary Policy Shock

(a): Hard Borrowing Constraints
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(b): Sophisticated Borrowing Constraints
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Notes: The figure plots the responses of aggregate investment and output to a 30 bps monetary tightening (ϵm
0 = 0.3%) with

persistence of 0.9 under hard borrowing constraints in panel (a) and sophisticated borrowing constraints in panel (b).
The solid lines show the full general equilibrium responses incorporating financial acceleration, while the dashed lines
show the counterfactual responses in which financial acceleration is shut down, i.e., borrowing constraints are governed
by steady-state earnings π (· · · ) instead of the actual earnings function πt (· · · ). Responses are computed as the perfect
foresight transition in response to an unexpected shock from the steady state. The units of responses are expressed in
terms of percentage deviations from steady state.

sponses that shut down financial acceleration. As in the hard-constraint model, the monetary policy

shock lowers relative prices pt and earnings (see Appendix Figure E.19), tightening and triggering vi-

olations of the sophisticated borrowing constraint. However, unlike in the hard-constraint model,

a tightening of the sophisticated constraint does not have a contractionary macroeconomic impact
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for the reasons discussed above. Together, these results indicate muted financial acceleration under

sophisticated borrowing constraints, in contrast to the significant financial acceleration under hard

borrowing constraints.

5.3 Robustness and Additional Results

The main finding that financial acceleration is more significant under hard borrowing constraints

than under sophisticated borrowing constraints is robust to alternative model variants and calibra-

tions of hard-constraint and sophisticated-constraint models. In Appendix Figures E.20–E.21, we

show that this is indeed the case when comparing the macroeconomic responses of our sophisticated-

constraint model with those of the hard-constraint model with asset-based lending described in Sec-

tion 3.3. In Appendix Figures E.22–E.23, we show that the same finding applies when comparing with a

variant of the hard-constraint model where we recalibrateφhard such that its median leverage matches

that of the data, while keeping all other parameters the same. In Appendix Figures E.24–E.25, we show

that the same finding also applies when comparing with a variant of the hard-constraint model with

agency frictions, recalibrated using the same procedure as in our baseline model. We also analyze

a variant of the sophisticated-constraint model without agency frictions. Appendix Figure E.17, dis-

cussed above, and Appendix Figure E.26 show that financial acceleration is also muted in this variant,

though the constraint-tightening becomes mildly contractionary rather than mildly expansionary as

in the baseline sophisticated-constraint model with agency frictions.

Finally, while our analysis focuses on the effects of aggregate shocks in economies with different

types of borrowing constraints, we also provide complementary evidence by analyzing how firms fac-

ing different types of borrowing constraints respond to monetary policy shocks. To do so, we study the

investment response to monetary policy shocks (identified in Bauer and Swanson, 2023) in our sample

of Compustat firms (Section 2), examining heterogeneous responses across firms with different shares

of cash flow-based debt in total debt (using debt classifications from Lian and Ma (2021)). Appendix

Figure B.6 shows that, in line with our macro-level findings, firms with an above-median share of

debt against cash flows, and therefore primarily subject to sophisticated borrowing constraints from

financial covenants,26 are less sensitive to monetary policy shocks. While this evidence is suggestive,

it points to the value of additional empirical work on how different types of debt contracts shape the

response to aggregate shocks.27

26Debt against cash flows places stronger emphasis on monitoring firms’ operations for which sophisticated borrow-
ing constraints are useful, whereas debt against physical assets emphasizes the intrinsic liquidation value of the asset
regardless of the firm’s performance (Diamond, 2023; Kermani and Ma, 2025).

27See Caglio, Darst, and Kalemli-Ozcan (2021) for additional evidence in this area. Complementing these findings, Ap-
pendix Figure B.7 shows that nonresidential investment by firms is less sensitive than residential investment by house-
holds. Although sophisticated borrowing constraints are important among nonfinancial firms, they do not apply to house-
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6 Conclusion

For decades, many macroeconomic models have focused on financial frictions faced by nonfinancial

firms as the key mechanism for the amplification of aggregate fluctuations. A centerpiece of these

models is the presence of hard borrowing constraints, which require indiscriminate reductions of

credit when firms hit such limits. These responses lead to declines in prices and quantities that further

tighten borrowing limits, setting off the financial accelerator.

In this paper, we reassess this view by studying the implications of sophisticated borrowing con-

straints, akin to financial covenants commonly used in the debt contracts of large U.S. nonfinancial

firms. We show that the active role played by creditors following covenant violations can dampen

financial acceleration. This result reflects the fact that it is not in the interest of any stakeholder to

downscale the firm as sharply as hard borrowing constraint models would impose. In recent years,

there has been a rise of covenant light (“cov-lite”) loans, which have financial covenants that only

require compliance when firms take major actions instead of enforcing covenants on a regular quar-

terly basis, possibly due to an increase in institutional investors (e.g., loan mutual funds) in the syndi-

cated loan market who are more dispersed and face higher coordination costs for implementing cred-

itor control (Becker and Ivashina, 2016). Our analyses suggest that this development could heighten

macroeconomic risk, as weaker creditor control means less dampening of financial acceleration after

adverse shocks.

More broadly, our findings suggest that the emergence of sophisticated borrowing constraints in

firms’ debt contracts is important for understanding macroeconomic dynamics. These contract fea-

tures are first-order in practice but have yet to be incorporated into mainstream macroeconomic anal-

yses. Our work in this paper examines how they shape the transmission of macroeconomic shocks.

In addition, they are relevant for research on a number of other questions, such as the assessment of

credit booms and financial stability risks, the application of macroprudential policies, as well as the

long-run effects of financial development and creditor sophistication. These questions can open new

avenues for future work.
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Supplementary Appendices for: Sophisticated Borrowing
Constraints and Macroeconomic Dynamics

Mahdi Ebsim28 Chen Lian29 Yueran Ma30 Pablo Ottonello31 Diego Perez32

This Supplementary Appendix contains further material for the article “Sophisticated Borrowing Con-

straints and Macroeconomic Dynamics”. Any references to equations, figures, tables, assumptions,

propositions, lemmas, or sections that are not preceded by an appendix letter refer to the main arti-

cle.

A Violations of Financial Covenants and Creditor Control

In this appendix, we provide further elaboration and examples about creditor control during financial

covenant violations. As mentioned in Section 2, violations of financial covenants trigger “technical

default,” which gives creditors the legal right to demand immediate repayment. Creditors rarely do

so, and instead they ask firms to implement their demands in exchange for a waiver for the covenant

violation. The waiver will suspend or relax the financial covenant (to a looser ratio) for some period

of time (ranging from one quarter to several quarters).33 Accordingly, in our model, firms spend some

amount of time in the violation state where the old covenant no longer binds (but they need to imple-

ment creditors’ requests).

In exchange for the waiver, creditors commonly require that firms implement several types of

changes. First, they often impose restrictions on additional borrowing, and it is well-documented

that net debt issuance falls to zero on average following covenant violations (Nini, Smith, and Sufi,

2012). This is consistent with our model. Second, firms substantially reduce capital expenditures,

acquisitions, and operating expenses. Third, firms may also replace management. These features are

widely viewed by corporate finance and legal studies as evidence that creditors play a role in corpo-

rate governance and curb agency problems that led to overexpansion and poor managerial decisions

leading up to covenant violations. Finally, firms may pay lenders a fee for the waiver, which we ab-

stract from since the average amount is around 40 basis points (Jiang and Xu, 2019). In some cases,

28NYU, ame384@nyu.edu.
29UC Berkeley and NBER, chen_lian@berkeley.edu.
30University of Chicago and NBER, yueran.ma@chicagobooth.edu.
31Federal Reserve Bank of Minneapolis, University of Maryland, and NBER, ottonell@umd.edu.
32NYU and NBER, diego.perez@nyu.edu.
33As the examples show, sometimes creditors suspend the covenant entirely for a short period of time, and sometimes

they relax the covenant to looser thresholds for a longer period of time. These different changes are difficult to measure
in a uniform way. But overall it maps reasonably well to our model specification that firms return to the normal state after
some period of time which they do not fully decide.
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the loans are amended to charge higher interest rates or require additional collateral, and we abstract

away from these additional features since they do not always occur (Nini, Smith, and Sufi, 2012; Jiang

and Xu, 2019). Some of these concessions are formalized by amending loan contracts, such as adding

covenants that restrict capital expenditures and other payments. Some are changes in operations that

firms agree to, and as legal scholars write, “lenders may need to do no more than make it understood

that they will look more kindly on future waivers of loan covenants” (Baird and Rasmussen, 2006).

Below we present three examples to illustrate further, including the original example of covenant

violation discussed in Nini, Smith, and Sufi (2012) and two other well-known companies.

Digital Generation Systems. This is the original example used in (Nini, Smith, and Sufi, 2012). The

company’s quarterly report (10-Q) filing on November 9, 2005 states:

As of September 30, 2005, the Company was not in compliance with the covenant related

to its leverage ratio. On November 9, 2005, the Company received a waiver from its lenders

as of September 30, 2005. In connection with securing this waiver, certain other changes

were made to the credit facility which, among other things, reduced the amount that can

be borrowed under the Company’s revolving line of credit from $15.0 million to $4.5 mil-

lion.

The “leverage ratio” covenant in loan contracts refers to debt to EBITDA (not debt to assets or debt

to equity). The loan amendment is appended to the 10-Q filing, which states that the covenant is

waived for one quarter: “Lenders have agreed to waive the violation of the Senior Leverage Ratio, set

forth in Section 9.02 of the Agreement for the fiscal quarter ending September 30, 2005.” In exchange

for the waiver, the amendment added restrictions on capital expenditures:

The Borrower will not permit the aggregate Capital Expenditures of the Loan Parties to

exceed (a) $400,000 during the Borrower’s fiscal quarter ending December 31, 2005, or (b)

$300,000 during each fiscal quarter of Borrower ending on March 31, 2006 or any fiscal

quarter of Borrower thereafter.34

There was also a $10.5 million reduction in the company’s line of credit and a 100-basis-point increase

in the interest rate spread of the loan.

34The prior restriction on capital expenditures put in place in April 2005 had a more generous limit: “The Borrower will
not permit the aggregate Capital Expenditures of the Loan Parties to exceed (a) $1,200,000 during the Borrower’s fiscal
quarter ending March 31, 2005, or (b) $2,500,000 during the period of four consecutive fiscal quarters of Borrower ending
on March 31, 2006 or any period of four consecutive fiscal quarters of Borrower thereafter.”
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MGM Resorts. MGM Resorts is a major American hospitality and entertainment company. The

company’s quarterly report (10-Q) filing on May 11, 2009 states:

As of March 31, 2009, the Company was not in compliance with its financial covenants

under its senior credit facility. On March 16,2009, the Company entered into an amend-

ment and waiver to its senior credit facility, which provided for, among other conditions,

a waiver of the requirement that the Company comply with such financial covenants

through May 15, 2009.

The loan amendment in the current report (8-K) filing states that the covenants are waived for two

quarters: “the requirements of Sections 6.5 and 6.6 of the Loan Agreement, but solely with respect

to the Fiscal Quarter ending March 31, 2009, are hereby waived, but only for and through the period

ending on May 15, 2009" (where Sections 6.5 and 6.6 specify the leverage ratio and interest coverage

ratio covenants respectively). In exchange for the waiver, the loan amendment includes restrictions

on additional indebtedness and investments: the company cannot borrow new money beyond very

limited and defined categories, or make new investments unless they fall into a list of specifically

provided categories.35 Interest rates also increased by around 100 basis points.

Tyson Foods. Tyson Foods is one of the largest meat companies in the world. The company’s 10-Q

filing on August 10, 2006 states:

On July 27, 2006, the Company entered into a third amendment to its five-year revolving

credit facility and the three-year term loan facility of its subsidiary, Lakeside Farm Indus-

tries, Ltd. These amendments modified the minimum required interest coverage ratio,

temporarily suspended the maximum allowed leverage ratios and implemented tempo-

rary minimum consolidated EBITDA requirements. At the time the Company completed

the initial draft of its third quarter interim financial statements, the Company determined

it would not have been in compliance with the maximum allowed leverage ratios with

respect to the revolving credit facility and term loan as of July 1, 2006. The Company ob-

tained a waiver for such covenants it would not have been in compliance with and negoti-

ated less restrictive debt covenants during the fourth quarter of fiscal 2006. The Company

is in compliance with the new covenant requirements as of July 1, 2006.

In this case, the company violated the leverage ratio (i.e., maximum debt to EBITDA) covenant.

In the waiver, creditors relaxed the leverage ratio and interest coverage ratio (i.e., minimum EBITDA

35See the amendment for details about the allowed categories: https://www.sec.gov/Archives/edgar/data/
789570/000095013409005579/p14437exv10.htm.
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to interest expense) covenants, and added a minimum EBITDA covenant. The loan amendment is

included in a current report (8-K) filing on July 31, 2006, which states:

(i) Section 7.13 of the Credit Agreement is hereby amended to read in its entirety as follows:

“SECTION 7.13. Leverage Ratio. The Borrower shall not permit the Leverage Ratio at any

time during any of the periods set forth below to exceed the ratio set forth below opposite

such period:

Period Ratio

Second Quarter of Fiscal Year 2007 4.75:1.00

Third Quarter of Fiscal Year 2007 4.50:1.00

Fourth Quarter of Fiscal Year 2007 4.00:1.00

Fiscal Year 2008 3.75:1.00

Fiscal Year 2009 and thereafter 3.25:1.00

(j) Section 7.14 of the Credit Agreement is hereby amended to read in its entirety as follows:

“SECTION 7.14. Interest Expense Coverage Ratio. The Borrower shall not permit the ratio

of Consolidated EBITDA to Consolidated Interest Expense for any period of four consec-

utive fiscal quarters ending with any fiscal quarter referred to below to be less the ratio set

forth below with respect to such fiscal quarter:

Fiscal Quarter Ratio

Third Quarter of Fiscal Year 2006 through

First Quarter of Fiscal Year 2007 2.00:1.00

Second Quarter of Fiscal Year 2007 2.50:1.00

Each Quarter thereafter 3.00:1.00

(k) Article VII of the Credit Agreement is hereby amended by adding the following new

Sections:

“SECTION 7.15. Minimum Consolidated EBITDA. The Borrower shall not permit Consol-

idated EBITDA for any period of four consecutive fiscal quarters ending with any fiscal

quarter referred to below to be less than the amount set forth below with respect to such

quarter:
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Fiscal Quarter Amount

Third Quarter of Fiscal Year 2006 $625,000,000

Fourth Quarter of Fiscal Year 2006 $490,000,000

First Quarter of Fiscal Year 2007 $550,000,000

Even though in this case lenders did not explicitly restrict investment through loan amendments,

the company’s capital expenditures fell sharply in the next 4 quarters (from $646 million in the 4 quar-

ters leading up to the covenant violation to only $225 million in the following 4 quarters), and capital

stock fell by close to 10%. They also had no issuance of new debt, compared to around $1 billion

new debt issuance in the year before. These sudden reductions in capital expenditures and borrow-

ing likely reflect creditors’ influence on the company’s operations (even without explicitly mandating

caps in the amendment).
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B Additional Empirical Results

Table B.1: Firm Outcomes after Financial Covenant Violation

Change in EBITDA/capital Capital growth

(1) (2) (3) (4)

New covenant violation 0.034∗∗∗ 0.052∗∗∗ -0.039∗∗∗ -0.025∗∗
(0.011) (0.012) (0.011) (0.011)

Beginning of period log capital -0.006∗∗∗ -0.078∗∗∗ -0.001 -0.194∗∗∗
(0.001) (0.008) (0.001) (0.017)

Beginning of period book leverage 0.004 -0.134∗∗ -0.268∗∗∗ -0.268∗∗∗
(0.061) (0.053) (0.077) (0.072)

L.EBITDA/capital -0.007 -0.097∗∗ 0.074∗∗∗ 0.086∗∗∗
(0.030) (0.041) (0.010) (0.015)

L.Capital growth -2.749∗ -1.678 -9.519∗∗∗ -4.971∗∗
(1.638) (1.178) (1.661) (2.084)

Firm FE No Yes No Yes
Higher-order covenant controls Yes Yes Yes Yes
Lagged covenant controls Yes Yes Yes Yes
Observations 46713 46594 49057 48939
R-squared 0.039 0.260 0.140 0.394

Notes: This table presents regressions at the firm-quarter level:

∆Yi ,t→t+4 = αt +βVioli ,t +σ logki ,t +
4∑

ℓ=1
γℓzi ,t−ℓ+εi ,t .

The dependent variable is (EBITDAi ,t+4 −EBITDAi ,t )/ki ,t in columns (1) and (2), and ki ,t+4/ki ,t in columns (3) and (4).
The key independent variable is an indicator variable, Violi ,t , which takes value one if firm i reports an initial financial
covenant violation in quarter t . Control variables zi ,t−ℓ for ℓ from one to four include book leverage (debt/assets), EBITDA
(normalized by beginning-of-period capital), and capital growth during quarter t −ℓ, as well as their squares and cubes
following Nini, Smith, and Sufi (2012). We include quarter fixed effects in columns (1) and (3), and additional firm fixed
effects in columns (2) and (4). We double cluster standard errors by firm and quarter. Asterisks denote significance levels
(*** 1%, ** 5%, * 10%). Sample years are 2002 to 2016.
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Figure B.1: Firm Outcomes around Covenant Violations: Macro Recessions
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Notes: This figure shows the same plot of capital and earnings around covenant violation as Figure 1, restricted to covenant

violations during macro recessions (2001 to 2002 and 2007 to 2009).

48



Figure B.2: R&D Expenditures vs Capital Expenditures around Covenant Violations

Panel A. R&D Expenditures R&D t+h/kt
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Notes: Panel A shows firms’ quarterly research and development (R&D) expenditures in quarter t+h (normalized by capital

at the beginning of quarter t ). Panel B shows firms’ quarterly capital expenditures (CAPX) in quarter t +h (normalized by

capital at the beginning of quarter t ). The line shows the median value for each quarter t +h. The sample includes US

Compustat firms that have a debt-to-EBITDA covenant in quarter t (according to DealScan data). Covenant violation data

are kindly shared by Greg Nini and cover 1996 to 2016.
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Figure B.3: Cumulative Stock Returns around Covenant Violations
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Notes: Panel A shows firms’ cumulative stock returns from quarter t (when they initially report a covenant violation) to

quarter t +h. Specifically, we use each quarter’s returns Rt+s (including dividends) from Center for Research in Security

Prices (CRSP) and then calculate the cumulative sum of log returns as
∑h

s=1 logRt+s for h ≥ 1, −∑0
s=h+1 logRt+s for h ≤−1,

and 0 for h = 0. Panel B shows firms’ cumulative abnormal stock returns (raw returns net of beta times market returns)

from quarter t (when they initially report a covenant violation) to quarter t +h. The line shows the median value for each

quarter t +h. The sample includes US Compustat firms that have all types of financial covenants in quarter t (according

to DealScan data). Covenant violation data are kindly shared by Greg Nini and cover 1996 to 2016.
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Figure B.4: Firm Outcomes around Covenant Violations: All Firms with Financial Covenants

Panel A. Cumulative Capital Changes kt+h/kt
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Notes: Panel A shows firms’ capital in quarter t +h relative to quarter t when they initially report a covenant violation

(normalized by capital at the beginning of quarter t so that the differences over time come from the numerator rather than

the denominator). Panel B shows firms’ quarterly earnings in quarter t +h relative to quarter t (normalized by capital at

the beginning of quarter t ). The line shows the median value for each quarter t +h. The sample includes US Compustat

firms that have all types of financial covenants in quarter t (according to DealScan data). Covenant violation data are

kindly shared by Greg Nini and cover 1996 to 2016.
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Figure B.5: Firm Outcomes around Covenant Violations: Firms with Earnings-Based Financial
Covenants

Panel A. Dynamics of Capital ki ,t+h/ki ,t
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Notes: Panel A shows firms’ capital in quarter t +h relative to quarter t when they initially report a covenant violation

(normalized by capital at the beginning of quarter t so that the differences over time come from the numerator rather than

the denominator). Panel B shows firms’ quarterly earnings in quarter t +h relative to quarter t (normalized by capital at

the beginning of quarter t ). The line shows the median value for each quarter t +h. The sample includes US Compustat

firms that have earnings-based covenants (including debt-to-EBITDA covenants and interest coverage ratio covenants) in

quarter t (according to DealScan data). Covenant violation data are kindly shared by Greg Nini and cover 1996 to 2016.
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Figure B.6: Impulse Response of Firm Capital to Monetary Policy Shock
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Notes: This figure shows the impulse response of firm-level deflated capital (property, plant, and equipment) to or-
thogonalized monetary policy shocks (Bauer and Swanson, 2023). We estimate Jordà (2005) local projections yi ,t+h =
αh

i +βhmpst +γh zi ,t + εh
i ,t . The outcome variable yi ,t+h is log deflated capital of firm i in quarter t +h. The left panel

plots the coefficient β among firms with above median share of cash flow-based debt in total debt, and therefore more
subject to sophisticated borrowing constraints. The right panel plots the coefficient β among firms with below median
share of cash flow-based debt in total debt, and therefore less subject to sophisticated borrowing constraints. The con-
trol variables zi ,t include 4 lags of the outcome variable, 4 lags of the monetary policy shock, and 4 lags of the Fed Funds
rate, log real GDP, log CPI, unemployment rate, the excess bond premium (Gilchrist and Zakrajšek, 2012), book leverage,
EBITDA (normalized by capital), and Tobin’s Q. The sample covers Compustat firms from 2002 (beginning of firm debt
composition data) to 2016. Standard errors are computed using the Driscoll-Kraay estimator (Driscoll and Kraay, 1998)
with a bandwidth of 8 quarters. The shaded area represents the 90% confidence interval.
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Figure B.7: Impulse Response of Nonresidential vs Residential Investment to Monetary Policy Shock

Notes: This figure shows the impulse response of aggregate nonresidential and residential investment to orthogonalized
monetary policy shocks (Bauer and Swanson, 2023). We estimate quarterly Jordà (2005) local projections yt+h = αh +
βhmpst +γh zt + εh

t , and plot the regression coefficient β on the monetary policy shock. The outcome variable yt+h is
log deflated nonresidential investment in the left panel, and log deflated residential investment in the right panel. The
control variables zt include 4 lags of the outcome variable, 4 lags of the monetary policy shock, and 4 lags of the Fed Funds
rate, log real GDP, log CPI, unemployment rate, and the excess bond premium (Gilchrist and Zakrajšek, 2012). The sample
covers 1988 (the beginning of Bauer and Swanson (2023) monetary policy shocks) to 2016. Standard errors are computed
using the Eicker-Huber-White estimator, following Montiel Olea and Plagborg-Møller (2021). The shaded area represents
the 90% confidence interval.

54



C Computational Details

C.1 Distribution of Firms

Let Ft (ω, x) denote the measure of firms at time t (after the allocation of control rights and liquida-

tion), where x = (b,k,τ, z, a) and ω ∈ {n, v}, and let x ′ = (b′,k ′,τ′, z ′, a′). For computation, we work

with a discretized approximation to this distribution. We construct a tensor grid over the state vector

x = (b,k,τ, z, a): b, k, and τ are discretized on uniformly spaced grids, while the idiosyncratic shocks

z and a are discretized using the Rouwenhorst (1995) method, with Qz(z ′|z) and Qa(a′|a) denoting

the Markov transitions. Let Fω,t denote the nx × 1 vector of firm measures (i.e., discrete histogram

weights) under control rights ω ∈ {n, v} at time t , evaluated at each grid point x. The total number of

grid points is nx = nbnk nτnzna , where nb is the number of grid points for b and the other dimensions

are defined analogously.

The law of motion is

Fn,t+1 =
(
I−χn,t+1

)(
Γn,t+1Q′

n,t Fn,t +λQ′
v,t Fv,t

)+F 0
t+1Fent

t+1 (C.1)

Fv,t+1 =
(
I−χv,t+1

)(
Γv,t+1Q′

n,t Fn,t + (1−λ)Q′
v,t Fv,t

)
(C.2)

F 0
t+1 = 1′

(
χn,t+1

(
Γn,t+1Q′

n,t Fn,t +λQ′
v,t Fv,t

)+χv,t+1

(
Γv,t+1Q′

n,t Fn,t + (1−λ)Q′
v,t Fv,t

))
(C.3)

Fent
t+1 =

(
I−χn,t+1

)
Fn,t

1′ ((I−χn,t+1

)
Fn,t

) (C.4)

where the diagonal matrices χn,t+1 and χv,t+1 collect, along the diagonal, the values of χl
t+1(n, x) and

χl
t+1(v, x) evaluated on the discretized state space, and give the liquidation probabilities at each grid

point. Similarly, the diagonal matrices Γn,t+1 and Γv,t+1 collect the indicators for whether firms that

were in the normal state in the previous period remain there or transition to the violation state. The

matrices Qn,t and Qv,t map the state (b,k,τ, z, a) at time t into the post-decision state (b′,k ′,τ′, z ′, a′)

for ω = n and ω = v , respectively, combining the Markov transition kernels for shocks with manager

and creditor policies; see the computational appendix for details on their construction. Finally, F 0
t+1

is the implied mass of entrants (equal to the mass liquidated) at t +1, Fent
t+1 gives the entrants’ initial

distribution over (n, x ′), and 1 is an nx ×1 vector of ones.

The first two equations track expected masses of surviving incumbents, while the last term in

Fn,t+1 adds a mass F 0
t+1 of entrants that replace liquidated firms. The expression for Fent

t+1 specifies the

entrants’ distribution: each entrant starts in the normal state, with initial borrowing, capital, fraction

of capital in unproductive use, and technology and agency shocks drawn from the distribution of x

among normal-state firms in the previous period. If a drawn x would imply liquidation at t +1, we
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immediately redraw.

Combining these equations gives a more compact expression for the evolution of the distribution: Fn,t+1

Fv,t+1


︸ ︷︷ ︸

Ft+1

=
 I−χn,t+1 0

0 I−χv,t+1

 Γn,t+1 λI

Γv,t+1 (1−λ)I


︸ ︷︷ ︸

Γt+1

 Q′
n,t 0

0 Q′
v,t


︸ ︷︷ ︸

Qt

 Fn,t

Fv,t

+
 F 0

t+1Fent
t+1

0

 ,

(C.5)

which simplifies to

Ft+1 =
(
I−χt+1

)
Γt+1Qt Ft +

 F 0
t+1Fent

t+1

0

 , (C.6)

where χt+1 = diag
(
χn,t+1,χv,t+1

)
and the identity matrix is conformable with the new dimensions.

C.2 Calibration Details

We target the dynamics of capital and earnings in a one-year window around covenant violations. To

construct the model counterparts, we simulate a panel of firms from the model’s steady state. For firm

i , let h = 0 denote the quarter in which the firm first violates the sophisticated borrowing constraint,

and compute
ki ,h
ki ,0

and
πi ,h−πi ,0

ki ,0
for h ∈ {−4,−3, . . . ,−1,1, . . . ,3,4} (we omit h = 0, which is mechanical).

From the simulated panel, we then compute the median capital ratio and median normalized earn-

ings change h quarters from violation:

mk
h = median

(
ki ,h

ki ,0

)
mπ

h = median

(
πi ,h −πi ,0

ki ,0

)
We also target a set of unconditional cross-sectional moments. From the same simulation, we com-

pute median leverage (mlev), the fraction of firms in violation (mv ), the new violation rate (mn→v ), the

median dividend-to-capital ratio (md ), the median equity-issuance-to-capital ratio (me ), the stan-

dard deviation of earnings-to-capital (mπ), and the standard deviation of the investment rate (minv).

This gives a total of 23 moments. We index them by mi for i = 1, . . . ,23, and denote their empirical

counterparts by m̂i . We calibrate the model parameters to minimize the distance between the model

moments and their empirical counterparts, using the objective

23∑
i=1

wi

(
mi −m̂i

1+m̂i

)2

(C.7)

56



The weights wi are allowed to differ across moments and are chosen to capture salient features of the

targeted dynamics around covenant violations in Figure 1. Specifically, we set wi = 1 for me , md , mπ,

and minv; wi = 2 for mv , mn→v , and mlev; wi = 4 for mk
h and mπ

h with h ∈ {1,2,3,4}; and wi = 8 for

mk
h and mπ

h with h ∈ {−4,−3,−2,−1}. We minimize (C.7) in several steps. We first conduct a broad

parameter search, generating 5,000 candidate parameter combinations using Sobol sequences and

retaining the 30 best according to (C.7). We then search locally around each of these calibrations:

for each candidate, we draw 100 additional parameter combinations via Sobol sequences and form

convex combinations with the candidate calibration. We evaluate the objective at these new points,

compare across all candidate parameters, and repeat until convergence.

C.3 Computation Methods

C.3.1 Preliminaries

We discretize the state space on a tensor grid over x = (b,k,τ, z, a). We discretize b, k, and τ on

uniformly spaced grids, and use the Rouwenhorst (1995) method to discretize a and z. Let nx =
nbnk nτnzna denote the total number of grid points, where nb is the number of nodes in the b-

dimension and other variables are defined analogously. We set na = 3 and nz = 5 for the shocks,

and nb = nk = 17 and nτ = 15 for the policy variables.

C.3.2 Computing Transition Matrices

Following Young (2010), let the nodes in the b-dimension be {b1, . . . ,bnb }, and define the following

function for ω ∈ {n, v}:

Qb
ω,t

(
x, j

)= [
I
(
b′

t (ω, x) ∈ [
b j−1,b j

)) b′
t (ω, x)−b j−1

b j −b j−1
+ I

(
b′

t (ω, x) ∈ [
b j ,b j+1

]) b j+1 −b′
t (ω, x)

b j+1 −b j

]
.

Evaluating this for every j ∈ {1, . . . ,nb} and node x generates a matrix Qb
ω,t of dimension nx ×nb , where

rows index nodes x and columns index nodes of b.36 Repeat this with k and τ, generating Qk
ω,t and

Qτ
ω,t . Each matrix records the probability of reaching the j -th grid point in the corresponding dimen-

sion. Similarly, for z and a, define

Qz
(
x, j

)=Qz(z j |z) Qa (x,ℓ) =Qa(aℓ|a)

36For the boundary cases, Qb
ω,t (x,1) = I

(
b′

t (ω, x) ∈ [b1,b2]
) b2−b′

t (ω,x)
b2−b1

and Qb
ω,t (x,nb) =

I
(
b′

t (ω, x) ∈ [
bnb−1,bnb

]) b′
t (ω,x)−bnb−1

bnb
−bnb−1

.
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where Qz(z ′|z) and Qa(a′|a) are transition matrices from the Rouwenhorst method. Evaluate this

for every j ∈ {1, . . . ,nz} and ℓ ∈ {1, . . . ,na} and node x, generating matrices Qz and Qa . Finally, Qω,t =
Qa⊗Qz⊗Qτ

ω,t⊗Qk
ω,t⊗Qb

ω,t , where⊗denotes the row-wise Kronecker product, and hence Qω,t is nx×nx .

C.3.3 Solving Bellman Equations

We solve the manager and creditor problems using value function iteration. The solution algorithm

proceeds as follows.

Step 1. Specify initial guesses for Vc,t (n, x), Vc,t (v, x), Vm,t (n, x), and Vm,t (v, x) on the tensor product

grid of x. Following the literature on quantitative models of long-term debt (Hatchondo and Martinez,

2009), we use the terminal problem from a finite-horizon approximation as the initial guess.

Step 2. We precompute expected continuation values for each agent. To evaluate E
[
Λt+1V 0

m,t+1(ω′, x ′)|z, a
]

and E
[
Λt+1V 0

c,t+1(ω′, x ′)|z, a
]

whenω= n, we interpolate all value functions using cubic interpolation.

Since policies (b′,k ′,τ′) affectω′ through the sophisticated borrowing constraints, we compute the in-

tegral carefully around the cut-off innovation in the law of motion for z. To do so, we split the integral

into two parts around ϵ̄t+1(z,b′,k ′,τ′), the cut-off innovation in TFP:

E
[
Λt+1V 0

m,t+1(ω′, x ′)|z, a
]= ∫ ∞

0

∫ ϵ̄t+1(z,b′,k ′,τ′)

−∞
Λt+1V 0

m,t+1(v,b′,k ′,τ′, zρz exp(ϵ), a′) f (ϵ|σz)dϵdQ(a′|a)

+
∫ ∞

0

∫ ∞

ϵ̄t+1(z,b′,k ′,τ′)
Λt+1V 0

m,t+1(n,b′,k ′,τ′, zρz exp(ϵ), a′) f (ϵ|σz)dϵdQ(a′|a),

where f (ϵ|σz) is the density of the normal distribution with mean zero and standard deviationσz , and

ϵ̄t+1(z,b′,k ′,τ′) is defined as the solution to

q̃ face
b b′ =φπt+1(zρz exp(ϵ̄t+1(z,b′,k ′,τ′)), (1−τ′)k ′).

We apply quadrature to each integral separately, performing the computation over a dense grid for

(b′,k ′,τ′) and then using cubic interpolation on the resulting expectations. We construct the price of

debt qb,t (n,b′,k ′,τ′, z, a) using analogous methods. Objects for ω = v are precomputed in the same

way, but without the need to account for a cut-off.

Step 3. We plug the precomputed continuation values into each Bellman equation and use a non-

linear solver to find the optimal b′, k ′, and τ′ at each state. Given the high dimensionality of the

problem and the large number of policy variables, good initial guesses are essential. To obtain them,

we first solve the manager and creditor problems on the policy grid without a nonlinear solver. Be-

cause of the fixed cost CH paid when firms choose τ′ > 0, we approximate the indicator function
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I(τ′ > 0) by a smooth function of τ′; otherwise computation time becomes prohibitive. Specifically, we

use I(τ′ > 0) ≈ 1−exp(−κτ′)
1−exp(−κ) , where κ = 750, and restrict the minimum feasible choice of τ′ to 0.0001 for

managers.

Step 4. We iterate until Vc (n, x), Vc (v, x), Vm(n, x), and Vm(v, x) converge within a specified tolerance.

Step 5. Given the policy functions, we compute the distribution Ft . We normalize wt = 1 in steady

state, recover Ct from the resource constraint, and set Ψ so that household optimality is consistent

with this wage normalization.

C.3.4 IRFs

We compute IRFs to φ-shocks and monetary policy shocks using Sequence Space Jacobian methods

following Auclert et al. (2021). Our equilibrium conditions are37

0 = logRnom
t − log

1

β
−ϕπ logΠt −ϵm

t

0 = logΠt − γC ES −1

ϕ
log

pt

p∗ −β logΠt+1

0 =Λt+1 − Πt+1

Rnom
t

0 = wt −ΨCt

0 =Ct −
(
Yt − It − ACt − fc

)
(C.8)

0 = qηk,tδKt − It

0 =β Ct

Ct+1
−Λt+1

We require the vector of unknowns
{
Rnom

t ,Πt ,Λt+1,Ct , wt , pt , qk,t
}∞

t=0 to satisfy the equations above

given an exogenous sequence of shocks
{
φt ,ϵm

t

}∞
t=0. For computation, we truncate the infinite horizon

to T = 500 quarters. The economy begins in steady state at t = −1; at t = 0, the path of shocks is

realized and is known with perfect foresight by all agents.

We first introduce notation to summarize the equilibrium. For any variable X , stack its aggregates

X t into a (T +1)×1 vector X . Define a solution X =
[

Rnom Π Λ C w p qk

]
associated with

the sequence of shocks
{
φt ,ϵm

t

}∞
t=0. Let Hk be the (T +1)×1 vector obtained by evaluating the k-th

equilibrium condition from t = 0 to t = T at a candidate X, and stack Hk into a 7(T +1)×1 vector H

in the order they appear above. For a monetary policy shock, the equilibrium path X given ϵm solves

37Following Ottonello and Winberry (2020), we omit Rotemberg adjustment costs from the resource constraint in (C.8).
The payout adjustment term AD(d) is treated as either a utility cost or a lump-sum rebated cost, and therefore does not
enter the resource constraint in (C.8).
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H(X,ϵm) = 0, so the first-order response is

dX =−H−1
X Hϵm dϵm

Evaluating this expression requires the Jacobian of H with respect to X and ϵm , evaluated at steady

state. To construct it, we need to compute
{
∂Yt
∂xs

, ∂ACt
∂xs

, ∂Kt+1
∂xs

}
s,t

for x = {
p, w, qk ,Λ

}
, which we obtain

using the Fake News Algorithm of Auclert et al. (2021). The remaining elements of HX can be deter-

mined analytically.

Fake News Matrix. We illustrate how we compute the necessary Jacobians by explaining how to com-

pute the partial derivative of Kt+1 with respect to a shock or variable xs . We work with the discretized

law of motion for the distribution. For exposition, we ignore the entry and exit of new firms, which is

unimportant for first-order impacts. Recall that the distribution evolves as

Ft+1 =Γt+1Qt Ft .

The matrix Qt is measurable with respect to information available at time t , since policy choices

made at t determine the evolution of debt, capital, and the diversion share τ into period t + 1. By

contrast,Γt+1 is measurable with respect to information at time t+1, since changes in aggregate prices

(pt+1, wt+1) affect realized earnings and therefore the allocation of control rights. Thus, Qt captures

endogenous transitions due to agents’ decisions, while Γt+1 captures ex post transitions arising from

realized outcomes and covenant enforcement. Our approach largely follows Auclert et al. (2021), but

emphasizes the role of transitions between the normal and violation states, which are specific to our

model, in computing first-order responses to aggregate shocks.

Given this notation, aggregate capital chosen for period t +1 is

Kt+1 = F′
t kt+1,

where kt+1 =
[
k ′

t (ω, x)
]

(ω,x). The partial derivative of Kt+1 with respect to a shock xs is

∂Kt+1

∂xs
= F′∂kt+1

∂xs
+ (k)′

∂Ft

∂xs

where variables without time subscripts denote steady-state values. The first observation: ∂kt+1
∂xs

, ∂Qt
∂xs

̸=
0 if s ≥ t , and ∂kt+1

∂xs
, ∂Qt
∂xs

= 0 if s < t . Since policy variables are forward-looking, transition probabilities

between states and the policies themselves respond to contemporaneous and future changes in xs .
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Next, consider ∂Ft+1
∂xs

:
∂Ft+1

∂xs
=ΓQ

∂Ft

∂xs
+Γ∂Qt

∂xs
F+ ∂Γt+1

∂xs
QF

The second observation: ∂Γt+1
∂xs

= 0 if s ̸= t +1, since the extensive margin only moves as a function of

pt+1 and wt+1. The third observation: ∂kt+1
∂xs

= ∂kt
∂xs−1

, ∂Qt
∂xs

= ∂Qt−1
∂xs−1

, and ∂Γt+1
∂xs

= ∂Γt
∂xs−1

; that is, calendar time

is irrelevant. Using these three observations, we construct the Fake News Matrix. We first evaluate

changes in the distribution, for t ≥ 1, s ≥ 1:

∂Ft

∂xs
− ∂Ft−1

∂xs−1
=ΓQ

∂Ft−1

∂xs
+Γ∂Qt−1

∂xs
F+ ∂Γt

∂xs
QF−

(
ΓQ

∂Ft−2

∂xs−1
+Γ∂Qt−2

∂xs−1
F+ ∂Γt−1

∂xs−1
QF

)
= (ΓQ)t−1

(
ΓQ

∂F0

∂xs
+Γ∂Q0

∂xs
F
)

(apply the third observation many times)

= (ΓQ)t ∂Γ0

∂xs
QF+ (ΓQ)t−1Γ

∂Q0

∂xs
F

Let F K
t ,s denote the (t +1, s +1) entry of the Fake News Matrix for capital F K . For t ≥ 1, s ≥ 1, we have

F K
t ,s =

∂Kt+1

∂xs
− ∂Kt

∂xs−1

= (k)′
(
∂Ft

∂xs
− ∂Ft−1

∂xs−1

)
= (k)′

(
(ΓQ)t ∂Γ0

∂xs
QF+ (ΓQ)t−1Γ

∂Q0

∂xs
F
)

The term ∂Γ0
∂xs

is zero for s ̸= 0 by the contemporaneous timing of Γ. Thus, to fill in the entries of

the Fake News Matrix, we need to compute ∂Q0
∂xs

for every s and only ∂Γ0
∂x0

. Constructing F K is useful

because, for t ≥ 1, s ≥ 1,
∂Kt+1

∂xs
=F K

t ,s +
∂Kt

∂xs−1

What remains is to compute ∂Kt+1
∂xs

for s = 0, t ≥ 1; for t = 0, s ≥ 1; and for s = t = 0. We express these

directly and assign them as the entries of the first column and first row of F K . First, for s = 0, t ≥ 1,

∂Kt+1

∂x0
= F′∂kt+1

∂x0
+ (k)′

∂Ft

∂x0

= (k)′
{

(ΓQ)t ∂Γ0

∂x0
QF+ (ΓQ)t−1Γ

∂Q0

∂x0
F
}

This defines the first column of F K , except for the first entry. We use ∂kt+1
∂x0

= 0, since policies chosen

at t ≥ 1 only respond to changes in the aggregate object xs for s ≥ t . Next, we evaluate the first row.
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For t = 0, s ≥ 1,

∂K1

∂xs
= F′∂k1

∂xs
+ (k)′

∂F0

∂xs

= F′∂k1

∂xs

We use ∂F0
∂xs

= 0, since the distribution at t = 0 does not respond to shocks at s ≥ 1. Lastly, we are left

with the first entry, s = t = 0,

∂K1

∂x0
= F′∂k1

∂x0
+ (k)′

∂F0

∂x0

= F′∂k1

∂x0
+ (k)′

{
∂Γ0

∂x0
QF+Γ∂Q−1

∂x0
F
}

= F′∂k1

∂x0
+ (k)′

∂Γ0

∂x0
QF

Since Q−1 = Q is a steady-state object, ∂Q−1
∂x0

= 0. In sum, we need to compute ∂k1
∂xs

and ∂Q0
∂xs

for s ∈
{0, . . . ,T }, as well as ∂Γ0

∂x0
. These can be computed via finite differences from a single perturbation at

time T −1, as suggested by Auclert et al. (2021).

To obtain a well-defined derivative ∂Γ0
∂x0

, we approximate Γ by a smooth function. This is only nec-

essary for Γn,0, whose diagonal entries are I
(
n = Γb

(
bt+1, b̄t+1(x ′)

))
. Following Guerreiro et al. (2025),

we approximate I
(
n = Γb

(
bt+1, b̄t+1(x ′)

))≈ 1
1+exp

(
κn

(
bt+1−b̄t+1(x ′)

)) , with κn = 5000.

Computing Outcomes. Given the Jacobians above, we can compute HX. We next describe how to

compute the equilibrium path of investment and output in response to monetary policy shocks and

φ-shocks.

Define MI
x =

{
∂It
∂xs

}
t ,s

, which collects the Jacobians of investment with respect to aggregate variable

x. Similar matrices can be defined for output Yt . Let dx be a (T +1)×1 vector for the difference in

aggregate variable x to its steady state. For the stochastic discount factor, write dΛ for changes in the

sequence {Λt+1}T
t=0. For instance, dI is a (T +1)×1 vector for the difference in the path of investment

relative to its steady-state level in response to an aggregate shock. Given solutions for pt , wt , Λt+1,

and qk,t in response to a monetary policy shock, we can write

dI = MI
p dp+MI

w dw+MI
qk

dqk +MI
ΛdΛ

For a φ-shock, we also include the direct effect of the shock:

dI = MI
φdφ+MI

p dp+MI
w dw+MI

qk
dqk +MI

ΛdΛ
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Decomposition. We now explain the extensive-intensive margin decomposition for aφ-shock. Con-

sider the partial-equilibrium response to φ, holding other aggregates fixed. Differentiating Kt+1 with

respect to a shock in φ at s and iterating backwards on Ft , we obtain

∂Kt+1

∂φs
=

t∑
j=0

[
(ΓQ) j ∂Γt− j

∂φs
QF

]′
k︸ ︷︷ ︸

extensive margin

+
t−1∑
j=0

[
(ΓQ) j Γ

∂Qt−1− j

∂φs
F
]′

k+F′∂kt+1

∂φs︸ ︷︷ ︸
intensive margin

The extensive-margin term captures changes in aggregate capital driven by shifts in Γ, i.e., changes in

the ex post mapping that reallocates firms across control states when sophisticated borrowing con-

straints are evaluated following a change in φ in period s. This corresponds to the extensive margin

in the decomposition of impulse response functions. The intensive-margin terms capture changes in

aggregate capital driven by policy adjustments, holding the constraint-evaluation mapping fixed: the

sum involving
∂Qt−1− j

∂φs
reflects how policy-induced changes in earlier transition matrices reshape the

distribution over states, while F′ ∂kt+1
∂φs

captures the direct effect on capital choices made at time t . An

analogous decomposition can be performed for other variables.

Conveniently, the construction of the Jacobians for aggregate shocks decomposes in the same

way. Note that the inclusion of ∂Γ0
∂x0

in the Fake News Matrix reflects the extensive margin as defined

above. The intensive-margin response is obtained by excluding this term from all Jacobians. The

extensive-margin response is obtained by keeping only this term and setting ∂k1
∂xs

and ∂Q0
∂xs

to zero. De-

fine ∂Kt+1
∂xs

|intensive as the Jacobian constructed by setting ∂Γ0
∂x0

to zero, and, analogously, ∂Kt+1
∂xs

|extensive =
∂Kt+1
∂xs

− ∂Kt+1
∂xs

|intensive. To summarize,

∂Kt+1

∂φs
|intensive =

t−1∑
j=0

[
(ΓQ) j Γ

∂Qt−1− j

∂φs
F
]′

k+F′∂kt+1

∂φs

and
∂Kt+1

∂φs
|extensive =

t∑
j=0

[
(ΓQ) j ∂Γt− j

∂φs
QF

]′
k

As a result, we can decompose the paths of aggregate outcomes using the same Jacobians used to re-

cover them. To decompose the path of investment in response to aφ-shock, define MI ,i
x =

{
∂It
∂xs

|intensive

}
t ,s

.

Using this matrix, consider the following decomposition:

dI =
[

MI
φ−MI ,i

φ

]
dφ︸ ︷︷ ︸

extensive

+MI ,i
φ dφ︸ ︷︷ ︸

intensive

+MI
p dp+MI

w dw+MI
qk

dqk +MI
ΛdΛ︸ ︷︷ ︸

G.E

The first term is the extensive margin, which reflects the direct effect of the φ-shock on the transfer of
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control rights with policies held fixed at steady state. The second term is the intensive margin, which

reflects how policy adjustments contribute to the equilibrium path of investment, shutting down the

direct effect of the φ-shock on the transfer of control rights. The remaining terms reflect general-

equilibrium feedback through the prices of the intermediate good, wages, capital, and the stochastic

discount factor.
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D Flexible Debt Choice Under Creditor Control

In the benchmark model, debt naturally matures in the violation state, b′ = γb. This is consistent with

median debt issuance in the data being effectively zero during violations, as noted in footnote 12.

Firms in violation cannot issue new debt, given the covenant restrictions. In principle, creditors could

accelerate debt repayments, but this is also rare in practice. This appendix explains why acceleration

is rare in the context of our model. We allow creditors to flexibly choose accelerated debt repayment,

b′ < γb, in the violation state and evaluate the value gain from this deviation. The gain is always

moderate, and it becomes very close to zero once accelerated repayment requires liquidating capital

at a discount consistent with the empirical evidence on liquidation values (Ramey and Shapiro, 2001;

Kermani and Ma, 2023), which supports the benchmark restriction that debt under creditor control

matures naturally.

Flexible debt choice without capital liquidation costs. We first relax the assumption that, in the

violation state (ω = v), debt under creditor control matures naturally, that is, b′ = γb. Creditors can

flexibly choose b′ < γb, i.e., they can accelerate debt payment. We still do not allow b′ > γb as firms in

violation cannot issue new debt given the covenant restrictions. The creditor’s optimization problem

becomes

V F
c,t (v, x) = max

k ′,b′∈[γb,γb],τ′∈[0,1],d≥0,ζ∈[0,1]
(1−ζ)b +qF

b,t (v,b′,k ′,τ′, z, a)(γb −b′)+E
[
Λt+1V 0,F

c,t+1(ω′, x ′)|z, a
]

subject to ω′ following (9) and z ′ and a′ following their benchmark Markov transitions, with x ′ =
(b′,k ′,τ′, z ′, a′), and the flow budget constraint:

(1−ζ)b +d =πt (z, (1−τ)k)−Tc,t (x)− [
qk,t

(
k ′− (1−δ)k

)+AC(k,k ′)
]−qF

b,t (v,b′,k ′,τ′, z, a)(γb −b′),

where V F
c,t is the creditor’s value when b′ = γb is relaxed and the continuation V 0,F

c,t+1 is analogously

defined as in the benchmark model in the main text. In this problem, we also restrict b′ ≥ γb, where

γ ∈ [0,γ], to rule out extreme one-period deleveraging. Without this lower bound, creditors may

choose the counterfactual policy of liquidating essentially all capital and using the proceeds to re-

tire essentially all debt within the quarter. In our analysis below, we set γ = 0.5. This lower bound is

conservative, as it still allows creditors to retire one half of beginning-of-period debt. Reducing debt

by more than that within a quarter would be difficult in practice, so this parameterization gives the

flexible-debt deviation substantial scope.

This optimization problem is similar to the problem in the main text (7). If debt payment is ac-

celerated (b′ < γb), the creditor receives an immediate cash inflow but less funding is available in the
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budget, which may lead the creditor to forgive debt (ζ> 0) and/or reduce investment in capital.

To compare this problem with our main setup directly in a computationally efficient way, we con-

sider a one-period deviation from b′ = γb to b′ ≤ γb. Creditors solve the following problem:

V̂c,t (v, x) = max
k ′,b′∈[γb,γb],τ′∈[0,1],d≥0,ζ∈[0,1]

(1−ζ)b +qb,t (v,b′,k ′,τ′, z, a)(γb −b′)+E
[
Λt+1V 0

c,t+1(ω′, x ′)|z, a
]

(D.1)

subject to the analogous constraints. For one period, creditors can accelerate debt payment, but in

the following period they return to our benchmark environment where b′ = γb. Hence, the bench-

mark next-period continuation object is V 0
c,t+1, not V 0,F

c,t+1, and the budget constraint is based on the

benchmark price schedule qb,t rather than qF
b,t . Denote the resulting policies b̂′(v, x) and k̂ ′(v, x). It

remains that τ̂′(v, x) = 0.

To gauge how this flexible debt deviation matters for creditor value among firms in violation (ω=
v), we draw states x from the steady-state ergodic distribution of all firms in violation in our main

model. We evaluate the one-period deviation value V̂c,t (v, x) and the associated policies b̂′(v, x) and

k̂ ′(v, x). We then compute benchmark-relative percentage differences,

V̂c,t (v, x)−Vc,t (v, x)

Vc,t (v, x)
,

b̂′(v, x)−γb

γb
,

k̂ ′(v, x)−k ′(v, x)

k ′(v, x)
.

Table D.1 reports summary statistics for these benchmark-relative percentage differences over the

ergodic distribution of firms in the violation state. Allowing for accelerated debt repayments in viola-

tion raises creditor value only moderately, by about 0.54% on average and 0.58% at the median. Even

these moderate gains require large, unrealistic policy changes: at the median, debt is about 49% below

the natural-maturity policy γb, and capital is about 23% below the benchmark policy. In the next sub-

section we show that, once we incorporate realistic costs associated with liquidating capital (Ramey

and Shapiro, 2001; Kermani and Ma, 2023), the value gain from flexible debt choice falls from mod-

erate to minimal, and creditors refrain from substantially accelerating debt repayments. Together,

these results justify our baseline policy, under which debt matures naturally in violation, b′ = γb, by

showing why creditors have little incentive to deviate from it.
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Table D.1: Flexible Debt Choice Without Capital Liquidation Costs

Creditor Value (% ∆) Debt Policy (% ∆) Capital Policy (% ∆)

Mean 0.544 -43.801 -22.056

Median 0.581 -48.528 -23.392

25th Percentile 0.373 -48.812 -28.862

75th Percentile 0.721 -43.305 -15.674

Notes: This table reports summary statistics for the benchmark-relative percentage changes generated by the one-period

flexible debt choice deviation in the violation state. The sample consists of states drawn from the steady-state ergodic

distribution of all firms in the violation state. Creditor value change is 100× (
V̂c,t (v, x)−Vc,t (v, x)

)
/Vc,t (v, x). Debt policy

change is 100×(
b̂′(v, x)−γb

)
/(γb). Capital policy change is 100×(

k̂ ′(v, x)−k ′(v, x)
)

/k ′(v, x). The hatted value and policies

are from the one-period deviation in (D.1), and the non-hatted objects are from the benchmark model.

Flexible debt choice with capital liquidation costs. The previous analysis shows that creditors can

potentially obtain moderate gains from accelerating debt repayment through impractically large capi-

tal sales. Here, we incorporate realistic costs of liquidating capital (Ramey and Shapiro, 2001; Kermani

and Ma, 2023). We show that the value gain from accelerating debt repayment becomes minimal, and

creditors refrain from substantially liquidating capital to accelerate debt repayments. Together, these

results explain why, in practice, debt naturally evolves according to b′ = γb in violation, a pattern that

can be rationalized in our model.

We incorporate partial irreversibility through a resale-price wedge for capital, following the partial-

irreversibility specifications in Khan and Thomas (2008, 2013). We define investment expenditures

invt (k,k ′) as

invt (k,k ′) =
 qk,t

(
k ′− (1−δ)k

)+AC(k,k ′) if k ′ ≥ (1−δ)k

qk,tξ
(
k ′− (1−δ)k

)
if k ′ < (1−δ)k

where ξ is the liquidation value per dollar of capital. We then consider the same one-period flexible

debt choice deviation in the violation state, now with partial irreversibility in capital. When capital is

liquidated to accelerate debt payment, only ξ ∈ [0,1] of each dollar of capital sold can be used to ac-

celerate debt payment. A benefit of this specification is that partial irreversibility itself makes extreme

deleveraging costly, so we no longer need to impose the lower bound γ and can effectively set γ = 0.
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The creditor’s one-period deviation problem is 38

V̂c,t (v, x) = max
k ′,b′∈[0,γb],τ′∈[0,1],d≥0,ζ∈[0,1]

(1−ζ)b +qb,t (v,b′,k ′,τ′, z, a)(γb −b′)+E
[
Λt+1V 0

c,t+1(ω′, x ′)|z, a
]

(D.2)

subject to:

(1−ζ)b +d =πt (z, (1−τ)k)−Tc,t (x)− invt (k,k ′)−qb,t (v,b′,k ′,τ′, z, a)(γb −b′)

Table D.2 repeats the exercise in Table D.1 with capital liquidation costs. We set ξ = 0.350, the

same liquidation value per dollar of capital used in the main calibration for firm exit (Table 1). With

this discount, the policy movements are much smaller than in Table D.1: on average, debt is about

7.8% below γb, and capital is about 3.5% below the benchmark policy. The value gain from flexible

debt choice also falls from moderate to essentially zero, with an average benchmark-relative increase

in creditor value of only 0.07% over the ergodic distribution of firms in the violation state.

Table D.2: Flexible Debt Choice With Capital Liquidation Costs

Creditor Value (% ∆) Debt Policy (% ∆) Capital Policy (% ∆)

Mean 0.068 -7.832 -3.512

Median 0.038 -4.599 -1.983

25th Percentile 0.017 -9.303 -3.662

75th Percentile 0.071 -2.400 -1.060

Notes: This table reports summary statistics for the benchmark-relative percentage changes generated by the one-

period flexible debt choice deviation in the violation state, allowing for capital liquidation costs. The sample consists

of states drawn from the steady-state ergodic distribution of all firms in the violation state. Creditor value change is

100 × (
V̂c,t (v, x)−Vc,t (v, x)

)
/Vc,t (v, x). Debt policy change is 100 × (

b̂′(v, x)−γb
)

/(γb). Capital policy change is 100 ×(
k̂ ′(v, x)−k ′(v, x)

)
/k ′(v, x). The hatted value and policies are from the one-period deviation with capital liquidation costs

in (D.2), and the non-hatted objects are from the benchmark model.

These results help explain why debt repayment acceleration after violations is rare in the data and

justify b′ = γb throughout the baseline analysis: allowing creditors to accelerate repayment yields

almost no additional value once liquidation costs are taken into account.

38If b′ = 0, qb,t is evaluated using the convention in (15).
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E Additional Results for Quantitative Analysis

Figure E.1: Identification: Standard Deviation of Investment Rate and Earnings-to-Capital Ratio
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Notes: The figure displays the steady-state standard deviation of investment rate and earnings-to-capital ratio in the steady

states as the calibration changes. The x-axis in every panel denotes the value a particular parameter is evaluated at to

compute the steady state, keeping all other parameters fixed at the benchmark calibration. Investment rate is defined as
k ′−(1−δ)k

k , earnings-to-capital ratio is π
k .

Figure E.2: Identification: Pre-Covenant-Violation Dynamics
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Notes: The figure plots the correlation between median capital ratio, k̃t+h
kt

, and median normalized earnings change,ãπt+h−πt
kt

, for violating firms over four quarters before violation as the calibration changes. A tilde over a variable corre-

sponds to the median value of that variable across all firms violating the sophisticated borrowing constraint in the steady

state of the model, where t denotes the period when they initially violate the constraint. The correlation is computed over

h ∈ {−4,−3,−2,−1}. The x-axis in every panel denotes the value a particular parameter is evaluated at to compute the

steady state, keeping all other parameters fixed at the benchmark calibration.
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Figure E.3: Identification: Post-Covenant-Violation Dynamics
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Notes: The figure plots median normalized earnings change, ãπt+h−πt
kt

, and median capital ratio, k̃t+h
kt

, for the first four

quarters after violating the financial covenant as the calibration changes. A tilde over a variable corresponds to the me-

dian value of that variable across all firms violating the sophisticated borrowing constraint in the steady state of the model,

where t denotes the period when they initially violate the constraint. The x-axis in every panel denotes the value a particu-

lar parameter is evaluated at to compute the steady state, keeping all other parameters fixed at the benchmark calibration.

70



Figure E.4: Identification: Fraction of Firms in Violation and the New Violation Rate
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Notes: The figure plots the steady-state fraction of firms in violation and the new violation rate as the calibration changes.

The x-axis in every panel denotes the value a particular parameter is evaluated at to compute the steady state, keeping all

other parameters fixed at the benchmark calibration.

Figure E.5: Identification: Dividends and Leverage
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Notes: The figure plots the steady-state median dividend-to-capital ratio (max{d ,0}/k) and median leverage (q̃ face
b b/k) as

the calibration changes. The x-axis in every panel denotes the value a particular parameter is evaluated at to compute the

steady state, keeping all other parameters fixed at the benchmark calibration.
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Table E.1: Non-Targeted Moments

Model Data

Correlation with Earnings-to-Capital

Investment Rate 0.518 0.095

Violation -0.069 -0.163

Autocorrelation

Investment Rate 0.290 0.340

Earnings-to-Capital 0.782 0.350

Capital Distribution

Median to 25th pct 1.182 1.320

75th pct to Median 1.162 1.230

Notes: This table displays the empirical moments not included in the calibration targets and the corresponding values

generated by the steady state of our model. Investment rate is defined as k ′−(1−δ)k
k , earnings-to-capital ratio is π

k , and

violation is an indicator for whether the firm has violated the sophisticated borrowing constraint. Autocorrelation and

correlation are averaged both across firms and over time (in the steady state without aggregate shocks).
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Figure E.6: Model Fit: Shocks around Covenant Violation
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Notes: The left panel plots the average and median firm’s idiosyncratic productivity shocks z in period t +h normalized by

its productivity shocks at t , i.e., zt+h/zt in the model. The middle panel plots the average and median firm’s idiosyncratic

agency shock a in period t +h normalized by its agency shock at t when they initially violate the sophisticated borrowing

constraint, i.e., at+h/at in the model. The right panel plots the average and median firm’s fraction of unproductive capital

use τ in period t+h, i.e., τt+h in the model. The lines are based on all firms violating the sophisticated borrowing constraint

in the steady state of the model.
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Table E.2: Fitted Parameters: No Agency Frictions

Parameter Value Description

Panel 1: Technology

ρz 0.853 Persistence of TFP Shocks

σz 0.116 SD of TFP Shocks

ψac 0.260 Capital Adj Cost

Panel 2: Financial Frictions

γ 0.968 Coupon Decay Rate

λ 0.098 Prob. of Transition to Normal from Violation

ψd 0.199 Dividend Adj Cost

ψe 0.698 Equity Issuance Cost

fc 0.031 Fixed Operating Cost

Notes: This table displays parameters that are chosen to match moments in Table 3 and Figure 1 in a variant of our model

without agency frictions.

Table E.3: Unconditional Targeted Moments and Model Fit: No Agency Frictions

Model Data

Median Leverage 0.323 0.320

New Violation Rate 0.025 0.025

Frac. in Violation 0.195 0.150

Median Dividend/Capital 0.034 0.000

Median Equity/Capital 0.000 0.001

SD of Earnings/Capital 0.035 0.028

SD of Investment Rate 0.062 0.056

Notes: This table displays the empirical moments targeted in our calibration and the corresponding values generated by

the steady state of a variant of our model without agency frictions. Leverage, dividend-to-capital ratio, equity-issuance-

to-capital ratio, earnings-to-capital ratio, and investment rate correspond to q̃ face
b b/k, max{d ,0}/k, max{−d ,0}/k, πk , and

k ′−(1−δ)k
k in the model, respectively. We use assets as a proxy for capital when calculating unconditional moments in this

table.
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Figure E.7: Targeted Dynamics Around Covenant Violations and Model Fit: No Agency Frictions
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Notes: The left panel plots the median firm’s capital in period t +h normalized by its capital at t , i.e., kt+h/kt in the model.

The middle panel plots the median firm’s earnings in period t+h relative to period t , normalized by capital at t , i.e., (πt+h−
πt )/kt in the model. The right panel plots the median firm’s idiosyncratic productivity shocks z in period t +h normalized

by its productivity shocks at t , i.e., zt+h/zt in the model. t captures when firms initially violate the sophisticated borrowing

constraint. The blue lines are based on all firms violating the sophisticated borrowing constraint in the steady state of our

baseline model. The green lines are based on all firms violating the sophisticated borrowing constraint in the steady state

of a variant of our model without agency frictions. The green line in Panel A keeps all parameter values the same as in

the baseline model, except for those governing agency frictions. The green line in Panel B recalibrates this model using

the same procedure as in our baseline model, matching both the unconditional empirical moments in Table 3 and the

firm outcomes around covenant violations in Figure 1. The red lines correspond to their empirical counterparts, i.e., the

median lines in Figure 1.
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Figure E.8: Cumulative Shareholder Returns around the Violation of Sophisticated Borrowing Con-
straints
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Notes: The solid blue line plots the median firm’s cumulative shareholder returns in each period t + h relative to pe-

riod t when it initially violates the sophisticated borrowing constraint. Specifically, we first calculate each period t ’s

dividend-inclusive log return: logRe
t ≡ log

dt+Vs,t+1
Vs,t

, and then calculate the cumulative log return:
∑h

s=1 logRe
t+s for h ≥ 1,

−∑0
s=h+1 logRe

t+s for h ≤−1, and 0 for h = 0. The blue line is based on all firms violating the sophisticated borrowing con-

straint in the steady state of the model. The red dashed line corresponds to the empirical counterparts, i.e., the median

lines in Panel A of Figure B.3.
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Figure E.9: Differences in Total Value between Manager and Creditor Control
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Notes: The figure plots the difference in total shareholder and creditor values, Vs (n, ·)+Vc (n, ·)− (Vs (v, ·)+Vc (v, ·)), under

manager and creditor control, as a function of firms’ earnings-to-debt ratios (π/
(
q̃ face

b b
)

in the model). Each dot represents

a percentile of the earnings-to-debt ratio in the ergodic distribution of our model. The pink bar plot shows the probability

density of the earnings-to-debt ratio in the ergodic distribution of our model. The grey line indicates the earnings-to-debt

ratio corresponding to 1/φ.
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Table E.4: Fitted Parameters: The Hard-Constraint Model with Full Recalibration

Parameter Value Description

Panel 1: Technology

ρz 0.888 Persistence of TFP Shocks

σz 0.051 SD of TFP Shocks

ψac 0.211 Capital Adj Cost

Panel 2: Financial Frictions

γ 0.954 Coupon Decay Factor

ψd 0.181 Dividend Adj Cost

ψe 0.640 Equity Issuance Cost

fc 0.040 Fixed Operating Cost

Panel 3: Debt to Earnings Constraint

φ 6.334 Debt to Earnings Limit

Notes: This table displays parameters that are chosen to match moments in Table 3 and Figure 1 in the hard-constraint

model described in Section 3.3.

Table E.5: Unconditional Targeted Moments and Model Fit: The Hard-Constraint Model with Full
Recalibration

Model Data

Median Leverage 0.375 0.320

New Violation Rate 0.093 0.025

Frac. in Violation 0.098 0.150

Median Dividend/Capital 0.026 0.000

Median Equity Issuance 0.000 0.001

SD of Earnings/Capital 0.016 0.028

SD of Investment Rate 0.046 0.056

Notes: This table displays the empirical moments targeted in our calibration and the corresponding values gener-

ated by the steady state of the hard-constraint model described in Section 3.3. Leverage, dividend-to-capital ratio,

equity-issuance-to-capital ratio, earnings-to-capital ratio, and investment rate correspond to q̃ face
b b/k, max{d ,0}/k,

max{−d ,0}/k, π
k , and k ′−(1−δ)k

k in the model, respectively. We interpret firms hitting the hard borrowing constraint as

“violations.” We use assets as a proxy for capital when calculating unconditional moments in this table.
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Figure E.10: Targeted Dynamics Around Covenant Violations and Model Fit: The Hard-Constraint
Model with Full Recalibration
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Notes: The blue solid line in the left panel shows the median firm’s capital in period t +h normalized by its capital at t (the

initial period in which the hard constraint binds), i.e., kt+h/kt in the model. The blue solid line in the middle panel shows

the median firm’s earnings in period t +h relative to period t , normalized by capital at t , i.e., (πt+h −πt )/kt in the model.

The right panel plots the median firm’s idiosyncratic productivity shocks z (solid line) in period t +h normalized by its

productivity shocks at t , i.e., zt+h/zt in the model. The lines are based on all firms hitting the hard borrowing constraint in

the steady state of the hard-constraint model recalibrated using the same procedure as in our baseline model, matching

both the unconditional empirical moments in Table 3 and the firm outcomes around covenant violations in Figure 1. The

red dashed lines in the first two panels correspond to their empirical counterparts, i.e., the median lines in Figure 1.
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Table E.6: Model Fit: The Hard-Constraint Model Recalibrating φhard only

Model Data

Median Leverage 0.322 0.320

New Violation Rate 0.077 0.025

Frac. in Violation 0.091 0.150

Median Dividend/Capital 0.026 0.000

Median Equity Issuance 0.000 0.001

SD of Earnings/Capital 0.030 0.028

SD of Investment Rate 0.091 0.056

Notes: This table displays the empirical moments and the corresponding values generated by the steady state of the hard-

constraint model where we recalibrate φhard such that its median leverage matches that of the data, while keeping all

other parameters the same. Leverage, dividend-to-capital ratio, equity-issuance-to-capital ratio, earnings-to-capital ratio,

and investment rate correspond to q̃ face
b b/k, max{d ,0}/k, max{−d ,0}/k, π

k , and k ′−(1−δ)k
k in the model, respectively. We

interpret firms hitting the hard borrowing constraint as “violations.” We use assets as a proxy for capital when calculating

unconditional moments in this table.
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Figure E.11: Targeted Dynamics Around Covenant Violations and Model Fit: The Hard-Constraint
Model Recalibrating φhard only
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Notes: The blue solid line in the left panel shows the median firm’s capital in period t +h normalized by its capital at t (the

initial period in which the hard constraint binds), i.e., kt+h/kt in the model. The blue solid line in the middle panel shows

the median firm’s earnings in period t +h relative to period t , normalized by capital at t , i.e., (πt+h −πt )/kt in the model.

The right panel plots the median firm’s idiosyncratic productivity shocks z (solid line) in period t +h normalized by its

productivity shocks at t , i.e., zt+h/zt in the model. The lines are based on all firms hitting the hard borrowing constraint

in the steady state of the hard-constraint model where we recalibrate φhard such that its median leverage matches that of

the data, while keeping all other parameters the same. The red dashed lines in the first two panels correspond to their

empirical counterparts, i.e., the median lines in Figure 1.
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Table E.7: Fitted Parameters: The Hard-Constraint Model with Asset-based Lending

Parameter Value Description

Panel 1: Technology

ρz 0.858 Persistence of TFP Shocks

σz 0.056 SD of TFP Shocks

ψac 0.098 Capital Adj Cost

Panel 3: Financial Frictions

γ 0.955 Coupon Decay Factor

ψd 0.533 Dividend Adj Cost

ψe 0.411 Equity Issuance Cost

fc 0.028 Fixed Operating Cost

φ 0.391 Debt to Capital Limit

Notes: This table displays parameters that are chosen to match moments in Table 3 and Figure 1 in the hard-constraint

model with asset-based lending described in Section 3.3.

Table E.8: Unconditional Targeted Moments and Model Fit: The Hard-Constraint Model with Asset-
based Lending

Model Data

Median Leverage 0.378 0.320

New Violation Rate 0.061 0.025

Frac. in Violation 0.106 0.150

Median Dividend/Capital 0.025 0.000

Median Equity Issuance 0.000 0.001

SD of Earnings/Capital 0.016 0.028

SD of Investment Rate 0.040 0.056

Notes: This table displays the empirical moments targeted in our calibration and the corresponding values generated

by the steady state of the hard-constraint model with asset-based lending described in Section 3.3. Leverage, dividend-

to-capital ratio, equity-issuance-to-capital ratio, earnings-to-capital ratio, and investment rate correspond to q̃ face
b b/k,

max{d ,0}/k, max{−d ,0}/k, π
k , and k ′−(1−δ)k

k in the model, respectively. We interpret firms hitting the hard borrowing

constraint as “violations.” We use assets as a proxy for capital when calculating unconditional moments in this table.
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Figure E.12: Targeted Dynamics Around Covenant Violations and Model Fit: The Hard-Constraint
Model with Asset-based Lending

Qtrs Until Violation
-4 -2 0 2 4

0.9

0.95

1

1.05

1.1
Capital

Qtrs Until Violation
-4 -2 0 2 4

-0.03

-0.02

-0.01

0

0.01

0.02

0.03
Earnings

Model
Data

Qtrs Until Violation
-4 -2 0 2 4

0.9

0.92

0.94

0.96

0.98

1
Productivity: z

Notes: The blue solid line in the left panel shows the median firm’s capital in period t +h normalized by its capital at t , i.e.,

kt+h/kt in the model. The blue solid line in the middle panel shows the median firm’s earnings in period t +h relative to

period t , normalized by capital at t , i.e., (πt+h −πt )/kt in the model. The right panel plots the median firm’s idiosyncratic

productivity shocks z (solid line) in period t +h normalized by its productivity shocks at t , i.e., zt+h/zt in the model. The

lines are based on all firms hitting the hard borrowing constraint in the steady state of the hard-constraint model with

asset-based lending described in Section 3.3. The red dashed lines in the first two panels correspond to their empirical

counterparts, i.e., the median lines in Figure 1.
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Table E.9: Fitted Parameters: The Hard-Constraint Model with Agency Frictions

Parameter Value Description

Panel 1: Technology

ρz 0.839 Persistence of TFP Shocks

σz 0.050 SD of TFP Shocks

ψac 0.106 Capital Adj Cost

Panel 2: Agency Frictions

ρa 0.738 Persistence of Agency Shocks

σa 0.050 SD of Agency Shocks

µa 0.099 Mean of Agency Shocks

αH 0.477 Agency Curvature

CH 0.018 Agency Fixed Cost

Panel 3: Financial Frictions

γ 0.930 Coupon Decay Rate

ψd 0.251 Dividend Adj Cost

ψe 0.565 Equity Issuance Cost

fc 0.045 Fixed Operating Cost

φ 8.500 Debt to Earnings Limit

Notes: This table displays parameters that are chosen to match moments in Table 3 and Figure 1 in a variant of the hard-

constraint model with agency frictions recalibrated using the same procedure as in our baseline model.
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Table E.10: Unconditional Targeted Moments and Model Fit: The Hard-Constraint Model with Agency
Frictions

Model Data

Median Leverage 0.355 0.320

New Violation Rate 0.114 0.025

Frac. in Violation 0.124 0.150

Median Dividend/Capital 0.011 0.000

Median Equity Issuance 0.000 0.001

SD of Earnings/Capital 0.012 0.028

SD of Investment Rate 0.047 0.056

Notes: This table displays the empirical moments targeted in our calibration and the corresponding values generated by

the steady state in a variant of the hard-constraint model with agency frictions recalibrated using the same procedure

as in our baseline model. Leverage, dividend-to-capital ratio, equity-issuance-to-capital ratio, earnings-to-capital ratio,

and investment rate correspond to q̃ face
b b/k, max{d ,0}/k, max{−d ,0}/k, π

k , and k ′−(1−δ)k
k in the model, respectively. We

interpret firms hitting the hard borrowing constraint as “violations.” We use assets as a proxy for capital when calculating

unconditional moments in this table.
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Figure E.13: Targeted Dynamics Around Covenant Violations and Model Fit: The Hard-Constraint
Model with Agency Frictions
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Notes: The blue solid line in the left panel shows the median firm’s capital in period t +h normalized by its capital at t (the

initial period in which the hard constraint binds), i.e., kt+h/kt in the model. The blue solid line in the middle panel shows

the median firm’s earnings in period t +h relative to period t , normalized by capital at t , i.e., (πt+h −πt )/kt in the model.

The right panel plots the median firm’s idiosyncratic productivity shocks z (solid line) in period t +h normalized by its

productivity shocks at t , i.e., zt+h/zt in the model. The lines are based on all firms hitting the hard borrowing constraint

in the steady state of a variant of the hard-constraint model with agency frictions recalibrated using the same procedure

as in our baseline model. The red dashed lines in the first two panels correspond to their empirical counterparts, i.e., the

median lines in Figure 1.
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Figure E.14: Capital Change from Constraint-Tightening (Intensive Margin)
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Notes: This figure plots the mean percentage change in next-period capital k ′ when φ is reduced to 0.95×φ (and φhard

to 0.95 ×φhard in the hard-constraint model) as a function of the percentile of firms’ expected earnings-to-debt ratio

(E[π′]/
(
q̃ face

b b′) in the model). In both cases, the policy functions under the original and tightened constraint are eval-

uated at states drawn from the steady-state distribution associated with the benchmark economy, and percentiles are

computed with respect to the same distribution. Blue dots correspond to the sophisticated-constraint model; red dots to

the hard-constraint model.
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Figure E.15: Macroeconomic Effects of a Constraint-Tightening Shock

(a) Hard vs Sophisticated Borrowing Constraints
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(b) Sophisticated Borrowing Constraints
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Notes: Panel A plots the responses of the relative price of goods produced by financially constrained firms pt , the relative

price of capital qk,t , and aggregate earnings to a tightening of sophisticated borrowing constraints with initial magnitude

∆φ0 =−5%×φ in the sophisticated-constraint model (solid blue lines), and the counterpart responses to a tightening of

hard borrowing constraints with initial magnitude ∆φhard
0 =−5%×φhard in the hard-constraint model (dashed red lines).

The constraint tightening shock has a persistence of 0.5. Panel B focuses on the responses in the sophisticated borrowing

constraints model and plots the average fraction of capital in unproductive use τt ≡
∫
τ j t d j and the aggregate fraction of

firms in the violation state. It is computed as the perfect foresight transition in response to an unexpected shock from the

steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.16: Decomposing the Macroeconomic Effects of a Constraint-Tightening Shock: Sophisti-
cated Borrowing Constraints
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Notes: The figure plots the responses of aggregate investment, output, and fraction of capital for unproductive use to a

tightening of borrowing constraints with an initial magnitude ∆φ0 =−5%×φ and a persistence of 0.5 under sophisticated

borrowing constraints. It is computed as the perfect foresight transition in response to an unexpected shock from the

steady state. The extensive, intensive, and GE margins are defined in Appendix C.3. The units of responses are expressed

in terms of percentage deviations relative to steady state.
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Figure E.17: Macroeconomic Effects of a Constraint-Tightening Shock: Sophisticated Borrowing Con-
straints without Agency Frictions
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Notes: This figure plots the responses of aggregate investment and output to a tightening of borrowing constraints, with

initial magnitudes∆φ0 =−5%×φ and with a persistence of 0.5, under a variant of the sophisticated borrowing constraints

model without agency frictions, recalibrated using the same procedure as in our baseline model. It is computed as the

perfect foresight transition in response to an unexpected shock from the steady state. The units of responses are expressed

in terms of percentage deviations relative to steady state.
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Figure E.18: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Hard Borrowing
Constraints
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Notes: The figure plots the responses of the relative price of goods produced by financially constrained firms pt , the rel-

ative price of capital qk,t , and aggregate earnings to a 30 bps monetary tightening (ϵm
0 = 0.3%) with a persistence of 0.9

under hard borrowing constraints. The solid blue lines show the full general equilibrium responses incorporating financial

acceleration, while the dashed red lines show the counterfactual responses in which financial acceleration is shut down,

i.e., borrowing constraints are governed by steady-state earnings π (· · · ) instead of the actual earnings function πt (· · · ).

Responses are computed as the perfect foresight transition in response to an unexpected shock from the steady state. The

units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.19: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Sophisticated Bor-
rowing Constraints

(a) Prices and Earnings
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(b) Agency Frictions and Violation Rate
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Notes: Panel (a) plots the responses of the relative price of goods produced by financially constrained firms pt , the rel-

ative price of capital qk,t , and aggregate earnings to a 30 bps monetary tightening (ϵm
0 = 0.3%) with a persistence of 0.9

under sophisticated borrowing constraints. Panel (b) plots the responses of the average fraction of capital in unproduc-

tive use τt ≡
∫
τ j t d j and the aggregate fraction of firms in the violation state. In both panels, the solid blue lines show

the full general equilibrium responses incorporating financial acceleration, while the dashed red lines show the counter-

factual responses in which financial acceleration is shut down, i.e., borrowing constraints are governed by steady-state

earnings π (· · · ) instead of the actual earnings function πt (· · · ). Responses are computed as the perfect foresight transition

in response to an unexpected shock from the steady state. The units of responses are expressed in terms of percentage

deviations relative to steady state.
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Figure E.20: Macroeconomic Effects of a Constraint-Tightening Shock: Hard Borrowing Constraints
with Asset-based Lending
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Notes: This figure plots the responses of aggregate investment and output to a tightening of borrowing constraints, with

initial magnitudes ∆φ0 =−5%×φ in the sophisticated-constraint model and ∆φhard
0 =−5%×φhard in the hard-constraint

model, and with a persistence of 0.5, under both hard (dashed red lines) and sophisticated borrowing constraints (solid

blue lines). The hard-constraint model with asset-based lending is described in Section 3.3. It is computed as the perfect

foresight transition in response to an unexpected shock from the steady state. The units of responses are expressed in

terms of percentage deviations relative to steady state.
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Figure E.21: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Hard Borrowing
Constraints with Asset-based Lending
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Notes: The figure plots the responses of aggregate investment and output to a 30 bps monetary tightening (ϵm
0 = 0.3%)

with a persistence of 0.9 in the hard-constraint model with asset-based lending. The solid blue lines show the full general

equilibrium responses incorporating financial acceleration, while the dashed red lines show the counterfactual responses

in which financial acceleration is shut down, i.e., the variables entering borrowing constraints are set to their steady-state

values rather than their actual transition-path values. The hard-constraint model with asset-based lending is described

in Section 3.3. Responses are computed as the perfect foresight transition in response to an unexpected shock from the

steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.22: Macroeconomic Effects of a Constraint-Tightening Shock: Hard Borrowing Constraints
Recalibrating φhard only
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Notes: This figure plots the responses of aggregate investment and output to a tightening of borrowing constraints, with

initial magnitudes ∆φ0 =−5%×φ in the sophisticated-constraint model and ∆φhard
0 =−5%×φhard in the hard-constraint

model, and with a persistence of 0.5, under both hard (dashed red lines) and sophisticated borrowing constraints (solid

blue lines). The hard-constraint model is based on a variant where we recalibrate φhard such that its median leverage

matches that of the data, while keeping all other parameters the same. It is computed as the perfect foresight transition

in response to an unexpected shock from the steady state. The units of responses are expressed in terms of percentage

deviations relative to steady state.
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Figure E.23: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Hard Borrowing
Constraints Recalibrating φhard only
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Notes: The figure plots the responses of aggregate investment and output to a 30 bps monetary tightening (ϵm
0 = 0.3%)

with a persistence of 0.9 in a hard-constraint model where we recalibrateφhard such that its median leverage matches that

of the data, while keeping all other parameters the same. The solid blue lines show the full general equilibrium responses

incorporating financial acceleration, while the dashed red lines show the counterfactual responses in which financial

acceleration is shut down, i.e., borrowing constraints are governed by steady-state earnings π (· · · ) instead of the actual

earnings function πt (· · · ). Responses are computed as the perfect foresight transition in response to an unexpected shock

from the steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.24: Macroeconomic Effects of a Constraint-Tightening Shock: Hard Borrowing Constraints
with Agency Frictions
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Notes: This figure plots the responses of aggregate investment and output to a tightening of borrowing constraints, with

initial magnitudes ∆φ0 =−5%×φ in the sophisticated-constraint model and ∆φhard
0 =−5%×φhard in the hard-constraint

model, and with a persistence of 0.5, under both hard (dashed red lines) and sophisticated borrowing constraints (solid

blue lines). The hard-constraint model is based on a variant with agency frictions and is recalibrated using the same

procedure as in our baseline model. It is computed as the perfect foresight transition in response to an unexpected shock

from the steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.25: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Hard Borrowing
Constraints with Agency Frictions
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Notes: The figure plots the responses of aggregate investment and output to a 30 bps monetary tightening (ϵm
0 = 0.3%)

with a persistence of 0.9 in the hard-constraint model with agency frictions. The solid blue lines show the full general

equilibrium responses incorporating financial acceleration, while the dashed red lines show the counterfactual responses

in which financial acceleration is shut down, i.e., borrowing constraints are governed by steady-state earnings π (· · · ) in-

stead of the actual earnings function πt (· · · ). The hard-constraint model is recalibrated using the same procedure as in

our baseline model. Responses are computed as the perfect foresight transition in response to an unexpected shock from

the steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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Figure E.26: Macroeconomic Effects of a Contractionary Monetary Policy Shock: Sophisticated Bor-
rowing Constraints without Agency Frictions
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Notes: The figure plots the responses of aggregate investment and output to a 30 bps monetary tightening (ϵm
0 = 0.3%) with

a persistence of 0.9 in a variant of the sophisticated borrowing constraints model without agency frictions, recalibrated

using the same procedure as in our baseline model. The solid blue lines show the full general equilibrium responses

incorporating financial acceleration, while the dashed red lines show the counterfactual responses in which financial

acceleration is shut down, i.e., borrowing constraints are governed by steady-state earnings π (· · · ) instead of the actual

earnings function πt (· · · ). Responses are computed as the perfect foresight transition in response to an unexpected shock

from the steady state. The units of responses are expressed in terms of percentage deviations relative to steady state.
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