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Abstract

The business cycle dynamics of firms’ investment and debt maturity vary across the firm

size and age distribution: Young and small firms have strongly pro-cyclical debt maturity and

investment, old and large firms a-cyclical debt maturity and weakly pro-cyclical investment.

This paper explores the importance of firms’ debt maturity choices for their investment

dynamics. First, it documents cross-sectional heterogeneity of the cyclicality of firms’ debt

maturity in the data. Then, it embeds a maturity choice in a model of firm investment and

financing. Firms shorten their debt maturity when they become financially constrained. This

selection explains both the life cycle and business cycle dynamics of firms’ debt maturity.

Endogenous debt maturity reduces the impact of financial frictions on investment volatility

substantially.
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1 Introduction

The business cycle dynamics of firms’ balance sheets are important to understand cyclical

movements of real firm outcomes, like firms’ investment decisions and ultimately their survival.1

While the dynamics of the capital structure of firms, i.e. the choice between how much debt

financing and how much equity financing to use, has been studied extensively, the dynamics

of the debt structure of firms, i.e. the choice of which type of debt firms should issue, have

received much less attention.2

This paper documents the business cycle dynamics of an often ignored key characteristic of

firms’ debt structure: their debt maturity structure. It then embeds a debt maturity choice

in a dynamic model of firm investment and financing. The main finding is that firms reduce

their debt maturity when they become financially constrained. This helps them to smooth

their net worth over time. The model can explain both the life cycle and the business cycle

dynamics of firms’ debt maturity, which lends support to the hypothesis that firms adjust their

debt maturity to avoid becoming financially constrained. Finally, it is shown that this maturity

management is quantitatively important: Compared to models with constant debt maturity, the

impact of introducing financial frictions on firms’ investment volatility is substantially reduced

when firms can adjust their debt maturity. For young firms, introducing financial frictions

increases investment volatility by 25 percent more if they only have access to short-term debt

compared to if they can adjust their debt maturity.

Using quarterly micro-data on public firms in the United States, Section 2 documents the

business cycle dynamics of firms’ balance sheets, focusing on investment and debt maturity.

This establishes several novel facts: The first key fact is that the maturity structure of firms’

debt is pro-cyclical, shortening by about a month, or 1.4 percent, for every 1 percent fall in

GDP growth. The second key fact is that small and young firms have especially pro-cyclical

investment and debt maturities. That small and young firms shorten their debt maturity during

recessions is important, as firms with a high level of short-term debt are much more exposed to

liquidity shortfalls, and young and small firms are especially exposed to liquidity constraints.3

Section 3 embeds a debt maturity choice into an otherwise standard model of firms’ invest-

ment and financing. The model has two important financial frictions: First, debt and equity

issuance costs make access to external debt and equity financing costly. Second, due to lack

of commitment and limited liability, firms can default, which destroys a fraction of the value

of the firm. As a consequence of the issuance costs, firms can become financially constrained.

1. A long literature in macroeconomics beginning with Bernanke and Gertler (1989) and Kiyotaki and Moore
(1997) stresses the importance of firm balance sheets for business cycle dynamics. A literature starting with
Gomes (2001) and Cooley and Quadrini (2001) shows that financial frictions are important to explain firm
dynamics.

2. Seminal papers about the business cycle dynamics of the capital structure of firms include Covas and Den
Haan (2011), Jermann and Quadrini (2012) and Begenau and Salomao (2019).

3. For example, firms with a high level of short-term debt were much more negatively affected by the financial
crisis of 2007-09 than firms with a high level of long-term debt. A high level of short-term debt exposed firms
to the risk of an unexpected decrease in credit availability, which in turn forced them to cut down investment
to repay outstanding debt. Duchin, Ozbas, and Sensoy (2010) report that firms with high short-term debt
restricted investment more during the financial crisis, while firms with high long-term debt did not significantly
reduce investment. Almeida, Campello, Laranjeira, and Weisbrenner (2012) report that firms with a high fraction
of debt maturing when the crisis hit decreased investment substantially more than firms without such a debt
position.
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Thus, internal funds are valuable to the firm, and the value of internal funds fluctuates over

time. Moreover, due to the risk of default, firms face endogenous borrowing constraints, which

depend on the maturity of debt and vary over the business cycle.

Section 4 shows that the optimal debt maturity structure is determined by the interplay

between these two frictions. The main trade-off between short-term and long-term debt is the

following: On the one hand, firms want to keep the expected cost of rolling over debt low, and

they want to avoid becoming financially constrained in the future. They can do so by issuing

long-term debt, since long-term debt can be rolled over at its market price, which is low when

firms are financially constrained. On the other hand, firms want to obtain cheap debt to finance

investment and hence want to keep the default premium on newly issued debt low. They can

do so by issuing short-term debt, since the default premium on short-term debt is endogenously

lower than the default premium on long-term debt. There are two reasons for this: First, the

holders of long-term debt price default risk over a longer time horizon and second, long-term

debt creates an ex post incentive misalignment between the firms’ shareholders and the owners

of its outstanding debt. This incentive misalignment creates a commitment problem for the

firms and increases the probability of default if firms choose long debt maturities.

In Section 5, the model’s implications for the firm life cycle are studied. Despite being

stylized, the model delivers a rich distribution of firms that are heterogeneous in net worth,

leverage and debt maturity structure. The model matches important life cycle facts: In line

with the data presented in this paper and findings from the empirical literature, small and young

firms have higher investment rates, issue more debt and equity, choose a shorter debt maturity

and have a higher leverage. This behavior arises due to a pecking order of financing: Financially

unconstrained firms with a high net worth issue long-term debt. Financially constrained firms

with intermediate net worth rely on internal funds, as long as they have sufficient internal

liquidity. Firms with a low net worth use short-term debt, since they lack internal liquidity.

Firms with a very low net worth additionally issue equity, since they are effectively at their

borrowing limit. It is shown that there is an interaction between the financial constraints

arising due to equity issuance costs and the incentive misalignment problem due to outstanding

long-term debt: Firms with outstanding long-term debt will accumulate less net worth than

firms with outstanding short-term debt, which makes the former more vulnerable to liquidity

shortfalls.

Section 6 investigates the model’s business cycle predictions. The model can match the

stylized fact that the aggregate corporate debt maturity structure is pro-cyclical: If aggregate

productivity decreases, the net worth distribution shifts to the left, such that firms will use more

equity and short-term debt and less long-term debt. It can also match the stylized fact that

the debt maturity structure of small firms is more pro-cyclical than the debt maturity structure

of large firms, because smaller firms tend to be in the region of the state space where a small

change in (aggregate) productivity can lead firms to switch from not issuing debt to issuing

short-term debt, which shortens their maturity structure. Quantitatively, the model matches

both correlation between debt maturity and GDP growth for young and small firms and the

aggregate correlation well, in addition to matching the dynamics of investment, debt, credit

spreads and default.
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The results so far establish that the theory that financial constraints shape firms’ debt matu-

rity structure choices is consistent with two sets of evidence, namely firms’ life cycle and business

cycle dynamics. Finally, Section 7 shows that endogenous debt maturity is quantitatively im-

portant for the impact of financial frictions on the real economy. It studies the implications

of moving from an environment with no financial frictions to an environment with financial

frictions for investment volatility in two different models: The baseline model with endogenous

debt maturity, as well as in an alternative model in which firms only have access to short-term

debt. The main result is that introducing financial frictions increases investment volatility much

less in the model with endogenous debt maturity. Thus, endogenous debt maturity reduces the

impact of liquidity constraints substantially. This is important for the literature on the long-run

effects of financial frictions, as it shows an important margin of adjustment missing from many

of those papers.4 This is also relevant for the literature on the propagation of financial shocks,

because it shows that firms adjust their maturity structure in response to changes in financial

conditions.5

Related Literature The paper contributes to multiple literatures. First, the paper con-

tributes to the literature on the cyclicality of the capital structure of non-financial firms by

documenting novel facts about the cross-sectional differences in the dynamics of firms’ debt

maturity structure and by developing a novel model of firms’ debt maturity choice in the pres-

ence of financial frictions. To my knowledge, this is the first paper that characterizes firms’

optimal debt maturity choice in the presence of liquidity constraints.

Jungherr and Schott (2020b) document that long-term debt creates persistent leverage dy-

namics. In a general equilibrium model, they show that this amplifies recessions. There are

various important differences between their paper and this one. First, this paper focuses on

documenting a novel set of facts about the cyclicality of firms’ debt maturity. Second, this paper

emphasizes the importance of of liquidity constraints for firms’ debt maturity choices, as well

as the interaction between liquidity constraints and endogenous debt maturity in generating

rich life cycle and business cycle dynamics. Liquidity constraints are absent in Jungherr and

Schott (2020b). Third, the approach pursued here is to let firms choose the maturity of the

long-term debt contract, whereas the approach in Jungherr and Schott (2020b) is to model the

maturity choice as a choice between a one-period debt contract and a long-term debt contract

of a specific maturity. Letting firms decide the maturity of the debt contract leads to richer

maturity dynamics.

Jungherr and Schott (2020a) studies the cross-sectional debt maturity choice of firms. In

that paper, life-cycle dynamics arise exogenously due to their productivity process, but they

do not include liquidity constraints, which are important in generating endogenous life cycle

dynamics. Crouzet (2017) discusses the determinants of the debt maturity structure in a stylized

model with frictionless investment, no liquidity constraints and no aggregate uncertainty.

Various other characteristics of the business cycle dynamics of the capital structure of non-

financial firms have been studied in the literature, for example the choice of debt or equity in

4. Examples in that literature are Midrigan and Xu (2014) or Gopinath et al. (2017).
5. Examples of papers studying financial shocks are Jermann and Quadrini (2012), Khan and Thomas (2013)

and Buera and Moll (2015).
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Covas and Den Haan (2011), Jermann and Quadrini (2012) and Begenau and Salomao (2019),

the choice of bank loans or bonds in Fiore and Uhlig (2011), Crouzet (2018), Xiao (2020) and

Grjebine, Szczerbowicz, and Tripier (2018) or the choice between unsecured and secured debt

in Azariadis, Kaas, and Wen (2016).

Second, adding to the literature that studies how financial frictions amplify business cy-

cle fluctuations and hence affect the real economy, the paper shows how frictions arising from

defaultable long-term debt and liquidity constraints interact with each other to amplify firms’

responses to aggregate shocks. Khan and Thomas (2013) develop a heterogeneous firm model

in which firms issue secured short-term debt if they lack internal funds for investment. They

do not consider default decisions or long-term debt. Khan, Senga, and Thomas (2014) propose

a model which still focuses on short-term debt, but includes endogenous default. Gilchrist,

Sim, and Zakraǰsek (2014) study uncertainty shocks in a heterogeneous agent model with fi-

nancial frictions and defaultable short-term debt. Similarly, Arellano, Bai, and Kehoe (2019)

argue that the interaction of uncertainty shocks and financial frictions can account for most of

the decline in output in the Great Recession. These papers include financial frictions in the

form of liquidity constraints, but abstract from long-term debt. Recent papers emphasize the

importance of long-term debt for the amplification of shocks: Gomes, Jermann, and Schmid

(2016) develop a heterogeneous agent model with nominal long-term debt, in which inflation

risk affects investment and default through a debt overhang channel. Caggese, Gutierrez, and

Pérez-Orive (2019) show that nominal long-term debt creates an important interaction between

uncertainty shocks to firms and shocks that increase precautionary savings to households. Bus-

tamante (2019) shows that nominal long-term debt and the zero lower bound are important in

generating the slow recovery from the Great Recession. None of these papers considers a debt

maturity choice, and many of them abstract from liquidity constraints.

Third, the paper contributes to the literature on the determinants of firms’ debt maturity

by embedding a debt maturity choice in an otherwise standard dynamic model of firm financing

and investment. He and Milbradt (2014) discuss the dynamics of debt maturity in a continuous

time model without investment. The focus on investment also distinguishes this paper from

Chen, Xu, and Yang (2020), who investigate maturity choice in a model with illiquid bond

markets and endogenous default. Choi, Hackbarth, and Zechner (2018) show that time-varying

roll-over risk leads to an increased dispersion in corporate debt maturity profiles.

Fourth, there is a large literature in corporate finance and asset pricing that studies the role

of macroeconomic risk for the investment and financing decisions of firms in dynamic models,

starting with Gomes (2001). The paper adds to this literature by studying the effects of aggre-

gate risk on the debt maturity structure of firms and by showing that endogenous debt maturity,

similar to cash holdings, is an important margin for firms to smooth their net worth over time.

Kuehn and Schmid (2014) study the implications of endogenous investment for credit spreads

in a model with investment and long-term debt, but without maturity choice. Hackbarth, Miao,

and Morellec (2006) study leverage dynamics with long-term debt and aggregate uncertainty

in a continuous-time framework and show that leverage is counter-cyclical. Bolton, Chen, and

Wang (2013) study cash holdings in a model with aggregate uncertainty and find that firms

issue external funds in times of low funding costs to build up precautionary cash buffers. The
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financing costs in their model are exogenous, since they do not consider risky debt. In a similar

framework, Eisfeldt and Muir (2016) use an estimated model to provide evidence of a separate

financial factor for the build-up of precautionary cash buffers through the issuance of external

funds. Warusawitharana and Whited (2016) have a similar focus to Bolton, Chen, and Wang

(2013) and Eisfeldt and Muir (2016), but provide a behavioral foundation for their financial

shock in the form of an equity misvaluation shock.

2 Evidence on the Dynamics of Firms’ Debt Maturity and In-

vestment

This section describes the main empirical facts about the business cycle dynamics of the corpo-

rate debt maturity structure. The main hypothesis of this article is that financial constraints

are an important determinant of the business cycle dynamics of firms’ debt maturity decisions.

The main result is that firms that are expected to be more financially constrained - in partic-

ular young and small or medium-sized firms - have more pro-cyclical investment and a more

pro-cyclical debt maturity structure than other firms.

2.1 Data and Sample Selection

Data Source The data on firm balance sheets are from Compustat. The advantage of using

data from Compustat is that the data is available at a quarterly frequency, which is commonly

used in business cycle analysis. All flow variables are expressed as ratios over lagged assets.

A detailed description of the data can be found in Appendix A. The time period is the first

quarter of 1984 to the last quarter of 2012.6

Measuring Debt Maturity Two measures of the maturity structure of debt are available:

The first measure is the share of long-term debt in total debt. Long-term debt is defined as all

debt with a residual maturity of at least one year. This measure of the maturity structure of

debt is available at a quarterly frequency. It captures well how firms substitute between short-

term debt and long-term debt. The drawback is that this measure does not capture variation in

the maturity structure at longer horizons. For example, it would not change if a firm refinances

a bond with a remaining maturity of three years with a new bond with a maturity of five years.

The second measure is the weighted average maturity of long-term debt. It is computed as

AvgMat =
0.5dlcq + 1.5dd2 + . . .+ 4.5dd5 + 12.75(d−

∑5
i=2 ddi)− dlcq

d
, (2.1)

where dlcq is debt in current liabilities, ddi is long-term debt due i years from now and d is

total long-term debt. Within each year, a uniform distribution of maturity dates is assumed,

such that the average maturity within year i is (i+ i− 1)/2 years. The maturity of debt with

a maturity of more than five years is not available, so the maturity of this debt is chosen to

6. Before 1984, there are only few observations in the quarterly Compustat database. Moreover, Jermann and
Quadrini (2006) find that in 1984, a structural break occurred in the relationship between macroeconomic and
financial variables due to various regulatory changes in US financial markets.
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yield an average maturity of debt of 5.15 years, in line with the average debt maturity reported

in Choi, Hackbarth, and Zechner (2018). All results are robust to different assumptions about

this maturity.

In contrast to the long-term debt share, this measure captures variation in the maturity

of long-term debt. For example, if a firm refinances an outstanding bond with a remaining

maturity of three years with a bond with a maturity of five years, this measure will increase.

The main drawback of this measure is that firms report it only at the end of their fiscal year.

However, it is still possible to obtain a quarterly time series, as fiscal year-ends are spread out

rather evenly throughout the year. Appendix A presents summary statistics for both measures:

The average firm has a long-term debt share of 65 percent, and an average maturity of debt of

around 5.15 years. There is a clear life-cycle pattern, as larger and older firms have longer debt

maturities.

Measuring Liquidity Constraints A long literature in macroeconomics and finance has

identified various approaches to identify the liquidity constraints of firms.7 This paper follows a

widely used approach in using firm size and firm age as proxy variables for liquidity constraints.

Many studies use the size of a firm as a good predictor of its access to external financing, ar-

guing that smaller firms having more limited access to external financing. There is an empirical

literature that documents differences in the cyclicality of the use of debt and equity financing by

firm size, which are consistent with small firms having more costly access to external financing.8

Age is a second firm characteristic that has been associated with access to external financ-

ing by firms, with older firms having easier access to external financing. While size and age

are sometimes considered substitutes in predicting financial constraints, there is evidence that

conditional on firm size, younger firms have less access to external financing and vice versa.9

2.2 Aggregate Business Cycle Correlations

Time Series Evidence To provide a first glance at the evidence, Figure 1 shows the business

cycle dynamics of important balance sheet variables for the average firm in Compustat. The

average share of long-term debt falls during each recession and increases during every expansion.

From peak to trough, the average share of long-term debt in total debt fell half a percentage

point during the 1990-1991 recession, 6 percentage points during the 2001 recession, and 3

percentage points during the 2007-2009 financial crisis. The average weighted maturity fell

as well during each recession. From peak to trough, the average weighted maturity fell by 6

percent during the 1990-1991 recession, by 15 percent during the 2001 recession, and by 25

percent during the 2007-2009 financial crisis. This time-variation in the maturity structure

is absent from most macroeconomic models, which typically assume that the debt maturity

7. See for example Kaplan and Zingales (1997), Lamont, Polk, and Saá-Requejo (2001), Whited and Wu (2006)
and Hadlock and Pierce (2010). For a critical discussion of measures of financial constraints, see Farre-Mensa
and Ljungqvist (2016).

8. Influential papers in that literature include Gertler and Gilchrist (1994), Gilchrist and Himmelberg (1998),
Hennessy and Whited (2007), Covas and Den Haan (2011) and Begenau and Salomao (2019). Chodorow-Reich
(2014) documents that credit supply shocks have stronger effect on the real outcomes of small firms than on those
of large firms, which is consistent with the notion of small firms having more costly access to external financing.

9. See e.g. Fort et al. (2013), Dinlersoz et al. (2019) or Cloyne et al. (2018).

7



structure of firms is constant.

Figure 1: Firms’ capital structure dynamics in Compustat.

Note: Figure 1 shows the cyclical component of the averages of important balance sheet ratios for non-financial
firms in the Compustat Quarterly database. Data source: Compustat. Time period: 1984Q1-2012Q4. Series
are detrended with a quadratic trend. The shaded areas are the NBER recession dates.

The average investment-to-assets ratio is pro-cyclical, falling by 0.5 percentage points during

the 1990-1991 recession and by 1.5 percent during both the 2001 recession and the 2007-2009

financial crisis. Debt issuance over assets is also pro-cyclical, decreasing by 2.5 percentage points

during the 1990-1991 recession, by 2 percentage points during the 2001 recession and by 2.5

percentage points during the 2007-2009 financial crisis. Equity issuance increased during the

1990-1991 recession, but decreased during the 2001 and 2007-2009 recessions. Cash flows also

increase during the 1990-1991 recession, but decreased during the other recessions.
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Aggregate Moments Table 1 shows aggregate correlations between various business cycle

indicators and corporate balance sheet variables.

Table 1: Correlations of balance sheet ratios with various business cycle indicators.

dGDP GDP, HP1S GDP, HP2S NBER GZ Spread EBP

Investment/Assets 0.32∗∗∗ 0.50∗∗∗ 0.42∗∗∗ −0.02 −0.21 ∗∗ −0.17 ∗

Debt Issuance/Assets 0.42∗∗∗ 0.43∗∗∗ 0.65∗∗∗ −0.01 −0.14 −0.16 ∗

Equity Issuance/Assets 0.22∗∗ 0.28∗∗∗ −0.01 −0.38 ∗∗∗ −0.28 ∗∗∗ −0.43 ∗∗∗

Long-Term Debt Share 0.35∗∗∗ 0.53∗∗∗ 0.25∗∗∗ −0.33 ∗∗∗ −0.46 ∗∗∗ −0.55 ∗∗∗

Average Weighted Maturity 0.29∗∗∗ 0.35∗∗∗ 0.39∗∗∗ −0.16 ∗ −0.25 ∗∗∗ −0.35 ∗∗∗

Cash Flow/Assets 0.36∗∗∗ 0.55∗∗∗ 0.07 −0.47 ∗∗∗ −0.60 ∗∗∗ −0.66 ∗∗∗

Note: Data source: Compustat. Time period: 1984Q1-2012Q4. p-values: ∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1. dGDP
is year-on-year real GDP growth, GDP HP1S is one-sided Hodrick-Prescott (HP)-filtered real GDP, GDP,
HP2S is two-sided HP-filtered real GDP, NBER is an indicator that takes the value 1 in an NBER recession,
GZ spread is the Gilchrist and Zakraǰsek (2012)-Spread and EBP is the excess bond premium computed in
Gilchrist and Zakraǰsek (2012).

The first column shows the correlations with year-on-year GDP growth. All variables,

including the measures of firms’ debt maturity, are robustly pro-cyclical. The other columns

show various other indicators of the business cycle, with one-sided Hodrick-Prescott (HP)-

filtered GDP in the second column, two-sided HP-filtered GDP in the third column, an NBER

recession date dummy in the fourth column, and the GZ spread as well as the excess bond

premium from Gilchrist and Zakraǰsek (2012) in the fifth and sixth column. In all columns, the

long-term debt share and the average weighted maturity are pro-cyclical. Only the cyclicality

of equity issuance is not robust across measures of the business cycle.

As the aggregate correlations are robust across measures, the remainder of the article focuses

on GDP growth as a particularly simple measure of the business cycle. Moreover, as the cyclical

dynamics of firms’ cash flow have been documented in Crouzet and Mehrotra (2020) and the

cyclical dynamics of firms’ debt and equity issuance in Begenau and Salomao (2019), the paper

focuses on firms’ debt maturity dynamics.10

2.3 Variation in Business Cycle Correlations: The Role of Liquidity Con-

straints

2.3.1 Size as a Proxy for Liquidity Constraints

Firms are sorted into quartiles based on their ranking in the size distribution in each quarter.

Within each size quartile, the mean of the investment-to-asset ratio, the debt issuance-to-asset

ratio, the long-term debt share and the average weighted maturity of debt is then calculated,

and its correlation with GDP growth at various leads and lags computed. The results are

reported in Table 2.

Consistent with a theories that cyclicality is stronger for small firms, investment of small

firms has a higher correlation with GDP growth than investment for large firms. The correlation

of the investment-to-asset ratio with GDP growth for small firms is almost twice as high as for

10. While the variables are constructed in a different way than in Begenau and Salomao (2019), I find the same
results for the dynamics of debt and equity issuance: equity issuance is pro-cyclical for small and young firms,
but counter-cyclical for large and old firms. Debt issuance is pro-cyclical for all firms, but even more so for large
and old firms than for young and small firms.
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Table 2: Cyclicality of firms’ balance sheets by firm size.

(a) Investment/Assets

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% 0.03 0.44∗∗∗ 0.34∗∗∗

25% to 50% 0.00 0.26∗∗∗ 0.27∗∗∗

50% to 75% −0.03 0.31∗∗∗ 0.37∗∗∗

75% to 100% −0.07 0.19∗∗ 0.38∗∗∗

(b) Long-Term Debt Share

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% 0.07 0.21∗∗ 0.08
25% to 50% 0.08 0.40∗∗∗ 0.16∗

50% to 75% −0.01 0.17∗ 0.08
75% to 100% 0.55∗∗∗ 0.36∗∗∗ −0.01

(c) Average Weighted Maturity

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% −0.01 0.24∗∗∗ 0.25∗∗∗

25% to 50% −0.03 0.08 0.19∗∗

50% to 75% 0.02 0.23∗∗ 0.32∗∗∗

75% to 100% 0.22∗∗ 0.36∗∗∗ 0.31∗∗∗

Note: This table reports correlations of important balance sheet ratios with year-on-year GDP growth for
firms sorted into firm size quartiles. Data source: Compustat. Time period: 1984Q1-2012Q4. p-values:
∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1. Size quartiles are computed by sorting observations within each quarter according
to total assets.
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large firms. Regarding the long-term debt share, the correlation with GDP growth is larger and

more persistent for medium-sized firms than for large and small firms. Similarly, the average

weighted maturity structure is more pro-cyclical for medium-sized firms than for large firms or

small firms.

2.3.2 Age as a Proxy for Liquidity Constraints

Firms are sorted into age quartiles based on their position in the age distribution at a certain

date. For each age quartile, conditional means are computed and correlated with GDP growth.

The results are reported in Table 3.

Table 3: Cyclicality of firms’ balance sheets by firm age.

(a) Investment/Assets

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% 0.14 0.37∗∗∗ 0.29∗∗∗

25% to 50% 0.05 0.15 0.21∗∗

50% to 75% 0.06 0.21∗∗ 0.21∗∗

75% to 100% 0.02 0.20∗∗ 0.21∗∗

(b) Long-Term Debt Share

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% 0.11 0.33∗∗∗ 0.34∗∗∗

25% to 50% −0.21 ∗∗ −0.01 0.10
50% to 75% 0.12 0.23∗∗ 0.25∗∗∗

75% to 100% 0.46∗∗∗ 0.12 −0.16 ∗

(c) Average Weighted Maturity

dGDP(t+4) dGDP(t) dGDP(t-4)

0% to 25% −0.01 0.23∗∗ 0.28∗∗∗

25% to 50% 0.07 0.21∗∗ 0.26∗∗∗

50% to 75% −0.07 −0.02 0.26∗∗∗

75% to 100% 0.05 0.01 0.15

Note: This table reports correlations of important balance sheet ratios with year-on-year GDP growth for firms
sorted into firm age quartiles. Data source: Compustat and Field-Ritter database. Time period: 1984Q1-
2012Q4. p-values: ∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1. Age quartiles are computed by sorting observations within
each quarter according to the founding year.

Business cycle dynamics of investment ratio are driven by younger firms: The correlation

between investment and GDP growth is highest for small firms. Dynamics of the long-term

debt share as well as the average weighted maturity structure of debt are robustly pro-cyclical

for young firms. Regarding the average weighted maturity structure of debt, the correlation

with GDP growth is again higher for younger firms.

Overall, age is an important characteristic of corporate investment and debt dynamics.

Younger firms’ investment as well as their maturity structure as measured by the long-term

debt share and the average weighted maturity are more strongly correlated with GDP growth

than those of older firms. Firms that have more pro-cyclical debt maturity tend to be younger,

smaller and tend to have more pro-cyclical investment. Smaller size, younger age and higher
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cyclicality of investment are indicative of financing constraints. Thus, the evidence points

towards financing constraints being an important determinant of firms’ debt maturity dynamics.

2.4 Discussion of the Results

The empirical results presented in this section establish three stylized facts: First, the maturity

structure of the average firm is pro-cyclical, both if measured by the long-term debt share and by

the average weighted maturity. Second, the debt maturity structure of young firms is robustly

more pro-cyclical than the debt maturity structure of old firms, whereas medium-sized firms

have a more pro-cyclical debt maturity structure than young and large firms. Third, those

firms that have a more pro-cyclical debt maturity structure tend to have more pro-cyclical

investment rates. Appendix B goes beyond simple correlations and established that the key

patterns described above survive the inclusion of control variables and fixed effects in a panel

regression framework.

Taken together, the three facts point towards that firms jointly determine their investment,

debt and debt maturity decisions. Appendix A shows moreover that young firms have higher

investment rates, issue more debt and equity and choose shorter debt maturities, providing

further support for the endogeneity of firms’ debt maturity and the importance of liquidity

constraints. To explain these findings and to understand how debt maturity and liquidity con-

straints interact, the next section embeds a debt maturity choice in a model of firms’ investment

and debt financing.

3 Model

Time is discrete: t = 0, 1, . . . ,∞. The unit of time is a quarter. In each period, firms i

decide how much to invest and how much equity to raise or dividend to pay. They also decide

the amount and the maturity of debt to issue on a competitive bond market. Due to limited

liability and limited commitment, firms can default on their debt. In the case of default, firms

are liquidated and the liquidation proceeds distributed to creditors.

3.1 Firm Problem

Objective Function The objective function of the firm is the present value of dividend

payouts Dit. Future cash flows are discounted with a discount factor β. The present value of

dividends at time t is given by

Et

[
T∑
s=t

βs−tDis

]
. (3.1)

T denotes the period in which it is optimal for the firm to default.

Technology The revenue function of the firm is given by

ZitK
α
it − ψit (3.2)
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where Kit is the capital stock of the firm from the last period and α < 1 describes returns to

scale at the firm level. Zit is the productivity of the firm, which evolves according to

Zit = (ZPit )
1−αZTit , (3.3)

lnZPit = lnZPit−1 + ση
F
ηFit + ση

A
ηAt , with ηFit , η

A
t ∼ i.i.d.N(0, 1), (3.4)

ZTit = 1 + σε
F
εFit + σε

A
εAt , with εFit , ε

A
t ∼ i.i.d.N(0, 1). (3.5)

ZPit is a persistent component of productivity, ZTit a transitory component of productivity. Both

have a firm-specific and an aggregate component: The firm-specific productivity shocks ηFit and

εFit are uncorrelated across time and across firms, the aggregate shocks ηAt and εAt uncorrelated

across time. From the perspective of a firm, it does not matter whether a shock is firm-specific

or aggregate. Therefore, it is convenient to combine the transitory shocks to ε = σε
F
εFit +σε

A
εAt

and the permanent shocks to η = ση
F
ηFit + ση

A
ηAt . The cumulative distribution function of ε

is denoted by G(ε), the cumulative distribution function of η by F (η). With probability π, a

firm learns that its productivity in all future periods will be zero. In that case, it will exit the

economy in the next period.11 ψit is a fixed cost of operation. For the reason of tractability, it

is linear in the permanent productivity of the firm: ψit = ψZPit .

Investment Capital follows the standard law of motion:

Kit+1 = (1− δ)Kit + Iit, (3.6)

where δ is the depreciation rate and Iit is investment.

Debt Financing Firms can issue debt on a competitive bond market. Debt is risky, because

firms can default. Contrary to many other papers, where the maturity choice of debt boils down

to a choice between a one-period bond and a long-term bond with a given maturity, this paper

assumes that the maturity of the long-term debt contract itself is a choice of the firm.12 13 In

every period t, firms issue a set of bonds {Bit+1(s)}∞s=1, where Bit+1(s) are bonds coming due in

period t+ s. Firm pay a coupon c on all outstanding bonds. Denote as Bit+1 =
∑∞

s=1Bit+1(s)

the total amount of debt issued at time t and as Mit+1(s) = Bit+1(s)/Bit+1 the share of bonds

issued at time t maturing at time t+ s. Table 4 displays the repayment schedule of the firm.

Following the literature, the admissible set of portfolios of debt that the firm can choose

from is restricted to those with geometrically declining portfolio shares: Mit+1(s) = Mit+1(1−
Mit+1)s−1. The portfolio of bonds is then described by the total amount of debt Bit+1 and

the maturity parameter Mit+1. The price of each period s bond Q(Kit+1, Bit+1,Mit+1, s) is

state-contingent and depends on the choices of the firm. The value of a portfolio described by

11. This way of introducing exit has been used in, for example, Cooley and Quadrini (2001).
12. Crouzet (2017), Jungherr and Schott (2020a) and Jungherr and Schott (2020b) use models where firms have

a choice between a short-term and a long-term debt contract. In these models, firms can choose the fraction of
debt coming due in the next period, Mit+1(1), freely, but are restricted to a single repayment schedule for all
other periods, that is Mit+1(s) = M for s > 1.

13. This formulation of maturity choice has been used in the sovereign default literature, see e.g. Bai, Kim,
and Mihalache (2017), Sánchez, Sapriza, and Yurdagul (2018) and Bocola and Dovis (2019).
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Table 4: A repayment schedule with long-term debt.

Time Principal Repayment Coupon Payment

t+ 1 Mit+1(1)Bit+1 cBit+1

t+ 2 Mit+1(2)Bit+1 c(Bit+1 −Mit+1(1)Bit+1)
...

...
...

t+ n Mit+1(n)Bit+1 c(Bit+1 −
∑n−1

s=1 Mit+1(s)Bit+1)
...

...
...

Mit is given by the values of the individual bonds weighted by the portfolio shares:

Q(Kit+1, Bit+1,Mit+1;Mit) =

∞∑
s=1

Q(Kit+1, Bit+1,Mit+1; s)Mit(1−Mit)
s−1. (3.7)

The firm can adjust the maturity of a given portfolio from an outstanding portfolio Mit to a

new portfolio Mit+1 by changing the portfolio shares through sales and purchases of bonds. The

cost of doing so is

∞∑
s=1

Q(Kit+1, Bit+1,Mit+1; s)
[
Mit+1(1−Mit+1)s−1 −Mit(1−Mit)

s−1
]

= Q(Kit+1, Bit+1,Mit+1;Mit+1)−Q(Kit+1, Bit+1,Mit+1;Mit).

The level of debt evolves according to

Bit+1 = (1−Mit)Bit + Jit, (3.8)

where Jit denotes net debt issuance. New debt is issued according to the new portfolio shares

and yields a revenue Q(Kit+1, Bit+1,Mit+1;Mit+1)Jit. On net debt issuance, firms pay a linear

debt issuance cost ξ.

Corporate Income Tax There is a proportional corporate income tax τ . Consistent with

the U.S. tax code, taxable income is calculated as income less operating costs, depreciation

and interest expense. This implies that there is a tax benefit for investment as well as debt

issuance.14

14. As a consequence, from the perspective of the shareholder, debt issuance is cheaper than equity issuance,
because a fraction of interest expense is implicitly rebated by the government. There is therefore an incentive
for the firm to increase leverage up to the point where the marginal cost of debt in the form of issuance costs
and the change in the default premium equal the marginal tax benefit of debt. This trade-off between the tax
shield and the default premium is an important determinant of leverage, see for example Kraus and Litzenberger
(1973) or Fischer, Heinkel, and Zechner (1989). Effectively, it lowers the required return on equity relative to the
required return on debt, making the creditors of the firm more patient than its shareholders. In this model, it is
the reason why large, financially unconstrained firms issue debt.
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Dividends and Equity Financing It is convenient to define the liquid assets of the firm at

the beginning of the period as

L(Kit, Zit) = (1− τ) [ZitK
α
it − δKit − ψit] +Kit. (3.9)

Equity payouts are given by the budget constraint of the firm,

Eit = L(Kit, Zit)− [(1− τ)c+Mit]Bit −Kit+1

+ [Q(Kit+1, Bit+1,Mit+1;Mit+1)− ξ1(Jit > 0)] Jit︸ ︷︷ ︸
Revenue from Net Debt Issuance

+ [Q(Kit+1, Bit+1,Mit+1;Mit+1)−Q(Kit+1, Bit+1,Mit+1;Mit)] (1−Mit)Bit︸ ︷︷ ︸
Cost of Maturity Adjustment of Outstanding Debt Portfolio

. (3.10)

Equity payouts can be negative. We follow Cooley and Quadrini (2001) and Begenau and

Salomao (2019) in modelling the equity issuance cost as linear. Shareholders thus receive

Dit = Eit [1 + φ1(Eit < 0)] .

Default Default occurs if the firm does not repay its debt, either for strategic reasons or

because the firm cannot raise sufficient funds to repay outstanding liabilities. Since shareholders

can simply walk away if the value of owning the firm becomes negative, the value of the firm to

shareholders is bounded below by 0.

3.2 Bond Market

Payouts to Creditors in Case of No Default The bond market is competitive. Bonds

are discounted with the same discount factor as equity. They pay a coupon, which is calculated

according to

c =
1

β
− 1. (3.11)

That is, coupons are chosen such that the values of risk-free bond price. The payout to creditors

that hold a unit claim to a portfolio of bonds of maturity M is then given by the fraction of

bonds coming due in the current period, M , plus the coupon, c, plus the market value of the

fraction of the portfolio maturing after the next period, (1−M)Q(Kit+1, Bit+1,Mit+1;M):

R(Kit+1, Bit+1,Mit+1;M) = M + c+ (1−M)Q(Kit+1, Bit+1,Mit+1;M). (3.12)

Payouts to Creditors in Case of Default If the firm decides to default on its outstanding

debt, the firm is liquidated after production has taken place.15 Creditors recover a fraction χ

15. Corbae and D’Erasmo (2017) report that liquidations according to Chapter 7 of the U.S. bankruptcy code
account for about 20 percent of all U.S. defaults. The rest are reorganizations following Chapter 11 of the U.S.
bankruptcy code. While allowing for reorganizations would change the recovery value in default, it would not
change the model mechanism substantially otherwise.
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of the firm’s assets, with 1− χ being lost. The recovery value is given by

χ
(ZitK

α
it − δKit)(1− τ) +Kit

Bit
(3.13)

The liquidation value consists of the profits plus the depreciated capital stock. Consistent with

the U.S. tax code, it is not possible to deduct interest expenses from taxable income in default.

The baseline model assumes that χ = 0.16

4 Optimality

This section analyses the optimal policies of the firm problem outlined in the previous section.

4.1 The Stationary Firm Problem

It is convenient to rewrite the firm problem in recursive form: Denote X = Xit and Xit+1 = X ′

for any variable X. Define moreover for each variable X the ratio to permanent productivity

x = X/ZP . As show in Appendix C, the model is linear in ZP . Thus, the firm problem can

be expressed as a stationary problem. The non-stationary problem is relegated to Appendix C.

Moreover, this section abstracts from exit, which is also delegated to Appendix C. The problem

of the firm is to maximize the value of its equity,

v(l, b,M) = max
k̂′,b̂′,M ′,e,ε

{
d+ β

∫ ∞
−∞

∫ ∞
ε

exp(η)v(l(k′, 1 + ε), b′,M ′)dF (η)dG(ε)

}
, (4.1)

subject to

d = e [1 + φ1(e ≤ 0)] (4.2)

e = l − (1− τ)cb−Mb− k̂′

+Q(k̂′, b̂′,M ′;M ′)b̂′ −Q(k̂′, b̂′,M ′;M)(1−M)b

− ξ
[
b̂′ − (1−M)b

]
1(b̂′ − (1−M)b > 0) (4.3)

l(k, ZT ) = (1− τ)
[
ZTkα − δk

]
+ k (4.4)

0 = v(l(k′, 1 + ε), b′,M ′) (4.5)

b′ = b̂′ exp(−η) (4.6)

k′ = k̂′ exp(−η) (4.7)

Q(k̂′, b̂′,M ′;M) = β

∫ ∞
−∞

∫ ∞
ε

[
M + c+ (1−M)Q(k̂′′, b̂′′,M ′′;M)

]
dF (η)dG(ε). (4.8)

That is, the firm chooses the next period capital stock k̂′, next period debt b̂′, the maturity of

debt M ′, equity payouts e and a default threshold for the transitory shock ε to maximize the

16. Hatchondo, Martinez, and Sosa-Padilla (2014) show that in models with defaultable long-term debt and
positive recovery, it may be optimal for a debtor to infinitely dilute outstanding debt by choosing Bit+1 = ∞.
While this equilibrium can be ruled out by imposing an upper bound on equity payouts (Jungherr and Schott
2020a) or, alternatively, a restriction of firms to portfolios with a default probability less than one, the present
paper abstracts for expositional simplicity from introducing collateral.
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value function 4.1 subject to costly equity issuance as described in equation 4.2, the budget

constraint 4.3, the definition of liquid assets 4.4, the condition for the optimality of default 4.5

and the bond pricing schedule 4.8.

Note that the aggregate shock affects the default threshold by affecting k′ and b′, as described

in equations 4.6 and 4.7. Intuitively, the effect of permanent shocks is to shift the current end

of period state variables b̂′ and k̂′ to the future beginning of period state variables b′ and k′.

The following sections analyse the stationary firm problem in more detail. Appendix D shows

the equilibrium conditions.

4.2 Optimal Default Decision

Optimal Default Decision The optimal default decision can be characterized by a default

threshold for the assets of the firm l(b,M), which is implicitly defined by

v(l(b,M), b,M) = 0. (4.9)

There is an associated default threshold for the transitory shock ε(k, b,M), which is given by

ε(k, b,M) =
1

kα

[
l(b,M)− k

1− τ
+ δk + ψ

]
− 1. (4.10)

Figure 2: Default policies of firms as a function of outstanding debt and debt maturity.

Note: This figure shows the default threshold of firms l(b,M) as a function of the level of outstanding debt b
and the maturity of outstanding debt M .

Figure 2 displays the default threshold as a function of the level and maturity of debt. The

key take-away is that a longer maturity reduces the default probability in the next period.

However, a longer debt maturity increases the cumulative default probability. Appendix E

discusses the sensitivity of the default threshold with respect to the state variables in more

detail.
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4.3 Optimal Bond Prices

Bond Pricing Equations Denote the optimal policy functions of a firm that solve problem

4.1 by k(l, b,M), b(l, b,M) and M(l, b,M) and ε(k, b,M). The bond price of a unit claim to a

portfolio of bonds with maturity M issued by a firm that chooses policies k̂′, b̂′ and M ′ is given

by

Q(k̂′, b̂′,M ′;M) = β

∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

[
M + c+ (1−M)Q(k̂′′, b̂′′,M ′′;M)

]
dG(ε)dF (η) (4.11)

k̂′′ = k(l(k′, 1 + ε), b′,M ′)

b̂′′ = b(l(k′, 1 + ε), b′,M ′)

M ′′ = M(l(k′, 1 + ε), b′,M ′)

Figure 3 illustrates the optimal bond prices. It shows the bond price of a portfolio with a short

maturity (in blue), the bond price of a portfolio with a long maturity if the firm chooses a short

maturity (in red) and the bond price of a portfolio with a long maturity if the firm chooses a

long maturity (in yellow). The left panel shows bond prices for a small firm, the right panel

bond prices for a large firm. The bond price of a short-term bond falls with a higher level of

debt. This is, because bond prices reflect how current firm decisions affect the future default

policy of the firm through their dependence on ε(k′, b′,M ′). Bond prices of small firms are more

sensitive to the level of debt than bond prices of large firms, as small firms are more likely to

default given a certain level of debt.

0.5

1

0.5

1

Figure 3: Bond prices.

Note: This figure shows the prices of bond portfolios of short-term debt Q(k̂′, b̂′,M ′,M = 1) and long-term
debt Q(k̂′, b̂′,M ′,M = 0.05) as a function of debt choice b̂′ and maturity choice M ′. The left panel displays
the bond prices for a low capital choice k̂′, the right panel for a high capital choice.

The bond price of the long maturity portfolio falls more with the level of debt than the short
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maturity portfolio, even if the firm chooses the same policies, since bond prices of long maturity

portfolios also reflect how current firm decisions affect default risk after the next period through

their recursive dependence on Q(k̂′′, b̂′′,M ′′;M).

Finally, if the firm chooses to issue a portfolio with a long maturity, long-term bond prices

fall even more than if the firm chooses to issue a portfolio with short maturity. In that case,

long-term bond prices also reflect how future firm policies depend on current firm policies,

insofar as those future firm policies in turn affect default risk after the next period.

Taken together, Figure 3 makes three important points. First, a portfolio of bonds with a

longer maturity has a lower bond price. Second, if the firm chooses a longer debt maturity,

the cumulative default probability of the firm increases, which leads to a fall in bond prices.17

Third, bond prices of young firms that are far from their optimal scale are especially sensitive

to changes in the maturity of debt.

4.4 Liquidity Constraints and the Optimal Equity Payout

The decision on whether to pay out dividends or whether to issue equity depends on the shadow

value of internal funds λD(l, b,M), which is determined in the section below. If λD(l, b,M) <

1, the firm will pay out dividends, if λD(l, b,M) > 1 + φ, the firm will issue equity. For

λD(l, b,M) ∈ [1, 1 + φ], the firm will reinvest all earnings, but not pay out dividends or issue

equity. There are thresholds l̄(b,M) and l(b,M), which define the equity payout policy of the

firm. They are implicitly defined by

λD(l̄(b,M), b,M) = 1 (4.12)

and

λD(l(b,M), b,M) = 1 + φ. (4.13)

The last two panels of Figure 4 display the dividend policy of the firm as a function of its net

worth for different values of debt and debt maturity.18 For a firm that only has short-term debt

outstanding, as depicted in the right panel, the dividend policy is independent of the level of

debt, controlling for net worth. For a firm that has long-term debt outstanding, the dividend

payout threshold is decreasing in the level of debt. This shows an important interaction between

long-term debt and liquidity constraints. Intuitively, firms with more outstanding long-term

debt start paying out dividends at a lower level of net worth.

17. Note that for a high level of debt, a higher maturity can increase bond prices. The reason is that a longer
maturity increases default risk in the long run, but reduces default risk in the next period. If the firm is close to
default, that latter effect dominates.

18. For ease of comparison across different levels of debt, the dividend policy is displayed as a function of net
worth at book values, n = l − (1− τ)cb− b, instead of liquid assets l.
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4.5 Optimal Debt, Debt Maturity and Investment Decisions

4.5.1 Unconstrained Firms

Optimal Investment Decision For firms that pay dividends, the optimal policies are inde-

pendent of the beginning of period assets l. Consider for simplicity first a firm that is never

financially constrained, in the sense that it will pay out dividends in the current period and in

all possible states of the world in the next period.

Define the revenue from net bond issuance as

Ω(k̂′, b̂′,M ′; b,M) = Q(k̂′, b̂′,M ′;M ′)b̂′ −Q(k̂′, b̂′,M ′;M)(1−M)b−Mb. (4.14)

Define moreover Tobin’s marginal Q as

qK(k̂′, b̂′,M ′) = β

∫ ∞
−∞

∫ ∞
ε(k′,b′,M)

[(
α(1 + ε)(k′)α−1 − δ

)
(1− τ) + 1

]
dG(ε)dF (η). (4.15)

The first order condition with respect to the capital stock choice is given by

∂v

∂k̂′
(b,M) = −1 +

∂Ω(k̂′, b̂′,M ′; b,M)

∂k̂′
+ qK(k̂′, b̂′,M ′) = 0 (4.16)

This equation states that the benefits of investment to the shareholder in the form of the

future return on capital and to the owners of newly issued bonds in the form of a lower default

probability are internalized by the firm. In general, firms that issue additional debt choose a

higher level of capital, while firms that repurchase debt choose a lower level of capital.

Optimal Debt Maturity Decision The first order condition for the optimal maturity struc-

ture is

∂v

∂M ′
(b,M) =

∂Ω

∂M ′
(k̂′, b̂′,M ′; b,M)− β

∫ ∞
−∞

[
1−G(ε(k′, b′,M ′))

]
b′dF (η)ξ = 0 (4.17)

Firms have an incentive to lengthen the maturity of their debt to economize on rollover costs

ξ. Moreover, that equation implies that firms internalize how their debt maturity affects the

revenue from bond issuance. The third row of Figure 4 shows that firms with a higher level of

outstanding long-term debt choose longer maturities, as that dilutes the value of outstanding

debt.

Optimal Debt Issuance Decision The first order condition with respect to the level of

debt is given by

∂v

∂b̂′
(b,M) = β

∫ ∞
−∞

[
1−G(ε(k′, b′,M))

]
dF (η)τc− ξ +

∂Ω(k̂′, b̂′,M ′; b,M)

∂b̂′
= 0 (4.18)

Intuitively, when determining the level of their debt, firms trade off the tax benefit of debt with

the probability of default, as the tax benefit is only enjoyed in non-default states. In addition,

firms internalize the increase in borrowing costs to a higher risk of default, but only for newly
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issued debt. As is the case for the investment decision, firms do not internalize the effect of

their debt issuance decision on the value of outstanding debt that is rolled over. As depicted in

the second row of Figure 4, the more outstanding debt firms have, the higher will be the level

of debt that they choose.

4.5.2 Financially Constrained Firms

Optimal Investment Decision For a firm that neither issues dividends nor raises new equity,

investment is determined by the budget constraint of the firm:

k̂′ = l − (1− τ)cb+ Ω(k̂′, b̂′,M ′; b,M)− ξ
[
b̂′ − (1−M)b

]
1(b̂′ − (1−M)b > 0). (4.19)

The first row of Figure 4 shows that firms with a lower net worth choose a lower capital stock.

The shadow value of internal funds λD(l, b,M) can be inferred from the first-order condition

of the firm with respect to capital:

λD(l, b,M) =
qK(k̂′, b̂′,M ′)

1− ∂Ω
∂k̂′

(k̂′, b̂′,M ′; b,M)
, (4.20)

where Tobin’s marginal Q is given by

qK(k̂′, b̂′,M ′) = β

∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

[(
α(1 + ε)k

′α−1 − δ
)

(1− τ) + 1
]
λD(l′, b′,M ′)dG(ε)dF (η).

(4.21)

Intuitively, the more the chosen level of capital from the budget constraint deviates compared

to the desired level of capital that would obtain with λD(l, b,M) = 1, the larger is the shadow

value of internal funds. note that, as (1−M)b shows up in the denominator, there is a negative

effect from a higher level of debt on the shadow value, if M < 1: Firms with a higher level of

long-term debt will have lower shadow value and therefore lower thresholds for dividend payouts

and equity issuance. Hence, there is an interaction between the financial frictions due to equity

issuance costs and those due to long-term debt: Firms with of long-term debt outstanding will

accumulate fewer internal funds than firms with only short-term debt outstanding.

Optimal Debt Maturity Decision The first order condition for the optimal debt maturity

decision of constrained firms is given by

∂v

∂M ′
(l, b,M) =

∂Ω

∂M ′
(k̂′, b̂′,M ′; b,M)λD(l, b,M)︸ ︷︷ ︸

Effect on Bond Revenue

−β
∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

λD(l′, b′,M ′)b′dG(ε)dF (η)ξ︸ ︷︷ ︸
Additional Future Rollover Costs

− β
∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

[
λD(l, b,M)− λD(l′, b′,M ′)

] ∂Ω

∂M ′
(k̂′′, b̂′′,M ′′; b′,M ′)dG(ε)dF (η)︸ ︷︷ ︸

Effect on Liquidity Constraints

= 0

(4.22)
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Figure 4: Policy functions.

Note: This figure shows the policy functions of the firm as a function of the three state variables net worth,
debt and debt maturity. The left column displays the policy functions for a firm that has outstanding debt
with a long maturity, while the right column displays the policy functions for a firm that has outstanding debt
with one-period maturity. Each panel displays the policy functions as a function of the net worth of the firm
for three different levels of debt: Zero debt, low debt and high debt. As the maturity is not a state variable if
the firm has zero debt, the zero debt policy functions are the same in the left and the right columns.
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Constrained firms trade off the effects of changing the maturity structure of debt on the value of

bond prices in a similar way to old firms: Shortening the maturity structure leads to higher costs

of rolling over debt in the future. Moreover, there is again a direct effect such that shortening

the maturity structure of debt increases the likelihood of default in the next period, and an

indirect effect such that shortening the maturity structure of debt reduces the likelihood of

default after the next period through adversely affecting future firm decisions.

Importantly, liquidity constraints introduce a novel cash flow effect: By shifting cash flows

closer to the presence, the firm can reduce the exposure of creditors to future default risk

and therefore push up current bond prices at the cost of also bringing future debt repayments

forward. That is valuable to the firm, if it is liquidity constrained today. Firms that are

liquidity constrained have an additional benefit to issue short-term debt. If the firm instead

is not liquidity constrained today, but expects to be liquidity constrained in the next period,

shifting cash flows closer toward the next period is costly. Therefore, firms that expect to be

liquidity constrained in the next period have an additional incentive to lengthen the maturity

structure of debt. Quantitatively, the former effect dominates. Thus, firms with a lower net

worth will choose a shorter debt maturity, as shown in the third row of Figure 4.

Optimal Debt Issuance Decision The first-order condition with respect to debt is given

by

∂v

∂b̂′
(l, b,M) = β

∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

λD(l′, b′,M ′)dG(ε)dF (η)τc︸ ︷︷ ︸
Tax Benefit

+
∂Ω(k̂′, b̂′,M ′; b,M)

∂b′
λD(l, b,M)︸ ︷︷ ︸

Effect on Bond Prices

+ β

∫ ∞
−∞

∫ ∞
ε(k′,b′,M ′)

(
λD(l, b,M)− λD(l′, b′,M ′)

)
R(k′′, b′′,M ′′;M ′)dG(ε)dF (η)︸ ︷︷ ︸

Effect on Liquidity Constraints

= 0

(4.23)

This first-order condition contains three terms: As do unconstrained firms, constrained firms

trade off the tax benefit of debt against the default probability when determining the level of

debt. Future liquidity constraints in the form of a higher λD
′

increase the tax benefit of debt.

Constrained firms also internalize the effect of issuing debt on the value of newly issued debt in

the same way as unconstrained firms. A binding liquidity constraint increases the importance

of the effect of current firm decisions on the value of newly issued debt.

There is an additional benefit of issuing debt stemming from a wedge in the valuation of

cash flows introduced by the liquidity constraint: If the non-negativity constraint on dividends

is not binding today, i.e. λD = 0, constrained firms have a precautionary motive to reduce

debt issuance, as higher debt issuance reduces cash flow tomorrow. If instead the constraint is

binding today, constrained firms have an additional incentive to increase debt issuance, as the

value of the additional cash flow today outweighs the cost of having to repay the debt tomorrow.

As a consequence, the second row of Figure 4 shows that firms with a lower net worth will issue

more debt.
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4.5.3 Equity Issuing Firms

For equity issuing firms, λD(l, b,M) = 1 + φ. As Figure 4 shows, equity issuing firms generally

choose a lower capital stock, a higher level of debt and a shorter maturity structure than dividend

paying firms. Importantly, conditional on using external equity financing, the firms’ net worth

is no longer a determinant of their optimal decisions: Therefore, the optimal investment, debt

issuance and debt maturity policies are constant in net worth for those firms that use external

equity financing.

4.6 Discussion

This section has three key takeaways. First, for low default risk, bond prices are falling if

firms choose longer debt maturities, as a longer debt maturity increases the firms’ cumulative

default probability. Second, financially unconstrained firms lengthen their debt maturity more,

the more outstanding long-term debt they have, as that dilutes the value of outstanding debt.

Third, introducing financial constraints changes the optimal debt maturity decision of firms:

Firms have an incentive to shorten their debt maturity if their net worth is low, that is, either

because they have few liquid assets or high debt. The next section explores the role of financial

constraints in generating the maturity profile of firms over the life cycle in a numerically solved

version of the model.

5 Life Cycle Dynamics

This section uses a numerical solution of the model to study its life cycle dynamics. This is

useful to illustrate how financial constraints shape the optimal debt maturity decisions of firms.

Moreover, it is shown that the model is consistent with a number of salient facts about firms’

life cycle dynamics.

5.1 Parameters and Model Fit

Parametrization Strategy Table 5 displays the parameters. The following parameters are

chosen a priori to match outside evidence: The discount factor β is set to 1.04−1/4 to yield an

annual risk-free interest rate of four percent. The tax rate τ is set to 35 percent, corresponding

to the corporate income tax rate in the US between 1994 and 2012. The curvature of the

production function is set to 0.65, in line with Cooper and Ejarque (2003) and Gomes and

Schmid (2010). The depreciation rate is set to 3.7 percent, in line with the depreciation rate

in Compustat. The exit rate is set to 2 percent, corresponding to the exit rate of large firms

found in Katagiri (2014). Ottonello and Winberry (2019) report that the annual exit rate in

the Business Dynamics Statistics is 8.7 percent.

The rest of the parameters are chosen internally to match moments from model simulations

to the data The fixed cost ψ is chosen to match the default rate. The debt issuance cost ξ is

selected to match the average share of long-term debt in total debt, the equity issuance cost

φ to match the frequency of equity issuance. The volatility of the firm-specific and aggregate

components of the transitory shock ε are respectively chosen to match cross-sectional and ag-
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Table 5: Parameter choices

Name Value Role Target

Technology and Preferences

β 1.04−1/4 Discount Factor 4% Annual Risk-Free Rate
τ 0.35 Corporate Income Tax Rate US Corporate Income Tax Rate
α 0.65 Production Function Curvature Cooper and Ejarque (2003)
δ 0.037 Depreciation Rate Compustat
ψ 20 Fixed Production Cost Default Rate
π 0.02 Exit Rate Exit Rate of Large Firms

Finance

ξ 0.001 Debt Issuance Cost Long-Term Debt Share
φ 0.2 Equity Issuance Cost Frequency of Equity Issuance

Shocks

σε
F

1.38 Vol. Idio. Transitory Shock Cross-Sect. Cash Flow Vola.

σε
A

0.375 Vol. Agg. Transitory Shock Agg. Cash Flow Vola.

ση
F

0.1 Vol. Idio. Permanent Shock Cross-Sect. Debt Iss. Vola.

ση
A

0.006 Vol. Agg. Permanent Shock Agg. Debt Iss. Vola.

gregate volatility of the cash flow/assets ratio. The volatility of the firm-specific and aggregate

components of the permanent shock η are respectively chosen to match the cross-sectional and

aggregate volatility of the aggregate debt issuance/asset ratio.

Targeted Moments Table 6 displays the targeted moments. While the fit between the model

and the data is not perfect, the model matches the targeted parameters well despite being very

stylized. The default rate of 0.46 is in between the default rate for the postwar sample reported

in Giesecke et al. (2011) and a default rate of 1 percent used in Gomes, Jermann, and Schmid

2016. The long-term debt share is matched well, as are the frequency of equity issuance, the

cross-sectional volatilities of cash flow and debt issuance and the aggregate volatility of cash

flow. The aggregate volatility of debt issuance is slightly too high.

5.2 Illustrating the Mechanism: Life Cycle Dynamics

Life Cycle Dynamics in the Baseline Model Figure 5 displays the life cycle dynamics

of firms. It shows averages for investment, debt issuance, equity issuance, maturity choice,

leverage and net worth conditional on the age of the firm. The blue lines display the life cycle

dynamics for the baseline model with liquidity constraints and endogenous maturity choice.

When firms enter the economy, they have zero net worth and zero debt. Consistent with

the evidence reported in Appendix A, and in line with results from the empirical literature

summarized in Cooley and Quadrini (2001), young firms have high investment, debt issuance

and equity issuance rates. Initial investment is financed with a high level of debt, as raising

outside equity is very costly. This generates a downward sloping leverage profile, which is
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Table 6: Targeted moments.

Model Data

Default Rate 0.46 0.30
Long-Term Debt Share 68.65 65.12
Equity Issuance, Frequency 5.96 7.90
Cross-Sect. Cash Flow Vola. 11.18 11.83
Cross-Sect. Debt Iss. Vola 13.01 12.22
Agg. Cash Flow Vola. 3.07 3.25
Agg. Debt Iss. Vola. 0.95 0.56

Note: This table compares the ability of the model to fit targeted moments. The data moments come from
Compustat. The default rate is taken from Giesecke et al. (2011). The model moments come from a simulation
of the model for 2000 quarters with 100000 firms. The first 1000 periods of the simulation are discarded.

consistent with the evidence for private firms from Dinlersoz et al. (2019). For this debt,

firms choose a short maturity structure, since that maximizes the revenue from issuing debt.

Therefore, again consistent with the life cycle profiles reported in Appendix A, young firms have

shorter debt maturity than older firms. This is also in line with Dinlersoz et al. (2019), who

show that private firms have a downward sloping short-term leverage profile.

Liquidity Constraints and Life Cycle Dynamics The red lines display life cycle dynamics

in an alternative model in which firms are never liquidity constrained. This is achieved by setting

the cost of issuing equity, φ = 0. By comparing the life cycle dynamics in the alternative model

to the baseline model, it becomes clear that equity issuance costs are necessary to generate life

cycle dynamics consistent with the data. In the model without liquidity constraints, young firms

have lower investment rates, despite issuing more debt. This is because they pay out dividends

when they are young. Liquidity constraints also generate a downward sloping leverage profile

and help to increase the steepness of the life cycle profile of debt maturity: In the model with

endogenous maturity choice, but without liquidity frictions, debt maturity is almost constant

over the life cycle. Liquidity frictions help to make the maturity choice more variable, as small

firms want to choose short debt maturities to raise more funds through cheap debt as opposed to

relying on costly equity. Large firms choose long maturities to hedge the risk of future financial

constraints. These two channels arise only in the presence of liquidity constraints. Overall, the

firms’ life cycle dynamics illustrate that liquidity constraints are an important determinant of

firms’ debt maturity .The predictions of the model are supported by evidence from the data

and the empirical literature.

6 Business Cycle Dynamics

Aggregate Dynamics Table 7 compares aggregate moments from model simulations to the

data. GDP in the model is measured by aggregate productivity.19 Despite being very stylized,

the model produces plausible standard deviations for all variables besides investment. The

19. The sum of total revenues in the model does not correspond to GDP, as GDP also includes the wage bill of
firms.
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Figure 5: Life cycle dynamics.

Note: This figure displays the life-cycle dynamics implied by various models. Baseline is the baseline model
with financial frictions and endogenous debt maturity. No Fin. Frictions is a model with endogenous maturity
choice and φ = 0. Life cycle profiles are computed as averages conditional on the age of the firm. The model
moments come from a simulation of the model for 2000 quarters with 100000 firms. The first 1000 periods of
the simulation are discarded.
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volatility of investment could be reduced by introducing adjustment costs, which would however

come at the cost of adding a state variable to an already complicated model. The model produces

around half of the volatility in credit spreads The model is able to account correctly for the

pro-cyclicality of investment, debt issuance, and debt maturity, as well as the counter-cyclicality

of credit spreads and default rates. Equity issuance in the model is counter-cyclical while it is

nearly a-cyclical in the data.

Table 7: Untargeted moments: Aggregate.

Std. Dev. Corr. w. ∆GDP

Model Data Model Data

Investment/Assets 2.08 0.45 0.99 0.38
Debt Issuance/Assets 0.95 0.58 0.48 0.56
Equity Issuance/Assets 0.50 0.43 -0.75 0.18
Cash Flow/Assets 3.07 3.25 1.00 0.36
Default Rate 0.17 0.53 -0.46 -0.55
LT Share 1.90 1.20 0.15 0.24
Credit Spread 0.55 1.02 -0.50 -0.66

Note: This table compares aggregate moments from the data to those from model simulations. The default
rate is taken from Giesecke et al. (2011) for the post-war sample. The correlation of the default rate with GDP
is taken from Kuehn and Schmid (2014). The volatility of and correlation with GDP for the credit spread
are those of the GZ spread from Gilchrist and Zakraǰsek (2012) over the 1984-2012 sample. The rest of the
data are from Compustat. The model moments come from a simulation of the model for 2000 quarters with
100000 firms. The first 1000 periods of the simulation are discarded. For the remaining quarters, averages
across firms are computed. The averages exclude those firms which just entered the economy, as those firms
have a capital stock of 0, making the ratios not well defined.

Differences in Dynamics by Size Tables 8 displays the ability of the model to account for

the differences in the cyclical dynamics of small and large as well as young and old firms. The

model matches that small firms have a more volatile debt maturity and investment than large

firms. The model is less successful at accounting for the volatility of debt issuance and equity

issuance across the firm size distribution. It matches that small firms have more pro-cyclical

debt maturity and investment than large firms. The correlations are of investment with GDP

are quite high in the model, which is due to the lack of capital adjustment costs and due to the

fact that the model only has a single shock. Regarding debt and equity issuance, the model

predicts that small firms have more pro-cyclical debt issuance and more counter-cyclical equity

issuance than large firms. In the data, equity issuance for small firms is pro-cyclical. Begenau

and Salomao (2019) show that a model with entry costs, where entrants receive heterogeneous

signals about their productivity, can generate a pro-cyclical demand for equity financing by

small and young firms. The reason is that conditional on a positive aggregate shock, more

unproductive firms choose to enter, which makes entry pro-cyclical. While pro-cyclical entry

would help the model in generating pro-cyclical equity issuance for small and young firms, it

would not substantially affect the main result of pro-cyclical maturity dynamics for small and

young firms, since the optimal maturity of debt conditional on using external equity financing

is constant.

28



Table 8: Business cycle correlations conditional of firm size and firm age: Model vs data.

(a) Size

Debt Maturity Investment Debt Iss. Equity Iss.
Size Quartile Model Data Model Data Model Data Model Data

Standard Deviation

0% to 25% 2.81 2.49 2.72 0.38 1.69 0.52 0.64 0.83
25% to 50% 4.66 1.99 2.67 0.46 1.43 0.61 0.13 0.60
50% to 75% 0.35 1.87 1.78 0.52 0.60 0.99 0.35 0.37
75% to 100% 0.07 1.10 1.22 0.47 0.17 0.92 0.89 0.28

Correlation with GDP

0% to 25% 0.27 0.25 0.97 0.48 0.63 0.05 -0.74 0.30
25% to 50% 0.07 0.42 0.96 0.30 0.48 0.35 -0.39 0.15
50% to 75% 0.10 0.22 0.94 0.32 0.01 0.35 -0.60 0.02
75% to 100% 0.01 0.29 0.87 0.27 -0.03 0.28 -0.81 -0.13

(b) Age

Age Quartile Model Data Model Data Model Data Model Data

Standard Deviation

0% to 25% 3.41 3.92 2.30 1.04 1.68 1.44 0.45 1.48
25% to 50% 2.20 3.26 1.99 0.75 1.06 1.13 0.50 0.87
50% to 75% 1.37 4.87 1.86 0.77 0.67 1.28 0.51 0.59
75% to 100% 1.30 2.38 1.86 0.55 0.63 1.22 0.51 0.46

Correlation with GDP

0% to 25% 0.28 0.33 0.99 0.42 0.41 0.11 -0.78 0.11
25% to 50% 0.03 0.08 0.98 0.29 0.39 0.29 -0.71 0.00
50% to 75% 0.01 0.26 0.99 0.19 0.48 0.24 -0.74 -0.13
75% to 100% 0.00 -0.04 0.99 0.23 0.49 0.29 -0.74 -0.22

Note: This table compares cross-sectional differences in dynamics from the data to those from model simula-
tions. The model moments come from a simulation of the model for 2000 quarters with 100000 firms. The first
1000 periods of the simulation are discarded. For the remaining quarters, averages across all firms within a
given age or size quartile are computed. The averages exclude those firms which just entered the economy, as
those firms have a capital stock of 0, making the ratios not well defined. Size and age quartiles are computed
in the same way in the model as in the data.
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Differences in Dynamics by Age Regarding age, the model again matches that young

firms have more volatile debt maturity and investment than old firms. Moreover, young firms

have more volatile debt issuance than old firms. The model predicts that there is not substantial

variation in the volatility of equity issuance. Finally, the model matches that debt maturity

of young firms is more pro-cyclical than debt maturity of old firms, and that debt issuance of

old firms is more pro-cyclical than debt issuance of young firms. As for size, the model cannot

match the pro-cyclicality of equity issuance for young firms.

Overall, the model’s predictions for the business cycle dynamics of debt maturity and in-

vestment are quantitatively consistent with the data, supporting the hypothesis that liquidity

constraints are an important determinant of firms’ debt maturity. The model’s quantitative

performance could be improved by adding investment adjustment costs to account for sluggish

investment dynamics, endogenous entry to account for the pro-cyclicality of equity for small

and young firms, and more sophisticated aggregate shocks. However, these additional features

would not change the key mechanism, which states that firms shorten their debt maturity if

they become more financially constrained.

7 The Role of Liquidity Constraints and Endogenous Debt Ma-

turity

The previous two sections showed that firms adjust their debt maturity in response to financial

constraints. This section investigates whether endogenous debt maturity changes the impor-

tance of financial constraints. To do so, the model with financial constraints is compared to an

alternative model in which the equity issuance cost φ is set to zero in two different situations:

First, if firms can adjust their debt maturity, second, if firms only have access to short-term

debt, i.e. M = 1. The alternative model is interesting, because it corresponds to models that

have been studied in the literature: The short-term debt model is for example similar to the

model studied in Cooley and Quadrini (2001), Gomes and Schmid (2010) and Hennessy and

Whited (2007).

Table 9 shows the results. In the baseline model with endogenous debt maturity, the in-

troduction of liquidity constraints increases the volatility of investment for firms of all age

classes. The increase in investment volatility is largest for the youngest firms: for young firms,

investment volatility increases by 1.6 percentage points, for old firms by 1.07 percentage points.

Default rates increase as well. In the model with only short-term debt, the introduction of fi-

nancial frictions increases the volatility of investment for firms of all ages even more than in the

model with endogenous debt maturity. The increase is especially pronounced for young firms,

whose investment volatility increases by 2.04 percentage points, as opposed to 1.10 percentage

points for old firms. The increase in investment volatility of young firms is 25 percent higher

than in the model with endogenous debt maturity. This shows that firms use their debt maturity

to manage their liquidity, and that the impact of endogenous debt maturity is quantitatively

large.
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Table 9: Investment, Debt Maturity and Liquidity Constraints

EM ST

φ = 0.2 φ = 0 ∆ φ = 0.2 φ = 0 ∆

Inv. Vola., All Firms 2.08 0.79 1.30 2.11 0.64 1.48
Inv. Vola., Age Q1 2.30 0.69 1.60 2.62 0.58 2.04
Inv. Vola., Age Q2 1.99 0.78 1.21 2.02 0.62 1.40
Inv. Vola., Age Q3 1.86 0.79 1.08 1.75 0.63 1.12
Inv. Vola., Age Q4 1.86 0.78 1.07 1.72 0.63 1.10

Default Rate 0.46 0.04 0.43 1.30 6.62 -5.33

Note: This table shows the effect of introducing liquidity constraints in various models on the volatility of
investment. EM is the baseline model with endogenous debt maturity. ST is a model in which firms can
only use short-term debt. The model moments come from a simulation of the model for 2000 quarters with
100000 firms. The first 1000 periods of the simulation are discarded. For the remaining quarters, averages
across all firms within a given age quartile are computed. The averages exclude those firms which just entered
the economy, as those firms have a capital stock of 0, making the ratios not well defined. Age quartiles are
computed in the same way in the model as in the data.

8 Conclusion

This paper studies the determinants of aggregate and firm-level corporate debt maturity dynam-

ics in a quantitative model with rich cross-sectional heterogeneity. In the model, firms prefer to

issue long-term debt if they are financially unconstrained, because debt issuance costs imply that

the tax advantage of long-term debt is much bigger than the tax advantage of short-term debt.

Liquidity constraints are essential to explain debt maturity dynamics: Liquidity-constrained

firms issue short-term debt to cover current liquidity shortfalls, while liquidity-unconstrained

firms issue long-term debt to hedge future liquidity shortfalls.

The model can match the levels and dynamics of the debt maturity structure, both at

the firm level and in the aggregate, and is consistent with other established facts about the

dynamics of firms’ financing and investment decisions over the life cycle and the business cycle.

This lends support to the hypothesis that firms use their debt maturity structure to smooth

their net worth over time. As the paper shows, endogenous debt maturity mitigates the effect

of introducing financial frictions. The results in this paper are important for the literature that

studies the long-run effects of financial frictions, as they show that endogenous debt maturity is

an important margin through which firms can mitigate the effects of financial frictions. While

this paper studies the effect of a permanent change to financial frictions, these results are also

relevant for the literature on the responses of firms to financial shocks. For example, Eisfeldt

and Muir (2016) show that firms build up precautionary cash buffers to smooth their liquidity

needs during times of cheap external financing. This model presents theory and evidence that

firms have a similar rationale for setting their debt maturity structure, which can substantially

affect the propagation of financial shocks.
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Appendix
For Online Publication

A Data

A.1 Sample Selection

Firm data are from the merged CRSP Compustat Quarterly North America database. Most of

the sample selection follows Begenau and Salomao (2019). I focus on U.S. firms. The observation

unit is a firm-quarter. I include data from the first quarter of 1984 to the last quarter of 2012.20

I exclude regulated firms (SIC code 4900-4999), financial firms (SIC code 6000-6999) and non-

profit firms (SIC code 9000-9999) from my sample, since the model is not appropriate for such

firms. Furthermore, I exclude those observations which do not report total assets or those

which report either negative assets or a negative net capital stock, observations which report

cash holdings larger than total assets, observations with negative gross equity issuance, and

observations with missing or negative stockholders’ equity or stock prices. I require that firms

have at least five consecutive observations. Ford, GM, GE and Chrysler are excluded from the

sample, as they were affected by major accounting changes during 1988 and 1989.

I calculate all flow variables from the cash flow statements of firms. As these variables are

year-to-date, they need to be transformed into quarterly variables. Missing values are replaced

by zeros. Investment is capital expenditures minus sales of property, plant and equipment.

Short-term debt issuance is defined as change in current debt. Long-term debt issuance is

long-term debt issuance minus long-term debt reduction. Equity issuance is sale of common

and preferred stock minus purchase of common and preferred stock minus dividends. All flows

are normalized by lagged total assets. I calculate the share of long-term debt to total debt as

long-term debt divided by long-term debt plus current debt. I follow Whited (1992) to calculate

market leverage: It is defined as the book value of short-term debt plus the market value of

long-term debt divided by the sum of the book market of short-term debt, the market value

of long-term debt and the market value of equity. To calculate the market value of long-term

debt, I use the method by Bernanke, Campbell, Friedman, and Summers (1988). The market

value of common stock is defined as the share price times the number of shares. The market

value of preferred stock is defined by the current dividend for preferred stock divided by the

current federal funds rate.

A.2 Cross-Sectional Summary Statistics

Table 10 shows cross-sectional summary statistics. Overall, there are about 609 thousand firm-

quarter observations, comprising 17422 unique firms and 115 quarters. Firms have on average

total assets of 2.13 billion dollars, expressed in 2015 dollars, with a standard deviation of 11.2

billion dollars.21 Assets are increasing in the age of the firm.

20. Data are in principle available since the first quarter of 1976, but before 1984, the sample composition in
Compustat changed markedly from quarter to quarter.

21. Assets are deflated with the GDP deflator.
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Age is computed as the current year minus the founding year.22 The average firm is around

25 years old, with a standard deviation of 25 years. Larger firms tend to be older.

The market-to-book ratio is computed as the ratio of the market value of common equity

divided by the book value of common equity.23 The average market-to-book ratio of is 2.8,

meaning that the market value of the average firm’s equity is almost three times the book value

of its equity. Older and larger firms have lower market-to-book values.

Investment is computed as capital expenditures minus sales of property and equipment. It

is normalized by lagged assets. The average investment-to-asset ratio is 3.6 percent, with a

standard deviation of 5.39 percent. Larger firms have higher investment rates, which hints at

size not being appropriate to measure the firms’ life cycle. Consistent with life cycle theories,

younger firms have higher investment rates.

Debt issuance is long-term debt issuance minus long-term debt reduction plus the change

in current debt, normalized by lagged assets. The average firm issues debt of 1.6 percent of

its assets in every quarter. There is a high standard deviation of 10.5 percent. Smaller and

younger firms tend to issue more debt, though the pattern is clearer by firm age than by firm

size.

Cash flow is computed as operating income before depreciation, normalized by lagged assets.

For the average firm, cash flow is slightly negative, at 0 percent of firm’s assets. Cash flows are

increasing in firm size and firm age.

Book leverage is computed as debt in current liabilities plus long-term debt outstanding

divided by the total assets of the firm. Firms have an average book leverage of 27.5 percent,

with a standard deviation of 38.5 percent. In general, older firms have a higher leverage. There

is no clear size pattern.

The average firm has a share of long-term debt in total debt of around 65 percent, with

a standard deviation of 35 percent. The distribution of the share of long-term debt is skewed

towards firms with a lower share of long-term debt, as the median is around 79 percent. The

average weighted maturity of debt in the sample is around 5.1 years, with a standard deviation

of 4 years. Younger and smaller firms have shorter debt maturities.

B Regression Analysis

The previous section presented bivariate correlations to investigate the cyclicality of corporate

balance sheet variables, finding that young firms have a more pro-cyclical debt maturity struc-

ture than old firms. Small and medium-sized firms have a more pro-cyclical debt maturity

structure than large firms. In this section, a more formal multivariate regression analysis that

controls for covariates and firm fixed effects is conducted.

22. The data for the founding year is available from Field and Karpoff (2002) and Loughran and Ritter (2004).
It is obtained from Jay Ritter’s website. The link is https://site.warrington.ufl.edu/ritter/ipo-data/.

23. The market value of common equity in Compustat is prccq× cshoq, the book value of common equity ceqq.
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B.1 Unconditional Cyclicality

The simplest specification is given by

Yit = α+ βdGDPt + γXit + ηYit−1 + δi + trendt + εit, (B.1)

where Yit is the outcome of interest for firm i in period t, α is an intercept, dGDPt is year-on-

year GDP growth in period t, Xit is a vector of firm-specific covariates, including logged assets,

cash flow divided by assets, book leverage and the market to book ratio, δi is a firm fixed effect,

trendt is an aggregate time trend and εit is an error term.

As most balance sheet ratios are persistent, the regressions control for the lagged outcome

variable. Moreover, GDP growth might capture time-variation in firm-specific covariates that

are important for the determination of the firms’ capital structure. Therefore, the regressions

include covariates. Those controls are size as measured by the log of book assets, the firms’

cash flow, their leverage and the market-to-book ratio of their equity. The log of book assets

controls for life cycle dynamics. Cash flow measures firms’ access to internal funds. Leverage

is a measure of firms’ distance to default. The market-to-book ratio measures firms’ growth

options. As all of these variables are expected to be cyclical, we follow Covas and Den Haan

2011 in subtracting conditional means for each quarter from each of the control variables to

remove their cyclicality. Finally, the regressions add fixed effects to control for unobservable

firm characteristics that do not vary over time.

Table 11: Unconditional business cycle patterns.

Inv. Debt Iss. LT Share Avg. Mat.

dGDP(t) 0.06∗∗∗ 0.13∗∗∗ 0.11∗∗∗ 0.07∗∗∗

(0.00) (0.01) (0.02) (0.01)
Y(t-1) 0.48∗∗∗ 0.48∗∗∗ 0.74∗∗∗ 0.41∗∗∗

(0.00) (0.00) (0.00) (0.01)
log(Assets) 0.05∗∗∗ 0.61∗∗∗ 1.30∗∗∗ 0.37∗∗∗

(0.02) (0.03) (0.07) (0.02)
Cash Flow -0.00∗∗ -0.10∗∗∗ 0.05∗∗∗ 0.00∗

(0.00) (0.00) (0.01) (0.00)
Book Leverage -0.00∗∗∗ 0.05∗∗∗ 0.02∗∗∗ 0.01∗∗∗

(0.00) (0.00) (0.00) (0.00)
Market To Book Ratio 0.01∗∗∗ 0.01∗∗ 0.01 0.00∗∗

(0.00) (0.00) (0.01) (0.00)

Firm FE Yes Yes Yes Yes
R2 0.284 0.299 0.542 0.187
N 410812 410812 354082 83942

Note: This table reports the results of estimating regression B.1. Data source: Compustat. Time period:
1984Q1-2012Q4. p-values: ∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1. Standard errors in parentheses are clustered at the
firm level. dGDP(t) is year-on-year GDP growth, i.e. dGDP(t) = GDP(t) - GDP(t-4). Y(t-1) is the lagged
dependent variable. All regressions include a constant and a quadratic time trend (not reported).

Table 11 shows the result of running regression B.1. Columns 1 and 2 report results for

investment and debt issuance, respectively. The coefficient of GDP growth in the investment

regression is 0.06, implying that a one percentage point increase in annual GDP growth in-
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creases the quarterly investment/asset ratio of the average firm by 0.06 percentage points. As

the quarterly investment/asset ratio is 3.6 percent for the average firm, this corresponds to

a quarterly increase in investment of 100 ∗ 0.06/3.6 = 1.66 percent or an annual increase in

investment of 6.6 percent. For debt issuance, the coefficient is 0.13, implying that an increase

in annual GDP growth by 1 percent is associated with an quarterly increase in debt issuance of

8.6 percent. In Column 3, results for the long-term debt share are reported. The coefficient on

GDP growth is 0.11, and is significant at the 1 percent level. This implies that a one percentage

point increase in annual GDP growth increases the long-term debt share of the average firm

by 0.11 percentage points, or 0.17 percent. Column 4 reports results for the weighted average

maturity of debt. A one percentage point increase in GDP growth is associated with an increase

in the average weighted maturity of 0.07 years, or 26 days.

These regressions confirm that the pro-cyclicality established earlier using simple correlations

is robust to including firm covariates and firm fixed effects. Next, it is shown that there is

variation in the pro-cyclicality of firm balance sheets by firm characteristics that are commonly

associated with access to external financing.

B.2 Cyclicality Conditional on Liquidity Constraints

The specification for the regression by firm characteristics is

Yit = α+
4∑
j=1

βjdGDPt × 1
(
Charit ∈ Qjt (Char)

)
+ γXit + ηYit−1 + δi + trendt + εit. (B.2)

where, as before, α is a constant, dGDPt is year-on-year GDP growth in period t, Qjt (Char)

is the j-th quartile of firm characteristic Char in period t, and 1

(
FCharit ∈ Qjt (Char)

)
is

an indicator function that takes the value 1 if Charit is in the j-th quartile for that firm

characteristic. Xit is a vector of covariates, including firm size in logs, book leverage, cash flow

and the market-to-book ratio. δi is a firm fixed effect, trendt is a time trend and εit and error

term.

The coefficients of interest are the βj-s. The results report estimates of equation B.2 with

firm fixed effects. In addition to the reported coefficients, all regressions include control vari-

ables, fixed effects, a time trend and a constant.

Table 12 reports the results. The investment-asset ratio is more pro-cyclical for medium-

sized firms than for large or small firms: For small firms, the investment-asset ratio increases

by 0.04 percentage points for every percentage point increase in GDP growth. For medium-

sized and large firms, the corresponding coefficients imply increases of 0.07 to 0.09 and 0.05

percentage points, respectively. The investment-asset ratio is more pro-cyclical for young firms

than for large firms: A one percentage point increase in GDP growth is associated with a 0.10

percentage point increase in the investment-asset ratio of young firms, but only with a 0.06

percentage point in the investment-asset ratio of old firms.

Debt issuance is more pro-cyclical for larger and older firms: For small firms, debt issuance is

almost a-cyclical, increasing by an insignificant 0.04 percentage points for every one percentage
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point increase in GDP growth. For large firms, the corresponding increase is 0.16 percentage

points. For young firms, the coefficient is 0.16, for old firms, it is 0.19. Small and young firms

have a more pro-cyclical long-term debt share than large and old firms, with coefficients of 0.13

for small firms as opposed to 0.02 for large firms, and 0.18 for young firms as opposed to 0.02

for old firms. In contrast to the long-term debt share, the average weighted maturity is more

pro-cyclical for larger firms: The coefficient from the regression for small firms implies a 0.05

year increase in the average weighted maturity associated with a one percentage point increase

in annualized GDP growth, while the coefficient for large firms implies a 0.11 year increase.

There are no large differences in the average weighted maturity for firms of different ages: The

coefficient for small firms is 0.09, the coefficient for large firms is also 0.09.

Table 12: Business cycle patterns conditional on firm size and age.

(a) Size

Inv. Debt Iss. LT Share Avg. Mat.

Q1 × dGDP(t) 0.03∗∗∗ 0.04∗∗ 0.13∗∗∗ 0.05∗∗∗

(0.01) (0.02) (0.04) (0.01)
Q2 × dGDP(t) 0.07∗∗∗ 0.10∗∗∗ 0.14∗∗∗ 0.02∗

(0.01) (0.01) (0.03) (0.01)
Q3 × dGDP(t) 0.09∗∗∗ 0.18∗∗∗ 0.19∗∗∗ 0.08∗∗∗

(0.01) (0.01) (0.03) (0.01)
Q4 × dGDP(t) 0.05∗∗∗ 0.19∗∗∗ 0.02 0.11∗∗∗

(0.01) (0.01) (0.03) (0.01)

Observations 410812 410812 354082 83942
Adjusted R2 0.284 0.299 0.542 0.188

(b) Age

Inv. Debt Iss. LT Share Avg. Mat.

Q1 × dGDP(t) 0.10∗∗∗ 0.16∗∗∗ 0.18∗∗ 0.09∗∗∗

(0.01) (0.03) (0.08) (0.03)
Q2 × dGDP(t) 0.07∗∗∗ 0.10∗∗∗ 0.03 0.02

(0.01) (0.03) (0.07) (0.02)
Q3 × dGDP(t) 0.07∗∗∗ 0.15∗∗∗ 0.14∗ 0.02

(0.01) (0.03) (0.08) (0.03)
Q4 × dGDP(t) 0.06∗∗∗ 0.19∗∗∗ 0.02 0.09∗∗∗

(0.01) (0.03) (0.06) (0.02)

Observations 85085 85085 68450 16066
Adjusted R2 0.300 0.281 0.532 0.177

Note: This table reports the results of estimating regression B.2. Inv. is investment, debt iss. debt issuance,
lt share the long-term debt share and avg. mat. the average weighted maturity of debt. Data source:
Compustat and Field-Ritter database. Time period: 1984Q1-2012Q4. p-values: ∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1.
Standard errors in parentheses are clustered at the firm level. dGDP(t) is year-on-year GDP growth, i.e.
dGDP(t) = GDP(t) - GDP(t-4). All regressions include additionally a constant and a quadratic time trend,
as well as controls and fixed effects (not reported). The control variables are the lagged dependent variable,
log(assets), cash flow/assets, book leverage and the market to book ratio. Size quartiles are computed by
sorting observations within each quarter according to total assets. Age quartiles are computed by sorting
observations within each quarter according to their founding year.
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B.3 Cyclicality Conditional on Multiple Firm Characteristics

Table 13 include results of conditioning on multiple characteristics. For these results, the

following regression is estimated:

Yit = α+
4∑
j=1

4∑
k=1

βjkdGDPt × 1
(
Ageit ∈ Qjt (Age)

)
× 1

(
Sizeit ∈ Qkt (Size)

)
+ γXit + ηYit−1 + δi + trendt + εit. (B.3)

Conditional on size, young firms tend to have more pro-cyclical investment than old firms.

For larger size quartiles, young firms also tend to have more pro-cyclical debt issuance than

old firms. Conditional on age, large firms have more pro-cyclical investment and debt issuance

than small firms. In general, conditional on age, the pro-cyclicality of the long-term debt share

is driven by medium-sized and large firms. Conditional on size, young firms have the most pro-

cyclical long-term debt share. Within the smallest firm size quartile, older firms have a more

pro-cyclical average weighted maturity, while this is the opposite within the largest firm size

quartile. Within the youngest firm age quartile, larger firms have a more pro-cyclical average

maturity, which is also true within the oldest firm age quartile.

C Full Set of Model Equations

C.1 Non-Stationary Firm Problem

Value of equity, no exit, no default

V C(L,B,M,ZP ) = max
K′,B′,M ′

{
D + βEV (K ′, B′,M ′, ZP )

}
(C.1)

subject to

D = E − φ|E|1D<0 (C.2)

E = L− (1− τ)cB −MB −K ′ +Q(K ′, B′,M ′;M ′)B′ −Q(K ′, B′,M ′;M)(1−M)B − ξ|J |
(C.3)

L = (1− τ)ZKα − δK +K − ψ (C.4)

Z = (ZP )1−αZT (C.5)

ZT = 1 + ε (C.6)

ZP = ZP−1 exp(η) (C.7)

J = B′ − (1−M)B (C.8)
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Table 13: Business cycle patterns conditional on both firm size and age.

Inv. Debt Iss. LT Share Avg. Mat.

Q1 × Q1 × dGDP(t) 0.03 0.02 0.06 0.08
(0.03) (0.07) (0.20) (0.08)

Q1 × Q2 × dGDP(t) -0.03 0.12 0.12 -0.02
(0.03) (0.08) (0.20) (0.06)

Q1 × Q3 × dGDP(t) -0.01 0.02 -0.17 -0.03
(0.04) (0.09) (0.27) (0.07)

Q1 × Q4 × dGDP(t) 0.07 0.10 -0.12 -0.06
(0.06) (0.09) (0.35) (0.09)

Q2 × Q1 × dGDP(t) 0.08∗∗∗ 0.08∗ 0.11 0.05
(0.02) (0.04) (0.13) (0.05)

Q2 × Q2 × dGDP(t) 0.06∗∗∗ 0.03 0.07 -0.01
(0.02) (0.04) (0.12) (0.04)

Q2 × Q3 × dGDP(t) 0.04∗∗ 0.10∗∗ 0.08 -0.01
(0.02) (0.04) (0.14) (0.05)

Q2 × Q4 × dGDP(t) 0.01 0.07 -0.05 0.02
(0.03) (0.06) (0.16) (0.04)

Q3 × Q1 × dGDP(t) 0.14∗∗∗ 0.25∗∗∗ 0.35∗∗∗ 0.06
(0.02) (0.05) (0.11) (0.05)

Q3 × Q2 × dGDP(t) 0.11∗∗∗ 0.16∗∗∗ 0.02 0.00
(0.02) (0.04) (0.11) (0.04)

Q3 × Q3 × dGDP(t) 0.11∗∗∗ 0.21∗∗∗ 0.36∗∗∗ 0.09∗∗

(0.02) (0.04) (0.11) (0.04)
Q3 × Q4 × dGDP(t) 0.08∗∗∗ 0.13∗∗∗ -0.01 0.09∗∗∗

(0.02) (0.04) (0.09) (0.03)
Q4 × Q1 × dGDP(t) 0.08∗∗ 0.28∗∗∗ 0.10 0.21∗∗∗

(0.04) (0.07) (0.11) (0.05)
Q4 × Q2 × dGDP(t) 0.05∗∗ 0.11∗∗ -0.07 0.11∗∗

(0.03) (0.05) (0.12) (0.05)
Q4 × Q3 × dGDP(t) 0.05∗∗ 0.18∗∗∗ -0.00 -0.03

(0.03) (0.05) (0.13) (0.05)
Q4 × Q4 × dGDP(t) 0.07∗∗∗ 0.35∗∗∗ 0.10 0.14∗∗∗

(0.02) (0.05) (0.08) (0.03)

Observations 85085 85085 68450 16066
Adjusted R2 0.301 0.281 0.532 0.178

Note: This table reports the results of estimating regression B.3. Inv. is investment, debt iss. debt issuance,
lt share the long-term debt share and avg. mat. the average weighted maturity of debt. Data source:
Compustat and Field-Ritter database. Time period: 1984Q1-2012Q4. p-values: ∗∗∗ = 0.01,∗∗= 0.05,∗= 0.1.
Standard errors in parentheses are clustered at the firm level. dGDP(t) is year-on-year GDP growth, i.e.
dGDP(t) = GDP(t) - GDP(t-4). All regressions include additionally a constant and a quadratic time trend,
as well as controls and fixed effects (not reported). The control variables are the lagged dependent variable,
log(assets), cash flow/assets, book leverage and the market to book ratio. Size quartiles are computed by
sorting observations within each quarter according to total assets. Age quartiles are computed by sorting
observations within each quarter according to their founding year.
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Value of equity, exit, no default

V E(L,B,M,ZP ) = D

subject to

D = E − φ|E|1D<0 (C.9)

E = L− (1− τ)cB −B (C.10)

L = (1− τ)ZKα − δK +K − ψ (C.11)

Z = (ZP )1−αZT (C.12)

ZT = 1 + ε (C.13)

ZP = ZP−1 exp(η) (C.14)

Continuation value function

EV (K ′, B′,M ′, ZP ) = β

∫ ∞
−∞

exp(η)

[
(1− π) max

εC

∫ ∞
εC

V C(L′, B′,M ′, ZP exp(η))dG(ε)

+πmax
εE

∫ ∞
εE

V E(L′, B′,M ′, ZP exp(η))dG(ε)

]
dF (η) (C.15)

subject to

L′ = L(K ′, ε, ZP exp η) (C.16)

C.2 Bond Prices

Cash flow, no exit, no default

qC(L,B,M,ZP ;M) = M + c+ (1−M)Q(K ′, B′,M ′, ZP ;M) (C.17)

subject to

K ′ = K(L,B,M,ZP ) (C.18)

B′ = B(L,B,M,ZP ) (C.19)

M ′ = M(L,B,M,ZP ) (C.20)

Cash flow, exit, no default

qE = 1 + c (C.21)
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Cash flow, default

qD(L,B) = χmax

{
min

{
L

B
, 1

}
, 0

}
(C.22)

Bond price

Q(K ′, B′,M ′, ZP ;M) = β

∫ ∞
−∞

[
(1− π)

[∫ ∞
εC

qC(L′, B′,M ′, ZP exp(η);M)dG(ε) +

∫ εC

−∞
qD(L′, B′)dG(ε)

]

+π

[∫ ∞
εE

qEdG(ε) +

∫ εE

−∞
qD(L′, B′)dG(ε)

]]
dF (η) (C.23)

C.3 Stationary Firm Problem

Given the assumptions made in the text,

V C(L,B,M,ZP ) = ZP vC(L/ZP , B/ZP ,M) = ZP vC(l, b,M), (C.24)

and

V E(L,B,M,ZP ) = ZP vE(l, b). (C.25)

The optimal implied default decisions are given by

εC(k, b,M, η) =
{
ε|vC(L(k, ε, η), b,M) = 0

}
(C.26)

εE(k, b, η) =
{
ε|vE(L(k, ε, η), b) = 0

}
. (C.27)

These decisions are invariant to ZP . For the optimal firm decisions follows

K(L,B,M,ZP ) = ZP k̂(l, b,M) (C.28)

B(L,B,M,ZP ) = ZP b̂(l, b,M) (C.29)

M(L,B,M,ZP ) = M(l, b,M). (C.30)

where x̂ = x exp(η) for each variable x. Given that the optimal firm decisions are linear in ZP

and that the default decisions are invariant to ZP , bond prices are invariant to ZP :

Q(K ′, B′,M ′, ZP ;M) = Q(k̂′, b̂′,M ′;M). (C.31)

D Equilibrium

Define L ⊆ R, K ⊆ R, B ⊆ R and M ⊆ [0, 1]. The recursive competitive equilibrium for this

economy is given by a set of policy functions k̂ : L × B ×M → R, b̂ : L × B ×M → R and

M : L × B ×M → [0, 1] for capital, debt, and debt maturity; default thresholds εC : K × B ×
M× [η1, . . . , ηN ]→ R and εE : K× B× [η1, . . . , ηN ]→ R; value functions vC : L× B×M→ R
and vE : L × B → R; and bond price functions Q : K × B ×M ×M → R such that for every

firm i:

45



1. for any (l, b,M) ∈ L×B×M, given Q, k̂(l, b,M), b̂(l, b,M) and M(l, b,M) maximize the

continuation problem C.1, with the solution to the firm problem given by vC (l, b,M).

2. for any (k, b,M, η) ∈ K×B×M× [η1, . . . , ηN ], given Q, the firm chooses a default policy

conditional on no exit εC(k, b,M, η) such that

vC(l(k, εC(k, b,M, η), η), b,M) = 0

and a default policy conditional on exit εE(k, b, η) such that

vE(l(k, εE(k, b, η), η), b) = 0

3. for any
(
k̂′, b̂′,M ′,M

)
∈ K × B ×M ×M, given k̂, b̂ ,M, εC(k, b,M, η) and εE(k, b, η),

Q
(
k̂′, b̂′,M ′;M

)
is the solution to the bond pricing equation C.23.

The first equilibrium condition states that the firm makes optimal investment and debt issuance

decisions, taking the bond prices as given, the second states that the firm makes an optimal

default decision, taking the bond prices as given, and the last condition states that bond price

schedules incorporate the true default probability of the firm, taking firm policies as given.

E Additional Analytical Results

Default Threshold Derivatives The derivatives of the optimal default threshold with re-

spect to the states are found by differentiating 4.10, using the implicit function theorem on the

default threshold condition 4.9 to find the derivatives of l(b,M) with respect to b and M . The

derivatives are given by

∂ε

∂k
(k, b,M) = −

(αε(k, b,M)kα−1 − δ)(1− τ) + 1)

(1− τ)kα
(E.1)

∂ε

∂b
(k, b,M) = −− [c(1− τ) +M + (1−M)Q(k′, b′,M ′;M)]

(1− τ)kα
(E.2)

∂ε

∂M
(k, b,M) = −

(Q(k′, b′,M ′;M)− 1)b− (1−M) ∂Q∂M (k′, b′,M ′;M)

(1− τ)kα
. (E.3)

Equation E.1 shows that the default threshold is decreasing in the capital stock of the firm, as

a firm with more assets is less likely to default. Equation E.2 shows that it is increasing in its

level of debt, as shareholders are more likely to default if a larger fraction of the firm’s value

accrue to its creditors. This is illustrated in Figure 2 for two cases: The blue line shows the

default threshold as a function of the level of outstanding debt for a long maturity of outstanding

debt, the red line for a short maturity of outstanding debt. A higher level of outstanding debt

increases the default threshold, increasing the likelihood that the firm defaults.

The interpretation of the derivative with respect to the maturity of the firm’s debt in equa-

tion E.3 is complicated by the presence of the derivative ∂Q
∂M (k′, b′,M ′;M). It is however possible

to show that this derivative is positive. Moreover, as Q(k′, b′,M ′;M) ≤ 1, the sign of the deriva-

tive is always negative. Intuitively, shortening the maturity structure of the firm shifts the cash
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flows that the shareholders pay to the creditors forward in time, which increases the incentive

to default in the next period. This is again shown in Figure 2: The default threshold for a

short maturity structure of outstanding debt is always above the default threshold for a long

maturity structure of outstanding debt.

F Additional Numerical Results

F.1 Cross-Sectional Moments

Table 14 displays the ability of the model to fit cross-sectional moments. The model delivers

plausible volatilities for the financial variables of the firm: The volatilities of the long-term

debt share, debt issuance, equity issuance and cash flow are similar to the data. Leverage is

somewhat too high. The average long-term debt share is matched well. Investment is somewhat

too volatile. This could be remedied by adding investment adjustment costs to the model, which

would however come at the cost of adding one more state variable to the model. The levels of

debt issuance and cash flow are somewhat too high. Overall, however, the parametrization of

the model delivers cross-sectional means and standard deviations of realistic magnitude.

Table 14: Untargeted moments: Cross-section.

Mean Std. Dev.

Model Data Model Data

Leverage 71.98 30.20 10.74 42.62
Long-Term Debt Share 68.65 65.12 23.43 35.01
Investment/Capital 5.10 3.62 10.16 5.39
Debt Issuance/Capital 9.26 1.85 13.01 12.22
Equity Issuance/Capital -0.64 1.27 3.54 7.12
Debt Issuance, Frequency 66.12 29.90 47.33 -
Equity Issuance, Frequency 5.96 7.90 23.67 -
Cash Flow/Capital 6.63 -0.04 11.18 11.83
Credit Spread (5 year bond) 4.12 2.30 3.05 -

Note: This table compares cross-sectional moments from the data to those from model simulations. The data
moments come from Compustat. The model moments come from a simulation of the model for 2000 quarters
with 100000 firms. The first 1000 periods of the simulation are discarded.

F.2 Stationary Distribution

Figure 6 shows the joint distributions of firm size and firm age as well as debt and firm age

in the model. Age is measured as the time since the foundation of the firm, size is measured

as the net worth of the firm. Young firms have a lower net worth than old firms, as they first

need to grow towards their efficient size. Moreover, young firms have a higher leverage. The

model generates rich predictions for how financial constraints vary over the life cycle. First, it

is shown that these predictions are consistent with some stylized facts. Secon

Due to liquidity constraints, the variation in net worth will generate investment and financing

dynamics even for old firms: Absent liquidity constraints, transitory shocks would not have an
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Figure 6: The joint firm size/firm age and firms age/firm leverage distributions.

Note: This figure displays the joint distributions in a simulation of the model. The left panel displays the
joint distribution of firm age and firm size, as measured by the net worth of the firm. The right panel displays
the joint distributions of firm age and firm debt. The model moments come from a simulation of the model
for 2000 quarters with 100000 firms. The first 1000 periods of the simulation are discarded.

effect on firms’ investment and debt issuance decisions, as these decisions would only depend on

firms’ expected future cash flows. In the presence of long-term debt, permanent shocks would

still have an effect on firms’ investment and debt issuance decisions, as they shift the effective

level of outstanding debt from the firms’ desired level b̂ to the actual level b = b̂ exp(−η). In

a model with only short-term debt and without liquidity constraints, firms’ policies would be

unaffected by both transitory and permanent shocks.

G Numerical Algorithm

G.1 Model Solution

The model is solved using Matlab. The solution algorithm is a value function iteration algorithm

based on Hatchondo, Martinez, and Sosa-Padilla (2016). It works as follows:

1. Start with a guess for the expected value function EV (k̂′, b̂′,M ′) and bond pricesQ(k̂′, b̂′,M ′;M).

Expectations are computed on a grid with 50 points for k̂′, 50 for b̂′ and 10 for M ′ and

M . The equilibrium for the infinite horizon model might not be unique. I therefore follow

Hatchondo and Martinez (2009) and approximate the infinite horizon value functions by

finite horizon value functions for the first period. Therefore, the initial guesses are the

terminal value function and the terminal bond prices.

2. Compute the policy functions and value function on a grid for (l, b,M). Matlab’s fmin-

search is used to find the optimal policy functions k̂′(l, b,M), b̂′(l, b,M) and M ′(l, b,M).

3. Use the optimal policy functions to calculate the value function v(l, b,M) and the contin-

uation bond prices q(l, b,M).

4. Use the value function and the continuation bond prices to calculate the expected value

function and bond prices on a grid for (k̂′, b̂′,M ′). For the calculation of the expecta-

tions, the transitory productivity shock is treated as continuous, using Gauss-Legendre
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quadrature to calculate the expectation over ε. A continuous, transitory shock helps with

the convergence of the bond prices (see e.g. Chatterjee and Eyigungor (2012)). I use

25 quadrature points to compute the expectations approximating the integrals piecewise

in the default and no-default regions, using the exact default cut-offs ε̄. The permanent

shock η is discretized using the Tauchen-procedure with 5 points. By approximating the

expectations, expectations have to be calculatated only once outside the maximization

step instead of many times within the maximization step.

5. Repeat until the updating errors in the expected value function and bond prices are less

than 1e-4.

G.2 Simulation Procedure

A panel of 100000 firms for is simulated for 2000 quarters. The first 1000 quarters are discarded

Defaulted firms are replaced with new firms with a permanent productivity of 1. This is

inconsequential for the simulation. These firms start out with zero debt and zero liquid assets.

In the data, short-term debt is defined as debt with a maturity of less than 1 year. This

definition includes long-term debt with a residual maturity of less than 1 year. In the model,

debt with a maturity of less than 1 year is given by

(1− (1−Mi,t)
4)Bi,t. (G.1)

Therefore, the share of long-term debt in total debt at the firm level is given by

Bi,t − (1− (1−Mi,t)
4)Bi,t

Bi,t
= (1−Mi,t)

4. (G.2)

Market leverage at the firm level is calculated as the market value of debt divided by the market

value of debt plus the ex dividend value of equity:

Qi,tBi,t+1

Vi,t −Di,t − EIC(Di,t) +Qi,tBi,t+1
. (G.3)

Book leverage is given by
Bi,t+1

Ki,t+1
. (G.4)
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