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1 Introduction

When aggregate output is high, U.S. firms as a whole issue more debt and increase

their equity payouts. This suggests that more funds flow from bondholders to share-

holders in booms than in recessions. In this paper, I propose a simple, equilibrium

model that captures this behavior. The key elements of the model are a tax advan-

tage on debt and a credit insurance premium that depends on the firm’s leverage

ratio. These two frictions pin down the firm’s optimal steady-state debt level and

generate procyclical equity payouts and debt issuance. Unlike other approaches in

the literature, the model can match key business cycle moments quite well with

standard technology shocks alone.

I employ a dynamic stochastic general equilibrium (DSGE) modeling approach

in the real business cycle (RBC) tradition. It is well known that traditional RBC

models exhibit Modigliani-Miller irrelevance: the optimal level of firms’ debt is

indeterminate. This follows immediately from the assumption of frictionless financial

markets. On the other hand, a common view in the corporate finance literature is

that firms pursue a financial mix that balances the costs and benefits of different

forms of finance (Leary and Roberts (2005)). According to this “tradeoff theory” of

capital structure, financial frictions such as interest tax deductions and bankruptcy

costs pin down a firm’s optimal debt level (see, for example, Scott (1976) and Miller

(1977)). In a survey of CFOs conducted by Graham and Harvey (2001), most

respondents reported that they have at least a loose target for their firms’ debt-

equity ratio. Many of the participants stated that interest tax deductions and credit

ratings influence decisions about how much debt to issue.

Motivated by the tradeoff theory of capital structure, I build a model in which

firms decide how much to borrow by weighing the costs and benefits of debt relative

to equity financing. I assume that interest payments are tax deductible. All else

equal, this makes debt financing preferred to equity. However, I also require lenders

to pay a credit insurance premium that is increasing in the firm’s leverage ratio

(defined as the ratio of outstanding debt to the capital stock). The tradeoff between
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Figure 1: Median leverage (debt-to-capital) ratios for publicly listed firms in the U.S.
in 2006, grouped by S&P credit rating on long-term debt. Here “capital” refers to
a firm’s outstanding debt plus equity. Each bar in the graph plots the median debt-
to-capital ratio of all active Compustat firms with the given credit rating. Source:
Compustat, author’s calculations.

the tax advantage and the insurance premium determines the firm’s optimal steady-

state debt level.

The novel assumption that the credit insurance premium increases with the

firm’s leverage ratio is motivated by the observation that investors regard the debt

of highly leveraged firms as particularly risky. Indeed, one of the metrics that credit

rating agencies use to assign bond ratings is a firm’s leverage ratio. Figure 1 shows

the median leverage ratio for firms with different credit ratings. Firms with higher

leverage ratios tend to have lower ratings, reflecting a higher expected probability

of default (and/or greater expected losses from default). It is also well known that

lower-rated firms must offer higher yields to bond investors than higher-rated firms.

In the model, the more highly leveraged the firm, the greater the cost of insuring

its debt, and (all else equal) the less willing lenders are to lend to it.

I calibrate the model to U.S. quarterly data for the nonfinancial business sector
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for the period 1984.1 – 2009.4. I separately consider two possible sources of business

cycle fluctuations: standard technology shocks and shocks to the credit insurance

premium. Following a positive technology shock, the tax advantage raises the return

on bonds to households relative to the cost of borrowing for firms. In equilibrium,

this prompts households to lend more to firms, driving up the insurance premium

and equalizing the households’ return with the firms’ cost of borrowing. Firms

use the additional proceeds raised in debt markets to finance higher payouts to

shareholders, replicating the pattern observed in the data. The calibrated model

with technology shocks alone matches key business cycle moments in the data quite

well.

In response to an expansionary (negative) shock to the credit insurance premium,

firms also borrow more and increase payouts to shareholders. However, the economic

mechanism is different: the shock to the insurance premium directly raises the return

on bonds to households, prompting them to lend more to firms. One undesirable

side-effect of credit shocks is that consumption is negatively correlated with output,

which is counterfactual. Also, the model requires a very high volatility of credit

shocks (by themselves) to match the volatility of output in U.S. data.

I compare my model (henceforth, the “benchmark model”) with that of Jermann

and Quadrini (2009b) (henceforth, “JQ”), which is the closest to mine in the lit-

erature. Instead of a credit insurance premium, JQ impose a binding enforcement

constraint on firms that limits the amount of debt they can take on. The enforce-

ment constraint derives from an agency problem: the firm’s owners can default,

but lenders can only recover a fraction of the firm’s residual equity value if default

occurs. I calibrate the JQ model separately with technology and credit shocks. The

JQ model with technology shocks predicts that firms borrow less and reduce eq-

uity payouts in booms, which is counterfactual. The JQ model with credit shocks

correctly predicts procyclical equity payouts and debt issuance, but it also predicts

countercyclical consumption (in common with the benchmark model with credit in-

surance shocks). Both the benchmark and JQ models offer plausible explanations

for the cyclical behavior of debt and equity. The benchmark model emphasizes
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technology shocks and the effect of leverage on credit costs, while the JQ model

emphasizes the role of credit shocks that affect the agency problem between firms

and lenders.

This paper contributes to a growing literature on the business cycle behavior of

corporate debt and equity. In addition to Jermann and Quadrini (2009b), related

papers include Bernanke et al. (1999), Levy and Hennessy (2007), and Covas and

den Haan (2006). Bernanke et al. (1999) introduce corporate debt into a New

Keynesian business cycle model to illustrate how credit markets can amplify the

real effects of macroeconomic and monetary shocks. Relative to that model, my

model allows for equity issuance and studies the joint dynamics of corporate debt

and equity flows. Levy and Hennessy (2007) study a general equilibrium model in

which managers can finance investment with debt or equity but may also divert

resources from bondholders and shareholders. I differ by assuming that the firm’s

objective is aligned with its equity shareholders. Covas and den Haan (2006) analyze

a heterogeneous-firm model of debt and equity finance with a constant (exogenous)

required rate of return for investors. In contrast, as in JQ, I take a representative-

agent approach, and all rates of return are determined endogenously in general

equilibrium.

The rest of the paper is structured as follows. Section 2 documents some business

cycle facts about corporate debt and equity flows. Section 3 presents the benchmark

model. Section 4 presents results from the benchmark model for two calibrations:

one with technology shocks and one with shocks to the credit insurance premium.

Section 5 performs a similar analysis for the JQ model and compares the results

with the benchmark model. Section 6 concludes.

2 Debt and equity flows in the U.S. business sector

For the U.S. nonfinancial business sector, net debt repurchases and net equity pay-

outs are strongly negatively correlated over the business cycle.1 Figure 2 plots net
1This section replicates and updates a set of facts previously documented by Jermann and

Quadrini (2009b). The Appendix of that paper contains more details about the data.
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Figure 2: Aggregate debt and equity flows in the U.S. nonfinancial business sector,
as shares of sector output, 1984.1 – 2009.4. “Net Debt Repurchases” is the net
decrease in credit market liabilities over the quarter. “Net Equity Payouts” equals
dividends plus net repurchases of equity shares in the corporate sector (net of new
stock issuance), less proprietors’ net investment in the noncorporate sector. Both
variables are divided by output in the nonfinancial business sector. Sources: Federal
Reserve Flow of Funds, author’s calculations.

debt repurchases and net equity payouts in this sector, expressed as shares of sector

output. Data are quarterly flows from the Federal Reserve’s Flow of Funds for the

period 1984.1 – 2009.4. “Net Debt Repurchases” is the net decrease in the sector’s

credit market liabilities over the quarter. Note that a negative number reflects net

issuance of debt. “Net Equity Payouts” equals dividends plus net repurchases of eq-

uity shares in the corporate sector (net of new stock issuance), less proprietors’ net

investment in the noncorporate sector. This variable captures net flows to share-

holders as a group, including small business owners.2 Both variables are divided

by output in the nonfinancial business sector. The strong negative comovement

between debt repurchases and equity payouts is apparent from the graph.
2I view dividends and equity issues as two sides of the same coin: a firm that wishes to “raise

capital” through equity may do so by lowering its dividend, by offering new shares, or both. Equiva-
lently, a firm that wishes to “pay shareholders” may do so by increasing its dividend, by repurchasing
shares, or both. The model to be presented abstracts from differences between dividend policy and
equity repurchases/issuance.
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Variables Standard Deviation (x100) Correlation with GDP
Net Equity Payouts 1.77 0.56

Net Debt Repuchases 2.17 -0.71
GDP 1.05 –

Consumption 0.90 0.86
Investment 6.77 0.88

Hours Worked 1.71 0.86

Table 1: Business cycle moments for selected real and financial variables from 1984.1
– 2009.4. “Net Equity Payouts” and “Net Debt Repurchases” are as described in
Figure 2. GDP, Consumption, and Investment are from the BEA NIPA accounts.
Hours Worked are from the Bureau of Labor Statistics. I detrend all variables using
a Hodrick-Prescott filter with a smoothing parameter of 1600.

The negative correlation between debt repurchases and equity payouts suggests

that businesses substitute to some degree between debt and equity finance. In fact,

this substitution is rather systematic over the business cycle. Table 1 computes busi-

ness cycle moments for net equity payouts and net debt repurchases, along with the

typical macro variables. I detrend all variables using a Hodrick-Prescott filter with

a smoothing parameter of 1600. However, the key findings are unchanged if I use a

Baxter-King band-pass filter instead (results available on request). Net equity pay-

outs are positively correlated with output (“procyclical”), and net debt repurchases

are strongly negatively correlated with output (“countercyclical”). The nonfinan-

cial business sector as a whole takes on more debt and pays more to shareholders

in booms. Conversely, in recessions and downturns, the business sector reduces its

borrowing (sometimes even repaying debt) and lowers its payments to shareholders.

The business cycle correlation between net debt repurchases and net equity payouts

(not given in the table) is -0.61.

It’s useful here to briefly review the more “conventional” business cycle facts

summarized in Table 1. Consumption, investment and hours worked are all strongly

procyclical. Consumption is less volatile than GDP, while hours worked are more

volatile than GDP, and investment is much more volatile than GDP. Note that

net debt repurchases and net equity payouts are more volatile than GDP, but not

as volatile as investment. Finally, debt repurchases are more volatile than equity
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payouts.

3 The Model

The benchmark model economy consists of a continuum of identical households and

a continuum of identical, perfectly competitive firms. Since firms are the main actors

of interest, I present the firm’s problem first.

3.1 Firm’s problem

A representative firm combines capital, kt−1, labor, lt, and technology, zt, to produce

output, yt, according to a standard Cobb-Douglas production function:

yt = ztk
θ
t−1l

1−θ
t (1)

where θ ∈ (0, 1) is the share of capital in income. The firm owns its capital stock

but must pay the competitive real wage, wt, for each unit of labor employed. Each

period, after producing output and paying wages, the firm decides how much to

invest (or disinvest) in its capital stock, how much to borrow in debt markets, and

how much to pay (or charge) shareholders. Interest payments on corporate debt

are tax-deductible. Following JQ, I capture this by assuming that firms can issue

one-period discount bonds at a price that reflects the after-tax interest rate. JQ

also argue that equity payouts are “sticky”, in the sense that firms tend to smooth

dividends over time. To allow for this possibility, I assume that it costs the firm

ϕ(dt) to make a net equity payment of dt:

ϕ(dt) = dt + κ (dt − d)2 (2)

where d is the long-run (steady-state) value of the equity payout.
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Investment is just the net change in the firm’s capital stock, which depreciates

at the rate δ ∈ (0, 1):

it = kt − (1− δ)kt−1 (3)

The firm’s budget constraint can be written as follows:

yt − wtlt +
bt

1 + rt(1− τ)
= bt−1 + it + ϕ(dt) (4)

Here bt is a one-period discount bond issued by the firm in period t that pays the

holder 1 unit of the output good in period t+1. rt is the before-tax real interest rate,

and τ ∈ (0, 1) is the marginal corporate tax rate. The firm maximizes the expected

present discounted value of equity payouts, discounted using the stochastic discount

factor mt. That is, the firm maximizes:

E0

[ ∞∑
t=0

mtdt

]

subject to (1), (2), (3), and (4). The Appendix lists the first-order conditions for

the firm’s problem.

3.2 Household’s problem

A representative household supplies labor to firms and consumes the firm’s output

goods. The household’s period utility function is as follows:

U
(
ct, l

h
t

)
=

1
1− γ

c1−γt + α ln
(

1− lht
)

where ct is consumption and lht ∈ (0, 1) is the amount of labor supplied by the
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household. γ > 0 is the coefficient of relative risk aversion in consumption and

α > 0 indexes the household’s disutility of working.

The household receives wage income wtlht and can hold equity shares in the firm

as well as corporate bonds issued by the firm. Let bht denote a corporate bond

purchased by the household in period t. This bond promises to pay one unit of the

output good in period t + 1. How much must the household pay to buy this bond

in period t? If the bond were truly risk-free, the household would pay 1/(1 + rt).3

However, I assume that the household must also pay an insurance premium, µt, to

guarantee the bond against default. The household could, in principle, choose not

to pay the insurance premium; however, the bond would then default with certainty.

Therefore, in equilibrium, the household always pays the insurance premium.4

The household’s problem is as follows:

maxE0

[ ∞∑
t=0

βtU
(
ct, l

h
t

)]

s.t. wtlht + bht−1 + st−1 (dt + pt) =
(

1
1 + rt

+ µt

)
bht + stpt + ct + Tt (5)

Here st denotes equity shares purchased by the household in period t, dt is the

per-share equity payout from firms, pt is the market price of a share, and Tt is a

lump-sum tax used to finance the interest tax deduction enjoyed by firms. Because

I normalize the supply of shares to 1, the per-share equity payout in (5) equals the

firm’s total equity payout. The Appendix lists the household’s first-order conditions.

Households take the insurance premium µt as given. However, I further assume

that in equilibrium, µt is given by:
3Note that the tax break on interest payments accrues only to the borrower, not to the lender.
4I do not explicitly model the firm’s decision to default, but informally, one can interpret the

insurance premium as the resolution of an agency problem. Absent some monitoring by an outside
agency (e.g., a bank or a regulator), a firm’s manager could steal borrowed funds. Monitoring
prevents the firm from defaulting, but it is costly. Under this interpretation, the assumptions
outlined above imply that (i) without monitoring, the manager will steal all borrowed funds; (ii)
with monitoring, the manager cannot steal any borrowed funds; and (iii) monitoring is the only
mechanism available to households to prevent the manager from stealing.
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µt = at

(
bt
kt−1

)
(6)

where at is an exogenous component of the insurance premium. I refer to the ratio

bt/kt−1 as the firm’s leverage ratio. The motivation for (6) is that more highly

leveraged firms are more likely to default, making their debt more costly to insure.

In equilibrium, the stochastic discount factor used by firms, mt, must be consistent

with household optimization. The required condition is as follows:

mt = β

(
ct
ct−1

)−γ
(7)

3.3 Market clearing

In equilibrium, the following market-clearing conditions must hold:

lht = lt (8)

bht = bt (9)

st = 1 (10)

yt − µtbt − κ (dt − d)2 = ct + it (11)

The first two equations are the market-clearing conditions for labor and corpo-

rate bonds, respectively. (10) says that households’ demand for equity shares must

equal the supply of shares, which is normalized to 1. (11) is the goods market-

clearing condition. It says that output, net of deadweight losses due to financial

frictions, must be completely exhausted by consumption and investment spending.
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3.4 Shock processes

There are two possible sources of uncertainty in the model: technology, zt, and the

exogenous component of the insurance premium, at. However, in this paper, I only

consider one stochastic shock at a time. When analyzing technology shocks, I fix

at at its steady-state value, a, and I assume that ẑt ≡ ln(zt/z) follows an AR(1)

process:

ẑt = ρz ẑt−1 + εz,t

(12)

When analyzing credit insurance shocks, I fix zt at its steady-state value, z, and I

assume that ât ≡ ln(at/a) follows an AR(1) process:

ât = ρaât−1 + εa,t

εz,t and εa,t are normally distributed, zero-mean, iid shocks with variances σ2
z and

σ2
a, respectively.

3.5 Equilibrium

An equilibrium is a sequence of values for kt, bt, dt, lt, wt, rt, ct, mt, µt, and pt

such that all markets clear when consumers and firms behave optimally, taking

equilibrium prices as given. I solve the model using a standard, first-order pertur-

bation technique around the unique non-stochastic steady-state. For convenience,

the Appendix summarizes all the equations of the model.
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4 Results

This section presents results from the calibrated benchmark model. I consider two

separate calibrations: one with technology shocks only, and one with credit insurance

premium shocks only.

4.1 Technology shocks

For this section, I fix the exogenous component of the insurance premium, at, to

its steady-state value (a). First, I describe calibration. Second, I show and discuss

impulse response functions for the key variables of the model. Third, I present

business cycle moments from the model and compare them with the data.

Table 2 summarizes the model calibration. β, the quarterly discount factor,

is 0.9825, which corresponds to an annual steady-state real interest rate of about

7.12%. γ is set to 1, so utility is logarithmic in consumption. The utility function

parameter α is calibrated to make the steady-state fraction of time spent working

equal to 0.3. I set θ, the share of capital in income, to 0.36, and δ, the depreciation

rate, to 0.025. The marginal corporate tax rate is 0.35, and the steady-state level of

technology is normalized to 1. All of the parameters above are calibrated following

JQ.

I set ρz, the persistence of (log) technology, to 0.95, a common value in the RBC

literature. Recall that a is the exogenous component of the insurance premium

in the steady-state. I calibrate a to match the average debt-to-capital-stock ratio

(“leverage ratio”) in the nonfinancial business sector, which is about 0.35 from 1984.1

– 2009.4. I then jointly calibrate σz, the standard deviation of (log) technology, and

κ, the equity cost parameter, to match the standard deviation of output and the

standard deviation of net equity payouts (as a share of output).

Figure 3 presents selected impulse response functions to a positive, one standard

deviation shock to (log) technology. On impact, net equity payouts rise sharply, and

net debt repurchases fall sharply. Since borrowing is positive in the steady-state,

the fall in debt repurchases indicates increased debt issuance.
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Parameter Description Value
β Discount factor 0.9825
γ Coefficient of relative risk aversion 1.0000
α Disutility of labor 1.8991
θ Share of capital 0.3600
δ Depreciation rate 0.0250
τ Tax rate 0.3500
z Steady-state technology 1.0000
ρz Persistence of technology 0.9500
σz Std of technology 0.0054
a Steady-state insurance parameter 0.0260
κ Equity cost parameter 0.0043

Table 2: Calibration: Benchmark model with technology shocks only.

Figure 3: Impulse responses to a positive, one standard deviation shock to log
technology – benchmark model.
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To understand the economic mechanism behind this result, it’s helpful to look

at the first-order conditions for borrowing (by firms) and lending (by households):

1 = Et [mt+1] ·Rft (13)

1 = Et [mt+1] ·Rht (14)

Rft = 1 + rt(1− τ)

Rht =
1

1
1+rt

+ µt

Here Rft is the real cost of borrowing for firms, and Rht is the real return on bonds

to households, net of the insurance premium.5 From the first-order conditions, we

must have Rft = Rht in equilibrium. The positive technology shock increases the

lifetime wealth of households, inducing a hump-shaped response for consumption

that is typical in RBC models. Since consumption is expected to increase next

period, the expected stochastic discount factor, Et[mt+1], falls (see (7)), and Rft

must rise. However, because firms enjoy a tax advantage on borrowing, the real

interest rate, rt, must rise proportionally more than Rft . Absent any change in

the insurance premium, µt, the return on bonds to households, Rht , would exceed

Rft , and households would want to make unbounded loans to firms. However, as

the amount lent to firms, bt, increases, the firm’s leverage ratio rises, driving up µt

(see (6)). The higher insurance premium ratchets Rht back down. In equilibrium,

on impact, corporate borrowing and the insurance premium both rise, such that

Rft = Rht .6

What does the firm do with the extra funds raised in debt markets? From the

firm’s budget constraint (4), the firm can spend its extra income on capital invest-

ment, equity payouts, or both. In the calibrated model it does both. Intuitively,
5Note that in a frictionless model, with τ = 0 and µt = 0, the two returns would both equal the

gross real interest rate.
6Equation (14) assumes that κ = 0 for ease of exposition. See the Appendix for the complete

first-order condition. When κ > 0, Rf
t need not exactly equal Rh

t outside of the steady-state. This
complicates the analysis, but it does not change the basic economic logic. In particular, a falling
expected stochastic discount factor still triggers a larger rise in rt than in Rf

t , forcing µt to rise in
order to make Rh

t nearly equal to Rf
t .
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Variables – Standard Deviations x100 Data Model
Net Equity Payouts 1.77 1.77

Net Debt Repurchases 2.17 2.17
GDP 1.05 1.05

Consumption 0.90 0.35
Investment 6.77 3.61

Hours Worked 1.71 0.54
Variables – Correlations with GDP Data Model

Net Equity Payouts 0.56 0.32
Net Debt Repurchases -0.71 -0.56

Consumption 0.86 0.86
Investment 0.88 0.98

Hours Worked 0.86 0.97

Table 3: Business cycle moments: Data versus benchmark model with technology
shocks only. All variables are Hodrick-Prescott filtered with a smoothing parameter
of 1600.

higher investment is optimal, but only up to a point, due to diminishing returns

to capital. As long as the cost of paying equity (κ) is not too large, the firm uses

some of the borrowed funds to increase the equity payout on impact, which directly

increases the firm’s objective function.

Table 3 compares business cycle moments from the calibrated model (with tech-

nology shocks only) to the data. All variables are Hodrick-Prescott filtered with a

smoothing parameter of 1600. Overall, the model matches the data fairly closely.

Net equity payouts are positively correlated with output, and net debt repurchases

are negatively correlated with output, consistent with the data. Consumption, in-

vestment, and hours worked are all strongly procyclical in both model and data.

In terms of volatilities, the model produces a nearly exact match for the standard

deviation of net debt repurchases.7 One shortcoming of the model is that the macro

variables (except GDP) are less volatile than in the data. This is particularly notable

with hours worked.
7Note that the standard deviation of net debt repurchases was not used as a calibration moment.

The calibration moments are the standard deviations of GDP and net equity payouts.
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Parameter Description Value
ρa Persistence of exog. insurance premium 0.9500
σz Std of technology 0.0000
σa Std of exog. insurance premium 0.2380
κ Equity cost parameter 0.5300

Table 4: Calibration: Benchmark model with credit insurance premium shocks only.
All parameters not listed here take the same values as in Table 2.

4.2 Credit insurance shocks

Since the financial crisis of 2007 – 2009, there has been renewed interest in shocks

to credit availability as a driving force behind macroeconomic fluctuations. These

shocks also play an important role in the JQ model. In this section, I analyze the

benchmark model with credit insurance premium shocks only. I fix the technology

level, zt, at its steady-state value (z), and I allow the exogenous component of the

insurance premium, at, to follow an AR(1) process in logs as described in Section

3. Table 4 lists the parameters that have changed. I set the persistence of the

exogenous insurance premium, ρa, to 0.95 to facilitate comparison with the case of

technology shocks. I then jointly calibrate the volatility of the exogenous insurance

premium, σa, and the equity cost parameter, κ, to match the standard deviations

of GDP and net equity payouts (as a share of GDP).

Figure 4 plots impulse response functions to a negative, one standard deviation

shock to the (log) insurance premium. Note that a negative shock to the insurance

premium is expansionary, in the sense that it increases output. The responses of net

equity payouts and net debt repurchases are very similar to the case of technology

shocks, but the economic mechanism is different. The sudden drop in the credit

insurance premium directly increases the return to households from holding bonds.

In order to equate the households’ return on bonds with the firms’ cost of borrowing,

households must lend more to firms, which partially (but not entirely) offsets the

effect of the lower at on the insurance premium, µt (see (6)). The firm uses some

of the additional debt financing for capital investment and some to increase equity

payouts to shareholders. An interesting implication of the model is that consumption
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Figure 4: Impulse responses to a negative, one standard deviation shock to the (log)
credit insurance premium, at – benchmark model.

falls in response to an expansionary credit shock. Intuitively, firms borrow more

from households and invest more on impact, even though output has not yet risen.

As a result, consumption must fall.

Table 5 compares business cycle moments from the calibrated model (with credit

insurance premium shocks only) to the data. The model is arguably a poorer fit when

all stochastic variation is driven by credit shocks. Of particular concern is the strong

negative correlation between consumption and output, which is counterfactual. The

model also predicts excessively volatile net debt repurchases, consumption, and

investment. Note in Table 4 that the standard deviation of the credit insurance shock

needs to be very high in order to replicate the volatility of GDP in the data.8 This
8Compare the standard deviation of at in the credit shock case, 0.2380, with the standard

deviation of zt in the technology case, 0.0054.
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Variables – Standard Deviations x100 Data Model
Net Equity Payouts 1.77 1.77

Net Debt Repurchases 2.17 4.39
GDP 1.05 1.05

Consumption 0.90 1.38
Investment 6.77 13.11

Hours Worked 1.71 1.60
Variables – Correlations with GDP Data Model

Net Equity Payouts 0.56 0.93
Net Debt Repurchases -0.71 -0.95

Consumption 0.86 -0.79
Investment 0.88 0.95

Hours Worked 0.86 0.93

Table 5: Business cycle moments: Data versus benchmark model with credit in-
surance shocks only. All variables are Hodrick-Prescott filtered with a smoothing
parameter of 1600.

induces higher volatility in the non-calibrated variables, compared to the technology

case. For hours worked, this is actually an advantage, and the model matches hours

worked more closely. However, at least based on second moments, the model appears

to fit the data better overall with technology shocks than with credit shocks.

5 Comparison with Jermann and Quadrini (2009b)

This section compares the model above with Jermann and Quadrini (2009b) (hence-

forth, “JQ”), who provide an alternative explanation for the cyclical behavior of

corporate debt and equity flows. First, I briefly review the JQ model. I then sepa-

rately analyze their model with technology shocks and with credit shocks, in each

case comparing the results to the benchmark model from Section 3.

5.1 Overview of model

The main difference between JQ and my model is the treatment of corporate debt.

In JQ, households do not pay an insurance premium to hold bonds issued by the firm.

Instead, the firm is limited in its borrowing by an enforcement constraint that is al-

ways binding in equilibrium. The enforcement constraint states that the ex-dividend
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equity value of the firm must exceed a certain multiple of the firm’s current output.

The form of this constraint derives from an agency problem. The authors assume

that the firm takes on an intratemporal loan of yt each period to pay for working

capital. Note that this is separate from conventional intertemporal debt. The firm’s

owners (equity holders) have the option of defaulting on the intratemporal loan at

the end of the period, after paying wages, intertemporal debt from last period, and

the current equity payout. If the firm’s owners default, they forfeit the residual

equity value V̄t = Et
∑∞

j=1mt+jdt+j , which is the present discounted value of equity

payouts starting next period. However, the lenders can recover only a fraction of

this value (e.g., due to bankruptcy costs). Because the firm loses value whenever

the owners default, both parties have an interest in renegotiating the intratemporal

loan. If they fail to reach an agreement, the firm’s owners walk away with yt and the

lenders recover the amount ξtV̄t, where ξt < 1 is the exogenous recovery fraction.

Incentive-compatibility imposes the following enforcement constraint:

ξtV̄t ≥ yt

Formally, JQ write the firm’s problem recursively, noting that the individual

states for the firm are capital, k, and intertemporal debt from last period, b:

V (k, b) = max
l,d,k′,b′

{
d+ E

[
m′V

(
k′, b′

)]}
s.t. y + (1− δ)k − wl +

b′

1 + r (1− τ)
= b+ ϕ (d) + k′ (15)

ξE
[
m′V

(
k′, b′

)]
≥ y (16)

y = zkθl1−θ

where expectations are understood to be conditioned on all available information

at the start of the period. The authors treat ξt as a stochastic variable, and they
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Parameter Description Value
σz Std of technology 0.0082
ξ Steady-state recovery fraction 0.1630
κ Equity cost parameter 0.1040

Table 6: Calibration: JQ model with technology shocks only. All parameters not
listed here take the same values as in Table 2.

refer to innovations to ξt as “credit shocks”. In particular, an increase in ξt relaxes

the enforcement constraint by reducing the required residual equity value of the

firm. This relaxation allows the firm to take on more debt, b′, which lowers the

residual equity value but lets the firm increase its current equity payout. Here I

model ξ̂t ≡ ξt/ξ as an AR(1) process:

ξ̂t = ρξ ξ̂t−1 + εξ,t

The rest of the model is essentially the same as in Section 3. I refer the interested

reader to Jermann and Quadrini (2009b) for more details.

5.2 Technology shocks

I follow the same approach as in Section 3 and analyze the model separately under

technology shocks and credit shocks. In this section, I fix the recovery fraction ξt at

its steady-state value, ξ, and allow technology, zt, to be a stochastic variable. Most

of the calibration follows the technology shock case from Section 3; Table 6 lists

only the new parameters and those that have changed. I calibrate the steady-state

recovery fraction, ξ, to match the average debt-to-capital ratio in the nonfinancial

business sector from 1984.1 – 2009.4, which is about 0.35. I then jointly calibrate

the standard deviation of the technology shock, σz, and the equity cost parameter,

κ, to match the standard deviation of output and the standard deviation of net

equity payouts (as a share of output).

Figure 5 presents impulse response functions to a positive, one standard devia-
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tion technology shock in the calibrated JQ model. Interestingly, net equity payouts

decline on impact, while net debt repurchases increase. In response to an unex-

pected increase in technology, the firm effectively issues more equity and reduces its

debt. Note that this behavior is exactly the opposite of the model in Section 3 and

appears to run counter to the data. What economic mechanism accounts for the

novel responses of equity payouts and debt repurchases? They key is the binding

enforcement constraint, equation (16). The increase in technology directly increases

output, yt, raising the value of the right hand side of the constraint. Because the

firm can now “steal” more working capital, incentive compatibility requires the firm

to boost its residual equity value (left hand side). This, in turn, requires the firm to

reduce both its debt level and its current equity payout. Evidence for this mecha-

nism appears in the middle-right panel of Figure 5, which shows that the Lagrange

multiplier on the enforcement constraint rises on impact.

Table 7 compares business cycle moments from the calibrated JQ model (with

technology shocks only) to the data. All variables are Hodrick-Prescott filtered with

a smoothing parameter of 1600. Net equity payouts are countercylical, and net debt

repurchases are slightly procyclical. This behavior appears counterfactual. Also,

the correlation between hours worked and output is much smaller in the model than

in the data. In terms of volatilities, the JQ model with technology shocks performs

similarly to the benchmark model from Section 3. In particular, the volatility of

net debt repurchases is close to the data, while the volatilities of consumption,

investment, and hours worked are somewhat less than in the data.

5.3 Credit shocks

In their paper, Jermann and Quadrini (2009b) show that credit shocks greatly im-

prove the fit of their model to both macro and financial data from 1984.1 – 2009.1.

In a companion paper, Jermann and Quadrini (2009a), the authors further argue

that credit shocks played an important role in driving the business cycle from 1952

– 2005. In this section, I analyze the role of credit shocks in the JQ model. The

authors treat credit shocks as stochastic innovations to the fraction of the firm’s
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Figure 5: Impulse responses to a positive, one standard deviation shock to (log)
technology – JQ model.

Variables – Standard Deviations x100 Data Model
Net Equity Payouts 1.77 1.77

Net Debt Repurchases 2.17 2.30
GDP 1.05 1.05

Consumption 0.90 0.39
Investment 6.77 3.34

Hours Worked 1.71 0.63
Variables – Correlations with GDP Data Model

Net Equity Payouts 0.56 -0.26
Net Debt Repurchases -0.71 0.12

Consumption 0.86 0.90
Investment 0.88 0.99

Hours Worked 0.86 0.20

Table 7: Business cycle moments: Data versus JQ model with technology shocks
only. All variables are Hodrick-Prescott filtered with a smoothing parameter of
1600.
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Parameter Description Value
σz Std of technology 0.0000
ξ Steady-state recovery fraction 0.1630
ρξ Persistence of recovery fraction 0.9500
σξ Std of recovery fraction 0.0162
κ Equity cost parameter 0.1780

Table 8: Calibration: JQ model with credit shocks only. All parameters not listed
here take the same values as in Table 2.

value recovered by lenders in the event of default (“recovery fraction”), ξt. Paral-

leling the approach in Section 3, I fix technology, zt, at its steady-state value; and

I allow the recovery fraction, ξt, to be a stochastic variable. Table 8 lists only the

new parameters and those that have changed, relative to the benchmark calibra-

tion. The steady-state recovery fraction, ξ, is again calibrated to match the average

debt-to-capital ratio in the data. I set the persistence of the recovery fraction, ρξ,

to 0.95 for ease of comparability with the other models. I then jointly calibrate

the standard deviation of the credit shock, σξ, and the equity cost parameter, κ, to

match the standard deviation of output and the standard deviation of net equity

payouts (as a share of output).

Figure 6 plots impulse response functions to a positive, one standard deviation

credit shock (innovation to the recovery fraction) in the JQ model. On impact, net

equity payouts rise and net debt repurchases fall (debt issuance rises), consistent

with the data for an expansionary shock. The impulse responses are quite similar

to the responses of the benchmark model with credit insurance shocks. In response

to an increase in the recovery fraction, the enforcement constraint (16) is relaxed,

as evidenced by the fall in the multiplier in the middle-right panel of Figure 6. The

firm can now reduce its residual equity value, and it does so by borrowing more

and making a larger payout to shareholders on impact. The rise in output results

because equity payouts are “sticky” (κ > 0), so the firm partially accommodates

the relaxed constraint by hiring more labor (see Jermann and Quadrini (2009b) for

an extensive discussion of this channel). One potential concern is that consumption
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Figure 6: Impulse responses to a positive, one standard deviation credit shock – JQ
model.

falls on impact, although not as sharply as in the benchmark model.

Table 9 compares business cycle moments from the JQ model (with credit shocks

only) to the data. All variables are Hodrick-Prescott filtered with a smoothing

parameter of 1600. Net equity payouts are procyclical, and net debt repurchases

are countercyclical, consistent with the data. In terms of volatilities, the model

predicts too much volatility in net debt repurchases and not enough volatility in

consumption. The model matches the volatilities of investment and hours worked

more closely. One shortcoming of this model – which also afflicts the benchmark

model with credit shocks – is the negative correlation between consumption and

output.

Overall, it is hard to say whether the JQ model fits the data better with technol-
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Variables – Standard Deviations x100 Data Model
Net Equity Payouts 1.77 1.77

Net Debt Repurchases 2.17 3.54
GDP 1.05 1.05

Consumption 0.90 0.23
Investment 6.77 4.69

Hours Worked 1.71 1.65
Variables – Correlations with GDP Data Model

Net Equity Payouts 0.56 0.95
Net Debt Repurchases -0.71 -0.98

Consumption 0.86 -0.26
Investment 0.88 0.99

Hours Worked 0.86 0.99

Table 9: Business cycle moments: Data versus JQ model with credit shocks only.
All variables are Hodrick-Prescott filtered with a smoothing parameter of 1600.

ogy shocks or with credit shocks – at least based on the second moments considered

here. With technology shocks, the JQ model matches the volatility of net debt re-

purchases more closely, but it counterfactually predicts that net equity payouts are

countercyclical and debt repurchases are procyclical. It also predicts a correlation

between hours worked and output that is too low. The JQ model with credit shocks

correctly predicts that net equity payouts are procyclical and net debt repurchases

are countercyclical. However, it also predicts that consumption is countercyclical,

which is counterfactual.

6 Conclusion

This paper began by noting that U.S. firms, as a whole, borrow more from bondhold-

ers and pay more to shareholders when aggregate output is high. I then developed

an equilibrium business cycle model that can explain these cyclical patterns. The

key ingredients in the model are a tax advantage on debt and a credit insurance

premium that increases with the firm’s leverage ratio. The calibrated model with

technology shocks alone matches key business cycle moments in the data fairly well.

In contrast, the model of Jermann and Quadrini (2009b) must be primarily driven

by credit shocks, rather than technology shocks, in order to correctly predict the
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cyclical behavior of debt and equity.

The calibration technique employed in this paper has its limitations. In par-

ticular, it is difficult to use calibration to determine the relative importance of

technology shocks and credit shocks in U.S. data. A companion paper by Jermann

and Quadrini (2009a) uses Bayesian estimation of the JQ model over two different

time periods to estimate the variance of the two shocks as well as the value of the

equity payout cost parameter. The authors find that both credit and technology

shocks have been important drivers of U.S. business cycles. In future work, I plan to

use Bayesian estimation to identify the relative importance of technology and credit

insurance premium shocks in my model.
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Appendix

A Full list of model equations

Firm’s first-order conditions

(1− θ) ztkθt−1l
−θ
t = wt

1 = Et

[
mt+1

{
1 + 2κ (dt − d)

1 + 2κ (dt+1 − d)

}{
θzt+1k

θ−1
t l1−θt+1 + (1− δ)

}]
1 = Et

[
mt+1

{
1 + 2κ (dt − d)

1 + 2κ (dt+1 − d)

}
{1 + rt (1− τ)}

]

Household’s first-order conditions

c−γt wt =
α

1− lt

1 = Et

[
mt+1

(
1

1
1+rt

+ µt

)]

1 = Et

[
mt+1

(
dt+1 + pt+1

pt

)]

Budget constraint for firms

ztk
θ
t−1l

1−θ
t + (1− δ) kt−1 − wtlt +

bt
1 + rt (1− τ)

= bt−1 + dt + κ (dt − d)2 + kt

Goods market-clearing condition

ztk
θ
t−1l

1−θ
t − µtbt − κ (dt − d)2 = ct + [kt − (1− δ) kt−1]

Insurance premium

µt = at

(
bt
kt−1

)
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Stochastic discount factor

mt = β

(
ct
ct−1

)−γ

Shocks

ẑt = ρz ẑt−1 + εz,t and ât = 0

(or)

ât = ρaât−1 + εa,t and ẑt = 0

where ẑt ≡ ln(zt/z) , ât ≡ ln(at/a)

Other variables of interest

yt = ztk
θ
t−1l

1−θ
t

it = kt − (1− δ) kt−1(
net equity payouts

output

)
t

=
dt
yt(

net debt repurchases
output

)
t

=
bt−1 − bt

yt

Note: The household’s budget constraint is dropped due to Walras’ Law.
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