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Abstract

We study to what extent firms spread out their bonds’ maturity dates across time, which we
call “granularity” of corporate debt. In our model, a firm’s access to the bond market may
be hindered temporarily, either because the capital market freezes or because the firm becomes
exposed to large risks. Therefore, it can be advantageous to diversify the debt rollover across
maturity dates. Using a large sample of corporate bond issuers during the 1991-2009 period,
we find evidence that supports our model’s predictions in cross-sectional and time-series tests.
In the cross-section, corporate debt is more granular for larger and more mature firms, for firms
with better investment opportunities, with more tangible assets, with higher leverage ratios, with
lower values of assets in place, and with lower levels of current cash flows. We find that during the
recent financial crisis especially firms with valuable investment opportunities implemented more
granular debt structures. In the time-series, we also document that firms manage granularity in
that newly issued corporate bond maturities complement pre-existing bond maturity profiles.
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1 Introduction

It is not yet well understood to what extent firms manage the rollover dates of their bonds by
spreading out maturities. Fixed cost components of bond issues and secondary market liquidity
considerations should motivate firms to concentrate their debt in a single or few issues. However,
even non-financial firms frequently have several bonds outstanding, with different times to maturity.
What are the frictions and tradeoffs that drive firms’ incentives to avoid maturity concentrations?
In this paper, we provide a theoretical and empirical analysis of firms’ decisions to spread out bond

maturity dates across time, which we call “granularity” of corporate debt.

We build a three-period model of a firm with two investment projects, which generate non-
contractible cash flows at time two. To capture the dynamic nature of the problem, there is also a
contractible continuation value at time three. The firm finances the projects by issuing debt with
maturity less or equal to two. Thus, investor preferences or frictions, such as moral hazard, are
assumed to prevent the firm from issuing very long-term bonds that expire in the final period three.
Therefore, the firm must roll over each bond issued at time zero at least once. In this setting, the
firm can issue one bond with a single rollover date (time 1 or time 2) or two bonds with different
rollover dates. That is, the single-bond firm (or firm S) refinances its bond at one point in time,

whereas the multi-bond firm (or firm M) refinances its bonds at two different points in time.

In normal times, the bonds can be rolled over and the risky project cash flows and the firm’s con-
tinuation value are eventually realized. With some probability, however, the firm can lose its access
to the bond market in any given period. The firm’s inability to access the bond market may arise
endogenously since it can become temporarily exposed to a large risk, which we refer to as a tech-
nology shock. We show that, in such states, investors do not roll over the bond. As a consequence,

one or both projects must be partially liquidated to repay the bondholders, and this is inefficient.

Uncertainty about project cash flows is resolved gradually over time, so that the firm can observe

1See, e.g., Acharya et al. (2011) for market freezes after a decline in collateral value. There are many reasons for
a state of increased uncertainty to adversely affect a firm’s ability to access capital markets that can lead to a market
freeze for that firm: negative supply shocks due to firm-specific or market-wide tightening of credit, large legal battles
or liability risks (e.g., in the oil industry as documented by Cutler and Summers (1988) or in the pharmaceutical
industry), recall risks of car manufacturers (e.g., Toyota’s malfunctioning gas pedal), challenges or disputes of patents,
regulatory risks of energy companies (e.g., whether or not to exit nuclear power production after disasters such as
Fukushima) or hedge funds (e.g., after the financial crisis), and impending natural catastrophes, such as oil spills whose
exact consequences for businesses such as tourism are unknown for some time (see, e.g., Massa and Zhang (2011)).
One such example of a market freeze and rollover risk is the bankruptcy of General Growth Properties in April 2009.



whether the non-contractible cash flow component of a project will be high or low, even before it is
realized. If bondholders request partial liquidation, the firm therefore knows already its projects’
cash flows. Since firm M only needs to partially liquidate one project, it has the real option to retain
the better project, i.e. the one with the higher future payoff. By contrast, if firm .S cannot roll over
its single bond, then it must partially liquidate both projects. Intuitively, the model’s trade-off is
that firm M has a flexibility (or real option) advantage over firm S, whereas firm S has a transaction
cost advantage over firm M, since one larger issue faces lower floatation (see Lee et al. (1996)) and

illiquidity costs (see Longstaff et al. (2005) and Mahanti et al. (2008)) than two smaller issues.?

Based on this trade-off between flexibility benefits and transaction costs, we derive a number of
testable implications. The difference in value between firm M and firm S implies that the benefits
of debt granularity (i.e. being a multi- rather than a single-bond firm) increase with the probability
of market freezes and with the value of investment opportunities. Moreover, the solution of the
model indicates that corporate debt should be more granular for larger and more mature firms, for
firms with more tangible assets, with higher leverage ratios, with lower values of assets in place,

and with lower levels of current cash flows.

To test the theory’s predictions, we construct a large panel data set that contains information
on firms’ granularity, leverage, maturity, and other characteristics (e.g., age, size, Tobin’s @Q, etc.)
by merging data on public debt issues from Mergent’s Fixed Investment Securities Database (FISD)
with the COMPUSTAT database. For the 1991-2009 period, we obtain an unbalanced panel with
16,593 (9,288) firm-year observations for firms with at least one bond (two bonds) outstanding.
Thus, a number of firms forgo the benefits of granularity management, but the majority of firms

has multiple bonds outstanding.

We use these firm-level data on corporate bond issues to measure how dispersed firms’ maturity
structures are through time. For each firm, we group bond maturities into the nearest integer
years and use their fractions out of the total amount of bonds outstanding to compute a Herfindahl

index and an inequality index (see Atkinson (1970)) each year. To capture dispersion rather than

2There may be additional motives why firms issue debt with different maturity dates. Firms may wish to match
the maturities of liabilities with those of assets. This requires that asset maturities can be determined easily. In addi-
tion, firms usually consist of a large number of projects, so it is not feasible to issue a separate bond for each project.
Also, frictions stemming from asymmetric information are likely to be more severe at longer horizons compared to
shorter horizons, which further limits firms’ ability to match the maturities of liabilities with those of assets. Thus,
the tradeoff that we consider in this paper remains relevant even in the presence of other motives for granularity.



concentration of rollover dates, we use the inverse of the maturity profile’s Herfindahl index and

the negative value of the log of the Atkinson index as proxies for the granularity of corporate debt.

Several novel results emerge. Consistent with the model’s predictions, we find strong evidence
that larger and more mature firms, firms with higher Tobin’s ), more levered firms, and firms with
higher asset tangibility exhibit more granular debt structures. In contrast, granularity is negatively
associated with profitability. In this first series of tests, most of these firm characteristics remain
economically and statistically important even after controlling for industry-level or firm-level fixed
effects, suggesting that firms condition on these variables in their granularity management. Our
findings are also present in subsamples of firms with a high and a low proportion of private debt,
suggesting that granularity management is independently important, because public debt is more
difficult to adjust or remegotiate.®> Moreover, during the 2008-2009 financial crisis when access
to primary capital markets was difficult, we find that especially firms with valuable investment
opportunities implemented more granular debt structures. In a second series of tests, we establish
that debt granularity moves over time towards target levels. In particular, speed-of-adjustment

regressions reveal surprisingly high adjustment rates, ranging from 20% to 40% per year.?

To provide more direct evidence on firms’ granularity management, we also examine whether
firms consider pre-existing maturity profiles when they issue new bonds. To do so, we investigate
whether discrepancies between a firm’s pre-existing maturity profile and a benchmark maturity
profile (based on firm characteristics) explain future debt issue behavior. We find strong support
for this prediction. If a firm has a large fraction of bonds outstanding in any given maturity bucket
relative to its benchmark profile, then it is significantly less likely to issue bonds in those maturity
buckets. For example, the probability of issuing additional nine- or ten-year maturity bonds drops
by 0.772 of a percentage point for every percentage point that a firm’s maturity profile exceeds the
benchmark profile in this bucket. The results hold across all maturity buckets, are largely invariant

to the definition of the benchmarks or buckets, and are also economically very significant.

Our paper is related to several models of debt maturity and rollover frictions.? By linking corpo-

3Recall that debt renegotiation is very common for private debt, so realized maturity is much shorter than
contracted maturity (see, e.g., Roberts and Sufi (2009)). Firms with a large proportion of private debt may therefore
not need granular public debt and yet we do not find evidence for such a substitution effect.

“Both test results also hold for the subsample of firms with at least two bonds outstanding and for the subsample
of firms that have bonds without sinking fund provisions.

PFor earlier theories of maturity structure, see, e.g., Diamond (1991, 1993) and Flannery (1986, 1994).



rate bond credit risk and bond market liquidity risk, He and Xiong (2012) show that short-term debt
exacerbates rollover risk. He and Milbradt (2012) endogenize the feedback between secondary mar-
ket liquidity risk and rollover risk — reduced liquidity raises equity’s rollover losses, leading to earlier
endogenous default, which in turn worsens bond liquidity. Chen et al. (2012) study the link between
systematic risk exposure and debt maturity. These papers focus on single-bond firms’ debt maturity
choice. Related to our setup is a recent paper by Diamond and He (2011). They show that matur-
ing, risky short-term debt can lead to more debt overhang than non-maturing risky long-term debt,
which is in accordance with our result that risky short-term debt leads to more instances of early
project liquidations. However, none of these papers examines the trade-offs faced by firms when di-
versifying debt rollovers across dates to avoid maturity concentrations. In our setting, we show that
neither the issuance of a single long-term nor that of a single short-term debt claim may be optimal.

But a combination of debt with different rollover dates can reduce inefficiencies due to rollover risk.

Our paper is also related to recent empirical and survey research. Based on a comprehensive
global survey of chief financial officers, Servaes and Tufano (2006) report that managers are con-
cerned about losing access to debt markets and, in particular, that debt maturity choice is strongly
driven by the objective of managing rollover risk by avoiding maturity concentrations. Almeida et
al. (2011) document that firms with a greater fraction of long-term debt maturing at the onset of
the 2007 financial crisis had a more pronounced investment decline than otherwise similar firms.°
In the context of U.S. Treasury bonds, Greenwood et al. (2010) argue that firms vary their debt
maturity to act as macro liquidity providers by absorbing supply shocks due to changes in the
maturity of Treasuries. Using syndicated loan data for U.S. firms, Mian and Santos (2011) find
more active maturity management by credit worthy firms to avoid being exposed to liquidity risk.
Finally, Rauh and Sufi (2010) and Colla et al. (2012) establish that — relative to large, high credit
quality firms — small, low rated firms have dispersed or multi-tiered debt structures, while small,
unrated firms specialize in fewer types. Unlike these studies, we focus on testing cross-sectional

and time-series implications for the granularity of corporate debt.”

The rest of the paper is organized as follows. Section 2 describes the model. Section 3 derives

5Similarly, Hu (2010) finds firms with more maturing long-term debt had larger increases in credit spreads.
"For empirical studies of debt maturity see, e.g., Barclay and Smith (1995), Guedes and Opler (1996), and Johnson
(2003).



the model’s solution and its testable implications. Section 4 presents data sources and summary

statistics. Section 5 contains the empirical findings and Section 6 concludes.

2 Model

2.1 Technology

We study a three-period model of an initially all-equity financed firm. The firm has assets in place
(or initial net worth), A, and two two-period investment projects. Each project requires a capital
outlay, I, at time . If both periods elapse without (partial) early liquidation and without a tech-
nology shock, then each project generates two uncorrelated random cash flows at time ¢9 plus a
non-random continuation value, v, at time t3. Each of the two random cash flows, CF 1 and 6?’2,
can take the realization ¢ > 0 or ¢ + H > ¢, with equal probability. Thus, along such paths, each
project produces expected cash flows of 2c+ H. Uncertainty about cash flows is resolved gradually
over time, so the firm can observe at time ¢ (¢;) whether CF, (6}?2) of a project will be ¢ or
¢+ H. Similar to, e.g., Hart and Moore (1995), cash flows are observable but non-verifiable, while

continuation values are also verifiable.

However, firms may also evolve along paths, where they are hit by a technology shock. Specif-
ically, in every period, there is a probability A with which the firm becomes vulnerable to such a
potential technology shock, which will then occur with probability 7. If the technology shock takes
place, then each project only produces a final cash flow of ¢ and its collateral value drops to zero.®

With probability 1 — 7 the technology shock does not follow the A state, however, and the firm

continues its projects as a going concern, just as in the 1 — \ state.”

If a bond expires when the firm is vulnerable to a technology shock, then it may not be able
to roll it over and, as a consequence, may be forced to partially liquidate one or both projects,
depending on the size of the expiring bond. Partial liquidation of a project at time t;, i € {1,2},
yields collateral value, ¢, which is contractible, but eliminates the project’s non-contractible cash

flow, CF;. Figure 1 provides the evolution of cash flows, risks, and shocks over time.

To provide intuition, we first consider a particularly simple version of the model where the prob-

8The final, non-contractible cash flow of ¢ ensures that equityholders have no incentive for early liquidation.
9The possibility that the market reopens is why we refer to “partial” rather “full” liquidation in such cases.



ability of a technology shock is zero (i.e. # = 0) and the capital market may freeze exogenously.
That is, bondholders’ rollover incentives are not explicitly modeled in this version but instead cap-
ital markets freeze in each period with probability A and subsequently reopen. For this version of

the model we assume that ¢ > I — %A > 0, so bonds are needed but risk-free.

Figure 1. Evolution of Cash Flows, Risks, and Shocks
to ty t ty t2 t3
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This figure plots the time line of cash flows, risks, and shocks. In each of the two periods, there is a probability
A with which firms become vulnerable to a technology shock, which will then occur with probability w. If the
technology shock takes place, each project’s collateral value drops from c or zero and each project only pays off a
final, non-contractible cash flow of c¢. Project cash flows in the absence of a technology shock, C'F'y and CF5, are
realized at time t2, and are either ¢ or ¢ + H with equal probability. In the absence of a technology shock, each
project’s contractible continuation value, ¥, is realized at time ts.

In the more general version of the model, we endogenize bondholders’ rollover decision. To do
so, we let the probability of a technology shock be greater than zero (i.e. 7 > 0), which will endoge-

nously limit the firm’s access to the capital market. To rule out trivial solutions, we require that:

2] — A —1a
T—ar eIl (1)

and

0 < A< 2I. (2)

Essentially, the left-hand side of condition (1) ensures that a bond can be rolled over in a state in
which the firm is not vulnerable to a technology shock, whereas the right-hand side implies that
this is not feasible in a state where the firm may be hit with a technology shock. Condition (2)

states that the firm cannot fully fund the projects using its initial net worth, A.



Finally, we also assume that:

2¢ >

. 3
1—Anw 3)
As will become apparent later, this condition ensures that there is enough collateral to satisfy
bondholders in full when the bond expires and cannot be rolled over. The reason is that the face

value of debt will always be less than or equal to (21 — A)/(1 — Am).
2.2 Preferences and Contracts

For simplicity, all investors are assumed to be risk-neutral and the risk-free interest rate is normal-
ized to zero. At time tg, the firm needs to raise 2.1 — A by issuing debt to fund the two investment
projects. We restrict firms at time ¢( to issue straight bonds expiring either at time ¢ or time ¢, .1
We consider two initial corporate debt structures that differ by the number of bonds outstanding:
the firm can issue one or two bonds at time ¢;. We refer to the former as firm S (or single bond
firm) and to the latter as firm M (or multi-bond firm). Firm S issues a single bond at time tg
that matures at time ¢; and is then rolled over to time ¢3 whenever possible. To raise 2I — A
and to ensure that investors break even in expectation, the initial bond must have a face value of
Ps(to,t5) = (21 — A)/(1 — A7) since the bond payoff is zero if a technology shock occurs at time

t1, which occurs with probability Ar.!!

In contrast, firm M issues two bonds at time ¢y, a riskless one with face value Py/(tg,t;) = I— %A
that is due at ¢; and another one with face value Py(to,t;) = (I — 3A)/(1 — Am) that matures
at t,. So the two bonds of firm M need to be rolled over to t3 at times ¢t; and ¢, . When firm
M rolls over its short-term bond at time ¢; to time ¢3, then the new bond’s required face value is
Pu(ti,t3) = (I — 2A)/(1 — A7) since bondholders will receive zero if a technology shock occurs at
time t9, which occurs with probability A 7. (In case of exogenous market freezes, it can be easily

verified that debt is risk-free, i.e. Ps(to,t;) =21 — A and Py(to, ty) =1 — 3A.)

If a bond cannot be repaid at maturity, then bondholders have the right to seize assets from

one or both projects, depending on the face value of the bond, and realize the collateral value.

193ee Milbradt and Oehmke (2012) on the limits of debt maturity when long-term debt markets can break down.

' An alternative strategy for firm S would be to issue a bond that expires at time t; and, if possible, roll it over
to t3. We have also investigated this alternative, but it is weakly dominated by issuing a single bond that expires
at time ¢; . Intuitively, this is so, because issuing initially a long-term rather than a short-term bond shields time
t1 cash flows (efficiency gain) and inefficiencies arise only at time t».



When bondholders request liquidation of a project, the firm already knows each project’s cash flow
(provided no technology shock occurs). Thus, if the firm only needs to liquidate one project, it has
the real option (i.e. flexibility advantage) to keep the one with the higher future payoff. This is the
case if a firm has issued two bonds and only one expires at time ¢; and cannot be rolled over. Then
it will only liquidate the worse project and thereby only loses C'F; of that project. By contrast, if
the firm has issued a single bond that expires at time ¢, and it cannot be rolled over, then the firm

must liquidate both projects and thus loses CFy of both projects.!?

To capture scale economies of larger issues, we assume that the firm pays a fixed transaction
cost per issue, k, at time ty. Alternatively, k& can be thought to reflect the fact that a single large
bond issue may have a more liquid secondary market, thus leading to a lower illiquidity discount
than two smaller bond issues.'? That is, the single-bond firm has a transaction cost advantage,
since it requires a single issue cost k, whereas the multi-bond firm incurs issue costs of 2 k. Figure

2 provides the evolution of rollover decisions over time.

Figure 2. Evolution of Rollover Decisions

o
Y
~
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This figure plots the time line of rollover decisions of the multi-bond firm (Firm M) with two smaller bond issues,
which expire at time ¢; and ¢;, and single-bond firm (Firm S) with one large bond issue, which expires at time ¢, .
An expiring bond issue needs to be rolled over into time t3 to obtain the firm’s continuation value.

12A credit line from a bank does not solve the problem. As in Almeida et al. (2011), the bank cannot commit to
not revoking the credit line precisely in the state when the firm needs to draw down the credit line. Sufi (2009) finds
that if cash flows deteriorate, access to credit lines is restricted through loan covenants.

13For evidence on a positive relation between issue size and direct issuance costs and secondary market liquidity,
respectively, see Lee et al. (1996) and Longstaff et al. (2005) or Mahanti et al. (2008).



3 Solution

3.1 Exogenous Market Freezes

We begin by solving the simple model where the probability of a technology shock is equal to zero
(i.e. m = 0), but the market freezes in each period with probability A and subsequently reopens.
Since in this setup bondholders always get the face value back, the face value per bond is either

I — 1A (if two bonds are issued) or 21 — A (if a single bond is issued).

To determine the value of the single-bond firm, we need to derive its cash flows along each
of the possible paths. First, consider the path where the market freezes in both periods, which
occurs with probability A?. Since firm S does not have a bond expiring at time ¢, it will collect
the expected value of 5}7’1 from both projects, i.e. 2c + H at time 5. At time ¢, , however, firm
S faces a rollover problem since the market freezes again. Therefore, bondholders cause inefficient
liquidation of both projects, i.e. 6?’2 is lost for both projects, and therefore equityholders’ expected
total dividends at time ¢y are given by 2¢+ H +2c¢ — (21 — A). Finally, the continuation value,

2 v, becomes available at time t3.

Next consider the two paths where the market only freezes once, i.e. either at time t; or at time
to but not in both periods. Along both paths, equityholders will again receive the continuation
value, 2v. If the market freezes when firm S does not have a bond repayment due and is open
when it has one due, then it generates an expected value of cash flows equal to 2 (2¢ + H) and
repays 2 I — A, which happens with probability A (1 —A). On the other hand, if the market is open
at time t; but freezes at time ¢35, then firm .S obtains 2 ¢+ H in the first period, but only 2 ¢ in the

second period before repaying 21 — A to bondholders. This happens with probability (1 — \) .

Finally, the market does not freeze in either period with probability (1 — A)2. Along this path,
firm S does not face a rollover problem and thus generates 2 (2c¢ + H) in expected project cash
flows, obtains the continuation value, 2%, and repays 21 — A to bondholders. Summing up the

values over the four states, equity value of firm S equals:
Vs(\) = A—=21+4c+20+H(2-)). (4)

Next, consider the multi-bond firm. If the market freezes, then firm M is unable to roll over its

bond and must liquidate one project. However, since firms observe cash flows before giving away



collateral, firm M will optimally abandon the worse project from the set of feasible project payoffs,
{{c+H,c+ H},{c,c+ H},{c+ H,c},{c,c}}. This yields an expected project cash flow equal to
c+ %H , reflecting the real option (i.e. flexibility advantage) that firm M has in deciding which

project to terminate and which one to continue.

We can now determine the cash flows along the four possible paths. It is straightforward to

verify that the resulting firm value to equityholders at time % is:
Vi(A) = A—21+4c+20+H(2—-1 ). (5)

The difference between the equity values of firm M and firm S after accounting for the trans-

action cost per issue k at time ¢( is thus given by:
Var(\) — 2k — [Vg(\) — K] :%)\H—k. (6)

The benefits of debt granularity (i.e. being a multi- rather than a single-bond firm) rise with
the probability of market freezes, A\, and with the value of the firm’s investment opportunity or
payoff, H, but they decline with the level of transaction costs, k. In other words, the multi-bond
firm’s flexibility advantage dominates when investment opportunities are more important and when
market freezes are more likely, whereas the single-bond firm’s transaction cost advantage dominates
when floatation and illiquidity costs are more important. Thus, depending on the magnitude of

these two countervailing forces, it can be advantageous to have a single issue or multiple issues.
3.2 Endogenous Market Freezes

We now solve the model with endogenous market freezes which may arise when firms become vul-
nerable to a technology shock. This happens in each period with probability A and the technology
shock subsequently occurs with probability @ > 0. This more general version of the model will

generate a number of additional testable implications for our empirical analysis.
3.2.1 Debt Rollover and Early Project Liquidation

The debt rollover decisions for firms S and M are required to determine their value at time ¢o, Vg(\)
and Var(A). We start with firm S that has a single bond outstanding that must be rolled over at time

t5 . We observe that, for bondholders to break even, the face value must equal Pg(tp,t;) = (21 —

10



A)/(1—Am). This is so since the bond is risky when issued at time ¢¢, due to a possible technology
shock at time ¢} . In other words, its face value is only paid back with probability 1 — A, i.e. the

probability that the firm’s operations are not terminated prematurely due to a shock at time ;.

It is easy to see that the bond cannot be rolled over when the firm is vulnerable to a technology
shock at time ¢5, i.e. in the A state. In this state, new investors will not contribute Ps(to,?;) to
pay back the expiring bond since —(21 — A)/(1 — A7) + (1 —7)2v < 0 by the right-hand side of
condition (1). In this case, the expected value of 6’?2 of each project 2 c+ H, is lost and instead the
projects’ collateral value, 2 ¢, is realized, of which (27 — A)/(1 — A7) is used to repay bondholders.
If the technology shock actually occurs at time 9, then the firm’s continuation value drops to zero,
so 20 is lost. Otherwise (i.e. with probability 1 — ), the firm continues its presence in the product

market and realizes the projects’ continuation value, 2 v.

In the 1 — A state at time ¢, , when the firm is not vulnerable to a shock, firm S can roll over
its bond, because investors are willing to refinance given that —(21 — A)/(1— A7) 429 > 0 by the
left-hand side of condition (1). As a result, the firm realizes expected project cash flows from both

projects, equal to E[C/’\ﬁg] = 2c+ H, plus the continuation value, 2 v.

Moving back in time, we next consider time ¢;. Firm S does not need to roll over any debt
at that time, and thus it does not lose either of the two project cash flows due to rollover risk.
However, if the technology shock is realized, which happens with probability A x, then operations
end (i.e. the projects’ continuation values vanish) and the projects only produce one final cash flow
of 2¢ (cf. path (i) in Table 1). With probability 1 — A7 no technology shock occurs at time ¢, and

firm S produces an expected cash flow E[CF1] =2c¢+ H.

Next, we consider the roll over decisions of firm M. Recall that firm M issues two bonds at
time ?p, one with maturity ¢;” and the other with maturity ¢;. It is easy to see that the former
bond is riskless, and thus requires a face value of (I — %A), whereas the latter bond is risky, thus
requiring a face value of (I — 2A)/(1 — A).

Consider first the X state at time ¢, , when the firm is vulnerable to a shock. In this case, firm
M cannot roll over the maturing bond, since it can only pledge collateral worth (1 — 7)[20 — (I —
$A)/(1 — Am)]. According to condition (1), this is less than the amount required to roll over the

bond, i.e. (I — 3A4)/(1 — An). The firm must therefore partially liquidate one project to pay back

11



the face value of the expiring bond.

Next we consider the roll over decision in the 1 — X state at time ¢, , in which the firm is not
vulnerable to a shock. In this case, firm M can roll over the maturing bond since it can pledge a
collateral value of 20— (I—$A)/(1—Am). Condition (1) implies that this exceeds (I—3A4)/(1—A),

which is the capital required to roll over the maturing bond.

Moving backwards in time to ¢;, we first consider the rollover decision in the A state. The
risk-free, short-term bond with face value I — %A expires at this time. However, the expected value
of collateral that can be pledged to new investors of a bond with maturity ¢3 is (1 —7) (1— A7) 20,
which is less than I — %A by condition (1). Thus, the maturing short-term bond cannot be rolled

over and one project must be liquidated.

Finally, we consider the 1 — X\ state at time t; . In this state, the expiring, short-term bond
can be rolled over, as the expected value of collateral that can be pledged to new bondholders is
(1—Am) 20, which exceeds I — £ A by the left-hand side of condition (1). Therefore, the short-term

bond can be rolled over in this state.

Table 1. Paths, Probabilities, and Cash Flows for Firm S

Paths Probabilities Cash Flows
(i) Am 2¢
(i)  AQ-—mAr e+ H+2c— 2sA

27—A -
(i) AXI-mA1-7) 2c+H+2c— 155 +20

(iv) A1-m)(1=)) 2c+H+2c+H-3252+2%

1-An
v) (1-=XA7 2¢+H +2c— 254
(vi) (1-MA1-7m) 2c+H+2c-25412p
(vii) (1 —=X)(1—=N\) 2¢+ H+2c+H— 254 125

Having determined in which states the firm can roll over its expiring bonds, it is now straight-

forward to determine the cash flows generated by the firms along each of the seven possible paths.
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Table 2. Paths, Probabilities, and Cash Flows for Firm M

Paths Probabilities Cash Flows
(i) AT c—(I—%A)—i—c
I-ia
(i) AQ-m)Am c— (=)ot iHye— 228 40

1 ,
(i) A1-mA1—7) c—(I—1A)+c+3H+c— 20 4+ 3H+20p

1
(iv) A1-m)(1-2) c—I—LtA) +c+3H+2c+H+25— 2=

1

(v)  (1=M)Ax 2c+ Hoc— 204

, I-34 3 134
(Vl) (1—A))\(1—7T) 20+H+C—m+c+1H+2’U—m

(vii)  (1—=X)(1=2N) 2(2c+H)+20 - 24

These are summarized in Tables 1 and 2 below.

Multiplying the cash flows of each possible path by their respective probabilities and summing

up, we find the equity values of firms S and M at time g, Vg(A) and Vir(A), are:
Vo(\) = A—21+2c(2-An)+20(1=Am)2+H((2-)\)(1-A\n), (7)

and

Vie\) = A—2T1+2c(2-Am)+20(1 - An)> +H2-Am)[1—2A(1+3m)]. (8)

The expressions for the values of firm S and firm M reveal several intuitive properties, such as
values are decreasing in A and 7 and increasing in the project payoff, H. However, we are mainly
interested in the determinants of the difference in value between firm S and firm M to see under
what circumstances granularity of corporate debt is beneficial.

Recalling that each initial bond issue is associated with a fixed transactions cost, k, to capture

floatation and illiquidity costs the difference in value between the two strategies is:
Vie(A) — 2k — [Vg(\) — k] = %)\H(l—ﬂ')(%—Aﬂ')—k. 9)
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As in the simpler version of the model, the benefits of debt granularity (i.e. being a multi- rather
than a single-bond firm) decrease with transactions costs k. However, the effects of the other param-
eters on the relative value of granularity are now slightly more subtle and depend on the combined
magnitude of the probabilities of becoming vulnerable to a shock and the shock taking place. Equa-
tion (9) implies that, as long as A7 < %, the benefits of granularity increase with the project payoft,
H. Equation (9) also shows that the benefits of granularity are first increasing with the probability

of becoming vulnerable to a shock, A\, and beyond some point (i.e. if A7 > %) decrease with A.

Furthermore, equation (9) says that, ignoring transactions costs, the benefit due to debt gran-
ularity becomes zero as m goes to one, since early liquidation becomes less inefficient in this special
case. In the limit, if 7 = 1, liquidating a project early in the \ state or continuing the project
generate an identical cash flow of ¢ (although the former liquidating cash flow is contractible and
the latter is not). Thus, in the limit, when the technology shock always materializes, the flexibility

advantage generated by debt granularity vanishes.

More generally, equation (9) reveals that, for a large range of plausible parameter values, firm
M has a flexibility (or real option) advantage over firm S. Thus, in the absence of floatation and
illiquidity costs, it is optimal to select a more granular debt structure. Yet, if A7m > %, i.e. for
very large probabilities of a technology shock, a single long-term bond becomes optimal, even when
transactions costs are zero. This is so since large values of A7 effectively “discount away” the
flexibility advantage of firm M in the second period, so that the higher expected payoff of firm S in
the first period (i.e. 2c¢+ H > 2c+ %H ) becomes the dominating factor for the difference in value
between firm M and firm S. Therefore, the model’s solution also implies that, if a technology shock
occurs with a sufficiently high probability, then the firm would prefer to have a single large rollover

risk in the distant future, rather than smaller rollover risks distributed over different maturities.
3.3 Testable Hypotheses

When transaction costs, k, are greater than zero, the intuition from the model suggests that firm
S initially dominates firm M for A-values in the right neighborhood of zero where V3 < Vg. As
A rises, however, the flexibility advantage of firm M becomes increasingly important, whereas the

transaction cost advantage of firm S is of course invariant to A. As a result, the difference in value

14



grows and hence A has to be sufficiently far away from zero for Vj; > Vg to hold. Eventually, the
difference in value declines again and, in some cases, it may become negative for sufficiently high
A-values, because the earlier period’s cash flows, where firm S does not face a rollover problem, can

be relatively more important than the later period’s cash flows.

To reinforce this intuition from the model and to summarize its testable hypotheses, we use
the following base case parameter values: the assets in place, A, are worth 40, the non-contractible
project cash flow, H, is equal to 200, the collateral value, ¢, and the investment cost, I, are equal
to 300, the probability of a technology shock, 7, is equal to 0.8, the continuation value, v, is equal

to 700, and the transaction costs, k, is equal to 1.14

Figure 3. Benefits of Debt Granularity (H)
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This figure plots the effect of the non-contractible cash flow H on the difference in value of firms M and S, Vi — Vs,
as a function of the probability of becoming vulnerable to a technology shock A. The base case, depicted by the
solid line, assumes that the assets in place, A, are worth 40, the non-contractible project cash flow H is equal to
200, the collateral value, ¢, and the investment cost, I, are equal to 300, the probability of a technology shock  is
equal to 0.8, the continuation value, v is equal to 700, and the transaction costs k is equal to 1. The alternative case
of a higher project cash flow, depicted by the dashed line, assumes H = 300.

Figure 3 plots the difference in value of firms M and S in equation (9), Vs — Vg, as a function
of A for three different levels of the non-contractible project cash flow, H. That is, we vary the

base case profitability of H = 200, represented by the solid line, to higher profitability H = 300,

Y“For this base case environment, condition (1) implies that the admissible values for A are in the [0, 0.75] interval.

15



represented by the dashed line. As seen in all cases, there is always an initial region, in which firm
S dominates due to its transaction cost advantage irrespective of the size of the investment oppor-
tunity. So, on the one hand, the graphical illustration suggests that firm S can also dominate firm
M for any positive A-values when the investment project is not very valuable (i.e. approximately
when H < 55). On the other hand, debt granularity management will be increasingly valuable
when the project’s payoff rises. Put differently, it is optimal for firms with more valuable growth
opportunities as measured, e.g., by a higher value of Tobin’s @), to have a more granular debt

structure. This logic produces our first testable implication.

Hypothesis 1 Corporate debt is more granular for firms with higher values of Tobin’s Q.

As seen in Figure 3, increasing transaction costs, k, works in favor of firm S, because it pro-
duces a downward shift of the Vj; — Vg curve. This implies that a firm with higher floatation and
illiquidity costs will have a lower incentive to implement a more granular debt structure. Since
transaction costs are generally regarded to be inversely related to firm age and firm size (see, e.g.,

Fischer et al. (1989)), we obtain our second testable hypothesis.

Hypothesis 2 Corporate debt is more granular for larger and more mature firms.

Figure 4 continues the graphical analysis of equation (9) by considering an alternative case for
the probability of a technology shock, conditional on being vulnerable (i.e. being in the A-state), ,
which we set to 0.8 in the base case. In particular, the dashed line considers lower collateral quality
in that the probability of collateral to become worthless is higher (i.e. # = 0.85), so collateral is
less likely to withstand bad times. We can therefore interpret a higher (lower) value of 7 as a
lower (higher) degree of asset tangibility. Intuitively, firms with more tangible assets are less likely
to be hit by a negative shock, even in high-risk times. Comparison of the two cases in the figure
reveals that a higher (lower) probability of a technology shock decreases (increases) the benefits of
a granular debt structure, since it makes early project liquidation less (more) costly; i.e. firm M
is increasingly less (more) valuable than firm S when the probability of a technology shock rises

(declines). Thus, we obtain the next testable implication.

Hypothesis 3 Corporate debt is more granular for firms with higher asset tangibility.
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Figure 4. Benefits of Debt Granularity ()
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This figure plots the effect of the profitability of a shock 7 on the difference in value of firms M and S, Vis — Vs, as
a function of the probability of becoming vulnerable to a technology shock A. The base case, depicted by the solid
line, assumes that the assets in place, A, are worth 40, the non-contractible project cash flow H is equal to 200, the
collateral value, ¢, and the investment cost, I, are equal to 300, the probability of a technology shock 7 is equal to
0.8, the continuation value, ¥ is equal to 700, and the transaction costs k is equal to 1. The alternative case of a
higher probability of a technology shock, depicted by the dashed line, assumes m = 0.85.

Finally, there are two more testable hypotheses that follow from firm characteristics that in-
fluence condition (1), which we invoke to avoid solutions where firm S always dominates firm M.
Observe that firms with a higher initial net worth A need to borrow less than 2 I. As a consequence,
the rollover problem of firm S will disappear in the A-state when initial net worth is sufficiently

high. Therefore, if leverage is sufficiently low, because initial net worth is sufficiently high, firm S

dominates firm M and hence less granular debt structures should be observed in the data.
Hypothesis 4 Corporate debt is more granular for firms with higher leverage ratios.

Even though we do not model cash flows from assets in place, it is clearly true that higher cash
flows from assets in place correspond, in a present value sense, to a higher value of assets in place.

Hence we obtain the fifth prediction of the model.
Hypothesis 5 Corporate debt is more granular for firms with lower cash flows from assets in place.
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4 Data Description

4.1 Sample Selection and Variable Construction

Corporate bond data are drawn from Mergent’s Fixed Income Security Database (FISD), which
contains comprehensive data on over 140,000 public bond issues for all credit ratings.'®> We obtain
issue dates, maturity, initial and historical amounts outstanding, and other relevant information
from the database. Accounting data are drawn from the annual COMPUSTAT tapes. We exclude
financial firms (SIC codes 6000-6999) and utilities (SIC codes 4900-4999), and winsorize the top
and bottom 0.5% of variables to minimize the impact of data errors and outliers. The combined

data set covers the period from 1991 to 2009.

Because debt renegotiation is frequently observed for private debt (see, e.g., Roberts and Sufi
(2009)), we measure granularity of corporate debt by the dispersion of public debt maturity struc-
tures. We employ measures of maturity dispersion based on a Herfindahl index and an inequality in-
dex (see Atkinson (1970)) of bond maturity concentrations. For each firm, we group bond maturities
into the nearest integer years ¢ and use their fractions of the total amount of bonds outstanding w; to
compute the Herfindahl index, HERF =}, w?. The Atkinson index is essentially the ratio between
the geometric and the arithmetic mean: ATKIN = 1—([], z;)"/" /%, where z; equals 1 —w;, 7 is the
mean of x;, and NV is the maximum maturity of outstanding bonds. Based on these concentration
indices, two measures of granularity (i.e. dispersion) are considered: the inverse of the Herfindahl
index (GRAN1 = 1/HERF) and the negative value of the log of the Atkinson index of bond frac-
tions (GRAN2 = —log(ATKIN)).'6 Because we measure granularity of public debt, GRAN1 and
GRAN?2 do not consider maturity structures of private debt (i.e. bank loans).!” In the empirical

analysis, we address this issue by considering the proportion of private debt as explanatory variable.

Being an inverse of the Herfindahl index, GRANT1 reflects the number of bonds a firm has
outstanding in an intuitive way. If the firm has n bonds with equal face values, GRAN1 will be
n. If the firm has a more concentrated debt structure, e.g., n bonds with different face values,
GRAN1 will be less than n. For this reason, GRAN1 tends to be positively skewed. On the other

hand, GRAN?2 measures inequality among different debt maturity distributions. Due to the way

I5FISD includes all fixed income securities that already have or probably will have a CUSIP in the near future.
16Similar to Lemmon et al. (2008), we add 0.001 to ATKIN to prevent GRAN?2 from being negative infinity.
17See Mian and Santos (2011) for a study on the maturity management of syndicate loans.
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we construct GRAN2, the measure is sensitive to the longest maturity of a firm, whereas GRAN1
is not. Also, GRAN2 tends to be slightly negatively skewed, so it complements GRANT1 in terms

of distributional characteristics.

To investigate the empirical predictions of the model, we include a number of explanatory and
control variables in our regression specifications. In particular, firm size (Size) is the log of total
assets: COMPUSTAT’s AT. Firm age (Age) is measured as the number of years in the COMPU-
STAT database prior to each observation. Asset tangibility (T'an) is measured as plant, property,
and equipment scaled by total assets: PPENT/AT. Profitability (Prof) is operating income be-
fore depreciation scaled by total assets: OIBDP/AT, which measures cash flows. Leverage (Lev)
is book debt over market assets: (DLTT + DLC)(AT + PRCC -CSHO — CEQ —TXDB). We
use the market-to-book ratio (Q)) as a proxy of the firm’s investment opportunities: (AT + PRCC -
CSHO — CDQ —TXDB)/AT. To control for corporate liquidity (or financial slack), we include
cash holdings: CHE/AT. Finally, Rating is the issuer-level S&P rating, where smaller values of

Rating represent higher ratings.
4.2 Summary Statistics

Descriptive statistics of our sample are reported in Table 3. Compared to all COMPUSTAT firms,
the sample consists of larger and higher leverage firms, because they are required to have issued
corporate bonds to be included in our sample. For example, in the sample of firms with at least two
bonds outstanding, the average and median assets are $11.9 and $3.5 billion, and the average and
median leverage are 0.28 and 0.24. In the sample of all COMPUSTAT firms during the 1991-2009
period (untabulated), the average and median assets are $2.0 and $7.1 billion, and the average and

median leverage are 0.18 and 0.20.

[Insert Table 3 here]

Panel A of Table 3 reveals that a number of firms have only one bond outstanding. Within the
16,593 observations, there are 7,189 observations of single-bond firms (or 43%). They are typically
younger firms (13 years vs. 28 years median age) with smaller amounts of assets ($1,776 million
vs. $11,908 million average assets) and shorter average bond maturities (8.2 years vs. 10.1 years

average maturity). Single-bond firms might have also considered being granular, because they
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could have split the face values and spread out rollover dates by issuing multiple smaller bonds
with different maturities. Despite of similar median Tobin’s @ values, they did not do so, possibly
because they are younger and smaller, so that they have lower incentives to become granular due
to higher transaction costs. Panel B reports summary statistics for firm-years, in which bonds have
been issued (about 31% of all observations) and for those where no bonds have been issued (about
69% of all observations). So, adjustments (or issuances) take place, on average, every three years.
Bond issuers adjust debt structures, while non-issuers are passive. At adjustment points, firms are
larger and older, firms have higher values of Tobin’s () and more tangible assets, and firms have

higher granularity measures. This evidence is in accordance with the predictions from our model.

The empirical distributions of the granularity measures, GRAN1 and GRAN?2, for firms with at
least two bonds are reported in Figure 5 and 6, respectively. GRAN1 is skewed to the right partly
because it is an inverse of the Herfindahl index. There are a few peaks in Figure 5. For example, the
peak at one represents firms that have the same maturities for all the bonds outstanding, meaning
that these firms are not spreading out maturity structures. As noted before, GRAN?2 in Figure
6 is a bit skewed to the left. These histograms reveal that our two measures of granularity have

complementary distributional characteristics.

[Insert Figures 5 and 6 here]

Figure 7 plots time-series averages of granularity for issuing and non-issuing firms. For issuing
firms, granularity is countercyclical, so firms issue bonds to become more granular during reces-
sions. Increased rollover risk during recessions pushes firms towards more granular debt structures,
even though issuance costs are typically higher during these periods. Thus, firms clearly manage
debt granularity over the business cycle. This pattern over the business cycles is also consistent

with our model, because in recessions the probability of a market freeze, A, is likely to be higher.

[Insert Figure 7 here]

Table 4 reports univariate correlations of our variables. On the one hand, granularity is strongly
positively correlated with size, age, and tangibility, revealing that large, mature firms with pledgable
assets (i.e. collateral) tend to have more granular debt structures. On the other hand, granularity

is negatively correlated with Tobin’s ) and leverage, which appears inconsistent with our theory,
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possibly because simple univariate correlation analysis does not capture the complex relations
among these variables. The correlations of granularity measures with the number of bonds (N Bond)
are also positive. Hence firms with more bonds tend to have more granular debt structures. Also,
if some firms can only issue very short-term debt rather than various layers of long-term debt, then
such firms would have a limited ability to design granular debt structures. This explains the positive
correlation of granularity and average bond maturity (Mat). Overall, this table suggests that

controlling for these variables will be important in the multivariate regression analysis that follows.

[Insert Table 4 here]

5 Empirical Tests

5.1 Cross-Sectional Results

In this section, we test our model’s main predictions using the following panel regression:
GRAN; 41 = o + Y + BXit + €411 (10)

where X;; is a vector of explanatory and control variables, «; is a firm- or industry-level fixed
effect, and y; represents a year fixed effect. Given the model’s predictions, explanatory variables
include market-to-book, leverage, size, age, tangibility, and profitability. We include the number
of bonds as a control variable, because there could be a mechanical relation with granularity as
firms issue more bonds. Also, firms that can issue long-term bonds have a higher chance of being
granular compared to firms that can only issue short-term bonds. We therefore control for average
maturity. Also, firms’ cash holdings are controlled for because precautionary cash savings could
mitigate rollover risk. Finally, we include credit ratings and their squared values as well. According
to Diamond (1991), there is a non-monotonic relation between debt maturity and credit ratings,

which in turn potentially could affect granularity choices.

Panel A of Table 5 provides the estimation results of equation (10) using GRAN1 as dependent
variable. Overall, the independent variables are associated with granularity as predicted by our
model. For example, the market-to-book ratio is reliably positively associated with granularity in all

specifications. The economic significance is also sizable. In the first column of Panel A, for example,
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a one standard deviation change in () moves GRAN1 by 0.21. This evidence supports Hypothesis
1 that firms with more valuable growth opportunities have a higher incentive to spread out their

bonds’ maturity dates across time to protect their valuable projects from inefficient liquidation.

The coefficient estimates on firm size, as measured by total book value of assets, are reliably
positive across all regression models. Economically, firm size is also important. Observe that, given
a one standard deviation change in log assets (1.63), GRAN1 changes by 1.31 in the first column
of Panel A. Firm age is also positively related to granularity, although its effect becomes weaker
and statistically insignificant when firm fixed effects included. These findings are consistent with
Hypothesis 2, which states that small, young firms plagued by high transaction costs and limited

access to the financial markets are not able to spread out their bonds’ maturity dates across time.'®

[Insert Table 5 here]

Asset tangibility and cash flow are reliably related to granularity as predicted by our model as
well. In line with Hypothesis 3, tangibility tends to be positively related, although its statistical
significance becomes marginal or disappear when we control for firm fixed effects or when firms are
required to have at least two bonds outstanding. Cash flow is negatively associated with granularity
especially among the full sample of firms, which confirms Hypothesis 5. For one standard deviation
changes in the two variables, GRAN1 changes by 0.25 and 0.16, respectively, in the first column of
Panel A, confirming their economic significance. Other control variables, such as total number of
bonds and average debt maturity, are positively associated, but they do not reduce the explanatory

power of other key variables, underscoring the robustness of results.

Market leverage is also positively associated with granularity across all the models considered.
Although consistent with Hypothesis 4, this result can be partly due to endogeneity between gran-
ularity and leverage. A more granular debt structure can enhance debt capacity and therefore
may lead firms to select higher leverage. Another endogeneity channel is that firms might consider
amounts of bond issuance and bond maturity simultaneously. However, we find in Table 6 that the
relation between leverage and granularity tends to be more positive during the 2008-2009 financial

crisis. To the extent that market leverage changes driven by the stock market crash are exogenous,

18T untabulated tests, we validate the assumption that size and age proxy for issuance costs. Given issue amounts,
we find that gross spreads (i.e. the commissions paid to underwriters) are reliably negatively related to size and age.
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this evidence suggests that firms with high leverage maintain more granular debt structures.

Several robustness checks are performed. In the seventh and eighth columns of Table 5, we
include firm-year fixed effects after excluding single-bond firms. Since there are many firms with
only one bond in the sample, it is possible that the results in Table 5 are mainly driven by one bond
firms. If one-bond firms are not able to issue multiple bonds with different maturities for reasons
not captured by the control variables, having too many one-bond firms in the sample can be an
issue. The results are similar to those with the full sample. Market-to-book, size, age, leverage and
tangibility are mostly related positively, and profitability is negatively to granularity. Overall, the

results are not driven by single-bond firms.

In the last two columns of Table 5, we exclude bonds with sinking fund provisions. Since effec-
tive maturities for sinking fund bonds are much shorter than for straight bonds, our tests are more
informative for the sample without those bonds. Indeed, we find stronger or similar results for this

well-identified subsample compared to the results for the full sample.

We use the Atkinson index (GRAN?2) in Panel B of Table 5, because the results for GRAN1 in
Panel A could be unique to the Herfindahl-based definition of granularity. The results for GRAN2
are similar to or stronger than the results for GRAN1 and thus reinforce the relevance of our
model’s predictions.'® For example, the economic significance of Q) increases in case of GRAN2.

In the first column of Panel B, a one standard deviation change in @ moves GRAN?2 by 0.36.

In sum, the evidence in Table 5 establishes that firm characteristics, such as @, Size, Age,
Lev, Tan, and Prof, can explain cross-firm variation in debt granularity in a way consistent with
our theory. Without any fixed effects or firm-level controls, the R?’s of the regressions on these
variables (the first columns of Panel A and B) are 45.6% and 47.1%, respectively. The economic
magnitudes of the variables are also fairly high with one standard deviation changes in the variables

typically explaining 10% to 100% of one standard deviation of the granularity measures.

In addition to our main sample, we examine whether firms’ motives to have a granular maturity
structure are stronger during the 2008-2009 financial crisis, when rollover risk was likely to be
higher. Table 6 reports estimation results of equation (10) for the pre-crisis period and the crisis

period. Compared to the pre-crisis period, the effect of Tobin’s ) is more precisely measured in the

19Unreported results for the negative value of the Herfindahl index also yield qualitatively identical results.
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crisis subsample. In untabulated results, the differences in coefficients between the two subsamples
are in most cases statistically significant at the 1% level. Overall, these estimation results suggest
that given the higher likelihood of investment inefficiencies due to rollover risk during the crisis,
especially firms with valuable investment opportunities (i.e. higher Tobin’s @) selected reliably
higher granularity.

[Insert Table 6 here]

Recall that debt renegotiation is very common for private debt, so realized maturity is much
shorter than contracted maturity (see, e.g., Roberts and Sufi (2009)). As a result, firms with a large
proportion of private debt may not need granular public debt. We therefore investigate in Table 7
whether a larger fraction of bank debt affects firms’ bond granularity decisions. Since private debt
is easier to adjust and renegotiate than public debt, firms might effectively maintain a high degree
of total debt granularity by managing bank debt granularity, leaving bond maturity structure less
granular. To examine this substitution hypothesis, we estimate the model in equation (10) for low
and high bank debt subsamples, where bank debt is proxied by total debt in COMPUSTAT minus
bond amounts in the FISD. Notably, the estimation results for both subsamples are qualitatively
similar to the full sample results. Thus, the cross-sectional results in Table 5 are robust to variation
in private debt outstanding.

[Insert Table 7 here]
5.2 Speed-Of-Adjustment Results

The regression specification (10) assumes implicitly that observed granularity is also firms’ target
granularity. In a world without adjustment costs, this would be plausible. With adjustment costs,
however, granularity is likely to deviate from the target level, and firms will typically make partial
adjustments towards their targets. If firms manage granularity, then their granularity will revert
to target levels rapidly. In contrast, if there is no target granularity, or if adjustment costs are too

high, then firms are passive and adjustment speeds should be slow.

In this section, we account for the time-varying nature of target granularity and partial adjust-

ments by estimating the following speed-of-adjustment (SOA) regression of debt granularity:
AGRANM_H = ’y(ﬁXM — GRANi,t) + Vit+1, (11)
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where X;; is a vector of explanatory variables, such as @, Size, Age, Lev, Tan, and Prof. So,
BX; denotes target granularity and —v is the speed of adjustment towards target granularity. In
other words, firms narrow the gap between target granularity and actual granularity by a fraction

of v each year. Rearranging terms, the above regression model is equivalent to:
GRANZ"tJr]_ = (V,B)Xi,t + (1 — ’)/)GRANzyt + Vitt1- (12)

Equation (12) says that, in a world of partial adjustments, next year’s granularity, GRAN; 141, is

a linear combination of target granularity (5X;;) and actual granularity (GRAN; ;) this year.

Table 8 displays again results separately for GRAN1 in Panel A and for GRAN?2 in Panel B.
The first two columns in both panels present the pooled OLS estimation results of equation (12)
without firm or year fixed effects. The estimated SOA coefficients are around 0.11 (the first col-
umn of Panel A) to 0.25 (the second column of Panel B). Economically, these estimates on lagged
granularity imply the half lives of excess granularity are between 2.41 to 5.95 years. Moreover,
the estimated SOA coefficients are statistically highly significant, which indicates that firms have

target granularity levels and are involved in granularity management.

[Insert Table 8 here]

These relatively low adjustment speeds can be due to unobservable heterogeneity in target gran-
ularity. As pointed out by Flannery and Rangan (2006), the lack of fixed effects potentially biases
the SOA coefficients towards zero. Therefore, we include firm and year fixed effects in columns
three and four of both panels in Table 8. With fixed effects, the SOA estimates dramatically in-
crease and are also highly statistically significant. In the forth column of Panel B, for example, the
coefficient on GRAN2 equals 0.499. At this high rate of adjustment, firms close the granularity gap
approximately by 75% within two years. In untabulated results, an F-test for the joint significance
of the fixed effects rejects the hypothesis that these terms are all equal (F(2175,11983) = 1.84;

p-value=0.00), supporting heterogeneity in granularity targets.

The rapid adjustment speeds with fixed effect estimations require careful interpretation, because
equation (12) is a dynamic panel model. It is well-known that coefficient estimates are inconsistent
with fixed effects in a dynamic panel. To address this issue, we employ a panel GMM estimation

using lags of granularity as instruments as in Arellano and Bond (1991) in the fifth and sixth columns
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in Table 8. With this approach, the estimated speeds of adjustment are quite similar to the results
with fixed effects. In the sixth column of Panel A, for example, the estimated SOA coefficient is
0.483, which indicates that a typical firm adjusts approximately 70% of granularity towards its
target granularity within two years. These results based on instrumental variables strongly suggest

that firms manage debt granularity even when allowing for non-zero adjustment costs.

As robustness checks, we also report SOA estimations for the subsample of firms with at least
two bonds or more outstanding and for the subsample of bonds without sinking fund provisions in
the remaining columns of Table 8. The results are qualitatively similar or even stronger, especially
when one-bond firms are eliminated from the sample. The estimates are highly statistically signifi-
cant and the SOA coefficients range from 0.32 to 0.74. Across different specifications and granularity

measures, we find that firms reliably adjust granularity levels towards their target granularity levels.

In addition to the SOA estimates in the first line, Table 8 also provides coefficient estimates for
(7B) X+, which allow us to deduce granularity targets as a function of firm characteristics. Note
that the estimated granularity targets also confirm the predictions from our theory. Tobin’s @, firm
size, and leverage are reliably positively related to target granularity across all the models consid-
ered. The other variables (i.e. firm age, tangibility, and profitability) also tend to be associated

with target granularity in a way that is consistent with our hypotheses.

Overall, these SOA test results lead us to conclude that firms manage debt granularity. The
speed with which firms make adjustments towards granularity targets is fairly high, implying that
firms regard granularity management as important. Furthermore, granularity targets are explained
by firm characteristics in ways that are in line with the predictions of our theory and that are also

consistent with the cross-sectional test results in Section 5.1.
5.3 Time-Series Results

In this section, we provide more direct evidence on firms’ granularity management. Specifically, we
ask the following question: how important is granularity management when firms determine the

maturity of newly-issued bonds?

To address this question, we construct a novel time-series test, which is informative about

whether newly-issued bonds’ maturities are consistent with debt granularity management. For this
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purpose, we run a series of binomial choice regressions (j = 1,2, ...,7):
K; K K. K. K K. K K
Prob(I;7) = aim; ' + aam; * + agm; * + agm; * + asm; ° +agm; ¢ +arm; " +on +ye,  (13)

where K; represent maturity buckets, I ZK 7 issuance dummies for each newly-issued bond i, and mZ-Kj
are deviations of the issuing firm’s maturity profile from its benchmark’s. The maturity buckets
K; are defined as follows. For maturity shorter than 10 years, there are five two-year buckets. In
other words, for 1 < j <5, Kj is from 2j — 1 to 2j years. For maturities longer than 10 years, there
are two maturity buckets Kg and K7. Kg corresponds to years from 11 to 20 and K7 to years from

21 or longer. a,, is a firm fixed effect for the issuing firm n and y; denotes a year fixed effect.?’

The independent variable mf(j (the deviation of maturity profiles from the benchmark) is defined
in the following way. Each firm’s maturity profiles are first calculated as fractions of pre-existing
bond amounts in each maturity bucket K;. To obtain the benchmark maturity profile, firms are
sorted into high (top 50%) and low (bottom 50%) groups based on the firm characteristics (Q,
market leverage, age, size, tangibility, profitability, and average maturity). This procedure yields
128 maturity profile groups. The benchmark profile of each group is then obtained by averag-
ing maturity profiles in that group. The deviations from the benchmark profiles are obtained by

subtracting average maturity profiles of the group that the issuing firm belongs to.

The dependent variable is the issuance variable, I ZK 7, which takes a value of one if the bond’s
maturity falls in the K; bucket. If the bond issued has a different maturity, then IZ-K 7 is zero.
For the new issue to be sufficiently important, we experiment with different relative issuance size
cut-offs. We note that this time-series analysis is conditional in that it estimates a maturity choice

problem given the firm issues a bond.

If firms manage their debt granularity relative to industry-level benchmarks, then the probabil-
ity of issuing a bond in the K; maturity bucket will be negatively related to the deviation of bond
fractions in that bucket, mf(j . The coefficient a; will be negative and smaller than coefficients on
other maturity buckets, a;, where i # j. To examine these predictions, linear probability models are
estimated for each maturity bucket K;. We have experimented with other probability models, such

as panel logit models, and the results are qualitatively identical. Firm and year fixed effects are

20We have obtained remarkably similar results for a probit model instead of a linear probability model. As the
linear model is easier to interpret (i.e. coefficients correspond to probabilities), we tabulate these results.

27



included in the estimation. Any economy-wide supply side effects on firms’ issuance are absorbed

by year fixed effect. Standard errors are clustered at the Fama-French 48 industry level.

Results in Panel A of Table 9 confirm the model’s key insights. Panel A1l provides the results
based on the sample of bonds with issue sizes greater than 3% of firms’ total pre-existing bond
amounts. Except for the shortest maturity bucket (K7), all diagonal coefficients are negative and
statistically significant at 1% or 5% level, suggesting that firms engage in granularity management
by avoiding maturity towers. For the five to six year maturity bucket, for example, the coefficient
on K3 is -0.423. That is, the probability of issuing additional five- or six-year maturity bonds drops
by 0.423 of a percentage point for every percentage point that a firm’s maturity profile exceeds
the benchmark maturity profile in the bucket K3. Perhaps because bank loans and other private
debt are confounding our analysis for shorter maturities, the weakest result is found at the shortest
maturity bucket (K7), which is still negative and statistically significant at the 10% level. Non-
diagonal coefficients are in many cases positive and not significant. The results in Panel A2 based
on the sample with the issue cutoff at 5% are even stronger, further confirming firms’ motives to

maintain granular bond maturity structures when the relative size of the new issue is larger.

[Insert Table 9 here]

In addition, we examine in Table 9 if the diagonal coefficients are, on average, smaller than the
other six coefficients in the same binomial choice regression (i.e. column). For this purpose, we test
the null hypothesis, Hy: a; — % Zn# an, = 0, in the last rows of Table 9. The results reveal that the
diagonal coefficients are always smaller than the average of non-diagonal coefficients. The difference
(a; — %Zn i Gn) is negative across all maturity buckets, ranging from -0.07 to -0.99 in Panel Al.
Furthermore, they are all statistically significant at the 5% level, except for the seven to eight
maturity bucket, in which case the statistical significance is marginal. When the 5% issue cutoff is

used in Panel A2, the results are stronger with the hypothesis rejected in all cases at the 5% level.

In Panels B1 and B2 of Table 9, we perform the same tests after excluding all option-embedded
bonds, such as callable, convertible, and putable bonds, and bonds with sinking fund provisions, as
a robustness check. This exercise is important and informative because effective maturities could
be shorter with these option-embedded bonds. Compared to the ones in the full sample, the results

are qualitatively similar in the sample of straight bonds.

28



To summarize, firms manage granularity in that newly issued corporate bond maturities comple-
ment pre-existing bond maturity profiles. The findings in this subsection reinforce the results from
the previous subsection. That is, they also support the view that firms manage debt granularity,

especially when they issue new bonds.

6 Conclusion

In this paper, we study the degree to which firms spread out their bonds’ maturity dates across time,
which we call “granularity” of corporate debt. We build a three-period model with rollover risk,
which has adverse effects on the firm’s real investment process, to derive a number of novel, testable
implications. In our setting, it can be advantageous to diversify the debt rollover times across differ-
ent maturity dates. Our model predicts that corporate debt should be more granular for larger and
more mature firms, for firms with better investment opportunities, with more tangible assets, with

higher leverage ratios, with lower values of assets in place, and with lower levels of current cash flows.

In a large panel of corporate bond issuers during the 1991-2009 period, we find evidence that
supports our model’s predictions in cross-sectional and time-series tests. In the cross-section, cor-
porate debt is more granular and adjusts faster over time for larger and more mature firms, for firms
with better investment opportunities, with more tangible assets, with higher leverage ratios, with
lower values of assets in place, and with lower levels of current cash flows. Moreover, during the
recent financial crisis when access to primary capital markets was difficult, we find that especially
firms with valuable investment opportunities implemented more granular debt structures. In the
time-series, we also document that firms manage granularity in that newly issued corporate bond

maturities complement pre-existing bond maturity profiles.

Taken together, our model predictions and test results suggest several novel insights for the joint
choice of capital structure and debt structure. In essence, we establish that there is heterogeneity
in regards to how firms spread out their bonds’ maturity dates across time and that recognition of
this heterogeneity has important implications for the determinants of capital structure across firms
and over time. More generally, we believe that our understanding of corporate financial decision
making can be improved by recognizing the costs and benefits associated with firms’ decisions on

how many different types, sources, and maturities of debt to use.

29



References

Acharya, V., D. Gale, and T. Yorulmazer, 2011. Rollover Risk and Market Freezes. Journal of
Finance 66, 1177-1209.

Almeida, H., M. Campello, and D. Hackbarth, 2011. Liquidity Mergers. Journal of Financial
Economics 102, 526—558.

Almeida, H., M. Campello, B. Laranjeira, and S. Weisbenner, 2012. Corporate Debt Maturity
and the Real Effects of the 2007 Credit Crisis. Critical Finance Review 1, 3-58.

Arellano, M., and S. Bond, 1991. Another Look at the Instrumental Variable Estimation of
Error-Components Models. Journal of Econometrics 68, 29-51.

Atkinson, A., 1970. On the Measurement of Economic Inequality. Journal of Economic Theory
2, 244-263.

Barclay, M., and C. Smith, 1995. The Maturity Structure of Corporate Debt. Journal of Finance
50, 609-631.

Berglof, E., and E. von Thadden, 1994. Short-Term versus Long-Term Interests: Capital Structure
with Multiple Investors. Quarterly Journal Economics 109, 1055-1084.

Chen, H., X. Yu, and J. Yang, 2012. Systematic Risk, Debt Maturity, and the Term Structure of
Credit Spreads, Working Paper, MIT.

Colla, P., F. Ippolito, and K. Li, 2012. Debt Specialization. Working Paper, UBC.

Cutler, D., and L. Summers, 1988. The Costs of Conflict Resolution and Financial Distress:
Evidence from the Texaco-Pennzoil Litigation. RAND Journal of Economics 19, 157-172.

Diamond, D., 1991. Debt Maturity Structure and Liquidity Risk. Quarterly Journal of Economics
106, 709-737.

Diamond, D., 1993. Seniority and Maturity of Debt Contracts. Journal of Financial Economics
33, 341-368.

Diamond, D., and Z. He, 2011. A Theory of Debt Maturity: The Long and Short of Debt Over-
hang. Working Paper, University of Chicago.

Fischer, E., R. Heinkel, and J. Zechner, 1989. Dynamic Capital Structure Choice: Theory and
Tests. Journal of Finance 44, 19—40.

Flannery, M., 1986. Asymmetric Information and Risky Debt Maturity Choice. Journal of Finance
41, 19-37.

Flannery, M., 1994. Debt Maturity and the Deadweight Cost of Leverage: Optimally Financing
Banking Firms. American Economic Review 84, 320-331.

Flannery, M., and K. Rangan, 2006. Partial Adjustment toward Target Capital Structures. Jour-
nal of Financial Economics 41, 41-73.

Greenwood, R., S. Hanson, and J. Stein, 2008. A Gap-Filling Theory of Corporate Debt Maturity
Choice. Journal of Finance 65, 993-1028.

30



Guedes, J., and T. Opler, 1996. The Determinants of the Maturity of Corporate Debt Issues.
Journal of Finance 51, 1809-1833.

Hart, O., and J. Moore, 1995. Debt and Seniority: An Analysis of the Role of Hard Claims in
Constraining Management. American Economic Review 85, 567-585.

He, Z., and K. Milbradt, 2012. Endogenous Liquidity and Defaultable Bonds. Working Paper,
MIT.

He, Z., and W. Xiong, 2012. Rollover Risk and Credit Risk. Journal of Finance 67, 391-430.

Hu, X., 2010. Rollover Risk and Credit Spreads in the Financial Crisis of 2008. Working Paper,
Princeton University.

Johnson, S., 2003. Debt Maturity and the Effects of Growth Opportunities and Liquidity Risk on
Leverage. Review of Financial Studies 16, 209-236.

Lee, 1., S. Lochhead, J. Ritter, and Q. Zhao, 1996. The Cost of Raising Capital. Journal of
Financial Research 19, 59-74

Lemmon, M., M. Roberts, and J. Zender, 2008. Back to the Beginning: Persistence and the
Cross-Section of Corporate Capital Structure. Journal of Finance 63, 1575-1608.

Longstaff, F., S. Mithal, and E. Neis, 2005. Corporate Yield Spreads: Default Risk or Liquidity?
New Evidence from the Credit-Default Swap Market. Journal of Finance 60, 2213-2253.

Mahanti, S., A. Nashikkar, M. Subrahmanyam, G. Chacko, and G. Mallik, 2008. Latent liquidity:
A New Measure of Liquidity, with an Application to Corporate Bonds. Journal of Financial
Economics 88, 272-298.

Massa, M., and L. Zhang, 2011. The Spillover Effects of Hurricane Katrina on Corporate Bonds
and the Choice between Bank and Bond Financing. Working Paper, INSEAD.

Mian, A., and J. Santos, 2011. Liquidity Risk And Maturity Management Over The Credit Cycle.
Working Paper, U.C. Berkeley.

Milbradt, K., and M. Oehmke, 2012. Maturity Rationing. Working Paper, Columbia University.

Rauh, J., and A. Sufi, 2010. Capital Structure and Debt Structure. Review of Financial Studies
23, 4242-4280.

Roberts, M., and A. Sufi, 2009. Renegotiation of Financial Contracts: Evidence from Private
Credit Agreements. Journal of Financial Economics 93, 159-184.

Servaes, H., and P. Tufano, 2006. The Theory and Practice of Corporate Debt Structure. Global
Survey of Corporate Financial Policies and Practices, Deutsche Bank.

Structure. Journal of Business 69, 279-312.

Sufi, A., 2009. Bank Lines of Credit in Corporate Finance: An Empirical Analysis. Review of
Financial Studies 22, 1057-1088.

31



Figure 5. Distribution of Granularity Measures (GRAN1)

GRAMN1

This figure plots the histogram of the granularity measure, GRAN1, winsorized at the top and bottom 0.5%.
Firms are required to have more than or equal to two bonds outstanding to be included in the sample. GRANT is
defined as an inverse of the Herfindahl index of bond fractions. The bond fractions are calculated by first grouping
maturities into the nearest integer years and then calculating fractions out of total bond outstanding.

32



Figure 6. Distribution of Granularity Measures (GRAN2)

GRANZ

This figure plots the histogram of the granularity measure, GRAN2, winsorized at the top and bottom 0.5%. Firms
are required to have more than or equal to two bonds outstanding to be included in the sample. GRAN?2 is defined
as the negative value of the log of the Atkinson index of bond fractions. The bond fractions are calculated by first
grouping maturities into the nearest integer years and then calculating fractions out of total bond outstanding.
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Figure 7. Time Series of Granularity
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This figure plots the time series of aggregate granularity measures, GRAN1 and GRAN2, for bond issuing firms
only and for all firms. GRANT is defined as the inverse of the Herfindahl index of bond fractions, and GRAN?2
is defined as the negative value of the log of the Atkinson index of bond fractions. To obtain bond fractions, we
group bond maturities into the nearest integer years and compute their fractions out of the total amount of bonds
outstanding. To be included in the bond issuing sample, firms are required to have at least one bond issued greater
than 1% of existing bond amounts. Aggregate granularity is the cross-sectional average of individual firm-level
granularity. Shaded areas are NBER recessions.
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Table 3. Sample Descriptive Statistics
The sample is drawn from the Fixed Income Security Database (FISD) from Mergent and the annual COMPUSTAT

files, excluding financial and utility firms, for the period from 1991 to 2009. Panel A reports summary statistics for
firms with one bond (NBond = 1) and for firms with at least two bonds (NBond > 2). GRAN1 is defined as an
inverse of the Herfindahl index of bond fractions. The bond fractions are calculated by first grouping maturities into
the nearest integer years and then calculating fractions out of total bond outstanding. GRAN?2 is defined as the
negative value of the log of the Atkinson index of bond fractions. Size is the total assets in million dollars. Age is the
number of years in the COMPUSTAT file prior to observations. @ is the market-to-book ratio and Lev is the market
value of leverage. T'an and Prof are the tangibility and profitability. N Bond is the number of bonds outstanding
and Mat is the average of firms’ bond maturities. Panel B reports statistics for firm-years in which bonds have been
issued (issuers) and for those where no bonds have been issued (non-issuers). NIssue is the number of bonds issued

by the issuing firms.

Panel A: Subsamples Based on Number of Bonds

NumBond > 2 NumBond =1
Mean Std Dev  Median Mean Std Dev  Median
GRAN1 3.48 2.65 2.62
GRAN?2 3.88 1.66 4.01
Size 11907.9  35835.5 3478.4 1775.6 6888.2 662.5
Age 24.9 13.4 28.0 16.9 11.8 13.0
Q 1.66 0.95 1.38 1.70 1.04 1.38
Lev 0.28 0.18 0.24 0.28 0.19 0.24
Tan 0.36 0.23 0.31 0.30 0.24 0.23
Prof 0.12 0.10 0.13 0.10 0.13 0.11
N Bond 8.2 15.3 4.0 1.0 0.0 1.0
Mat 10.1 6.2 8.4 8.2 6.1 6.6
Obs. 9404 7189

Panel B: Subsamples Based on Bond Issues

Issuers Non-Issuers
Mean Std Dev  Median Mean  Std Dev  Median
GRAN1 3.33 3.04 2.00 1.86 1.70 1.00
GRAN?2 3.09 2.33 3.64 1.59 2.09 0.00
Size 10370.5 31848.3 2500.9 5542.9  24579.6 1164.8
Age 21.6 13.9 20.0 20.4 12.9 17.0
Q 1.77 1.08 1.43 1.64 0.97 1.35
Lev 0.28 0.17 0.24 0.29 0.19 0.25
Tan 0.37 0.25 0.32 0.33 0.23 0.27
Prof 0.12 0.11 0.13 0.11 0.12 0.12
N Bond 8.6 17.7 3.0 3.2 7.4 1.0
Mat 10.3 5.7 9.1 8.5 6.4 6.7
Nlssue 2.2 3.9 1.0
Obs. 5117 11476
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Table 4. Correlations
The sample is from the Fixed Income Security Database (FISD) from Mergent and the annual COMPUSTAT files,

excluding financial and utility firms for the period from 1991 to 2009. GRAN1 is defined as a negative of the
Herfindahl index of bond fractions. The bond fractions are calculated by first grouping maturities into the nearest
integer years and then calculating fractions out of total bond outstanding. GRAN?2 is defined as the negative value
of the log of the Atkinson index of bond fractions. Size is the log of total assets. Age is the number of years in the
COMPUSTAT file prior to observations. @ is the market-to-book ratio and Lev is the market value of leverage. T'an
and Prof are tangibility and profitability. NBond is the number of bonds outstanding and Mat is the average of

firms’ bond maturities. The sample period is from 1991 to 2009 and there are total of 16,593 firm-year observations.

GRAN1 GRAN2 Size Age Q Lev  Tan Prof Mat NBond

GRAN1 1

GRAN2 0.80 1

Size 0.60 0.65 1

Age 0.36 0.40 0.41 1

Q -0.03 -0.01 0.03  -0.02 1

Lev -0.07 -0.08  -027 -0.23 -054 1

Tan 0.16 0.14 0.08 -0.02 -0.16 0.19 1

Prof 0.12 0.16 028 020 013 -0.21 0.6 1

Mat 0.26 0.28 022 014 003 -0.15 0.05 0.11 1
NBond 0.66 0.46 040 024 -0.03 -0.04 013 006 0.13 1
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Table 5. Cross-Sectional Analysis

This table provides results for the following panel regression equation:
GRANLHJ = ; +Yi + ﬂXi,t + €it+1,

where X ; is a vector of explanatory variables, a; is a firm or industry level fixed effect, and y; is a year fixed effect.
Panel A and Panel B report results based on GRAN1 and GRAN2, respectively. In columns named All Firms, the
entire sample of firms is considered in the regressions. In the next two columns, only firms with at least two bonds
outstanding are included in the regressions. The last two columns report results from the sample without bonds with
sinking fund provisions. GRAN1 and GRAN?2 are the inverse of Herfindahl index and the negative value of the log
of the Atkinson index of bond fractions, respectively. To obtain bond fractions, we group bond maturities into the
nearest integer years and compute their fractions out of the total amount of bonds outstanding. Size is the log of
total assets. Age is the number of years in the COMPUSTAT file prior to observations. @ is the market-to-book ratio
and Lev is the market value of leverage. Tan and Prof are tangibility and profitability. N Bond is the number of
bonds outstanding and Mat is the average of firms’ bond maturities. Cash is the cash holdings of firms, and Rating
is the issuer-level S&P rating, where smaller values of Rating represent higher ratings. Numbers in parentheses are
t-statistics for which standard errors are clustered at the Fama-French 48 industry level. The sample period is from
1991 to 2009.

Panel A: GRAN1

All Firms Num. Bonds > 2 Straight Bonds
Q 0.220 0.122 0.230 0.099 0.190 0.155 0.290 0.231 0.251 0.200
(3.07) (1.67) (2.79) (1.34) (2.37) (1.86) (1.85) (1.56) (2.80) (2.05)
Size 0.805 0.637 0.817 0.632 0.646 0.632 0.974 0.912 0.685 0.646
(13.14) (9.49) (12.43) (8.76) (8.62) (7.10) (9.49) (7.04) (9.24) (7.08)
Age 0.028 0.017 0.03 0.018 0.186 0.120 0.393 0.641 0.232 0.185
(8.88) (6.32) (11.41) (7.14) (1.36) (0.78) (1.31) (1.86) (1.64) (1.27)
Lev 1.370 1.447 1.181 1.274 1.300 1.006 1.632 1.155 1.360 1.046
(5.33) (6.92) (4.34) (6.34) (5.08) (4.79) (3.77) (3.41) (4.46) (4.02)
Tan 1.104 0.516 0.961 0.718 -0.061 0.490 0.433 0.935 0.029 0.527
(3.73) (2.62) (3.10) (2.38) (-0.20) (1.19) (0.89) (1.61) (0.10) (1.33)
Prof -1.567 -0.657 -1.798 -0.627 -0.485 -0.242 -0.383 -0.016 -0.479 -0.230
(-4.63) (-2.31)  (-4.07)  (-2.09) (-1.98) (-0.92) (-0.79) (-0.03) (-2.07)  (-0.86)
N Bond 0.006 0.006 0.005 0.003 0.058
(3.28) (3.44) (3.08) (3.10) (3.72)
Mat 0.004 0.004 0.003 0.003 0.03
(3.82) (3.81) (2.42) (3.11) (4.66)
Cash -0.009 0.233 0.143 0.099 0.158
(-0.05) (1.11) (0.64) (0.23) (0.77)
Rating 0.008 0.011 0.137 0.135 0.116
(0.13) (0.19) (1.37) (1.15) (1.10)
Rating? -0.001 -0.001 -0.004 -0.004 -0.004
(-0.33) (-0.33) (-1.28) (-1.08) (-1.07)
Obs. 16593 14084 16593 14084 16593 14084 9288 8668 15546 13427
R2 0.456 0.5 0.469 0.504 0.735 0.745 0.701 0.709 0.765 0.791
Year FE No No Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE No No Yes Yes No No No No No No
Firm FE No No No No Yes Yes Yes Yes Yes Yes
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Panel B: GRAN?2

Q
Size
Age
Lev
Tan
Prof
N Bond
Mat
Cash
Rating
Rating?
Obs.
R2
Year FE

Industry FE
Firm FE

All Firms Num. Bonds > 2 Straight Bonds

0.381 0.442 0.401 0.403 0.379 0.365 0.248 0.199 0.466 0.420

(4.84) (4.56) (5.17) (4.50) (5.90) (5.19) (3.16) (2.31) (8.05) (6.59)
0.865 0.784 0.883 0.784 0.756 0.751 0.617 0.574 0.800 0.779

(29.28) (18.75) (25.78) (16.77) (11.66) (10.52) (11.92)  (10.43) (12.97)  (11.26)

0.033 0.026 0.032 0.026 -0.052 -0.300 0.325 0.418 0.033 -0.177

(10.01) (9.33) (11.66) (9.43) (-0.26) (-1.42) (1.59) (1.76) (0.15) (-0.85)
1.790 2.251 1.717 2.104 2.295 2.278 1.227 0.998 2.456 2.365

(8.21) (9.08) (8.30) (8.07) (8.79) (10.01) (4.37) (4.40) (8.41) (9.34)
0.876 0.471 0.676 0.557 -0.075 0.259 0.184 0.326 -0.062 0.233

(5.36) (2.46) (3.67) (2.64) (-0.25) (0.68) (0.65) (1.19) (-0.22) (0.71)

-0.953 -0.930 -1.221 -0.836 -0.588 -0.564 -0.220 -0.140 -0.484 -0.407

(-3.94) (-2.70) (-4.48) (-2.57) (-2.48) (-1.91) (-0.72) (-0.46) (-2.08) (-1.36)
0.033 0.034 0.032 0.018 0.031

(3.49) (3.83) (3.39) (3.45) (3.42)

0.063 0.063 0.045 0.058 0.046

(8.15) (8.04) (7.25) (16.78) (6.12)

-0.219 0.214 0.421 0.298 0.499

(-0.84) (0.88) (1.39) (1.07) (1.73)

0.050 0.060 0.082 0.071 0.054

(1.16) (1.52) (1.30) (1.74) (0.78)

-0.004 -0.004 -0.002 -0.002 -0.002

(-1.92) (-2.25) (-1.17) (-1.66) (-0.72)

16593 14084 16593 14084 16593 14084 9288 8668 15546 13427
0.471 0.52 0.492 0.531 0.751 0.756 0.75 0.761 0.752 0.758
No No Yes Yes Yes Yes Yes Yes Yes Yes
No No Yes Yes No No No No No No
No No No No Yes Yes Yes Yes Yes Yes
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Table 6. Cross-Sectional Analysis: Pre-Crisis and Crisis Subsamples
This table provides results for the following panel regression equation:

GRAN; 141 = o + Yyt + BXit + €041

for the pre-crisis (2007 or earlier) and the crisis (2008 or later) periods. X is a vector of explanatory variables, «; is
a firm or industry level fixed effect, and y; is a year fixed effect. Panel A and Panel B report results based on GRAN1
and GRANZ2, respectively. In columns named All Firms, the entire sample of firms is considered in the regressions.
In the next two columns, only firms with at least two bonds outstanding are included in the regressions. The last two
columns reports results from the sample without bonds with sinking fund provisions. GRAN1 and GRAN2 are the
inverse of Herfindahl index and the negative value of the log of the Atkinson index of bond fractions, respectively. To
obtain bond fractions, we group bond maturities into the nearest integer years and compute their fractions out of the
total amount of bonds outstanding. Size is the log of total assets. Age is the number of years in the COMPUSTAT
file prior to observations. @ is the market-to-book ratio and Lev is the market value of leverage. Tan and Prof
are tangibility and profitability. N Bond is the number of bonds outstanding and Mat is the average of firms’ bond
maturities. Cash is the cash holdings of firms, and Rating is the issuer-level S&P rating, where smaller values of
Rating represent higher ratings. Numbers in parentheses are t-statistics for which standard errors are clustered at
the Fama-French 48 industry level. The sample period is from 1991 to 2009.

Panel A: GRAN1

Pre-Crisis Crisis

Q 0.082 0.055 0.127 0.201 0.172 0.515 0.435 0.372 0.464 0.379

(1.05) (0.73) (1.44) (1.27) (1.70) (3.18) (2.77) (1.81) (1.46) (1.84)

Size 0.648 0.644 0.631 0.93 0.643 0.468 0.45 0.636 0.868 0.642

(9.43) (8.68) (7.10) (6.76) (6.94) (4.83) (4.93) (2.68) (2.13) (2.65)

Age 0.016 0.017 0.119 0.642 0.181 0.020 0.020 0.167 0.186 0.173

(5.96) (6.94) (0.80) (1.94) (1.26) (4.33) (4.14) (2.76) (2.06) (2.69)

Lev 1.364 1.197 0.956 1.074 0.982 2.016 1.845 1.09 1.287 1.133

(6.98) (6.40) (4.45) (3.09) (3.72) (4.67) (4.58) (1.62) (1.15) (1.65)

Tan 0.577 0.748 0.592 1.131 0.627 0.040 0.442 -0.268 0.400 -0.307

(2.94) (2.52) (1.39) (1.81) (1.53) (0.14) (0.93) (-0.32) (0.35) (-0.36)

Prof -0.586 -0.593 -0.276 -0.037 -0.264 -1.305 -0.891 -0.077 -0.082 -0.072

(-2.04) (-1.88) (-1.04) (-0.07) (-0.89) (-1.89) (-1.85) (-0.30) (-0.17)  (-0.28)

N Bond 0.080 0.080 0.063 0.054 0.059 0.129 0.128 0.107 0.097 0.108

(5.40) (5.38) (3.94) (3.72) (3.76) (3.65) (3.50) (1.37) (1.26) (1.36)

Mat 0.054 0.053 0.032 0.045 0.031 0.049 0.049 -0.016 -0.022 -0.015

(6.45) (6.26) (5.72) (4.18) (4.95) (3.82) (3.67) (-0.92) (-0.81) (-0.92)

Cash -0.052 0.209 0.062 -0.023 0.083 0.171 0.069 1.175 1.196 1.150

(-0.31) (1.09) (0.29) (-0.05) (0.43) (0.41) (0.13) (1.38) (1.03) (1.35)

Rating 0.007 0.011 0.133 0.135 0.109 0.015 0.003 0.020 -0.010 0.016

(0.11) (0.19) (1.34) (1.17) (1.02) (0.12) (0.02) (0.09) (-0.04) (0.07)

Rating? 0.000 0.000 -0.004 -0.004 -0.003 -0.004 -0.004 -0.001 0.000 -0.001

(-0.18)  (-0.17)  (-1.18) (-1.05)  (-0.93) (-0.77)  (-0.65) (-0.16)  (-0.05)  (-0.14)

Obs. 12746 12746 12746 7716 12095 1338 1338 1338 952 1332

R2 0.607 0.614 0.806 0.772 0.798 0.615 0.624 0.956 0.945 0.954
Year FE No Yes Yes Yes Yes No Yes Yes Yes Yes
Industry FE No Yes No No No No Yes No No No
Firm FE No No Yes Yes Yes No No Yes Yes Yes
NBond > 2 No No No Yes No No No No Yes No
Straight Bonds Only No No No No Yes No No No No Yes
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Panel B: GRAN2

Q
Size
Age
Lev
Tan
Prof
NBond
Mat
Cash
Rating

Rating?

Obs.
R2

Year FE
Industry FE
Firm FE
NBond > 2
Straight Bonds Only

Pre-Crisis Crisis
0.390 0.341 0.331 0.169 0.386 1.024 0.986 0.606 0.491 0.618
(3.84) (3.64) (4.46) (1.98) (5.91) (5.66) (5.40) (1.37) (0.98) (1.40)
0.795 0.793 0.769 0.599 0.797 0.651 0.683 0.997 1.113 0.999
(18.95) (17.05) (10.56) (9.29) (11.19) (9.53) (9.02) (3.38) (3.32) (3.38)
0.026 0.025 -0.278 0.471 -0.157 0.029 0.026 0.204 0.085 0.209
(9.13) (9.49) (-1.31) (1.92) (-0.76) (6.27) (5.48) (2.72) (1.09) (2.71)
2.132 1.966 2.192 0.897 2.273 3.180 3.402 2.027 2.004 2.081
(8.47) (7.34) (9.20) (4.10) (9.25) (5.96) (5.76) (1.70) (1.39) (1.73)
0.547 0.627 0.410 0.520 0.375 -0.136 -0.101 -0.872 0.748 -0.887
(2.77) (2.90) (1.11) (1.79) (1.16) (-0.45)  (-0.23) (-0.51) (0.41) (-0.51)
-0.918 -0.856 -0.705 -0.162 -0.502 -1.279 -0.692 0.687 0.734 0.655
(-2.62) (-2.71) (-2.32) (-0.48) (-1.60) (-1.78)  (-1.25) (1.39) (1.63) (1.33)
0.032 0.033 0.032 0.018 0.031 0.057 0.059 0.071 0.032 0.071
(3.40) (3.75) (3.48) (3.49) (3.37) (3.18) (3.00) (1.12) (0.91) (1.11)
0.063 0.063 0.044 0.060 0.045 0.059 0.058 -0.019 -0.034 -0.019
(8.87) (8.68) (6.98) (19.26) (6.56) (3.40) (3.11) (-0.43)  (-0.64)  (-0.43)
-0.249 0.190 0.331 0.206 0.432 -0.088 0.256 1.619 0.419 1.578
(-0.94) (0.81) (1.06) (0.67) (1.41) (-0.19) (0.42) (1.07) (0.42) (1.04)
0.050 0.063 0.086 0.068 0.054 0.073 0.063 -0.141 -0.106 -0.144
(1.13) (1.56) (1.34) (1.77) (0.77) (0.95) (0.75) (-0.66)  (-0.64) (-0.67)
-0.003 -0.004 -0.002 -0.002 -0.001 -0.006 -0.006 0.005 0.004 0.005
(-1.73) (-2.13) (-1.07) (-1.52) (-0.58) (-1.97)  (-1.71) (0.71) (0.69) (0.73)
12746 12746 12746 7716 12095 1338 1338 1338 952 1332
0.522 0.534 0.761 0.767 0.763 0.510 0.519 0.907 0.915 0.906
No Yes Yes Yes Yes No Yes Yes Yes Yes
No Yes No No No No Yes No No No
No No Yes Yes Yes No No Yes Yes Yes
No No No Yes No No No No Yes No
No No No No Yes No No No No Yes
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Table 7. Cross-Sectional Analysis: Low and High Bank Loan Subsamples

This table provides results for the following panel regression equation:
GRAN; t41 = o + Yyt + BXit + €041

for the low and the high bank loan subsamples. X ; is a vector of explanatory variables, c; is a firm or industry level
fixed effect, and y; is a year fixed effect. Firms are categorized as low bank loan firms if more than 50% of debt (long-
term debt plus debt in current liabilities) is corporate bonds and are categorized as high bank loan firms otherwise.
Panel A and Panel B report results based on GRAN1 and GRAN2, respectively. In columns named All Firms, the
entire sample of firms is considered in the regressions. In the next two columns, only firms with at least two bonds
outstanding are included in the regressions. The last two columns reports results from the sample without bonds
with sinking fund provisions. GRAN1 and GRAN?2 are the inverse of Herfindahl index and the negative value of the
log of the Atkinson index of bond fractions, respectively. To obtain bond fractions, we group bond maturities into
the nearest integer years and compute their fractions out of the total amount of bonds outstanding. Size is the log of
total assets. Age is the number of years in the COMPUSTAT file prior to observations. @ is the market-to-book ratio
and Lev is the market value of leverage. Tan and Prof are tangibility and profitability. N Bond is the number of
bonds outstanding and Mat is the average of firms’ bond maturities. Cash is the cash holdings of firms, and Rating
is the issuer-level S&P rating, where smaller values of Rating represent higher ratings. Numbers in parentheses are
t-statistics for which standard errors are clustered at the Fama-French 48 industry level. The sample period is from
1991 to 2009.

Panel A: GRAN1

Low Bank Loan High Bank Loan
Q 0.062 0.066 0.232 0.285 0.238 0.333 0.275 0.153 0.374 0.252
(0.62) (0.68) (2.49) (1.82) (2.33) (2.83) (2.28) (1.06) (1.39) (1.63)
Size 0.907 0.911 0.795 1.103 0.792 0.527 0.543 0.581 1.005 0.616
(9.10) (8.58) (7.33) (7.21) (6.89) (7.83) (7.31) (5.27) (5.37) (6.25)
Age 0.017 0.018 0.256 1.165 0.341 0.014 0.013 -0.118 0.071 -0.100
(5.02) (5.26) (1.12) (3.20) (1.53) (3.80) (4.55) (-0.64) (0.21) (-0.60)
Lev 2.532 2.324 1.600 1.793 1.556 1.304 1.287 0.903 1.490 1.052
(7.28) (6.87) (5.36) (4.21) (4.80) (4.78) (4.46) (2.95) (2.72) (2.69)
Tan 0.601 0.627 0.269 0.842 0.490 0.200 0.304 0.015 -0.160 0.136
(1.98) (1.69) (0.61) (1.21) (1.00) (0.99) (1.14) (0.03) (-0.19) (0.31)
Prof -0.676 -0.737 -0.170 -0.037  -0.200 -0.476 -0.376 -0.185 0.567 0.041
(-1.89)  (-1.91) (-0.68) (-0.09) (-0.76) (-1.00) (-0.82) (-0.34) (0.39) (0.07)
N Bond 0.065 0.062 0.039 0.033 0.037 0.100 0.099 0.106 0.104 0.104
(5.52) (4.82) (2.41) (2.25) (2.36) (3.22) (3.20) (4.13) (4.82) (3.91)
Mat 0.045 0.045 0.019 0.034 0.021 0.050 0.047 0.029 0.049 0.029
(4.49) (4.46) (2.24) (2.59) (2.34) (4.88) (4.65) (3.18) (3.45) (2.78)
Cash -0.025 0.154 0.010 0.170 0.110 -1.842 -1.451 -0.225 0.764 0.120
(-0.10) (0.66) (0.04) (0.44) (0.54) (-3.32) (-2.82) (-0.35) (0.60) (0.21)
Rating -0.066 -0.049 0.075 0.090 0.067 0.033 0.022 0.043 0.029 -0.012
(-0.91)  (-0.70) (0.65) (0.69) (0.55) (0.65) (0.42) (0.50) (0.16) (-0.13)
Rating? 0.002 0.002 -0.001 -0.002 -0.001 -0.001 -0.001 -0.002 -0.001 0
(0.77) (0.68) (-0.45)  (-0.57)  (-0.36) (-0.60)  (-0.24) (-0.46) (-0.14)  (-0.02)
Obs. 9270 9270 9270 6067 8959 4814 4814 4814 2601 4468
R? 0.672 0.683 0.856 0.827 0.845 0.582 0.595 0.81 0.773 0.808
Year FE No Yes Yes Yes Yes No Yes Yes Yes Yes
Industry FE No Yes No No No No Yes No No No
Firm FE No No Yes Yes Yes No No Yes Yes Yes
NBond > 2 No No No Yes No No No No Yes No
Straight Bonds Only No No No No Yes No No No No Yes
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Panel B: GRAN?2

Q
Size
Age
Lev
Tan

Prof
NBond
Mat
Cash
Rating
Rating?
Obs.

R2
Year FE
Industry FE

Firm FE
NBond > 2

Straight Bonds Only

Low Bank Loan

High Bank Loan

0.436
(4.62)
1.060
(20.44)
0.025
(9.26)
3.568
(15.25)
0.406
(2.45)
-0.786
(-2.58)
0.012
(2.25)
0.046
(6.19)
-0.519
(-1.84)
0.011
(0.25)
-0.002
(-1.14)

9270
0.626

No
No
No
No
No

0.446 0.501
(4.80) (5.81)
1.081 0.958
(20.49) (12.33)
0.024 -0.058
(8.34) (-0.17)
3.446 3.114
(15.17) (8.88)
0.305 -0.055
(1.47) (-0.15)
-0.739 -0.175
(-2.61) (-0.52)
0.012 0.015
(2.17) (2.36)
0.046 0.028
(6.21) (3.07)
-0.11 0.099
(-0.41) (0.36)
0.021 0.041
(0.50) (0.57)
-0.002 0
(-1.12) (-0.09)
9270 9270
0.635 0.830
Yes Yes
Yes No
No Yes
No No
No No

0.210 0.519
(2.55) (6.34)
0.670 0.972
(12.89) (12.29)
0.746 0.149
(2.53) (0.46)
1.485 3.106
(4.88) (8.06)
0.383 -0.020
(1.32) (-0.06)
0.048 -0.101
(0.18) (-0.30)
0.008 0.013
(2.07) (2.42)
0.057 0.030
(8.88) (3.43)
0.281 0.242
(1.13) (0.93)
0.088 0.002
(1.87) (0.03)
-0.003 0.001
(-2.16) (0.48)
6067 8959
0.812 0.826
Yes Yes
No No
Yes Yes
Yes No
No Yes

0.617
(3.85)
0.738

(14.72)
0.023
(5.48)
2.120
(7.43)
0.430
(2.05)
-1.093

(-1.57)
0.063
(3.66)
0.067
(7.15)

-2.753

(-3.83)
0.068
(1.51)

-0.004

(-1.87)

4814
0.528

No
No
No
No
No

0.474 0.282
(3.05) (1.39)
0.753 0.754
(12.84) (6.32)
0.023 -0.457
(6.17) (-1.31)
2.016 2.036
(6.70) (4.87)
0.473 0.477
(1.67) (0.95)
-0.952 -0.970
(-1.45) (-1.47)
0.061 0.059
(3.69) (5.18)
0.066 0.047
(7.16) (3.22)
-2.359 -0.840
(-3.74) (-0.90)
0.077 0.092
(2.04) (1.14)
-0.004 -0.004
(-2.16) (-1.27)
4814 4814
0.547 0.775
Yes Yes
Yes No
No Yes
No No
No No

0.471
(2.18)
0.730
(6.16)
-0.004
(-0.01)
1.083
(2.21)
0.370
(0.90)
-0.288
(-0.27)
0.037
(5.20)
0.055
(3.93)
0.332
(0.57)
0.095
(0.93)
-0.004
(-0.80)

2601
0.794

Yes
No
Yes
Yes
No

0.398
(1.96)
0.805
(6.31)
-0.486
(-1.48)
2.276
(5.16)
0.401
(0.73)
-0.917
(-1.53)
0.066
(4.41)
0.046
(2.92)
-0.305
(-0.43)
0.035
(0.40)
-0.002
(-0.61)

4468
0.779
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Table 8. Speed-Of-Adjustment Analysis

This table provides results for the following panel regression equation:
AGRAN; 141 = —YGRAN; 1 + (v8) Xt + Vit41,

where X ; is a vector of explanatory variables. Panel A and Panel B report results based on GRAN1 and GRAN2,
respectively. In columns named All Firms, the entire sample of firms is considered in the regressions. The next two
columns report Arellano-Bond dynamic panel regression estimation results. In the next two columns, only firms
with at least two bonds outstanding are included in the regressions. The last two columns reports results from the
sample without bonds with sinking fund provisions. GRAN1 and GRAN?2 are the inverse of Herfindahl index and
the negative value of the log of the Atkinson index of bond fractions, respectively. To obtain bond fractions, we
group bond maturities into the nearest integer years and compute their fractions out of the total amount of bonds
outstanding. Size is the log of total assets. Age is the number of years in the COMPUSTAT file prior to observations.
Q is the market-to-book ratio and Lev is the market value of leverage. T'an and Prof are tangibility and profitability.
N Bond is the number of bonds outstanding and Mat is the average of firms’ bond maturities. Cash is the cash
holdings of firms, and Rating is the issuer-level S&P rating, where smaller values of Rating represent higher ratings.
Numbers in parentheses are t-statistics for which standard errors are clustered at the Fama-French 48 industry level.
The sample period is from 1991 to 2009.

Panel A: AGRAN1

All Firms Arellano—Bond Num. Bonds > 2 Straight Bonds

GRAN1 0.107 0.176 0.319 0.363 0.324 0.483 0.354 0.390 0.320 0.363

(9.32) (7.72) (16.45)  (11.99) (8.89) (10.28) (16.43)  (12.87) (15.45)  (11.55)

Q 0.094 0.094 0.159 0.140 0.256 0.151 0.214 0.172 0.169 0.146

(7.09) (4.78) (3.99) (3.06) (4.02) (2.11) (2.95) (2.22) (4.19) (2.90)

Size 0.128 0.126 0.342 0.326 0.529 0.428 0.514 0.467 0.369 0.349

(13.21)  (10.51) (8.91) (9.22) (8.73) (6.44) (9.06) (7.98) (9.25) (8.76)

Age 0.001 0.000 0.247 0.327 -0.034 -0.023 1.072 1.559 0.251 0.313

(1.39) (-0.35) (0.91) (0.61) (-4.63)  (-2.53) (3.60) (11.70) (0.96) (0.62)

Lev 0.314 0.520 0.797 0.746 0.875 0.634 0.938 0.780 0.826 0.766

(5.39) (8.96) (4.49) (4.50) (5.91) (3.60) (3.11) (3.02) (4.33) (4.17)

Tan 0.148 0.083 -0.028 0.190 -0.071 0.361 0.064 0.256 0.060 0.295

(3.79) (1.72) (-0.16) (0.85) (-0.33) (1.46) (0.27) (0.91) (0.34) (1.27)

Prof -0.209 -0.313 -0.223 -0.167 -0.482 -0.489 -0.149 -0.059 -0.219 -0.152

(-3.88) (-3.20) (-1.53) (-0.90) (-3.76)  (-3.17) (-0.59) (-0.22) (-1.54) (-0.78)

N Bond 0.015 0.027 0.073 0.024 0.025

(3.44) (2.99) (5.11) (2.85) (2.96)

Mat 0.018 0.021 0.031 0.030 0.021

(8.40) (5.92) (4.40) (4.75) (5.58)

Cash -0.055 0.013 0.594 -0.046 0.076

(-0.82) (0.08) (3.26) (-0.19) (0.58)

Rating -0.007 0.013 0.032 0.021 0.015

(-0.40) (0.32) (0.64) (0.41) (0.36)

Rating? 0.000 -0.001 -0.001 -0.001 -0.001

(-0.66) (-0.53) (-0.35) (-0.67) (-0.57)

Obs. 14183 12274 14183 12274 11955 10518 8564 8050 13274 11679
R? 0.059 0.117 0.097 0.157 - - 0.149 0.194 0.098 0.155
Year FE No No Yes Yes No No Yes Yes Yes Yes
Industry FE No No No No - - No No No No
Firm FE No No Yes Yes - - Yes Yes Yes Yes
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Panel B: AGRAN?2

All Firms Arellano-Bond Num. Bonds > 2 Straight Bonds

GRAN2 0.208 0.247 0.478 0.499 0.396 0.418 0.724 0.738 0.488 0.508

(29.97)  (24.26) (30.09) (32.46) (11.49) (11.52) (53.59)  (53.28) (29.13)  (32.81)

Q 0.194 0.234 0.338 0.317 0.458 0.364 0.223 0.157 0.355 0.313

(10.59) (7.98) (7.28) (6.22) (6.20) (4.57) (3.05) (1.95) (8.61) (6.20)

Size 0.215 0.192 0.436 0.404 0.635 0.575 0.456 0.402 0.467 0.426

(25.09) (12.44) (10.19) (8.39) (11.00) (8.62) (10.19) (8.52) (10.47) (8.40)

Age 0.003 0.002 0.261 -0.112 -0.043 -0.038 0.716 0.901 0.301 -0.093

(3.16) (1.96) (0.47) (-0.18) (-7.30)  (-5.10) (6.05) (7.64) (0.51) (-0.14)

Lev 0.633 1.015 1.652 1.719 1.561 1.44 0.959 0.796 1.712 1.708

(8.26) (11.30) (7.70) (8.57) (8.01) (6.43) (3.61) (3.84) (7.17) (7.90)

Tan 0.197 0.142 -0.320 -0.092 -1.041 -0.312 -0.125 0.006 -0.262 -0.013

(3.25) (1.92) (-1.43)  (-0.32) (-3.86)  (-0.93) (-0.65) (0.03) (-1.14)  (-0.05)

Prof -0.272 -0.511 -0.374 -0.413 -0.551 -0.579 -0.169 -0.129 -0.319 -0.318

(-4.40)  (-3.48) (-1.69) (-1.62) (-2.69)  (-2.45) (-0.68)  (-0.52) (-1.63)  (-1.39)

N Bond 0.007 0.017 0.043 0.012 0.017

(2.87) (2.99) (4.71) (2.89) (3.10)

Mat 0.027 0.037 0.048 0.051 0.040

(9.22) (7.12) (5.13) (14.17) (6.64)

Cash 0.041 0.407 1.421 0.390 0.570

(0.44) (1.64) (5.41) (1.81) (2.19)

Rating 0.024 0.025 0.022 0.056 0.032

(1.51) (0.70) (0.45) (1.58) (0.72)

Rating? -0.002 -0.002 -0.001 -0.003 -0.002

(-3.42) (-1.23) (-0.50) (-2.08) (-1.17)

Obs. 14183 12274 14183 12274 11955 10518 8564 8050 13274 11679

R? 0.116 0.156 0.223 0.261 - - 0.596 0.625 0.228 0.267
Year FE No No Yes Yes No No Yes Yes Yes Yes
Industry FE No No No No - - No No No No
Firm FE No No Yes Yes - - Yes Yes Yes Yes
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Table 9. Time-Series Analysis

Linear probability models are estimated for each maturity bucket (7 = 1,2,...,7):
Prob(Iin) = arm™ + aom + azm3 + aam* + asm™ + aem™ + armXT + an + i,

where K is five two-year maturity buckets defined as 2j — 1 to 2j years for maturities shorter than 10 years (j < 5),
and two maturity buckets (11 to 20 years and 11 years or longer) for maturities longer than 10 (j = 6 or j = 7). The
variable mf{j is obtained by subtracting a benchmark from each firm’s maturity profile where the maturity profile
is defined as fractions of pre-existing bond amounts in each maturity bucket K;. After firms are sorted into 128
(:27) groups based on seven variables (Q, market leverage, age, size, tangibility, profitability, and average maturity),
the benchmark is obtained by averaging maturity profiles in each group. Issuance dummy IiK 7 is one if the bond
7’s maturity falls in K, and is zero if the bond has a different maturity than Kj;. «ay, is a firm fixed effect for the
issuing firm n and y; denotes a year fixed effect. Panel Al is for a sample with bond issues greater than 3% of
firms’ pre-existing bonds, and Panel A2 is for bond issues greater than 5%. Panel B1 and B2 exclude all bonds with
option features (callability, convertibility, putability and sinking fund provisions) from the sample. The hypothesis
test (Ho: ai—3>, 2i @n = 0) is also reported. Numbers in parenthesis are ¢-statistics for which standard errors are

clustered at the Fama-French 48 industry level. The sample period is from 1991 to 2009.

Panel Al: Issue Cutoff at 3%, All Bonds
Ki:1-2Yr Ko:34Yr K3:56Yr Ky 7-8Yr Ks:9-10Yr Kg: 11-20 Yr K7 21- Yr

mi1 -0.090 -0.221 -0.452 -0.193 0.191 0.126 0.241
(-1.87) (-4.14) (-6.66) (-2.98) (2.52) (2.02) (4.40)
mie 0.037 -0.194 -0.403 -0.158 -0.039 0.178 0.106
(1.02) (-5.01) (-6.71) (-1.98) (-0.52) (2.78) (2.17)
mKs 0.007 0.022 -0.423 -0.178 -0.109 0.099 0.120
(0.38) (0.82) (-6.16) (-2.00) (-1.31) (1.84) (3.35)
mH4 0.018 0.031 -0.096 -0.111 -0.317 0.038 0.016
(0.66) (1.05) (-2.08) (-2.16) (-4.61) (0.58) (0.50)
miss 0.013 0.013 -0.001 0.067 -0.772 0.249 -0.050
(0.47) (0.52) (-0.01) (1.48) (-8.38) (6.80) (-0.97)
mKe 0.057 0.062 -0.006 0.047 -0.039 -0.364 -0.285
(1.98) (1.44) (-0.11) (0.88) (-0.46) (-4.38) (-3.69)
mH 0.107 0.080 0.175 0.150 -0.125 -0.197 -0.974
(3.32) (2.30) (2.13) (1.79) (-1.19) (-2.03) (-9.91)
Obs. 6053 6053 6053 6053 6053 6053 6053
Hy -0.12 -0.19 -0.31 -0.07 -0.71 -0.43 -0.99
(-2.46) (-5.04) (-4.62) (-1.60) (-8.00) (-5.35) (-10.60)

Panel A2: Issue Cutoff at 5%, All Bonds
Ki:1-2Yr Ko:34Yr K3:56Yr Ky 7-8Yr Ks:9-10Yr Kg: 11-20 Yr K7 21- Yr

mH1 -0.113 -0.238 -0.467 -0.17 0.261 0.129 0.245
(-2.36) (-4.06) (-6.00) (-2.41) (3.34) (2.44) (4.45)
mi2 0.032 -0.191 -0.409 -0.163 -0.048 0.184 0.095
(0.97) (-4.92) (-6.71) (-2.00) (-0.61) (2.83) (2.00)
mKs 0.023 0.008 -0.415 -0.177 -0.107 0.084 0.129
(1.11) (0.28) (-5.97) (-2.02) (-1.27) (1.54) (3.79)
mHa 0.016 0.010 -0.117 -0.124 -0.329 0.037 0.041
(0.60) (0.35) (-2.39) (-2.41) (-5.04) (0.58) (1.25)
m¥s 0.019 0.012 0.011 0.067 -0.763 0.238 -0.031
(0.75) (0.39) (0.24) (1.41) (-8.19) (6.36) (-0.58)
m¥e 0.051 0.061 0.032 0.064 -0.024 -0.414 -0.278
(2.07) (1.54) (0.54) (1.21) (-0.30) (-4.91) (-3.57)
m¥7 0.110 0.079 0.211 0.168 -0.142 -0.192 -1.009
(3.13) (2.11) (2.50) (2.32) (-1.35) (-1.85) (-10.86)
Obs. 5732 5732 5732 5732 5732 5732 5732
Hy -0.15 -0.15 -0.31 -0.09 -0.71 -0.48 -1.04
(-2.97) (-4.77) (-4.62) (-2.04) (-8.07) (-5.82) (-11.71)
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Panel B1: Issue Cutoff at 3%, Straight Bonds Only

Ki: 1-2Yr Ko:34Yr Ks3:56Yr Kyg: 7-8Yr Ks: 9-10Yr Kg: 11-20 Yr K7 21- Yr
m1 -0.063 -0.095 -0.177 -0.121 -0.388 -0.034 0.145
(-0.57) (-1.07) (-1.25) (-1.51) (-3.65) (-0.45) (1.58)
m¥2 0.229 -0.286 -0.418 -0.03 -0.237 0.009 0.020
(2.52) (-2.64) (-5.04) (-0.32) (-1.81) (0.11) (0.30)
mis 0.016 0.096 -0.505 -0.038 -0.231 -0.067 0.173
(0.24) (1.37) (-3.79) (-0.34) (-1.35) (-0.69) (1.75)
mHa 0.075 0.066 -0.002 -0.062 -0.389 -0.136 0.012
(0.94) (1.06) (-0.02) (-0.78) (-2.78) (-1.17) (0.15)
m¥s 0.066 0.016 -0.091 0.179 -1.006 0.280 -0.024
(0.95) (0.30) (-1.22) (2.75) (-10.45) (3.07) (-0.34)
m* e 0.034 0.066 -0.219 0.006 -0.330 -0.144 -0.106
(0.40) (0.75) (-2.23) (0.06) (-2.17) (-1.06) (-1.05)
mHK7 0.203 0.038 -0.061 0.049 -0.259 0.037 -0.764
(2.80) (0.50) (-0.50) (0.65) (-2.34) (0.34) (-8.66)
Obs 1856 1856 1856 1856 1856 1856 1856
Hy -0.15 -0.31 -0.37 -0.07 -0.74 -0.16 -0.80
(-1.32) (-2.75) (-3.40) (-0.85) (-7.50) (-1.28) (-8.23)
Panel B2: Issue Cutoff at 5%, Straight Bonds Only
Ki: 1-2Yr Ko:34Yr K3:56Yr Kyq: 7-8Yr Ks: 9-10Yr Kg: 11-20 Yr K7 21- Yr
mH1 -0.086 -0.105 -0.119 -0.068 -0.358 -0.075 0.18
(-0.75) (-0.90) (-0.82) (-0.69) (-2.79) (-0.89) (1.74)
mHz2 0.265 -0.281 -0.403 -0.024 -0.235 0.022 0.019
(3.03) (-2.52) (-4.53) (-0.23) (-1.71) (0.26) (0.27)
mis 0.090 0.098 -0.51 0.006 -0.260 -0.117 0.213
(1.23) (1.16) (-3.69) (0.05) (-1.40) (-1.16) (2.03)
ma 0.096 0.034 -0.041 -0.101 -0.410 -0.125 0.028
(1.22) (0.47) (-0.44) (-1.29) (-2.84) (-1.04) (0.42)
mHs 0.078 0.039 -0.036 0.199 -0.979 0.228 -0.005
(0.99) (0.58) (-0.37) (2.57) (-9.70) (2.34) (-0.07)
m¥ e 0.068 0.070 -0.19 0.030 -0.379 -0.221 -0.137
(0.82) (0.81) (-1.75) (0.34) (-2.21) (-1.47) (-1.22)
mK7 0.234 0.014 -0.047 0.097 -0.280 0.067 -0.819
(2.63) (0.19) (-0.35) (1.32) (-2.31) (0.55) (-10.20)
Obs 1648 1648 1648 1648 1648 1648 1648
Hy -0.20 -0.30 -0.39 -0.14 -0.70 -0.22 -0.86
(-1.76) (-2.58) (-3.44) (-1.90) (-6.72) (-1.59) (-9.16)
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