
LBS Research Online

llya Strebulaev
Essays in financial economics
Thesis

This version is available in the LBS Research Online repository: https://lbsresearch.london.edu/
id/eprint/2368/

Strebulaev, llya

(2004)

Essays in financial economics.

Doctoral thesis, University of London: London Business School.

DOI: https://doi.org/10.35065/KCNS4176

Users may download and/or print one copy of any article(s) in LBS Research Online for purposes of
research and/or private study. Further distribution of the material, or use for any commercial gain, is
not permitted.

https://lbsresearch.london.edu/view/lbs_authors/460962.html
https://lbsresearch.london.edu/id/eprint/2368/
https://lbsresearch.london.edu/id/eprint/2368/
https://lbsresearch.london.edu/view/lbs_authors/460962.html
https://doi.org/10.35065/KCNS4176


Essays in Financial Economics 

by 

Ilya A. Strebulaev 

Submitted to the Department of Finance 

in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy 

at the 

UNIVERSITY OF LONDON'- 

LONDON BUSINESS SCHOOL 

March 2004 

© Copyright 2004 by Ilya A. Strebulaev 

The author hereby grants to University of London - 
London Business School permission to reproduce and 

to distribute copies of this thesis document in whole or in part 

P[ 
Uýý 



Essays in Financial Economics 

by 

Ilya A. Strebulaev 

Submitted to the Department of Finance 

on 20 March 2004, in partial fulfillment of the 

requirements for the degree of 
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Abstract 

This Thesis investigates the impact of a number of imperfections in financial markets 
and assesses their importance for the pricing of financial assets. A central question in 
the Thesis is the extent to which imperfections can explain various observed phenomena 
in financial markets. In particular, we consider impact of transaction costs, liquidation 

costs and costs of distress, as well as bid-ask spread. The Thesis comprises five chapters. 
Chapter 1 describes the focus and purpose of the Thesis. Chapter 2 presents a model of 
dynamic financial policy where, as a result of transaction costs, firms adjust infrequently 

and investigates the implications for cross-sectional empirical tests. The results show 
that introducing infrequent adjustment has far-reaching consequences for the interpre- 
tation of capital structure tests. Chapter 3 studies the effects on ex-ante debt prices of 
strategic behavior on the part of equityholders and debtholders that arises where there 
are liquidation costs in default. The results show that this imperfection has an impact on 
debt prices. Using the data on government bonds, Chapter 4 studies whether the bid-ask 

spread is reflected in asset prices. The results demonstrate that this particular source of 
imperfection is likely to be of second-order importance. Chapter 5 presents conclusions 
and recommendations for further research. 

Thesis Supervisor: Stephen Schaefer 
Title: Professor of Finance, London Business School 
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Chapter 1 

General Introduction 

1.1 Focus, purposes and issues of this study 

The impact of imperfections on the functioning of financial markets and corporate fi- 

nancial policy is a subject that, over the last two decades, has attracted great interest 

in many areas of financial economics. Most models used in the early literature assumed 

frictionless capital markets where the costs of trading and issuing securities were zero 

and where inefficiencies due to, for example, costly liquidation, could not arise. Since 

then, a growing strand of the literature has analyzed whether the presence of frictions 

has a first-order economic influence on management decisions, both at the level of the 

individual and economy-wide, on asset prices and on the interpretation and conduct of 

empirical tests. Importantly, these studies have in some instances been applied in sub- 

fields of financial economics, such as corporate finance and asset pricing, in an attempt 

to understand economic consequences of introducing imperfections. 

A number of questions raised by this literature remain largely or entirely unanswered, 

in particular: (i) how should we interpret cross-sectional empirical tests, so common in 

applied financial economics, if frictions are important in the decision-making process; (ii) 

what is the empirical importance of the asset pricing implications of introducing frictions 

that give rise to strategic behavior on the part of firms and financial agents, for example, 
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when existing financial contracts can be violated; (iii) what is the empirical evidence on 

the various mechanisms by which frictions are translated into asset prices in otherwise 

well-functioning financial markets. 

This Thesis focuses on important issues such as these and investigates the significance 

of the impact of imperfections in several related areas in finance. 

In particular, the central aim of the Thesis is to assess the empirical implications of 
frictions, that give rise either to infrequent adjustment on behalf of firms or strategic 

behavior on behalf of agents, for the pricing and for the interpretation of empirical 

tests. It is important to stress that frictions have widely been studies in many, if not 

most, subfields in financial economics. One example is the presence of proportional or 

fixed transaction costs. From the asset pricing perspective, trading costs can invalidate 

the familiar continuous models based on arbitrage arguments since continuous revision 

implies infinite trading and this leads to infinite costs if transaction costs are present. 

Leland (1995) develops an approach that incorporates transaction costs in the Black- 

Scholes (1973) model showing that the rational replication strategy is affected by costs 

and, as a result, option prices will reflect these costs as well. 

From a corporate finance perspective, the existence of transaction costs in changing 

the firm's external financing structure affects the decisions of managers and, as a re- 

sult, the optimal capital structure of the firm. The reasoning is similar to the Leland's 

argument: under certain types of cost changes in external financing are prohibitively ex- 

pensive and this leads firms to choose, not only the optimal amount of external financing, 

but also the optimal timing of, for example, for issuing or retiring financing instruments. 

The effect of transaction costs on these decisions may be substantial. What links this 

problem with the corresponding asset pricing question is that the ex-ante values of equity 

and debt of the firm will be affected as well. 

Fischer, Heinkel and Zechner (1989a) develop a framework that permits the study of 

dynamic capital structure in a rational setting where firms issue debt to capture the tax 

benefits and where, as the firm value increases, firms are eager to issue more debt. Due 
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to transaction costs, however, firms find it optimal to issue debt only infrequently, thus 

introducing bounds on leverage: firms issue debt only if firm value increases sufficiently. 

Debt issuance is therefore discontinuous and the issue volume is relatively large. This 

means that the leverage of any individual firm can vary within relatively wide upper and 

lower bounds even though the target optimal leverage ratio at the point of refinancing 

remains the same. Here, transaction costs affect firms' optimal financing decisions and, 

as a consequence, the values of equity and debt. A number of studies have attempted to 

generalize Fischer, Heinkel and Zechner's (1989a) model of dynamic capital structure to 

explain phenomena such as low leverage. Goldstein, Ju and Leland (2001) and Ju, Par- 

rino, Poteshman and Weisbach (2003) show that this framework leads to a substantially 

lower levels of optimal leverage: in dynamics, if firms can commit to increase or reduce 

their leverage in the future they will opt for lower leverage initially since an option to 

alter their financing decisions has a positive value in the presence of bankruptcy costs. 

One important question that is left unanswered is whether the presence of frictions 

such as transaction costs changes the way that models of optimal leverage should be tested 

empirically. An Intuition developed in Fischer, Heinkel and Zechner (1989a) suggests 

strongly that it does; they demonstrated that the standard measure of capital structure 

- leverage ratio - is inadequate for empirical analysis of the behavior of an individual 

firm. 

Chapter 2 of this Thesis investigates the same issue but from a different perspective. 
The question that we ask relates to cross-sectional studies of capital structure, a common 

tool in empirical corporate finance and to large extent the tool responsible for most of 

what we know about the financing behavior of corporations. Studies of this kind include 

those of Long and Malitz (1985), Bradley, Jarrell and Kim (1985), Titman and Wessels 

(1988), Rajan and Zingales (1995), Booth, Aivazian, Demirgüc-Kunt and Maksimovic 

(2001), and Fama and French (2002), among others. A common feature in all these tests 

is that their interpretation of the findings is based on the comparative statics of the firm's 

capital structure decisions. 
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The question we ask relates to the following issue: if costs are present and firms 

restructure infrequently, to what extent are the results of conventional empirical studies 

affected. To study this, Chapter 2 starts by constructing a model of a dynamic capital 

structure similar to those of Fischer, Heinkel and Zechner (1989a) and Goldstein, Ju 

and Leland (2001). Then, this model is calibrated and simulations of an economy with 

a large number of firms is carried out. The main analysis of the Chapter starts when 

conventional cross-sectional tests are replicated on data generated by the model. We 

show that there is a substantial difference between empirical results based on comparative 

statics of the model and those based on model-implied dynamic data. It suggests that 

the introduction of transaction costs renders comparison between "optimal" leverage 

ratios (they are optimal only at refinancing points) and empirical data to large extent 

meaningless. In the cross-section, the data reflect to large extent deviations of leverage 

from its refinancing optimal value and this has a first-order effect on the interpretation 

of investigations, for example, of low leverage. 

A second issue that is raised in Chapter 2 is whether it is possible to disentangle 

various models of capital structure based on current empirical tests. In the model used 

to generate the data we assume that debt is issued only because of the trade off between 

the tax benefits to debt and costs due to distress and bankruptcy. Other models, for 

example a strand of the literature based on the pecking order idea (Myers and Majluf 

(1984)), provide a different rationale for firms to issue external financing. A key difference 

between these models is in their predictions for the relationship between leverage and 

profitability and the standard cross-sectional tests reject the trade-off model based on 

empirical estimates on this relationship. (The trade-off argument leads to a positive 

relationship between leverage and profitability, while the pecking order argument leads 

to a negative one. Empirical findings consistently reveal a strong negative relationship. ) 

Chapter 2 demonstrates that such interpretations can be seriously flawed if imperfections 

are present in the economy. We show that in the presence of transaction costs, at any time 

in any cross-section firms will be at different stages of their refinancing cycle and, under 
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reasonable assumptions, this can lead to the negative relationship between leverage and 

profitability even though capital structure decisions are driven by the trade-off between 

tax benefits and the costs of distress. 

A second objective of the Thesis is to apply the same ideas on imperfections to 

the study of importance strategic interactions in financial markets. If we consider the 

standard debt contract between equityholders and debtholders, then in the presence of 

certain imperfections equityholders may wish to renege on the contract in an attempt to 

seek concessions from debtholders. Anderson and Sundaresan (1996) and Mella-Barral 

and Perraudin (1997) develop models in which, in presence of bankruptcy/liquidation 

costs, equityholders can essentially blackmail debtholders once the debt contract is signed 

and the firm value subsequently changes. Debtholders may optimally prefer to give in to 

blackmail since otherwise they will be forced to liquidate the firm and, as the residual 

claimants, they will bear all costs that are born as a result of liquidation. 

Importantly, and what further links these models with those considered earlier, the 

decision of equityholders to renege in the future, resulting from imperfections in the 

market for distressed assets or inefficiencies in bankruptcy procedures, will be reflected 

in the price debtholders are prepared to pay for the bond initially. Thus, once again, 

imperfections change both the value of equity and debt and ultimately the capital struc- 

ture decisions of the firm. Important studies by Anderson and Sundaresan (1996) and 

Mella-Barral and Perraudin (1997) have been followed by a number of investigations of 

strategic behavior and its pricing implications in a number of studies including those of 

Anderson, Sundaresan and Tychon (1996), Fan and Sundaresan (2000), Acharya, Huang, 

Subrahmanyam and Sundaram (2002), Hege and Mella-Barral, (2002) and Christensen, 

Flor, Lando and Miltersen (2002). However, the extent one can observe the consequences 

of strategic behavior in asset prices, has been so fargiven relatively little attention in the 

literature. As Anderson and Sundaresan (1996) show in calibrations of their theoretical 

model, incorporating strategic behavior may explain a large part of credit spread for 

issuers with different creditworthness. 
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Chapter 3 of this Thesis is devoted to analyzing the extent to which the possibility of 

strategic behavior affects the price of debt ex-ante. (Ex-post, i. e. when bankruptcy has 

occurred, it has already been shown that such behavior has a strong impact on recovery 

rates (for example, Franks and Torous (1989). ) Using data from actual transactions we 

relate credit spreads on corporate debt recorded to variables that proxy for the theoretical 

factors that make strategic behavior more or less important. Three such factors are: 

liquidation costs, bargaining power and renegotiation costs. The first main finding of 

Chapter 3 is that strategic behavior as proxied by our variables does indeed affect credit 

spreads and improves our ability to explain the cross-sectional variation of credit spreads. 

This establishes a degree of empirical support for this strand of the theoretical literature. 

The second finding is that strategic behavior alone is unlikely to explain the whole of 

corporate credit spread puzzle and therefore other factors must be considered. 
One such factor, suggested by the literature, is liquidity. Liquidity (or its absence) is 

inherently linked to the existence of imperfections in the market. It relates to how easy 

or difficult, or how costly it is for agents to trade an asset. For example, Elton, Gruber, 

Agrawal and Mann (2001) attribute a large part of the credit spread on corporate bonds 

to liquidity. Since corporate bonds are more expensive to trade, they ought to be cheaper 

so as to compensate holders. Causes of illiquidity in the market are numerous. One strand 

of the literature has focused on transaction costs: since it is more expensive to trade in 

the future, buyers need to be compensated to induce them to buy. Empirically, one way 

to capture these costs is via the bid-ask spread, the difference between prices at which 

dealers are prepared to sell and buy a given asset at point in time. If the bid-ask spread 

is expected to be non-negligible in the future, buyers buy at the higher price and sell at 

the lower price compared to a fair value of the asset. In equilibrium, they need to be 

compensated for these costs via prices that are initially lower. Thus, once again, asset 

prices affected (Amihud and Mendelson (1986)). Testing this hypothesis is difficult since 

one would need to identify ideally assets with identical future cash flows but different 

bid-ask spreads; in other words, assets differing only in liquidity. A number of empirical 
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studies have employed stock market data (Amihud and Medelson (1989), Brennan and 

Subrahmanyam (1996)) but the inherent difficulty with this approach is that stocks also 

differ in their risk characteristics and thus price differences attributed to liquidity may 

in fact reflect some source of risk that has not been adequately captured. 

Chapter 4 of the Thesis investigates this issue in detail by finding securities with 

identical cash flows and studying their relative pricing. The study is based on an im- 

portant paper by Amihud and Mendelson (1991) that uses data on the U. S. Treasury 

securities and matches bills (short-term securities) with notes (medium-term securities) 

of approximately the same maturity. They find a substantial price differential between 

these securities. Instead, we start by matching instead different notes (in particular, 

notes with the same maturity date but those issued at different times) and do not find 

a substantial price differential. To refine the results, we replicate the analysis for bills 

and notes and conclude that the empirical findings of Amihud and Mendelson (1991) are 

robust. However, when we rank notes according to their liquidity, the price differences 

with bills are inconsistent with the ranking based on the bid-ask explanation. Also, the 

bill-note price difference is not larger for on-the-run (i. e. just-issued) bills than off-the- 

run bills as implied by the Amihud and Mendelson's explanation. Chapter 4 attributes 

these differences between bills and notes to taxes and the specialness in the repo market. 

Overall, it is likely that there are other aspects of liquidity that matter in, for example, 

the corporate bond market. 

In summary, this study contributes to the literature in a number of ways. In partic- 

ular, we address imperfections in financial markets and their role in: (i) the ability of 

capital structure models to explain the observed low levels of leverage in the economy; 

(ii) changing the interpretation of empirical cross-sectional tests of capital structure the- 

ories; (iii) pricing corporate debt in the presence of strategic behavior; (iv) pricing assets 

with identical cash flows. The fundamental research goal of the Thesis is to shed light 

on these issues, some of which have been neglected in the literature, and to provide a 

different perspective on findings in the empirical literature. 
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1.2 Organization of the Thesis 

The remainder of the Thesis is divided into four Chapters. 

Chapter 2 presents the model of dynamic capital structure based on the trade off 

between the tax advantages to debt and various distress and bankruptcy costs. Then, 

we calibrate this model for a large sample of firms and simulate the model to generate 

the data that are similar, along a number of dimensions, to those analyzed by empirical 

researchers. In the second half of the Chapter we replicate a number of well-known 

empirical tests on the generated data and investigate how the interpretation of these 

tests changes if firms adjust infrequently. 

Chapter 3 studies the extent to which strategic behavior of equityholders and debthold- 

ers arising from imperfections in the bankruptcy process is reflected in ex-ante prices. We 

examine the cross-section of corporate bond credit spreads for actual transactions and 

relate these spreads to a number of variables that proxy for the ease of renegotiation, the 

costs of bankruptcy and the bargaining power of the different parties. 

Chapter 4 extends the study of the impact of imperfections in financial markets carried 

out in Chapters 2 and 3 to a direct test of whether relative illiquidity, as measured by 

the bid-ask spread, affects the ex-ante prices of financial securities. We investigate this 

issue by matching a number of U. S. Treasury securities with identical cash flows, and 

where the only difference between them is their relative illiquidity. We then extend the 

analysis to analyzing the matching procedure that has been used in the literature and 

comparing the results of the two procedures. 

Chapter 5 presents our conclusions and recommendations for future work. 
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Chapter 2 

Imperfections, Infrequent 

Adjustment and Empirical Tests of 

Capital Structure Theories 

2.1 Introduction 

As mentioned in Chapter 1, recent empirical research in capital structure has focused 

on regularities in the cross section of leverage to discriminate between various theories 

of financing policy. In these tests, book and market leverage are related to profitabil- 

ity, book-to-market and firm size. Changes in market leverage are largely explained 

by changes in equity value. Past book-to-market ratios predict current capital structure. 

Firms seem to use debt financing too conservatively, and the leverage of stable, profitable 

firms appears particularly low. Even if firms have a target level of leverage, they move 

towards it slowly. Firms with low and high leverage react differently to external eco- 

nomic shocks. ' These findings are typically evaluated in terms of the comparative statics 

'See Graham (2000) on conservatism in financing decisions; Titman and Wessels (1988), Rajan and 
Zingales (1995), Fama and French (2002), among others, on cross-sectional determinants; Fama and 
French (2002), Hovakimian, Opler and Titman (2001) and Graham and Harvey (2001) on slow mean 
reversion of debt ratios; Baker and Wurgler (2002) on the influence of past book-to-market ratios; Welch 
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of various capital structure models. Each of these models is supported by some evidence 

and challenged by other evidence. This Chapter attempts to understand whether our in- 

terpretation of cross-sectional tests would change if imperfections are present in financial 

markets and, as a result, firms optimally adjust their leverage only infrequently. 

The starting point is a simple but a fundamental observation: in a dynamic economy 

with frictions the leverage of most firms, most of the time, is likely to deviate from "opti- 

mal leverage" prescribed by models of optimal financial policy since firms adjust leverage 

by issuing or retiring securities infrequently, at "refinancing points". Consequently, even 

if firms follow a certain model of financing, a static model may fail to explain differences 

between firms in a cross-section since actual and "optimal" leverage differ. It has been 

long recognized that deviations from optimal leverage may create problems in interpret- 

ing the results of empirical research. For example, Myers (1984, p. 578) emphasizes that 

"any cross-sectional test of financing behavior should specify whether firms' debt ratios 

differ because they have different optimal ratios or because their actual ratios diverge 

from optimal ones". 

In this Chapter we start by constructing a model of time-consistent optimal dynamic 

financing in the presence of frictions and then use the model to generate dynamic paths 

of leverage. This cross-sectional data resembles, along a number of dimensions, data used 

in empirical studies. This allows us to replicate tests commonly used in such studies and 

ask to what extent the results are similar. My findings can be summarized as follows: (i) 

cross-sectional tests performed on data generated by dynamic models can produce results 

that are profoundly different from their predictions for corporate financing behavior at 

refinancing points; moreover, some results may lead to the rejection of precisely the model 

on which these tests are based; and (ii) even a stylized trade-off model of dynamic capital 

structure with adjustment costs can produce results numerically consistent with some of 

those observed empirically. This suggests that we may need to rethink empirical tests in 

(2004) on the influence of changes in the market value of equity on debt ratios, and Opler and Titman 
(1994) on reaction of highly leveraged companies to industry shocks and Korajczyk and Levy (2003) on 
their reaction to macro shocks. 
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this area and also highlights the importance of developing dynamic models of financing 

capable of delivering quantitative predictions. 

A prerequisite for my analysis is a model that captures the dynamics of firms' financing 

behavior. Among many existing explanations of capital structure only the trade-off 

argument has a fully-worked out dynamic theory that produces quantitative predictions 

about leverage ratios in dynamics. In the trade-off theory firms arrive at their optimal 

capital structure by balancing the corporate tax advantage to debt against bankruptcy 

and agency costs. Using a trade-off model might seem regrettable because the empirical 

evidence for this model is, at best, mixed. However, as we saw in the Chapter, the 

data are more consistent with the trade-off theory than is traditionally thought, and so, 

ex-post, using a trade-off model might seem more justified. We take a standard state- 

contingent model of dynamic capital structure rooted in a trade-off argument. While 

several features. differentiate the model from others in the field, the basic setup is widely 

used in the literature. In the model, firms are always on their optimal capital structure 

path but, due to adjustment costs, they refinance only occasionally. Small adjustment 

costs can lead to long waiting times and large changes in leverage, a result consistent with 

the findings of Fischer, Heinkel and Zechner (1989a). Firms that perform consistently 

well re-leverage to exploit the tax shield of debt. Firms that perform badly face a liquidity 

crisis and sell their assets to pay down debt. Such fire-sale usually involve liquidity costs 

either because of a large bid-ask spread in asset markets (see Chapter 4) or because of 

a need to sell urgently. If their financial condition deteriorates still further, they resort 

to costly equity issuance to finance their debt payments and, when all other possibilities 

are exhausted, they default and ownership is transferred to debtholders. 

We use the model in two ways. First, we determine the path of a firm's optimal 
financing decisions. This enables us to study the cross-section of optimal leverage at 

times when firms change their leverage: we call these "refinancing points". Naturally, 

when firms are at their refinancing points, all the comparative statics predictions are in 

line with the predictions of the standard trade-off theory. 
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In the second stage of the analysis, we perform a number of cross-sectional tests 

on simulated dynamic data generated by the model. Several results stand out. First, 

the analysis highlights difficulties in interpreting the leverage-profitability relationship. 

In the pecking order theory, more profitable firms reduce their dependence on costly 

external financing and thus decrease their leverage. In the trade-off theory, higher prof- 

itability decreases the expected costs of distress and allows firms to increase their tax 

benefits by increasing leverage. Thus, an inverse relation between leverage and prof- 

itability, frequently found in the data and which Myers (1993) identifies as perhaps the 

most pervasive empirical capital structure regularity, represents a significant failure of 

the trade-off model and is considered by some writers to be decisive in its rejection. The 

leverage-profitability relation is critical since it is one of only a small number that distin- 

guish unambiguously between the trade-off and pecking order frameworks. In my model, 

expected profitability is positively related to leverage at the refinancing points. How- 

ever, we show that in a dynamic economy cross-sectional tests reveal a negative relation. 

The intuition is simple: with infrequent adjustment, an increase in profitability lowers 

leverage by increasing future profitability and thus the value of the firm. In the same 

vein, a decrease in profitability increases leverage. For those firms that do not refinance 

this results in a negative relation between leverage and profitability. Of course, in any 

period some firms refinance. In the simulations the subset of firms that do not refinance 

dominates and the cross-sectional relation between profitability and leverage is always 

negative. This effect is strengthened by the presence of systematic shocks in the firms' 

cash flow. In a number of cases the magnitude of the coefficient is also consistent with 

empirical estimates. 

Second, again using the model to simulate dynamic data, we replicate almost exactly 

the test recently conducted by Welch (2004). His main finding is that debt ratios are 

largely explained by past stock returns, implying that corporations do not readjust their 

debt levels to counteract the mechanistic effect of stock returns on leverage. This ob- 

servation is important, not least because other determinants used in the literature are 
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found to effect leverage largely through stock returns. The results of the same regression 
tests conducted on the simulated data are numerically very similar to those obtained by 

Welch, suggesting that a stylized dynamic model with small adjustment costs may be 

consistent with these findings. 

In addition, the framework can provide an explanation for the "debt issuance mystery" 
(Welch, 2004), i. e. the apparent inconsistency between the passive behavior of managers 

in response to mechanistic changes in equity value and overall active capital structure 

policies of corporations. Managers are passive, since, over a one year horizon, there 

is almost a one-to-one relation between leverage and the implied debt ratio, a variable 

whose change is entirely determined by one-year stock returns. Both of these results are 

also observed in the model since managers decide to change the firm's leverage based on a 

changes in value over a long period, a variable that is largely orthogonal to recent equity 

returns. Thus, in the cross-section and consistent with empirical observation, changes 

in outstanding debt value are contemporaneously almost independent of the changes in 

market value of equity. 

This result seems surprising since it implies that corporations are largely passive as 

regards their issuance policy and yet we know from empirical studies that on average 

firms are actually quite active in issuing debt and equity. This apparent paradox is 

also present in the model: in the benchmark case around 12% of corporations refinance 

their debt every year and this seems inconsistent with evidence that firms do not adjust 

their leverage to counteract changes in their equity value. My approach proposes a 

straightforward explanation: both results can hold if, in the cross-section, changes in 

outstanding debt value are contemporaneously independent of the changes in market 

value of equity. This is what happens in the model since the decision to change the 

firm's leverage reflects the change in the firm value over a long period. Refinancing, 

however, occurs only when recent equity returns are positive, explaining why, both in 

simulations and empirically, the correlation between debt changes and equity returns is 

weakly positive. Thus, this result provides support for Welch's (2004) empirical findings 

24 



and an explanation for firms' apparently inert behavior. 

Third, since the behavior of the cross-section in dynamics is radically different from 

the comparative statics properties at the refinancing points, comparing empirical findings 

with the theoretical properties of leverage at refinancing points can be misleading. An 

example is provided by the debate on possible explanations for the so-called "low leverage 

puzzle". This refers to the observation that the median corporate debt to capital ratio 

in the U. S. over 1965-2000 averaged only 31.4% with two out of five firms having an 

average debt to capital ratio of less than 20%, 2 while traditional trade-off models produce 

substantially higher numbers. For example, Leland (1994) obtains an optimal leverage 

ratio in the range of 75-95%. That trade-off models imply excessively high leverage is 

not surprising in the light of Merton Miller's (1977) famous remark about "horse and 

rabbit stew" : bankruptcy costs are simply negligible compared to the tax benefits of 

debt. Recent estimates show that an average firm can increase its value by as much 

as 5% by increasing its leverage (Graham (2000)). To explain the observed low levels 

of leverage we need to understand better the factors that might offset the tax benefits. 

One proposed solution is to consider a dynamic framework. Studies by Goldstein, Ju 

and Leland (2001) and Ju, Parrino, Poteshman and Weisbach (2003) show that if firms 

are allowed to increase debt in the future, they will opt for lower leverage initially. My 

results suggest that average leverage over time, i. e. in "true dynamics", tends to be larger 

than leverage measured at refinancing points. 3 Empirical estimates of leverage should 

2 Estimates are based on COMPUSTAT data on the book value of debt and market value of equity. 
The debt to capital ratio is defined as: COMPUSTAT data items d9+d34 divided by d9+d34+d25xd199. 
These are unadjusted figures. Adjusted (see Rajan and Zingales (1995)) figures would be lower. 

3For example, the benchmark case reported by Goldstein, Ju and Leland (2001) has a leverage ratio 
of 37%. In dynamics, however, this figure is about 45%. Ju, Parrino, Poteshman and Weisbach (2003) 
develop a model with finite maturity debt where at fixed refinancing points shareholders take optimal 
decisions. The three main reasons why their trade-off model produces low leverage at refinancing points 
are: (a) the level of asset volatility they use is chosen to match recovery rates and corporate bond 

spreads; (b) new debt is issued only after existing debt matures; this creates a "real option" to increase 
leverage in the future and reduces current leverage; (c) the default boundary is specified exogenously 
and leads to higher default frequency than in a model with an endogenous boundary. They also show 
that if a risk-averse manager maximizes his utility rather than firm value, leverage is lowered further. In 

a static model Morellec (2003) also shows that stockholder/manager conflicts can lead to low leverage 

ratios. 
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therefore be compared with model estimates in dynamics. 

One possible criticism is that the findings are specific to a number of firm-specific 

parameters and the initial conditions of the economy. We show in extensive robustness 

tests that the main thrust of the results is robust to changes in the specification and 

parameter set. 

The Chapter builds on several strands of previous research. First, it shares with 

a number of recent papers, including Leland (1998), Goldstein, Ju and Leland (2001), 

Dangl and Zechner (2003) and Ju, Parrino, Poteshman and Weisbach (2003), a theoretical 

framework in which the standard structural models of risky debt pricing are extended to 

incorporate dynamic financing behavior. These models follow, on the one hand, static 

capital structure models developed by, among others, Leland (1994) and, on the other 

hand, dynamic capital structure models first developed by Fischer, Heinkel and Zechner 

(1989a; 1989b) whose research was, in turn, based on insights by Kane, Marcus and 

McDonald (1984; 1985). Fischer, Heinkel and Zechner (1989a) were also the first to 

suggest that empirical studies of capital structure in cross-section might be more fruitful 

if the dependent variable were to reflect the behavior of leverage over time, e. g., its 

range, rather than its value at a point in time. Their empirical tests demonstrated that 

the properties of this variable satisfied their hypothesis. This Chapter extends their 

analysis by further bridging a gap between theory and empirical tests. 

My model most closely resembles that of Goldstein, Ju and Leland (2001). Chris- 

tensen, Flor, Lando and Miltersen (2002) extend this framework to incorporate strategic 

behavior analyzed by Anderson and Sundaresan (1996) and Mella-Barral and Perraudin 

(1997). This issue is dealt with in more detail in Chapter 3. A distinct feature of the 

model is that firms whose value falls substantially face a prolonged period of turbulence 

instead of simply running up a large debt burden and then defaulting. The model thus 

reflects the empirical findings of Asquith, Gertner and Scharfstein (1994) according to 

which firms unable to service their debt obligations sell a fraction of their assets in order 

to pay down their debt. Asquith, Gertner and Scharfstein (1994) find that more than 
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80% of financially distressed firms sold assets. For the sake of realism, we model asset 

sales as discrete. While asset sales may ease a firm's financial position by reducing lever- 

age and staving off the immediate threat of default, they also reduce the level of future 

earnings. This, combined with the financial costs that firms bear in selling assets (for 

one of the explanations see Chapter 4), affects future financial flexibility and leads to a 

more conservative debt policy. ' A decrease in debt usage can be thought of, roughly, as 

a simple hedging tool. 5 

Firms whose condition continues to deteriorate have to resort to issuing equity to 

finance their debt payments. Consistent with empirical research (e. g. Altinkilic and 

Hansen (2000)), equity issuance is costly in the model. These costs lead shareholders to 

default sooner and thus decrease the level of leverage at which the firm's equityholders 

will find it in their interest to default and transfer their ownership rights to debtholders. 

Morellec (2001) also considers the effect of asset liquidity in a model of static optimal 

capital structure. Asset sales here differ from his case since they are conducted exclusively 

in financial distress at prices that reflect a discount proportional to the firm's value at the 

time of sale and are conducted in discrete amounts. This discount can be thought of as 

a liquidity discount either due to large bid-ask spreads (see Chapter 4) or due to a price 

impact that the sale has on the prices. Acharya, Huang, Subrahmanyam and Sundaram 

(2002) introduce costly equity issuance in a structural model of credit spreads, but do 

not consider optimal leverage decisions. 

The simulation approach followed in the Chapter resembles Berk, Green and Naik 

(1999) who, in a deep analysis, focus on the cross-sectional relation between a firm's 

investment policy, systematic risk and expected returns. They build a non-linear dynamic 

model in which firms, though initially identical, become heterogenous as a result of the 

endogenous evolution of the value of their assets. To investigate cross-sectional patterns 

4Graham and Harvey (2001) find that firms consider financial flexibility as the most important de- 

terminant of their debt policy. 
'More complex hedging policies (see e. g. boot, Scharfstein and Stein (1994)) are not considered 

here. See also Graham and Smith (1999). 
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and regularities in their economy they perform simulations, an approach we endeavor to 

replicate since my model also has strong non-linearities. Firms' technology parameters 

in my model are calibrated to resemble, in a sense discussed later, the properties of 

samples of firms typically used in empirical studies. Then, we simulate data on firm 

values, leverage, etc. for dynamic economies and perform a number of cross-sectional 

tests similar to those performed in the empirical literature. While each firm arrives at 

its optimal policy independently of other firms, the evolution of firms' asset values and, 

thus, financing decisions are cross-sectionally dependent due to the presence of systematic 

shocks. 

As already mentioned in Chapter 1, a stream of recent, influential empirical studies 

has increased our knowledge in this area. Bradley, Jarrell and Kim (1984), Titman 

and Wessels (1988), Rajan and Zingales (1995), Baker and Wurgler (2002), Fama and 

French (2002) and Welch (2004), among others, study the cross-sectional determinants 

of leverage. Shyam-Sunder and Myers (2001), Hovakimian, Opler and Titman (2001) 

and Fama and French (2002) study mean-reversion in leverage ratios. Opler and Titman 

(1994) and Korajczyk and Levy (2003) investigate the reaction of high/low leveraged 

firms to external shocks. 

The Chapter proceeds as follows. Section 2.2 presents and solves the model. Section 

2.3 presents the simulation procedure and replicates a number of empirical tests on 

data generated from the model. Section 2.4 describes the robustness tests. Section 2.5 

concludes. The appendix contains details of the simulation method. 

2.2 The model 

2.2.1 General assumptions 

My model employs a standard contingent claims framework to analyze an individual 

firm and is closely based on Goldstein, Ju and Leland (2001). We consider an economy 
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populated by N firms, each of which is endowed with monopoly access to some infinitely 

lived project operated in continuous time. The value of each firm stems from a perpet- 

ual entitlement to the current and future income from the project ("EBIT-generating 

machine"). The income is divided between the net payout to claimholders and retained 

earnings. In common with many other models of capital structure, the Modigliani and 
Miller assumption that the project's cash flows are invariant to financial policy is re- 
tained. ' Investment is financed by retained earnings; the latter are net of depreciation 

and result in book assets growing at a rate g. The state variable in the model is the 

total time t net payout to claimholders, bt where "claimholders" includes both insiders 

(equity and debt) and outsiders (government and various costs). ' The evolution of 6t is 

governed by the following process under pricing measure (Q8 

ddt 
=µdt+adZt Vt>0,80>0, (2.1) St 

where u and a are constant parameters and Zt is a Brownian motion defined on a 
filtered probability space (SZ, 

, 
ý', Q, (Ft)t>o). 9 Here, µ is the risk-neutral drift and a is 

instantaneous volatility of project's net cash flow. 

In this Chapter, we assume that management always acts in the best interest of 

shareholders and, throughout the Chapter, we use managers and equityholders inter- 

6Several papers have analyzed interactions between financing and investment policy, including joint 
decisions on production and capital structure (Brennan and Schwartz (1984), Mello and Parsons (1992), 
Mauer and Triantis (1994)) and the effects of asset substitution (Leland (1998), Decamps and Faure- 
Grimaud (2002)). 

7The reason St plays this role is similar to that outlined by Goldstein, Ju and Leland (2001). Another 
approach is to consider the dynamics of unlevered equity value, where claims of outsiders are added to 
the value of the firm. The "S-approach" has a number of methodological advantages, e. g., by eliminating 
the need to consider levered and unlevered assets as separately traded assets. The results of applying 
both approaches are, however, roughly similar. An early example of 6-approach is by Mello and Parsons 
(1992). 

8Since we consider an infinite time horizon, some additional technical conditions on Girsanov measure 
transformation (e. g., uniform integrability) are assumed here. In addition, the existence of traded 
securities that span the existing set of claims is assumed. Thus, the pricing measure is unique. 

9We omit subscript j (meaning firm j) in this and the following sections. 
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changeably. To avoid further complication, the default-free term structure is assumed 

flat with an instantaneous after-tax riskless rate r at which investors may lend and bor- 

row freely. The marginal corporate tax rate is -r,. The marginal personal tax rates, Td 

on dividends and 7-i on income, are assumed to be identical for all investors. Finally, all 

parameters in the model are assumed to be common knowledge. 

2.2.2 Debt contract assumptions 

All corporate debt is in the form of a perpetuity entitling debtholders to a stream of 

continuous coupon payments at the rate of c per annum and allowing equityholders to 

call the debt at any time at the face value. The main features of the debt contract are 

standard in the literature. The perpetuity feature is shared with numerous other models 

including Fischer, Heinkel and Zechner (1989a; 1989b), Leland (1994), Morellec (2001), 

and Goldstein, Ju and Leland (2001). The virtue of perpetual debt is that it makes the 

problem more tractable by guaranteeing time-homogeneity of claims. 10 Also, the debt 

contract is callable. As demonstrated by Goldstein, Ju and Leland (2001), in a model 

(such as mine) with the inherent scaling feature, callability does not really matter in 

good times as long as it is assumed that both old and new debt have equal seniority: 

newly issued debt dilutes the old debt claim and in equilibrium the market price of old 

debt is identical to its original face value. " 

'°An alternative time-independent scenario is when the debt is continuously rolled over at a fixed 
interest rate. See Leland (1994) and Leland and Toft (1996) for further discussion. Introduction of finite 

maturity debt in the dynamic case would introduce flexibility on the part of equityholders who may be 

able to achieve lower adjustment costs by waiting until a bond matures rather than refinancing earlier. 
Ju, Parrino, Poteshman and Weisbach (2002) consider the case of fixed maturity, but in their model the 
firm must wait until the maturity date before issuing new debt. Thus, their framework does not allow 
equityholders to follow a dynamic debt policy by choosing the time of refinancing which is the crux of 
dynamic choice in my model. 

11 It is assumed that debtholders are dispersed and perfectly competitive and therefore situation of 
"squeezes" where price of a bond speculatively rises in anticipation of a recall or purchase like the one 
described in Dunn and Spatt (1984) in the case of sinking fund provisions is ruled out. Also, constant 
interest rates are essential since otherwise decision to call will be governed by a factor not directly related 
to the state of the firm. 
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If the firm fails to honor a coupon payment in full, it enters restructuring. Restructur- 

ing, either a work-out or formal bankruptcy, is modelled in reduced form. The absolute 

priority rule is enforced and all residual rights on the project are transferred to debthold- 

ers. 12 However, such restructuring is costly and, in the model, restructuring costs are 

assumed to be a fraction a of the value of assets on entering restructuring. 

Chapter 3 will extends this contractual framework by considering renegotiable debt 

contracts where equityholders can default strategically in an attempt to seek concessions 

from bondholders. In this Chapter, debt contracts are assumed to be non-renegotiable, so 

that equity cannot default strategically. This feature was modelled in several recent debt 

pricing models (Anderson and Sundaresan (1996) and Mella-Barral and Perraudin (1997)) 

and these models as well as a simple model developed in Appendix A of Chapter 3 can be 

implemented in the model developed in this Chapter. Additionally, debt contracts may 

restrict the rights of equityholders to sell the firm's assets (Smith and Warner (1979)). 

This standard assumption prevents equityholders from attempting to appropriate the 

firm value. Essentially, all proceeds from asset sales accrue to equity only after other 

claims have been satisfied. 

2.2.3 Scenarios 

Figure 1 shows a number of possible paths for the firm value. Path 1 illustrates a 

successful firm that raises more debt to take advantage of tax deductability of interest, 

while paths 2 and 3 are for firms whose condition deteriorates and whose managers must 

take corrective action. Empirical research has shown that firms often become insolvent 

on a flow basis but not on a stock basis. For such firms the present value of future 

income exceeds their debt obligations but they experience a temporary liquidity crisis 

"The model can be easily extended to take account of absolute priority violations found in empirical 
studies (see e. g. Franks and Torous (1989)). This is likely to lead to a lower leverage. Leland (1994) 

demonstrates that the impact of introducing APR violations on optimal leverage is minor at the time of 
readjustment. 
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since fixed assets are a poor substitute for cash. In the model this occurs when the firm 

hits a "liquidity" boundary for the first time. The liquidity boundary that we model 

closely resembles the definition of a financially distressed firm in Asquith, Gertner and 
Scharfstein (1994). 

They classify a firm as financially distressed if either, in any two consecutive years 
the firm's earnings before interest, taxes, depreciation and amortization (EBITDA) is 

less than its reported interest expense; or, in any one year, EBITDA is less than 80% of 

its interest expense. In the model, the boundary reflects an intermediate case: the firm 

becomes financially distressed whenever its cash flow is insufficient to cover its interest 

expense and thus the liquidity boundary is triggered for the first time at TL whenever 

6TL <c and 6t >c for all t< TL. 13 In most structural models of debt pricing and capital 

structure the mechanism that allows equityholders to avoid default is to subscribe to new 

equity. In practice, however, firms choose from a richer set of options. In the sample 

studied by Asquith, Gertner and Scharfstein (1994) distressed firms restructure both 

bank and public debt liabilities, cut investment expenditure and sell assets. 14 

We investigate the last of these alternatives. My motivation is driven by the observed 
frequency and magnitude of this activity: in the Asquith, Gertner and Scharfstein (1994) 

sample, the majority of firms did sell assets, with 18 out of 102 companies selling over 20% 

of their assets. Referring to Figure 1, both firms 2 and 3 encounter financial distress at S= 

8L and sell a fraction of assets to decrease their debt burden. The model captures several 

features of asset sales that are observed in practice. First, asset sales occur in discrete 

amounts: when firms spin-off part of the enterprise, the transaction typically involves 

a significant fraction of their assets. 15 Second, asset sales are costly: firms in financial 

"Similar boundary is considered in Kim, Ramaswamy and Sundaresan (1993). 
"The sample was restricted to firms which issued junk debt. non-investment grade debt) The mo- 

tivation was to locate firms in financial, not economic, distress. We am not aware of any papers that 

study the so-called "fallen angels" (firms that lost their investment-grade rating) in financial distress. 
In another stream of research, Gilson (1990) and Gilson, John and Lang (1990) study companies with 
the worst performance on NYSE and AMEX. Half of their sample that restructured debt, restructured 
through private workouts, and another half filed for Ch. 11. 

15Models of debt pricing also use "asset sales" or "asset liquidation" terminology, but it refers to the 
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path 1 

Initial 

Liq. Crisis 
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Default 

time 

Figure 2-1: Possible paths of firm value. 

This Fugure shows a number of possible paths for the firm value. Path 1 illustrates a successful firm 
that raises more debt to take advantage of tax deductability of interest, while paths 2 and 3 are for 
firms whose condition deteriorates and whose managers must take corrective action. 
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distress realize less from asset sales than the present value of the cash flows from these 

assets since potential buyers are likely to be financially constrained, less well informed, 

lack necessary expertise; sellers are time constrained and detach their human capital from 

sold assets. In other words, a discount can be viewed in light of the traditional measure 

of liquidity (Shleifer and Vishny (1992)). Another possible interpretation is the existence 

of a large bid-ask spread in the market for firm's assets (see Chapter 4 on investigation 

of how bid-ask spread may influence asset prices). 

The firm sells a fraction 1- k of its assets immediately upon entering financial distress 

and this results in a reduction of a fraction w of the firm's outstanding debt: " 

(1 qA)(1 - k)VL(1 - T) - 
(1 - w)D° 

1- qRc 
(2.2) 

In (2.2) Do is the par value of debt at the time of issuance and VL is the present value 

of project's future cash flows at time TL. The parameter qA represents the proportional 

costs incurred in selling assets, and T is the effective corporate tax rate on the asset 

sale. 17 Thus, the left-hand side is the after-tax income received by the firm as a result 

of the asset sale. Equality in (2.2) implies that all the proceeds are used to pay down 

debt. 18 The proportional adjustment costs qRC of issuing/retiring debt are incurred. (In 

other words, for each $1 of cash $ (1-qRC) of debt can be purchased) . 
19 

case of proportional asset liquidation that is equivalent in fact to the net payout ratio being positive 
since in these models cash flows originate exclusively via asset liquidation. 

16For simplicity asset sales can occur once, though multiple sales can be accommodated in this 
framework. 

17(1 - k)VL(1 - rr) is the maximum price any buyer is willing to pay for these assets in the absence of 
frictions. We assume for simplicity that the buyer is unlevered. Note that since all firms face the same 
marginal tax rate, T is also the effective tax rate of an unlevered carbon copy of the firm. 

18In Morellec (2001) residual proceeds of asset sales accrue to equityholders. This decreases the 
attractiveness of bonds to debtholders and decreases optimal leverage substantially. In this Chapter 

proceeds from asset sales are used exclusively to paid down outstanding debt. 
19Another variation that we have considered is where debt can be purchased at market prices (assuming 

that no-squeeze conditions are satisfied, see footnote 11). The results are basically unchanged. This is 

partly due to the fact that while debtholders are worse off at the moment of repurchase, the remaining 
debt is safer. 
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An asset sale reduces operating net payout to a fraction k of its previous value. This 

is shown in Figure 1 where paths 2 and 3 have downward jumps at the time of liquidity 

crisis. Firm 2's fortunes improve substantially after the liquidity crisis and it subsequently 

refinances. Financing decisions in the model depend on the past financial history and so 

refinancing boundaries for firms 1 and 2 are different. However, as path 3 demonstrates, 

an asset sale may provide the firm with only a temporary breathing space: if its asset 

value continues to decline, equityholders resort, as in earlier models, to equity issuance. 

A number of empirical studies have shown that issuing equity is costly (Altinkilic and 

Hansen (2000), Hansen (2001), Corwin (2003)). In the model the direct costs of external 

equity financing are proportional to the amount issued. Finally, as path 3 illustrates, a 

firm will default if its condition continues to worsen. 

2.2.4 Valuation 

In this section we derive the value of the firm and the conditions that determine equity- 

holders' decisions. The fundamental driving force of the model is the inherent conflict of 

interest between the different claimholders since ex-ante (prior to the issuance of debt) 

and ex-post (after debt has been issued) incentives of equityholders are not aligned. Eq- 

uityholders maximize the value of equity (that includes debt still to be issued), and thus a 

default decision is taken from the perspective of equityholders alone. Debtholders foresee 

the future actions by equityholders and value debt accordingly. 

At every date t equityholders decide on their actions. As in Fischer, Heinkel and 

Zechner (1989a), Leland (1998) and Goldstein, Ju and Leland (2001), firms whose net 

payout reaches an upper threshold will choose to retire their outstanding debt at par 

and sell a new, larger issue to take advantage of the tax benefits to debt. 2° Refinancing 

thus takes the form of a debt-for-equity swap. We call these thresholds "refinancing 

20In some models, e. g. Dangl and Zechner (2003) debt is recalled at some premium above the value 

at par. Adding this feature would not change the analysis of this Chapter. 

35 



points". 21 In my framework the financial history of the firm matters: the threshold 

value depends on whether the firm has experienced distress in the past , and thus there 

are two threshold levels. In particular, the second threshold specifies the value at which 

the firm will decide to proceed with a debt-for-equity swap given that some assets have 

been realized since the previous refinancing decision. since future profitability and book 

debt are changed in that event. 

The tractability of this and other similar models stems from a scaling feature or, in 

other words, a first order homogeneity property. A scaling feature means that the values 

of all thresholds and the par value of debt are scaled up by the same proportion at the 

first and each subsequent refinancing point. This feature is inherent in the log-normal 

nature of the state variable process and also only holds when costs are proportional to 

the value of the firm or its claims. In other words, at any refinancing point the firm is 

just a larger replica of itself. Therefore, we start by considering the values of equity and 

debt over one refinancing cycle (i. e. before the upper barrier is hit). These values, once 

debt is issued and before the liquidity barrier is hit, can be written as the sum of the 

present values of cash flows accruing to claimholders in four regimes: (i) while the firm 

is financially healthy, (ii) at the time the liquidity barrier is hit for the first time, (iii) 

on continuation after the barrier is hit and (iv) in default. Thus, the value of equity and 

debt in one refinancing cycle at time t=0 are 

T' 
ER(60) =I 0 

-rs(1 - r)(Js - c)ds (2.3) 

0 

T 

+E e-rsq ((1 - , r)(kJs - wc) - Tlwcl[bs<5, ]) ds 
TL 

+oo 

+IEao e-rTB max (1 - a) e-rsk(1 - , r)63ds - wDo, 0 IOBu 
=0 

TB 

21 Equivalent terminology that is sometimes used include "rebalancing", "restructuring", 

"releveraging" . 
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and 

T' 
R(60) 

1 
DR((S0) =Ebo 

0l 
e-"(1 - TZ)cdS 

T" 

+Ebo [e-TTL ýÜ = 0] (1 - w)Do + 1Ebo e-rs(1 - TZ)wcds 
fL 

+00 
+Ebo e-rTB min 

[(I 
- Q) e-rs (l 

- T)(Ssds, wDo 
IOBu 

=0 
fB 

(2.4) 

where expectations, here and throughout all Thesis, are taken under the pricing mea- 

sure Q, R stands for one refinancing cycle, T' = min(TL, TU) and T" = min(TB, TLU). 

The functions Q take the value 0 if event j occurs before event i, and 1 otherwise. 
The first term in expression (2.3) is the present value of cash flows to equityholders 

when neither the liquidity barrier, SL, nor the first refinancing barrier, Su, have been 

reached. As residual income claimants, equityholders retain whatever is left of net income 

after coupons and taxes are paid. The tax rate 'r takes into account both corporate and 

personal taxes: T= 1- (1- rc) (1-rd). The second term is the present value of cash flows 

on continuation after the liquidity barrier has been hit and until either default occurs at 

time TB or the second refinancing barrier, SLU, is reached. The function q(x) accounts 

for costly equity issuance and can be written as 

1, if labs>we 
q(x) _ 

qEx, otherwise 
(2.5) 

In addition, if corporate income, bt, is sufficiently small, the firm loses part of its tax 
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shelter and this results in a lower effective tax benefit 'r - rl. 22 The first and the third 

terms in expression (2.4) are the net present values of payouts to debtholders before 

and after a liquidity crisis, respectively. The second term reflects the amount of debt 

purchased when assets are sold. In default proportional costs a are incurred and, since 

absolute priority is enforced, equityholders receive either nothing or the residual after 

the remaining debt is repaid at its face value (the third term in (2.3) and the fourth in 

(2.4)). 

The total value of a debt claim issued at date 0 is thus 

D(60) = DR (60) + Es� [e-TT(Do OL = 0] + Es� [e-TTLUwDo OsU = 0] (2.6) 

Equityholders make decisions taking into consideration what happens after refinanc- 

ing occurs. The total value of all payouts to equity (except at refinancing points) is given 

by 

ED(So) = ER(So) + IEöo [e-TTu'yuED(60) ci = 0] + E�, [e-rTLU7LU'ED(@o) ABV = 01 

(2.7) 

and the value of all debt issues is 

U DD(bp) = D(60) + Eä� [e-rTu-yuDD(ba)I ýL = 0] + IEäo [e-rTLU. YLukDD(b0)I ABU = 0] 

(2.8) 

22 Goldstein, Ju, and Leland (2001) model partial loss offset to tax in a similar manner. 
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where 7u and 'YLu are the proportions by which the net payout increases between two 

refinancing points if the liquidity barrier has, or has not been hit, respectively. 

Combining these values yields the total value of the firm that equityholders maximize 

at time t=0, and after scaling, at each subsequent refinancing point: 

F(So) = 
ER(6o) + (1 - gRC)D(bo) (2.9) 

1- 7UE So 
[e-TTu I cL(U) = 0] 

- 
k7LUEöo [e-TTLU OB(LU) = 0] 

Thus, (2.9) states that managers maximize the sum of (i) the present value of the 

after-tax cash flows accruing to equity and (ii) the present value of after-tax income 

payments to all debt claims to be yet issued. Note that the total equity value takes 

into account the present value of future adjustment costs that will be incurred at future 

refinancing points. 

Equityholders choose the coupon and barriers to maximize the ex-ante value of their 

claim: 

c* = arg max [F(ö0)] 
1C, ̂ 'U, 'YLU}ER 

(2.10) 

An additional feature of realism in which we follow Goldstein, Ju and Leland (2001) is 

that the firm's financial decisions affect its net payout ratio. Empirically, higher reliance 

on debt leads to a larger net payout. Here, for simplicity, we assume that the net payout 

ratio depends linearly on the after-tax coupon rate: 

S=a+ (1 - Tc)- , 
(2.11) 

Vt o 

where V is the present value of all future net payouts at time t. 
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To characterize the default threshold, note that equityholders will balance the present 

value of future equity cash flows if they remain in control, with the cost of equity issuance 

if they subscribe now. The relevant value of equity is E(bt) = F(bt) - D(bt), where the 

fact that the liquidity barrier has been hit is taken into account in calculating the value 

of claims. It is well known that this threshold satisfies the smooth-pasting condition: 

3E(8 ) 
= o. Otb 

(2.12) 

As a consequence of ex-post (after debt has been issued) decision, equityholders do 

not internalize the liquidation costs in their choice of the default barrier. The full problem 
facing equityholders thus consists of solving (2.10) subject to (2.11) and (2.12). Closed- 

form solution to the stated problem does not exist 
described in 2.6. 

2.2.5 Comparative statics 

The numerical procedure used is 

The purpose of this subsection is to compare the properties of firms' financial decisions 

at refinancing points in my model to the earlier literature. Table 2.1 summarizes the 

comparative statics of the main financial variables: the leverage ratio, ML, bankruptcy 

threshold value, bB, restructuring boundaries, Su and JUL, the liquidity barrier, SL, and 

credit spread, CS. The market leverage ratio, ML, is defined as the ratio of market debt 

value (D(5o)) to total capital (F(80)), 

MLo - 
D(SO) 
F(60). 

(2.13) 

Not surprisingly, many results are similar to the comparative statics results obtained 

by Leland (1994) for the static case where the debt decision is taken only once at date 
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Table 2.1: Comparative Statics of Financial Variables at the Refinancing Point 

The table gives the comparative statics at the refinancing point of the following variables: 
the optimal market leverage ratio (ML), bankruptcy boundary (8B), restructuring bound- 
aries (6u and 8UL), total firm value (F(60)), the coupon rate (c), the liquidity barrier (6L) 

and credit spread (CS). -F, is the corporate tax rate, Td is the dividend tax rate, -ri is the 
interest tax rate, r is the pre-tax risk-free interest rate, or is the volatility of the firm's 

cash flow, oz is the fraction of asset value lost in bankruptcy, qRC is the adjustment cost, 
qA is the cost of selling assets in a liquidity crisis, qE is the cost of equity issuance and k 
is the fraction of asset value that remains after an asset sale. 

Sign of Change in Variable for an Increase in: 
Variable Shape TC, Ti ri r or a qRC QA qE k 

ML Invariant to S >0 <0 <0 <0 <0 
>0' qRC small <0 <0 >0 

qRC large 

SB LinearinS >0 <0 <0 <0 <0 
>0, gRC small <0 <0 >0 
< 0, qRC large 

SU, SUL Linear in S <0 >0 <0 >0 <0 >0 >0 >0 <0 
F(S0) LinearinS <0 <0 >0 <0 <0 <0 <0 <0 >0 

SL C Linear inS >0 <0 >0 <0 <0 
> 01 qRC small <0 <0 >0 , <0 qRC large 

CS InvarianttoS >0 <0 <0 >0 <0 <0 <0 <0 >0 

4 
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0 (his Table II for unprotected debt) and by Goldstein, Ju and Leland (2001) for the 

dynamic case (their Table 2). In particular, as expected, higher business risk, bankruptcy 

costs and a lower tax advantage to debt all reduce optimal leverage. A higher risk- 
free interest rate, contrary to the result given in Leland (1994), unambiguously reduces 
leverage since the higher costs of borrowing more than offset the larger tax advantage 

to debt. Finally, an increase in the costs of asset sales and equity issuance also lower 

borrowing. 

The relation between the leverage ratio and the adjustment costs exhibits a reverse 
U-pattern. Firms with either high or low cost access to external markets optimally prefer 

lower leverage than those with intermediate costs. This is because firms face a trade-off 

between the frequency of refinancing and the amount of borrowing. Firms with low costs 

prefer to rebalance frequently; as costs increase, the level of the refinancing boundaries 

rises (note that bu and SUL are increasing functions of qRC) and firms therefore borrow 

more initially. As costs rise further, however, debt becomes less advantageous and is 

replaced by equity. 

Rows 2 and 3 of Table 2.1 illustrate the behavior of the default and upper refinancing 

boundaries. The behavior of the default boundary, including its response to changes in 

the risk-free rate, is very similar to that of the leverage ratio. Higher costs of bankruptcy 

lead to a reduction in the level of the refinancing boundaries to offset the lower amount of 

borrowing. Higher volatility might also be expected to lower the level of the refinancing 

boundaries for the same reason but it does not: unlike bankruptcy costs, higher business 

risk increases both the expected costs of bankruptcy and expected gain from refinancing 

in the future. The latter effect dominates and leads to the lower amount of borrowing. 

The value of equity that managers maximize is negatively related to the tax rates on 

both corporate income and interest. This intuitive result is different from e. g. Fischer, 

Heinkel and Zechner (1989a) and Leland (1994) since the state variable in their framework 

is the value of an unlevered firm and therefore tax benefits are accounted for as inflows 

of funds. The coupon level (and thus, the liquidity boundary) is negatively related to 
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firm volatility; the difference between "investment-grade"' and "junk" firms observed 

by Leland (1994) disappears in a dynamic model. In Leland's world, firms with very 
high levels of business risk optimally commit to pay sizable coupons since they expect a 
dramatic improvement in their fortunes with a non-negligible probability. In a dynamic 

world they, instead, commit to refinancing when their fortune improves. 

To complete the comparison with earlier results on comparative statics, the last row in 

Table 2.1 also shows the behavior of the credit spread, CS, defined as Dbo) -1 'T2 (Dangl 

and Zechner (2003) study the credit risk implications of dynamic capital structure models 
in detail). A few results here merit comment. Interestingly, credit spreads are negatively 

related to the costs of refinancing, asset sales, equity issuance and bankruptcy. The last 

of these relations is also noted by Leland (1994). While higher costs make debt less 

attractive to creditors, they also reduce the optimal amount of borrowing and, typically, 

the default boundary as well. Both outcomes make debt less risky. Finally, credit spreads 

decrease as risk-free interest rate rises. In addition to the effect described by Longstaff 

and Schwartz (1995), according to which debt becomes less risky due to an increase in 

the risk-neutral drift of the net payout, an increase in the interest rate also lowers the 

riskiness of debt by reducing the optimal level of borrowing. 

2.3 Capital Structure in a Dynamic Economy 

The objective of this section is to investigate the cross-sectional properties of leverage 

ratios in a dynamic economy. Ultimately we am interested in building a bridge between 

empirical research and the empirical hypotheses that the model can deliver. The first 

step would be to relate the leverage ratio and other variables of interest used in empirical 

studies to the ones used in the model. If firms adjust their leverage only periodically, 

most firms most of the time will be optimally off their optimal leverage at a refinancing 

point. Quite clearly, if an empiricist studies an economy generated by the model, the data 

would typically contain few "refinancing point" leverage ratios. To relate the model to 
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empirical studies, it is necessary to produce within the model a cross-section of leverage 

ratios structurally similar to those which would have been studied by an empiricist. 

That using comparative statics implications may cloud inference has been recognized 

for some time in studies of leverage mean-reversion and debt issuance (see e. g. Hov- 

akimian, Opler and Titman (2001), Fama and French (2002)). If leverage deviates from 

its target substantially, an assertion supported empirically, then the response of firms to 

changes in economic conditions will not be in line with the predictions of comparative 

statics at refinancing points. Thus, we first study whether the cross-sectional relations in 

a dynamic economy different from those at refinancing point. Next we use data generated 

by the model to replicate a number of cross-sectional studies of capital structure that 

produced stylized facts. We investigate the crux of existing empirical evidence. The two 

questions in which we am especially interested are whether my model can produce results 

that are qualitatively similar to those found in empirical research, and, if so, whether the 

empirical estimates could have been generated by the model with reasonable probability 

under a feasible set of parameters. 

As in Berk, Green and Naik (1999), my model is highly nonlinear in a number of 
important parameters and, as a result, individual dynamic leverage ratios, the main 

variable of interest, are difficult to obtain analytically. The complexity of dynamic effects 

in cross-sectional patterns of leverage means that it is impossible to identify the dynamic 

interaction between leverage and its determinants by performing a simple comparative 

statics exercise in dynamics. For example, a positive shock of a given magnitude can have 

different effects on firms in the same leverage group, leading to a complex interaction 

in the cross-section, since some firms will refinance while others will not. Similarly, 

high leverage can be the result of both optimally low borrowing due to high costs and 

unsuccessful past returns. 

Therefore, as in Berk, Green and Naik (1999), we use simulation to generate artificial 

data from the model. Since individual leverage ratios and some commonly used regressors 

are observable in the simulation, we am able to replicate a number of empirical research 
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methods. In particular, we compare the cross-sectional properties of leverage in the 

simulated economy with those predicted from the comparative statics of leverage at 

refinancing points, the focus of most current theory, and then investigate the empirical 

hypotheses on the issues that have been the focus of many empirical studies. These issues 

include the average level of leverage in the economy, the cross-sectional relation between 

profitability and leverage, mean reversion of leverage ratios and the impact of past stock 

returns on capital structure. 

2.3.1 Running simulations 

This section describes the simulation procedure. Technical details are given in 2.6. 

To start with, observe that, while only the total risk of the firm matters for pricing 

and capital structure decisions, (since each firm decides on its debt levels independently 

of others), 23 economy wide shocks lead to dependencies in the evolution of the cash flow 

of different firms. To model such dependencies, shocks to their earnings are drawn from a 

distribution that has a common systematic component. Thus, cross-sectional character- 

istics of leverage are attributable both to firm-specific characteristics and to dependencies 

in the evolution of their assets. In particular, equation (2.1) may be rewritten as 

ddt 

st =, tdt + a1dZ' + /3QsZs Vt > 0, öo > 0. (2.14) 

Here, aI and as are constant parameters and Zt and ZS t are Brownian motions defined 

on a filtered probability space (SZ, 
.. F, Q, (.. F )t>o). This formulation implies that the shock 

to each project's cash flow is decomposed into two components: an idiosyncratic shock 

that is independent of other projects (aIdZI) and a systematic (market-wide) shock that 

affects all firms in the economy (o sdZs). The parameter ß is the systematic risk of 

23Thus, we assume that events ex ante are uncorrelated among firms and, say, default of firm i neither 
increases nor decreases firm's j chances of survival. 
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the firm's assets, which we will refer to as the firm's "beta", and systematic shocks are 

assumed independent from idiosyncratic shocks. The Brownian motion dZ in equation 
(2.1) is thus represented as an affine function of two independent Brownian motions, 
dZ = dz' + ßdZs, and 

l1 Q- ((71+ ß2a 2. (2.15) 

At date zero all firms in the economy are "born"' and choose their optimal capital 

structure. The comparative statics of the system at date zero (where all firms are at 

their refinancing points) is thus analogous to that described in Section 2.2.5. For the 

benchmark estimation we simulate 300 quarters of data for 3000 firms. To minimize the 

impact of the initial conditions, we drop the first 148 observations leaving a sample period 

of 152 quarters (37 years). We refer to the resulting dataset as one "simulated economy" . 
Using this resulting panel dataset we perform cross-sectional tests similar to those in the 

literature. The presence of a systematic shock makes cross-sectional relations dependent 

on the particular realization of the market-wide systematic component. 24 Therefore we 

follow the methodology applied in Berk, Green and Naik (1999) and repeat the simulation 

and the accompanying analysis a large number (1000) of times. This allows us to study 

the sampling distribution for statistics of interest produced by the model in dynamics. 

In any period each firm observes its asset value dynamics over the last quarter. If the 

value does not cross any boundary, the firm takes no action. It is important to stress that 

it is optimal, under these conditions, for the firm to remain passive. If its value crosses 

an upper refinancing boundary, it conducts a debt-for-equity swap re-setting the leverage 

ratio to the optimal level at a refinancing point, and so starting a new refinancing cycle. 

If the liquidity boundary is hit for the first time in the current refinancing cycle, asset 

24In the absence of the systematic shock (i. e. when the total risk derives exclusively from the firm's 
idiosyncratic risk), cross-sectional relations will be nearly identical in all simulations once economies 
reach their steady state. 
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sales are conducted in the same period. If the firm defaults, bondholders take over the 

firm and it emerges in the same period as a new firm with a new optimal leverage ratio. 

Observe that my procedure implies a constant population of firms in the economy. This 

is not an important restriction since the parameters for new firms would have been drawn 

from the same sampling distribution as existing firms. 

2.3.2 Choice of Parameters 

This section describes how firms' technology parameters and the economy-wide variables 

are calibrated to satisfy certain criteria and match a number of sample characteristics of 

the COMPUSTAT and CRSP data. An important caveat is that for most of parameters 

of interest, there is not much empirical evidence that permits precise estimation of their 

sampling distribution or even their range. Estimating the cross-sectional relationship 

between the various firms' parameters is yet more difficult, since empirical evidence here 

is either non-existent or mixed. In addition, the model requires all parameters to be 

estimated as time-invariant. Overall then, the parameters used in my simulations must 

be regarded as ad hoc and approximate. There are two ways we deal with this problem. 

First, whenever possible, e. g. for tax rates, we use established empirical estimates. Sec- 

ond, and more importantly, we perform numerous robustness checks (see Section 2.4); 

these show that my results are not qualitatively affected by changing the parameters 

within a feasible range. Introducing cross-sectional dependencies between parameters 

does introduce some interesting additional effects but they are of second-order impor- 

tance. Table 2.2 summarizes the descriptive information for the parameters described 

below. 

Firm technology parameters 

The present values of the net payout and book assets at date zero are identical for each 

firm and scaled to 100. In the model the rate of return on firm value is perfectly correlated 
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Table 2.2: Parameter Values for Simulations 

Listed are the values and sampling distributions cho- 
sen for all parameters required to simulate the bench- 

mark case of the model. RPA is the asset risk pre- 
mium. All other parameters are defined in the text. 

Distribution Mean Std. dev 
Vo constant 100 
Ao constant 100 

,Q empirical 0.993 0.47 
O'E constant 0.155 

aD constant 0.081 
aED constant 0.023 
Lav constant 0.314 

0'I ao + aiX2(ri) 0.22 0.107 
{ao, al, n} = {-. 05, i 

30,5} 
empirical 0.255 0.10 

qRC U[0.0005,0.0025] + 0-001s 0.002 0.0006 
qE U[0.02, [0.02,0.06] + 0.02s 0.013 
Oz U[0.03,0.077] + 0.023s 0.06 0.026 

qA U[0.05,0.183] + 0.067s 0.15 0.043 

s U[0,1] 0.5 0.29 
k U[0.6,1] 0.8 0.116 

K U [0.7,0.9] 0.8 0.058 
g constant µ+ RPA 

a U[0.03,0.04] 0.035 0.003 
RPA constant 0.065 

T,, constant 0.5 

Tc constant 0.35 

Ti constant 0.351 

Td constant 0.122 

r constant 0.05 

48 



with changes in earnings. In calibrating the standard deviation of net payout we therefore 

use data on securities returns. Firms differ in their systematic risk, represented by 0. A 

distribution of 0 is obtained by running a simple one-factor market model regression for 

monthly equity returns for all firms in the CRSP database having at least three years of 

data between 1965 and 2000 with the value-weighted CRSP index as the proxy for the 

market portfolio. The regression betas, 0°, are adjusted towards the mean (unity) using 

a so-called "Bloomberg" adjustment: ß=0.66,3° + 0.34.25 The resulting 0 is used as 

an estimate of the asset beta. Systematic debt risk is assumed to have a small impact 

compared to systematic risk of equity. 

The distribution of firms' volatility is taken to match the parameters of the distribu- 

tion of the standard deviation of rates of return on firm assets reported by Schaefer and 

Strebulaev (2003). 26 The mean and standard deviation of that distribution are 0.255 and 

0.10, respectively. The standard deviation of the systematic shock, as, is estimated as 

as = 1ý(1 - La�)2aj + L2vo, D+ 2Lav(1 - Lav)aED. (2.16) 

Here, cIE is the volatility of monthly returns on the CRSP value-weighted equity 

return index, aD is the volatility of monthly returns on the 10-year T-note index over 

period 1965-2000 provided by CRSP, and UED is the covariance between equity and debt 

returns. Estimates of these parameters, 0.155,0.081 and 0.023, respectively, are close to 

those reported by Campbell and Ammer (1993). Leverage, Lay, is computed from annual 

COMPUSTAT data for 1965-2000, averaging first for each year over firms and then over 

25Beta shrinkage reflects the estimation error where larger betas are likely to be overestimated and 

smaller betas are likely to be underestimated. The results are unchanged by using more sophisticated 

methods. 
26 Note that the Schaefer and Strebulaev's (2003) sample is confined to medium to large public firms 

that issue public debt. As such, we might expect volatility distribution be biased (smaller firms can have 

higher mean volatility that is more dispersed). In robustness checks we show that changing assumptions 

on volatility distribution has an economically significant quantitative impact on average leverage ratios 

without affecting, though, any of qualitative cross-sectional results. 
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time. Leverage is defined as the ratio of book debt to the sum of book debt and market 

equity. The volatility of idiosyncratic shocks, QI, must be chosen to be consistent with the 

distribution of total risk. After considering a number of alternatives, individual shocks are 

assumed to have a distribution with the probability density function f (0-I) - ao+a, X2(n) 

and the calibrated values of the parameters are: ao = 0.05, This distribution implies that 

projects with both low risk and very high risk are relatively common. A positive value 

of ao also ensures that there will be no cash flows with negligible total risk. 27 

Since the proportional costs of restructuring in default, adjusting leverage, selling 

assets and issuing equity are all likely to be related to either the liquidity of firm assets 

and/or ease of access to external markets, all these costs are postulated to have a common 

covariance matrix. In particular, each cost, q1, is drawn from the following distribution: 

qx r- Lf [ate, a., +3 (b1 - a;, )] +3 (b1 - a,, )s, where a,, and b1 are bounds for the value of 

costs and s- U[0,1] is the common component. This formulation implies that 20% of 

each costs' value is due to the common component. This distribution is symmetric and 

its trapezoid probability density function implies that the values close to the boundaries 

are less likely to occur and the values in a range around the mean are equally likely to 

occur. 

For the proportional cost of restructuring in default, a, the bounds, a., and b1, are 

assumed to be 0.03 and 0.10. Most of the empirical values reported in e. g. Weiss (1990) 

and Altman (1984), Cutlers and Summers (1988), Alderson and Betker (1995) lie in this 

range. Some of the above papers report lower estimates, partly because the costs are 

evaluated using the market value of equity one year prior to default. Recent evidence 

by Andrade and Kaplan (1998) suggests somewhat higher values. In any event, these 

bankruptcy costs are relatively small to explain any of the observed leverage ratios. 

Leland (1994) uses a similarly defined cost of 0.5, Leland (1998) uses 0.25 and Goldstein, 

Ju and Leland (2001) use 0.05. 

27The "safest" companies in the Schaefer and Strebulaev's (2003) sample have a volatility of about 
0.06. 
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Fischer, Heinkel and Zechner (1989a) and Goldstein, Ju and Leland (2001) also define 

adjustment costs, qRC, in the same way and use a value of 1%. Datta, Iskandar-Datta 

and Patel (1997) report total expenses of new debt issuance over 1976-1992 of 2.96% and 

Mikkelson and Partch (1986) find underwriting costs of 1.3% for seasoned offers. Chapter 

3 uses the Fixed Income Securities Database (see Chapter 3.3 for a detailed description) 

over the period 1980-2000 to analyze this question further. It suggests that the average 

underwriting and management spread is about 0.05% in yield which is consistent, e. g. 

for a risk-free perpetuity when the risk-free rate is 5%, with a proportional cost of 1%. 

Note, however, that costs in this framework are proportional to the total amount of debt 

issued rather than to incremental amount. Therefore, we choose substantially smaller 

adjustment costs with range of 0.05% to 0.35% to be consistent with costs per unit of 

new debt issued of the order of 1%. 

Proportional equity issuance costs are assumed to be distributed in the range [0.02, 

0.08]. Recent empirical research has emphasized that, in initial public offerings, a simple 

7% solution was used to settle underwriter costs (Hansen (2001)). The costs of seasoned 

equity offerings are likely to be smaller, however. Corwin (2003) reports gross spread of 

5.4% and direct expenses of 1.5%. In addition, there is evidence (Altinkilic and Hansen 

(2000)) that equity costs derive mainly from the variable component. 

The costs of asset sales in a liquidity crisis are assumed to be distributed in the range 

[0.05,0.25]. These costs are admittedly enormously difficult to estimate. In one of the 

most elaborate empirical attempts to date, Pulvino (1998) estimates that these costs 

are on average around 14% for companies with an above median debt ratio. Whether 

companies with substantially higher debt ratios than the median (e. g. those facing a 

liquidity crisis) face even higher costs, as may well be the case since they have less 

time to search for a higher bidder, has not been empirically established. Also, it is not 

entirely clear to what extent the airline industry example (as analyzed by Pulvino) can 

be extended to other industries. Anecdotal evidence from the financial press reports 
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suggests that these costs may be even higher. 28 

The fraction of assets that remains after an asset sale, k, is assumed to have a uniform 
distribution with support [0-6,1]. Asquith, Gertner and Scharfstein (1994) report that on 

average companies sell 12% of their assets. 29 Twenty one out of seventy six companies in 

their sample that took visible steps to restructure their firms sell more than 20%, and, 

most interestingly, the median level of asset sales among these twenty one firms is 48%. 

The rate of net investment growth, g, is assumed equal the expected growth rate of 
the firm's net cash flows. This is consistent with a finite non-zero expected market-to- 

book ratio in an infinite horizon. It is also consistent with the fact that investment equal 

in magnitude to depreciation is needed to maintain the firm as a going concern. The 

net payout ratio increases with interest payments according to (2.11) and the parameter 

a depends, ultimately, on firms' price-earnings ratios and dividend policy. The range of 

its value is between 0.03 and 0.04; the value of 0.035 is also used in Goldstein, Ju and 

Leland (2001). 

When the net payout flow is very small, the firm starts losing part of its tax shelter. 

Since the remaining tax shelter depends on carry-forwards and carry-backs benefit pro- 

visions it is likely that firms lose a substantial part of the tax shield when current income 

is not sufficient to cover interest payments. We model the partial loss offset boundary as 

6n=I 
L+(1-N)SB7 (2.17) 

where k is uniformly distributed on [0.7,0.9]. It is assumed that, when the net payout 

is below 6, £, T, £ is lost per dollar of full offset, where T, £ is set to be equal to 0.5. Note that 

this formulation assumes that full tax benefits are resumed when the firm comes out of 

distress. 

28We have looked at all cases involving asset sales reported by the Financial Times between January 

and September 2003: unreported results suggest that according to these reports, the discount may be 

up to 40-50%. 
29Based on book value. For distressed companies market value estimates can be larger. 
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Economy-wide parameters 

The corporate tax rate is assumed to be equal to the highest existing marginal tax rate, 

Tc = 0.35. To decide on marginal personal tax rates on interest income and dividend 

payments we follow Graham (1999; 2000). In particular, Graham (1999) estimates ri 

as 0.351 and Td as 0.122 over the period of 1980-1994. We ignore state taxes. While 

Graham (1999; 2000) estimates that state taxes may be about 0.025 to the total tax 

rate, he does not use state tax information in most of the analysis in order to minimize 
the effect of measurement error in the state tax rate. Thus, the maximum tax benefit to 

debt, net of personal taxes, is 

(1 - 'Ti) - (1 - 'rc)(1 - 7d)= 7.8 cents per one dollar of debt. (2.18) 

In estimating tax rates we ignore at least two important real world features: the 

variability of tax rates both across firms and across time. Introducing time-varying 

taxes would destroy the scaling feature of the model. Since we do not know whether 

marginal firm-specific tax rates are correlated with firm characteristics, we choose to 

deal with firm-invariant tax rates. In addition, Gordon and Lee (1999) showed that 

marginal corporate tax rates appear to differ significantly between large and small firms. 

As such, the marginal tax rate used here is more typical of that faced by large firms. An 

estimate of the cross-section of marginal tax rates across firms can be obtained from the 

distribution described in Graham (1999; 2000). The difficulty arises in identifying the 

marginal personal tax rates (Mayer (1990), (Rajan and Zingales (1995)). 

The after-tax risk-free interest-rate is 0.05. It is estimated as the mean three-month 

Treasury bill rate over the period 1965-2000, multiplied by (1 - Ti). Ibbotson Associates 

(1995) report an average annual equity risk premium of about 0.08 and expected default 

premium of about 0.01 for the postwar period. Using Lo, y (see above), the risk premium 

on the rate of return on firm assets is estimated in the region of 0.065. 
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2.3.3 Preliminary empirical analysis 

We now bring together the calibrated model with the results of comparative statics at the 

refinancing point and some empirical results from the literature. We use two definitions 

of leverage, both based on the market value of equity. The first, the market leverage ratio, 

has already been defined for date zero in (2.13) and, for any other period, it is defined 

analogously. Typically, however, market values of debt are not available and book values 

are used. We therefore introduce a second definition, the quasi-market leverage ratio, 

defined as the ratio of the par value of outstanding debt to the sum of this par value and 

the market value of equity: 

Do(bt) 
5ý . 

(2.19) QMLt = Do(6) + F(St) - D( 

Typically, the difference between ML and QML is very small. For financially dis- 

tressed firms, however, it can be more substantial. Intuitively, these ratios reflect to how 

the firm has financed itself in the past since both the par and market values of debt 

reflect decisions taken early in a refinancing cycle. To determine how close the firm is 

to financial distress, a flow measure that shows whether the firm can meet its debt pay- 

ments is more relevant since firms may encounter distress at different levels of leverage. 

Therefore, we also consider the interest coverage ratio which is defined as the ratio of net 

payout to the coupon. 

Table 2.3 summarizes the cross-sectional distribution of these various measures in 

a dynamic economy and at the refinancing point. The average leverage ratio at the 

refinancing point is 0.26, compared to 0.37 in a similar model by Goldstein, Ju and 

Leland (2001). The two main reasons for the difference are (i) the presence in my model of 

additional financial constraints such as liquidity crisis costs and (ii) a lower tax advantage 

to debt since the tax rate on dividend income that we use is smaller. 

Of more importance, however, are the descriptive statistics for dynamics. Means 
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Table 2.3: Descriptive Statistics 

The table reports descriptive statistics for the following variables: market leverage 
(ML), quasi-market leverage (QML), interest coverage ratio (the ratio of net pay- 
out, 5, to coupon, c), tax advantage to debt (i. e., the increase in firm value if the 
firm moves from no-leverage to its optimal leverage ratio and is given by the formula 
F(b( -(1-r)V(bt))ý and credit spread (CS). Ref. point refers to the case when all firms (1-T)V(St) 
are at their refinancing points. All other statistics are given for dynamics. 1000 
datasets are generated, each containing 75 years of quarterly data for 3000 firms. 
For each dataset the statistics are first calculated for each year in the last 35 years 
of data and then are averaged across years. Finally, they are averaged over datasets. 
Min and Max give the minimum and maximum over the 1000 datasets of the annual 
averages. 

Mean 1% 
percentiles 

50% 90% 95% 99% st. dev. N 
Market leverage, ML 
Ref. point 0.26 0.04 0.27 0.40 0.43 0.50 0.10 3000 
Average 0.36 0.06 0.34 0.56 0.66 0.87 0.16 3000 
Min 0.30 0.06 0.29 0.46 0.53 0.76 0.13 3000 
Max 0.43 0.07 0.41 0.71 0.80 0.94 0.20 3000 
Quasi-market leverage, QML 
Average 0.37 0.06 0.35 0.59 0.70 0.91 0.17 3000 
Min 0.31 0.06 0.29 0.47 0.56 0.82 0.14 3000 
Max 0.44 0.07 0.42 0.74 0.84 0.96 0.21 3000 
Interest coverage ratio 
Ref. point 3.98 2.01 3.22 5.74 7.80 17.83 3.24 3000 
Average 3.08 0.69 2.64 4.78 6.08 11.26 2.35 3000 
Tax advantage to debt 
Ref. point 0.05 0.02 0.05 0.07 0.07 0.08 0.01 3000 
Average 0.04 0 0.04 0.07 0.08 0.09 0.02 3000 

Credit spreads, CS 
Ref. point 0.95 0.24 0.80 1.69 2.09 3.27 0.61 3000 
Average 1.49 0.24 0.97 3.01 4.40 8.83 1.72 3000 
Min 1.25 0.23 0.85 2.30 3.40 7.51 1.46 3000 
Max 1.84 0.25 1.21 3.89 5.41 9.82 1.97 3000 
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for dynamic statistics are estimated in a two-step procedure. First, for each simulated 

economy statistics are calculated for each year in the last 35 years of data. Second, 

statistics are averaged across years for each simulated economy and then over economies. 

To get a flavor of the impact of systematic shocks, for market leverage and credit spreads 

we also present minimum and maximum estimates over all economies. We begin by 

comparing the leverage statistics in the dynamic economy to those at refinancing points 

where the impact of the dynamic evolution of firm's assets is ignored. What Table 2.3 

shows is that leverage ratios in the dynamic cross-section are larger than at refinancing 

points. Leverage ratios of firms that are in distress or close to a bankruptcy typically 

exceed 70%, and these firms have a strong impact on the mean. Thus, it would be 

premature to claim that dynamic capital structure provides a simple explanation of low 

leverage puzzle and so care needs to be taken in using leverage at refinancing points to 

make any empirical claims. 30 

In summary, because firms at different stages in their refinancing cycle react differently 

to economic shocks of the same magnitude, the cross-sectional distribution of leverage as 

well as the other variables in Table 2.3 is different in dynamics and at refinancing point. 

Next we turn to comparison with empirical data on leverage. Bernanke, Campbell and 

Whited (1990) give the distribution of leverage for the three years 1986-88. Since they 

impute the market value of debt, we use the market leverage ratio from the model for 

comparison. Overall, the distributions are quite similar with their mean leverage ratio 

(0.33) close to mine (0.36). More interestingly, the right tail of my distribution mirrors 

theirs closely suggesting that a cross-section of leverage ratios in a dynamic economy 

can replicate an empirically observed distribution, while the cross-section at a refinancing 

point can not. Rajan and Zingales (1995) report, among other statistics, quasi-market 

leverage ratios. For 1991 the U. S. mean and median values are, respectively, 0.32 and 

30The Goldstein, Ju and Leland (2001) model produces a dynamic average leverage ratio of 0.45. 

See Section 2.4. Also, these models are unable to deliver low leverage for a large fraction of firms in 

cross-section. 
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0.28, as compared with 0.37 and 0.35 in my model. 31 

Rajan and Zingales report a median interest coverage ratio of 2.41 (4.05) when deduct- 

ing (not deducting) depreciation. For the former case Bernanke, Campbell and Whited 

(1990) report a mean value slightly above 5. Both results are similar in magnitude to 

the model values. The tax advantage to debt is calculated as the ratio of the difference 

between the current value of the firm and the after-tax value of unlevered assets to the 

after-tax value of unlevered assets. This ratio ranges between 0 and 10% with a mean 

of 5%. The gain in moving from no-leverage to the optimal dynamic leverage, account- 

ing for personal taxation, is comparable to the results on the net tax advantage of debt 

estimated by Graham (2000). 

A brief look at credit spreads reveals an interesting pattern: while credit spreads at 

the refinancing point are quite low, with a mean (median) of 95bp (80bp), in dynamics 

they are much larger at 149bp (97bp). Empirical estimates of average credit spreads for 

investment-grade rated bonds are given as 60-118bp for 1987-1996 by Elton, Gruber, 

Agrawal and Mann (2001). Chapter 3 estimates these as 109bp with median 85bp for 

1996-2000 (see Chapter 3.3). In dynamics credit spreads may become very large indeed 

(the value of the 99% percentile is more than 800 bp). Since credit spreads are highly 

convex in the value of the firm, in dynamics higher levered and particularly distressed 

firms dominate the sample. This explains a substantial part of the increase in the mean 

credit spread. However note that, in the model, bondholders take over the firm in the 

case of default, albeit at a cost, and therefore extreme credit spreads that are sometimes 

observed in the market do not occur here. 

Table 2.4 shows that the annual default frequency is around 49 basis points; around 

12% of firms restructure every year; 1.20% conduct asset sales (i. e. reach the liquidity 

barrier for the first time) and about 5% are in financial distress and have to resort to 

31To complement the comparison, we have constructed an empirical distribution of the quasi-market 
debt to capital ratio on COMPUSTAT data each year over 1965-2000. The 90% and 95% percentiles of 
distribution are between 57 and 89%, and 62 and 92%, respectively. Footnote 2 defines debt to capital 
ratio. 
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Table 2.4: Frequency of Events 

The table reports the frequency of various events in the generated datasets. 
Restructureu refers to restructuring at the upper boundary when no liquidity crisis 
has occurred in the current refinancing cycle and RestructureUL refers to the case 
where an asset sale has occurred. 1000 data sets are generated, each containing 75 

years of quarterly data for 3000 firms. For each dataset frequencies are computed 
across the last 35 years of data and then averaged over datasets. Min, 25%, 75% and 
Max give, correspondingly, the minimum, 25% percentile, 75% percentile and max- 
imum annual averages over all datasets. All frequencies are annualized and given in 

percentages. 

Default Restructureu RestructureUL Asset Sale Equity Issuance 
Mean 0.49 12.17 0.16 1.20 4.78 
Median 0.46 11.63 0.14 1.16 4.52 
Std. Dev. 0.24 3.46 0.09 0.39 1.94 
Min 0.16 5.38 0.06 0.54 1.71 
25% percentile 0.31 9.90 0.10 0.90 3.36 
75% percentile 0.64 13.94 0.19 1.49 5.81 
Max 1.37 23.78 0.50 2.33 11.54 

costly equity issuance. 

As a preface to the next section, we use a simple correlation analysis to investigate 

whether the cross-sectional relation between leverage and its determinants differs be- 

tween comparative statics at refinancing points and in dynamics. The results are in 

Table 2.5. Panel A reports correlations at refinancing points, while Panel B gives the 

results for dynamics. One result stands out. While market leverage and credit spreads 

are negatively correlated at refinancing points, in dynamics the opposite result is ob- 

served. To see the former result, observe that firms that choose large leverage have on 

average low volatility, as well as low costs of distress and bankruptcy, and therefore low 

credit spreads. The direction of this relation, however, is completely at odds with em- 

pirical observations, where a positive association between leverage and credit spreads is 

widely reported (this observation will be made precise in Chapter 3). The empirically 

observed correlation is clearly consistent with what we observe in the model dynamics. 
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The intuition is straightforward: firms with worst performance experience an increase in 

both their leverage (as the value of equity falls by more than value of debt as distress 

approaches) and credit spreads (as outstanding debt becomes riskier) while firms with 
best performance experience a decrease in their leverage (until they refinance) and, on 

average, credit spreads. 

2.3.4 Cross-sectional regression analysis 

Leverage-profitability relationship 

We have established that both the distribution of leverage and the cross-sectional rela- 
tion between leverage and other variables of interest may differ substantially between 

refinancing points and dynamics. The relation between leverage and profitability is a 

particularly striking example. Profitability, 7rt, is defined as the ratio of earnings before 

interest and taxes (the sum of the net payout (bt) and retained earnings (change in the 

value of book assets)) to the book value of assets in place, At_,: 

Jt + DAt 
7T*t = At-1 

(2.20) 

The trade-off theory predicts that a persistent increase in earnings leads firms to more 

extensive use of debt financing by increasing the tax advantage to debt and reducing the 

expected costs of distress and bankruptcy. This is reflected in a positive correlation be- 

tween leverage and profitability at the refinancing point, reported in Panel A of Table 

2.5.32 The negative sign in Panel B shows that in dynamics this relationship can become 

negative even for a trade-off model. This section investigates the nature and the mag- 

nitude of this effect in the context of the empirical tests reported in the literature and 

32Note that all changes in earnings in the model are persistent and thus firms with higher profitabil- 
ity at date zero expect to be more profitable in the future and opt optimally for higher borrowing. 
Extraordinary cash flows resulting from asset sales are not counted. 
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Table 2.5: Correlation Structure 

The table reports correlations for the following model variables: 
the market leverage ratio (ML), profitability (ir), credit spreads 
(CS), volatility of cash flows (a), bankruptcy costs (cx), asset sale 
costs (qA), adjustment costs (qRC), equity issuance costs (qE) and 
the fraction of assets that remain after an asset sale (k). Panel 
A gives correlations for the case when all firms are at their refi- 
nancing points and Panel B for the generated datasets (dynamics). 
1000 data sets are generated, each containing 75 years of quarterly 
data for 3000 firms. For each dataset correlations are computed for 

each year across the last 35 years of data and then averaged over 
datasets. 

Panel A: Correlations at refinancing point 
ML 7r CS a a qA k qRC qE 

ML 1.00 
7 0.76 1.00 
CS -0.62 -0.31 1.00 
a -0.91 -0.65 0.83 1.00 
a -0.08 -0.08 -0.05 -0.00 1.00 
qA -0.11 -0.12 -0.08 0.01 0.21 1.00 
k 0.19 0.20 0.39 -0.01 0.01 0.01 1.00 
qRC -0.00 0.01 -0.03 0.00 0.21 0.20 0.00 1.00 
qE -0.03 -0.02 -0.04 -0.01 0.19 0.19 -0.01 0.20 1.00 

Panel B: Correlations in dynamic economies 
ML 7r CS a a qa k qRC qE 

ML 1.00 -0.08 0.42 -0.28 -0.06 -0.09 0.16 -0.04 -0.04 
7 1.00 -0.06 -0.03 0.00 0.00 -0.01 0.00 0.00 
CS 1.00 0.64 -0.02 -0.03 0.16 -0.01 -0.02 
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uses simulated data generated by the model to gauge whether this effect is important for 

understanding the results of these tests. Section 2.4 then assesses the extent to which 

this result is dataset- and model-dependent. 

Why is the leverage-profitability relation singled out? First, as Myers (1993) has 

pointed out, perhaps the most pervasive empirical capital structure regularity is the in- 

verse relation between debt usage and profitability. Indeed, the relationship is one of 

several widely established results in the empirical capital structure literature. 33 More 

importantly, it is also one of a few, if not the only cross-sectional relation, that disen- 

tangles the trade-off model and the various theories associated with the pecking order 

concept, according to which, holding investment fixed, persistently higher profitability 

enables firms to use less leverage. This intuition holds for both static and dynamic 

versions of the pecking order theory. In a static pecking order world, when investment 

outlays are less than earnings, retained earnings grow and leverage falls. In a dynamic 

environment, firms face an intertemporal trade-off between current and future invest- 

ments and the costs of external financing. As earnings grow, expected future earnings 

also increase and firms are able to maintain a lower debt ratio. For other determinants 

of leverage, either the predictions of both pecking order and the trade-off theories are the 

same or the predictions of the various versions of the pecking order theory themselves 

differ. 34 The ambiguity attached to the impact of other determinants means, therefore, 

that a consistently negative relation found between leverage and expected profitability is 

interpreted as a major failure of the trade-off model. 

We turn now to whether the cross-sectional leverage-profitability relation that my 

33See, for example, Titman and Wessels (1988), Fama and French (2002) and Baker and Wurgler 
(2002). Rajan and Zingales (1995) establish that the inverse relationship holds for 6 out of 7 developed 

countries and Booth, Aivazian, Demirgüc-Kunt and Maksimovic (2001) report that it also holds for most 
developing countries. 

34 For example, both the pecking order and trade-off models predict that higher volatility of the firm's 

cash flow is likely to lower the optimal amount of borrowing. Also, the static pecking order theory 

suggests that higher investment leads to higher borrowing when retained earnings are fixed, while the 
dynamic version predicts higher expected investment to decrease current debt so that the debt capacity 
is preserved for the future. 
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framework delivers, is consistent with those reported in empirical capital structure re- 

search. Recall that each simulated dataset ("economy") consists of 3000 firms for 300 

quarters and that economies differ because of a systematic shock. As described in section 

2.3.1, we simulate 1000 economies dropping the first half of the observations in each econ- 

omy. For each economy we then conduct the regression tests outlined below. For each 

set of regressions we report mean coefficients and t-statistics over all simulated economies 

and for several coefficients also give the distribution. 

Table 2.6 reports the results of the first set of experiments. Column 1 reports the 

regression for market leverage at the refinancing point and Columns 2-4 - on simulated 

economies. Column 2 reports on attempts to replicate early empirical tests of capital 

structure (e. g. Bradley, Jarrell and Kim (1984)) by performing an OLS regression of 

quasi-market leverage, QML, at the end of the last year in each simulated economy 

against profitability and the constant "firm technology" parameters. Thus, the regressand 

and profitability are measured contemporaneously. 35 Column 3 reports the results of 

the procedure that replicates the method implemented by Rajan and Zingales (1995) in 

which OLS regression of quasi-market leverage in year t is run against four year averages 

of the regressors over years (t - 4) - (t - 1), where year t is the last year in each economy. 

Thus, the independent variables are lagged one year and then averaged over four years. 

Rajan and Zingales lag the regressors in order to reduce the problem of endogeneity. 

Since profitability is persistent and other regressors are time-invariant, it does not have 

any significant impact on my results. 36 Rajan and Zingales average the explanatory 

variables to reduce the noise (not important in my framework) and to account for slow 

adjustment. 37 

35Bradley, Jarrell and Kim (1984), in fact, used average characteristics of firms over many years. 
What is important, however, is that values of leverage and explanatory variables they used were defined 

contemporaneously. 
361n the Rajan and Zingales as well as other tests, endogeneity in its wide definition can arise also 

because of omitted variables and measurement error. None of these reasons influence my analysis. 
37Rajan and Zingales also employ a censored Tobit model since, in some cases, they face negative 

values of leverage which they truncate. They also report (their footnote 28) that the corresponding OLS 

results are very similar. 
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Table 2.6: Cross-sectional Regressions 

The table reports the results of cross-sectional regressions on the level of the 
quasi-market leverage ratio, QML. Independent variables are profitability 
(7r), volatility of cash flows (a), bankruptcy costs (cr), asset sale costs (qA) and 
restructuring costs (qRC). The Ref. Point column gives the results obtained by 
running the regression at the refinancing point. The BJL, RZ, FF columns 
report the results of regressions that replicate the empirical procedures used, 
respectively, by Bradley, Jarrel, and Kim (1985), Rajan and Zingales (1995) 
and Fama and French (2002). Coefficients and t-statistics are means over 1000 
simulations. The last three columns report additional information on the FF 
regression: the standard deviation of coefficients and t-statistics, and the 10% 
and 90% percentile values of these coefficients across simulations. 

FF 
Ref. Point BJK RZ coeff std 10% 90% 

Constant 0.23 0.58 0.57 0.58 0.05 0.51 0.68 
( 6.37) ( 9.18) ( 9.03) (51.81) (15.51) (31.92) (83.74) 

Ir 6.22 -0.31 -0.17 -0.34 0.28 -0.92 -0.04 
( 9.87) (-1.69) (-1.24) (-10.36) ( 3.81) (-17.95) (-5.07) 

a -0.78 -0.39 -0.38 -0.39 0.06 -0.49 -0.29 
(-28.82) (-4.27) (-4.22) (-21.77) ( 6.47) (-34.98) (-12.55) 

Oz -0.44 -0.51 -0.51 -0.58 0.34 -1.14 0.02 
(-3.02) (-0.77) (-0.77) (-6.72) ( 4.26) (-14.85) ( 0.18) 

qRC 3.22 -6.90 -6.88 -4.30 7.41 -16.65 6.88 
( 0.98) (-0.43) (-0.43) (-2.10) ( 3.80) (-8.15) ( 3.40) 

qA -0.11 -0.22 -0.22 -0.22 0.12 -0.40 -0.02 
(-2.21) (-0.96) (-0.95) (-7.13) ( 4.38) (-15.29) (-0.67) 

R2 0.89 0.09 0.08 0.09 0.02 0.06 0.14 
( 1) (1) (1) (35) (35) (35) (35) 

N 3000 3000 3000 3000 3000 3000 3000 
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Fama and French (2002) estimate "target leverage" using a two-step procedure. They 

first estimate year-by-year cross-sectional regressions and then use the Fama-MacBeth 

methodology to estimate time-series standard errors that are not clouded by the prob- 

lems encountered in both single cross-section and panel (pooled time-series cross-section) 

studies. The main problem with these methods stems from correlation in the regression 

residuals across firms and the presence of autocorrelation in the regressions coefficients. 

In the simulated economy, correlation in the regression residuals exist because firm values 

are correlated via the systematic shock and the slopes are also autocorrelated because 

leverage is a cumulative outcome of past idiosyncratic shocks. We follow a simple and 

conservative rule used by Fama and French and assume that the standard errors of the 

average slopes should be multiplied by a certain factor to account for autocorrelation 

before judging the significance of a variable. Unreported results demonstrate that aver- 

age coefficient on profitability is autocorrelated and behaves like an AR(1) process with 

observed maximum of about 0.75 and thus (see Fama and French (2002, p. 12)) the 

corresponding multiplication factor is 2.5. In other words, t-statistics are required to be 

around 5.0, rather 2.0, to reject the null hypothesis. The autocorrelation of the other 

coefficients is of the same order. Column 4 of Table 2.6 shows the results of running 

a Fama-MacBeth regression on the last 35 years of each simulated economy and then 

averaging these results across economies. 

To summarize, each of the regressions above can be written as: 

QMLP = do dlirp +d2a+d3a+d'x+EP, (2.21) 

where x are firm-technology parameters and P, P E{BJK, RZ, FF}, refers to the 

method. For example, QMLRZ = QMLt; 7rRZ =4I: m 4t_171m, and so forth. 

We begin by describing briefly the importance of different factors for optimal lever- 

age at refinancing points reported in Column 1, Table 2.6. A 1% increase in expected 

profitability increases target leverage by 6.22% and a 1% increase in the firm's business 
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risk produces a 0.8% reduction in leverage. The effect of bankruptcy and distress costs is 

smaller in absolute magnitude demonstrating again that, by themselves, these costs are 

not sufficient to offset the tax advantage to debt in the trade-off model. Insignificance of 

adjustment costs is due to their non monotonic relation to leverage. 

The results of Columns 2-4 are roughly similar and this is consistent with the Fama- 

French observation that their results are mainly supportive of previous findings. In 

particular, the negative correlation between leverage and profitability survives in the 

multivariate regression analysis. The Fama-MacBeth estimates produce negative average 

slopes that are more than 10 standard errors below zero. 
Note the particular importance of this result: an empiricist would be likely to interpret 

this finding as evidence in favor of the pecking order theory and contrary to the predic- 

tions of the trade-off model. However, we know that firms in the simulated economies 

do indeed follow the prescription of the trade-off theory. But why, in this case, is the 

profitability coefficient significantly negative in dynamics? An increase in profitability 

effects future profitability and thus the value of the firm. But while an increase in the 

value of the firm always lowers leverage, it does not necessarily lead to refinancing in a 

world with infrequent adjustment. Note that, under the model, the target leverage for 

any firm is constant, and so the observed positive relation between leverage and prof- 

itability at the refinancing point is purely a cross-sectional effect. The negative relation 

is firm-specific since higher profitability lowers the current leverage of an individual firm, 

unless it refinances in that period. The negative coefficients in Table 2.6 imply that the 

firm-specific effect dominates in the simulated data. The presence of systematic shock 

magnifies this effect. 

That the presence of frictions may complicate inference has been recognized in a 

number of previous studies. For example, Fama and French (2002) note that their result 

may overstate the long-term relation between leverage and profitability by picking up 

transitory variation in leverage rather than variation in target leverage. This would 

make it difficult to disentangle the trade-off and pecking order models since a negative 
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coefficient may be the result of the transitory component, pecking order behavior or both. 

It is instructive, therefore, to look at the size of the coefficient in the simulated data to 

judge whether a trade-off model can give rise to values that are similar to those found 

empirically. 

Figure 2-2: Distribution of profitability coefficient. 

This Figure shows the distribution of profitability coefficient in cross-sectional regression that 

replicates Faina and French (2002) empirical methodology. 

The population mean of the profitability regression coefficient is above those found 

by previous researchers. Profitability coefficients reported by previous studies include 
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-0.90 (Fama and French (2002)), 38 -0.6 (Rajan and Zingales(1995)) and -0.61 (Baker 

and Wurgler (2002)). However, my estimate of -0.34 for the Fama and French-type 

regressions is simply the population mean across all economies. To gauge the likelihood, 

under the model, of estimates in the range -0.6 to -0.9 we examine the distribution of 

the profitability coefficient. Figure 2-2 shows this distribution for 1000 such economies 

and columns 6 and 7 of Table 2.6 report its 10% and 90% percentiles. All the coefficients 

are negative, though some are insignificant (taking into account the five standard error 

rejection threshold). The bottom line result is that under the chosen set of parameters 

the reported empirical estimates can be consistent with the value of the coefficient. 

There are several possible ways in which this result may be qualified. First, the 

parameter set may be unrepresentative because, for example, we do not allow for correla- 

tion between volatility and distress/bankruptcy costs. Indeed, in a number of robustness 

checks starting with different set of parameters and using different assumptions (see 

section 2.4 below), the a coefficient substantially smaller in magnitude is obtained. In 

particular, smaller renegotiation costs and more widely dispersed "betas" result in a 

larger coefficient. For many other parameterizations changes, the result is unchanged or 

stronger. In a nutshell, the robustness tests suggest that, at the very least, the model is 

able to explain a large part of the negative relation. 

Second, we use the leverage ratio based on market equity value. Fama and French 

(2002) argue that the profitability-leverage relation holds theoretically only for book 

leverage. In empirical regressions, however, the values of the slope are very similar. Fur- 

thermore, one would expect that using market leverage would produce a smaller slope 

than when book leverage is used. In their result for non-dividend payers, however, the 

opposite is observed. Therefore, while for book leverage the result is likely to hold un- 

38Fama and French report several profitability coefficients, ranging from -0.42 to -0.96, since they 

study both book and market leverage, divide the sample of firms in the two groups - dividend payers 
and nonpayers - and include in some regressions a simultaneously estimated target payout ratio. The 

coefficient of -0.9 is for the regression on market leverage for dividend payers not allowing for the target 

payout ratio. Rajan and Zingales report the coefficient for quasi-market leverage for the U. S. In Baker 

and Wurgler, the market leverage ratio is for 1980-1999 COMPUSTAT firms. 
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der a broader set of conditions than for market leverage, it is unlikely that this drives 

the observed difference. Third, in my model as well as most dynamic models of optimal 

structure, the investment process is independent of the process that determines the lever- 

age ratio. In deriving the value of book assets we make an assumption that book assets 

grow at a rate equal to the growth rate of the net payout under the actual distribution - 

the only rate under which the market-to-book ratio has a finite non-zero expected value 

in infinite horizon. We choose a conservative value of one for an initial market-to-book 

ratio since my firms may be characterized as value firms. Increasing the market-to-book 

ratio, however, would lead to an increase in profitability via a decrease in book assets 

and therefore to a decrease in the magnitude of the profitability-leverage coefficient. 

All other coefficients in Table 2.6 have the same sign in dynamics as at the refinancing 

points, although the magnitude of the coefficient on volatility is smaller in dynamics. 39 

Adjustment costs become significant in a dynamic economy since their increase lead to 

the higher level of the refinancing boundaries and thus the average waiting times be- 

tween successive adjustments and the corresponding change in leverage is larger. Finally, 

observe that R2 of regressions is generally lower than in empirical studies (where R2 of 

0.27-0.45 are common). 

Leverage and stock returns 

In a recent paper, Welch (2004) obtains empirical results that, to some extent, parallel 

those presented here. Welch's main finding is that U. S. corporations do not change their 

capital structure to offset the mechanistic effect on leverage of changes in their stock 

price. As we have emphasized above, the absence of a response by the firm to these 

mechanistic changes in leverage may, indeed, be optimal in the presence of adjustment 

costs. It is instructive, therefore, to investigate to what extent the mechanistic effect 

39 Volatility is rarely used in empirical studies since it is hard to estimate and thus direct comparisons 

with the literature are not possible. Fama and French (2002) propose using firm size as a proxy for 

volatility since large firms are likely to have less volatile earnings. Here firm size does not have an 

economic role supposed in actual data due to the scale property. 
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observed by Welch is reflected in my dynamic economies. To this end, we replicate, 

again using simulated data, the regression test that he performs on the COINIPUSTAT 

dataset (Welch (2004), Table 3). For each year t we run a cross-sectional regression of 

the level of the market leverage ratio against the implied market debt ratio, I DRt_k, t in 

Welch's notation, i. e. what the market leverage ratio would have been if the firm had 

not issued any securities between years t-k and t, and actual observed quasi-market 

leverage ratio in year t-k, QMLt_k in my notation: 40 

QMLt = fo + fýIDRt-k, t + f2QMLt-k + E. (2.22) 

The implied debt ratio shows the response of leverage only to changes in equity. Thus, 

if the coefficient fi is equal to one, firms do not readjust at all. Alternatively, a value of 
f2 equal to one would imply that firms perfectly offset any change in equity. 

Note an important difference between this regression and those replicated earlier. In 

the case of the cross-sectional regressions reported in Table 2.6, some variables of interest 

such as research and development expense, employed in empirical studies, cannot be 

included because they are not present in the model. However, regression (2.22) that 

we estimate is exactly identical to that studied by Welch. The only point of departure 

between my simulations and the empirical procedure followed by Welch is that the number 

of firms in the empirical study varies across years while in the simulations the number of 

firms is fixed. 

To be precise, we compute the average of the time-series of cross-sectional regression 

coefficients ä la Fama-MacBeth. Then, as usual, the results are averaged over many 

simulated economies. Table 2.7 shows that for all four choices of k, between 1 and 10 

years, the results appear to conform closely to those obtained by Welch. In particular, 

the slope of nearly one for the implied debt ratio for the one-year regression (the average 

"Welch also reports the result of the estimation of the same equation without a constant. Both his 

and mine results are robust to such change in specification and therefore we do not report the results. 
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coefficient 

Figure 2-3: IDRt_l, t coefficient. 

This Figure shows the distribution of the Welch (2004) IDRt_l, t coefficient for one year for 1000 

simulated economies. 
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slope of 1.014 in Welch and 1.028 in the model) indicates that financing behavior in 

the short term is almost passive, in other words, corporations do not react to changes 

in the value of equity by adjusting their leverage. Figure 2-3 demonstrates that the 

coefficient over one-year horizon obtained by Welch for the implied debt ratio is well 

within the observed frequency of average coefficients in the model, and Table 2.7 shows 

that my model produces slightly lower estimates for longer horizons. Overall, we find 

that my model would not reject Welch's coefficient on the implied debt ratio over a short 

horizon and that the term structure patterns of the coefficients are also similar. The 

simulations clearly show that a model with small adjustment costs can produce results 

on the persistence on leverage that are consistent with those observed in reality. 

There is one particular feature that deserves special attention. Welch (2004) points 

out that while corporations are very active in debt issuance, their motives "remain largely 

a mystery" given that the mechanistic effect of the change in equity value is not offset. 

The same apparent puzzle is observed in my framework. A coefficient close to one might 

be interpreted as extreme passivity on the part of shareholders in their debt decisions. 

However, it seems to contradict the result reported in Table 2.4 that, on average, about 

12% of firms refinance every year. In fact, my model provides a simple explanation 

of this "puzzle" since firm "passivity" in the Welch (2004) sense also obtains if firms 

issue debt quite frequently, but the contemporaneous cross-sectional covariance between 

new debt issues and equity returns over the chosen period is zero. And this is exactly 

what happens in the model since managers issue debt in response to a factor, largely 

orthogonal to short-term equity returns, namely long-term past stock returns. My model 

provides an additional insight: if the covariance between changes in outstanding debt and 

equity returns over t-k to t is weakly positive then the coefficient on IDRt_k, t slightly 

increases. For k=1 year, the empirically observed covariance is indeed weakly positive 

explaining why the coefficient slightly exceeds one. Observe that in the model, while 

the equity return over the last year does not trigger debt issuance by itself, debt will 

be issued only if equity returns are positive (otherwise the refinancing barrier would not 
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Table 2.7: Leverage and Stock Returns 

The table reports the results of cross-sectional regres- 
sions on the level of the quasi-market leverage ratio, 
QML. Independent variables are the implied debt ra- 
tio (IDRt_k, t) and lagged quasi-market-leverage ratio 
(QMLt_k) 

. 
Coefficients and t-statistics in Panel A are 

means over 1000 simulations. Row 1 of Panel B reports 
Welch's (2004) estimates of the IDR coefficients. Other 

rows report the mean and the 5% and 95% percentiles 
of my estimates. 

Panel A 
k years 

1 3 5 10 
Constant 0.032 0.086 0.128 0.198 

(15.375) (26.964) (34.582) (42.963) 
IDRt_k, t 1.028 0.892 0.785 0.587 

(83.571) (90.876) (75.985) (50.489) 
QMLt_k -0.106 -0.096 -0.087 -0.055 

(-5.773) (-6.419) (-6.194) (-4.452) 
R2 0.929 0.804 0.697 0.493 

(37) (35) (33) (28) 
N 3000 3000 3000 3000 

Panel B: IDR coefficients 
1 3 5 10 

Welch 1.014 0.944 0.869 0.708 
This Thesis 1.028 0.892 0.785 0.587 
5% 0.982 0.841 0.733 0.536 
95% 1.077 0.937 0.829 0.636 
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be reached). In addition, debt reduction due to a liquidity crisis occurs only if the last 

period equity return was negative. This again leads to weakly positive covariance and 
the same explanation of why one-year coefficient slightly exceeds one on average. It also 

provides an explanation why, over a long horizon, my coefficients are smaller than the 

Welch's ones: in reality firms issue debt for reasons related to investment opportunities 
that can be positively related to changes in equity value. 

It is tempting to suggest that adjustments costs are entirely responsible for the results 

reported by Welch (2004). However, as Welch himself point out, there are some drawbacks 

to this explanation: (1) direct transaction costs are small; (2) readjustment patterns are 

similar across firms while transaction costs are very different; and (3) firms do not seem 

to lack the inclination to be capital structure active, but they seem to lack the proper 

inclination to readjust when equity value changes. My analysis sheds light on some of 

these concerns. First, even small transaction costs can lead to stickiness in the firm's 

debt policy. Robustness checks in Section 2.4 show that even taking a highly conservative 

estimate of transaction costs leaves the results essentially unchanged. Second, in the 

model debt issuance costs are smaller than equity issuance costs, thus the firms who 

reduce debt when they are in distress experience relatively higher transaction costs. In 

other words, after substantially negative equity returns firms face higher transaction 

costs. However, these firms are no more eager to readjust. Third, as we have explained 

above, the framework accounts for both the capital structure activity and unwillingness 

to readjust in response to past equity returns. At the same time, at least two issues 

raised by Welch (2004) can not be addressed satisfactorily in the present framework. 

First, there is no difference between small and large firms, and second, no richer set of 

debt instruments is allowed that would enable corporations to lower transaction costs. 

Changes in leverage and mean reversion 

We turn next to the question of the extent to which leverage is mean-reverting in my 

model. Table 2.8 summarizes estimates of a number of partial adjustment models where 
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the dependent variable in all cases is the annual change in the quasi-market leverage 

ratio. Columns 1 and 2 of the table follow e. g. a study by Fama and French (2002) and 

report the results of a two-stage cross-sectional regression estimation. In the first stage, 

target leverage, TL, is estimated using equation (2.21); the resulting value is then used 

in the regression for changes in leverage: 

QMLt - QMLt_1 = ho + h1TLt_1 + h2QMLt_1 + h3Xt_1 + E, (2.23) 

where Xt_1 represents other possible lagged regressors. A partial adjustment model 

predicts that hl is positive and h2 is negative and, furthermore, that they are equal in 

absolute value. Coefficient h2 measures the speed of adjustment of leverage to its target 

level. 

Not surprisingly, we find that leverage is mean-reverting. A coefficient of -0.17 indi- 

cates that the mean reversion of leverage is 17% per year. Fama and French (2002) report 

a similar mean reversion speed of 7-10% for dividend payers and 15-18% for non dividend 

payers which they refer to as "snail's pace". My firms may be better characterized as 

"crouching tigers" : most of the time firms do nothing to the level of their book debt, 

but when they do make changes it is by a large amount. Also, in line with the results 

reported by Fama and French (2002), the average slopes on lagged leverage are similar 

in absolute value to those on target leverage and are therefore consistent with the partial 

adjustment model. 

Column 2 adds change in profits as an additional regressor. While the results are 

very similar to those of Fama and French (2002), my interpretation is slightly different. 

They suggest this result shows that short-term variation in earnings is largely absorbed 

by debt. In the model that has been developed here a change in profitability that effects 

the leverage ratio is due exclusively to persistence of its effect on firm value. 

Columns 3 and 4 of Table 2.8 report estimations of regressions of the change in the 
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Table 2.8: Cross-sectional Regressions for Leverage Changes 

The table reports the results of cross-sectional regressions on 
changes in the quasi-market leverage ratio, QMLt - QMLt_1. 
Independent variables are the target quasi-market leverage ratio 
(Target QMLt_1), past leverage (QMLt_1), implied debt ratio 
adjustment ( IDRt_l, t - QMLt_1), profitability (itt), change in 

profitability (A7rt_1 = 7rt_1 - 7rt_2) and the cross-term (irt_1 x 
(IDRt_l, t - QMLt_1). Coefficients and t-statistics are means over 
1000 simulations. 

(1) (2) (3) (4) 
Constant 0.00 0.01 0.03 0.12 

( 0.54) ( 0.58) (12.90) (28.40) 
Target QMLt_1 0.16 0.16 

( 5.49) ( 4.98) 
QMLt_1 -0.17 -0.17 

(-12.56) (-12.47) 
IDRt_l, t - QMLt_1 1.02 0.76 

(85.33) (69.77) 

7rt_1 0.02 0.06 
( 1.38) ( 2.23) 

A7rt_1 -1.20 
(-7.68) 

7rt_1 x (IDRt_l, t - QMLt_1) 0.08 0.33 
(10.78) (24.25) 

R2 0.10 0.13 0.79 0.72 
(36) (36) (36) (31) 

N 3000 3000 3000 3000 
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leverage ratio of the type studied by Welch (2004). The regression can be written as: 

QMLt-QMLt-k = 1o+11(IDRt-k, t-QMLt-k)+l27rt-k+137t-k(IDRt-k, t-QAILt-k)+E. 
(2.24) 

The idea is that a significant coefficient on profitability, 7rt_k, shows that profitability 
incrementally explains leverage after controlling for equity returns. If the cross-term is 

significant, then profitability also helps to explain leverage adjustment. 

The estimates in Table 2.8 indicate that, once stock returns are controlled for, prof- 
itability looses most of its power in explaining leverage, but is still able to account for the 

adjustment behavior of firms in cross-section. The latter result is similar to the finding 

of Welch (2004). Empirically, however, profitability is found to retain some explanatory 

power that can be due to its temporary component. 

2.4 Robustness Tests 

In this section we describe the results of a number of robustness tests designed to inves- 

tigate the extent to which my results are sensitive to changes in parameter values and 

estimation procedure. They fell into two categories. First, using the benchmark dataset, 

we investigate whether the results are influenced by the way the sample is constructed. 

In particular, outliers in the simulation of the evolution of firm asset values may have an 

undue influence. Second, we study whether perturbating the parameters has a significant 

impact on the results. For each robustness test we recalculate the whole analysis but, 

to limit the usage of computer power, the results are calculated using 3000 firms and 50 

simulated economies. Also, when needed, refinancing point solution is found for only 500 

firms and so in simulations six firms are identical at refinancing point. Other features of 

simulation design are not changed. 

The key question is whether the main results of the Chapter survive the robustness 

tests. These include: (1) the relation between the average level of leverage at refinancing 

points and in a dynamic economy; (2) the average slope of the leverage-profitability 
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relationship; (3) those relating to Welch (2004) finding on capital structure and stock 

returns and (4) the degree of mean-reversion. To save the space, Table 2.9 reports only 

a summary of the results. 

The evolution of a dynamic economy leads to some outliers. While there is no mea- 

surement error in my benchmark dataset, an empiricist using the generated data of any 

simulated economy might be concerned that some observations dominate the results and 

would therefore exclude them. Following the approach used in the literature, We examine 

how the results are changed when: (i) the true volatility of firm cash flows is trimmed at 

the 5% and 95% percentile thresholds; (ii) in a dynamic economy, the time-series volatil- 

ity in each year is estimated for each firm over the previous 5 years and estimates outside 

the 5% and 95% percentiles are excluded; (iii) in a dynamic economy, for each year firms 

whose profitability lies outside the 5% and 95% percentiles are excluded; (v) firms that 

experience default over the previous five years are excluded. We find that none of the 

changes in procedure influence the main results in any significant way. 

The next tests examine the dependence of the results on changes in the parameters. 

First, for each exogenous parameter that varies across firms, we consider five cases. 

For the first two, the distribution of the parameter is identical to the benchmark case 

except that its mean is changed: in one case increased and in the other decreased. 

In the remaining three cases, the parameter value is set equal across firms at (i) the 

upper boundary of the benchmark distribution, (ii) the lower boundary and (iii) a value 

equal the mean in the base case. Again we find that, qualitatively, the main results 

are unchanged. However, changing the volatility parameters does result in noticeable 

changes in the cross-sectional leverage distribution and changes in the distributions of 

renegotiation costs and betas effect noticeably the profitability coefficients. Under some 

parameter values, empirical estimates of profitability are less likely to be obtained by the 

model. The coefficients on the implied debt ratio are more stable. 

Third, we investigate the effect of changes in macroeconomic and tax parameters. 

Unsurprisingly, decreasing the tax advantage to corporate debt results in lower leverage 

77 



Table 2.9: Robustness Tests 

The table summarizes the robustness tests. Column (1) reports 
the difference between average leverage in dynamics and at Ref. 
Point (See Table 2.3). Column (2) reports the average value of 
the profitability coefficient in Fama-French regressions (Table 2.6). 
Column 3 reports the average value of IDRt_l, t (Table 2.7). Col- 
umn 4 reports the average value of the mean reversion coefficient 
f2 (Table 2.8). The tests are as follows: 1: the distribution of a is 
trimmed at the 5% and 95% percentiles; 2: volatility is estimated 
from 5-year time-series of cash flow and the values outside the 5% 
and 95% percentiles are excluded; 3: observations with the sum of 
the market values of equity and debt higher than 10 are excluded; 
4: observations where profitability, irt_1, is outside the 5-95% range 
are excluded; 5: firms that experience default in the previous five 
years are excluded; 6: substituting market leverage, ML, for quasi- 
market leverage, QML; 7: the distribution of o- is changed to have 
a mean of 0.15 and a st. dev. of 0.07 by changing the distribution of 
aI; 8: the value of or is fixed at 0.25; 9: the value of equity issuance 
costs, qE, is fixed at 0.3; 10: the value of restructuring costs, qRC 
is fixed at 0.005; 11: the benchmark economy is as in Goldstein, 
Ju, and Leland (2001) (all firms are identical at Ref. Points); 12: 
the corporate tax rate, r,, is 0.3; 13: the before-tax interest rate, 
r, is 0.08; 14: the standard deviation of systematic shocks, as, is 
0.15; 15: the standard deviation of systematic shocks, as, is 0. 
In each test, other parameter values and empirical procedures are 
unchanged. 

Test Description (1) (2) (3) (4) 
0 Benchmark 0.10 -0.34 1.03 -0.17 
1 a, no outliers 0.09 -0.30 1.04 -0.16 
2 est. a, no outliers 0.09 -0.32 1.03 -0.17 
3 ED + DRT > 10 0.10 -0.34 1.03 -0.17 
4 irt_1, no outliers 0.07 -0.40 1.04 -0.14 
5 no default 0.08 -0.30 1.03 -0.16 
6 AIL 0.12 -0.35 1.02 -0.16 
7 a: new distr 0.04 -0.20 1.02 -0.25 
8 a=0.25 0.14 -0.39 1.04 -0.21 
9 qE = 0.03 0.05 -0.31 1.04 -0.17 
10 qRC = 0.005 0.04 -0.22 1.02 -0.22 
11 GJL 0.07 -0.23 1.05 -0.12 
12 -r, = 0.3 0.04 -0.21 1.01 -0.20 
13 r=0.08 0.04 -0.2 1.05 -0.18 
14 a,, -,,, = 0.15 0.07 

78 -0.45 1.04 -0.12 
15 0-m =0 0.11 -0.08 1.01 -0.14 



in the economy. One result not shown in the Table 2.9 is that a decrease in Ti from 

0.35 to 0.3 lowers the average market leverage ratio from 0.32 to 0.24. The difference 

between the average leverage ratio in dynamics and at the refinancing point is, however, 

not significantly affected. Finally, we consider the effect of measurement errors. In 

particular, a stochastic component in the evolution of book assets and a measurement 

error in market leverage are introduced. Note that these measurement errors are assumed 

not to effect the optimal decisions by firms. 

Overall, the results appear to be quite robust with respect to changes in firm-specific 

and environmental parameters and to changes in empirical procedure. This applies par- 

ticularly to the cross-sectional results which are also the most important. 

2.5 Concluding Remarks 

This Chapter is the first to describe a methodology for deriving the quantitative and 

qualitative predictions of capital structure theories in a dynamic economy with infre- 

quent adjustment when imperfections such as transaction costs are present. The Chap- 

ter develops a model of dynamic optimal capital structure for an individual firm where 

capital structure decisions are driven by considerations based on the trade-off between 

tax benefits to debt and various distress and bankruptcy costs. In this framework which 

was first developed by Fischer, Heinkel and Zechner (1989a), firms prefer to refinance 

infrequently to economize on the costs of issuing debt: these costs are the main source 

of imperfections in the modelled economy. In addition to existing framework, the model 

developed in this Chapter investigates the impact on capital structure and securities 

pricing the consequences of financial distress where firms are forced to sell assets at fire 

sale prices. 

Using the model, the Chapter proceeds by calibrating the parameters to be consistent 

along a number of important dimensions with the empirically used data sets. Then, the 

data that structurally resembles data used in empirical studies is generated. Since the 
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presence of systematic shock causes co-movement in values of firms in the economy, cross- 

sectional relationships are dependent on a particular realization of systematic shock. 
Therefore, a large number of simulated economies is generated in order to assess the 

likelihood of various hypotheses under different systematic shocks. 
In this way, the method allows us to compare the predictions of a capital structure 

model in "true dynamics" both to the findings of the empirical literature and to the 

comparative statics predictions of the same model. In particular, it enables us to pro- 

vide greater insight into qualitative aspects of the cross-sectional properties of leverage. 

The main findings of the Chapter are as follows: (i) the properties of leverage in the 

cross-section in "true dynamics" and in comparative statics at refinancing points differ 

dramatically; an example of application of this results is the so-called low-leverage puz- 

zle. We show that is not sufficient to consider dynamic capital structure to explain the 

puzzle since in dynamics average leverage is likely to be substantially higher; and (ii) 

the model gives rise to data that are consistent with a number of empirical results and 

which, using methodologies commonly employed in the literature, may lead to rejection 

of the model. An example is the profitability-leverage relationship that has been shown 

in this Chapter to be negative for the trade-off model. Empirical tests usually dismiss 

the trade-off model based exactly on the grounds of this relationship. 

The results presented in this Chapter are used as a basis for our further analysis. 

This Chapter did not allow debt contracts to be renegotiated in the presence of frictions. 

Chapter 3 investigates the empirical relevance of this framework. Modelling illiquidity 

of firm assets is done without analyzing what sources of illiquidity can be particular 

important or not significant in such analysis. Chapter 4 investigates one potential source 

of illiquidity premium. 
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2.6 Appendix A 

The process for b is discretized using the following approximation: 

2 ) Ot+ Otzt it = St-ote( AA- 2 
(2.25) 

where At is one quarter, zt is a standard normal variable and µA is the growth 

rate of the net payout ratio under the physical measure. The benchmark simulation 

is for 300 quarters and 3000 firms. Note that while we discretize the model for the 

purpose of simulation, firms still operate in a continuous environment. In particular, it 

must happen now that firms will sometimes "overshoot" over boundaries and make their 

financial decisions not exactly at the prescribed optimal times. Unreported robustness 

checks show that increasing the frequency of observations does not at all change the 

results. 

To choose the number of observations that will be dropped to minimize the impact 

of initial conditions the following procedure has been implemented. We simulate the 

panel dataset for 3000 firms with the benchmark set of parameters. Then, we choose 24 

randomly selected initial leverage ratios for each firm within the feasible range. Using the 

same systematic shock realization, 24 economies are simulated. The economy is defined 

as converged to its steady state if the difference between maximum and minimum values 

of average leverage across simulated economies is less than 2% for at least 10 quarters. We 

repeat the same analysis for 250 different systematic shock realizations. The resulting 

distribution of steady state times has the 95% percentile value of 122 quarters. For 

a conservative estimate we add another 30 quarters. Observe that while the impact 

of initial firms' condition disappears, the presence of systematic shocks implies that 

simulated economies differ at the truncation date. 
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Chapter 3 

Strategic Actions and Credit 

Spreads: An Empirical Investigation 

3.1 Introduction 

In Chapter 2 we saw that optimal behavior of equityholders with respect to recall of 

outstanding debt and default timing is detrimental to debtholders. In this Chapter 

we explore this further by adding strategic considerations on behalf of equityholders and 

other parties. In particular, this Chapter explores the empirical relationship between cor- 

porate debt pricing and firm characteristics which influence strategic actions of borrowers 

and lenders. Our analysis of bond yield spreads is based on a large body of corporate 

finance literature that studies the effect of firm's characteristics on the outcome of dis- 

tressed restructuring. The key question we ask is, to what extent are firm-specific factors 

that influence strategic decisions about default and ex-post reorganization reflected in 

ex-ante prices of corporate bonds. We find that, on average, the threat of strategic de- 

fault increases corporate debt spreads, even though ex-post there may be efficiency gains 

in renegotiation. This impact of strategic actions is economically significant for firms 

with little tangible assets, high equityholders' bargaining power, and low credit rating. 
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These are the firms whose creditors are especially vulnerable to opportunistic behav- 

ior by equityholders. Such firms may be able to reduce their cost of borrowing if they 

pre-commit against strategic debt service through a high proportion of short-term and 
public debt and a complex structure of public claims. However, for the overall sample the 

average economic effect of strategic variables is below transactions costs. Thus, although 
incorporating strategic behavior may improve cross-sectional performance of debt pricing 
models, it cannot remedy their inability to predict the general level of spreads. 

The pricing of defaultable corporate debt has been the subject of extensive research 
over many years; yet market yield spreads remain largely unexplained. The conceptu- 

ally appealing contingent claims models pioneered by Merton (1974) and Black and Cox 

(1976) were soon found to produce spreads far below empirically observed levels (Jones, 

Mason, and Rosenfeld, 1984). In such models, the value of the firm's assets is assumed 
to follow a random process, and default happens when this value falls below a certain 
threshold. While the basic framework has been extended to incorporate many realis- 
tic features of bond markets, such as corporate taxes and endogenous default (Leland, 

1994), stochastic risk-free rate (Longstaff and Schwartz, 1995), stochastic default bound- 

ary (Santa-Clara and Saä-Requejo, 1999), mean-reverting leverage (Collin-Dufresne and 
Goldstein, 2001), dynamic capital structure (model in Chapter 2 and papers mentioned 

there), existing structural models are still unable to match the observed cross-section of 
bond spreads (Eom, Helwege and Huang, 2003). 

One could argue that this lack of explanatory power may be due to the fact that 

the set of firm-level variables in both theoretical and empirical studies of corporate bond 

pricing is usually restricted to such risk factors as leverage and volatility, despite evi- 

dence that default and recovery decisions depend on a number of firm-specific factors 

documented in corporate finance literature. The specifics of Chapter 11 make bargain- 

ing an important factor in distressed reorganizations. Gilson, John and Lang (1990), 

Asquith, Gertner and Scharfstein (1994), Franks and Torous (1994), and Betker (1995) 

find that the complexity of debt structure, managerial share ownership, and asset tangi- 
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bility, which reflect bargaining positions of different parties, affect the incidence of formal 

and informal reorganizations and deviations from the absolute priority, eventually having 

an impact on debt recovery rates. To the extent that non-distressed bond spreads reflect 

expected losses from default, they should, too, depend on such factors. Yet, although 

models like Longstaff and Schwartz (1995) allow for recovery rates which may incorporate 

exogenous bargaining with deviations from the absolute priority, empirical applications 

tend to assume a constant exogenous recovery rate for all firms, potentially reducing 

explanatory power in the cross-section. 

Moreover, the effect of strategic actions may not be limited to recovery rates. The 

other channel is the equityholders' decision of when to default. Theoretical literature since 

Hart and Moore (1989,1998) has emphasized the difference between liquidity default, 

where the firm's cash flows are insufficient to honor the debt contract, and strategic 

default, where the firm fails to pay the amount stipulated in the debt contract even though 

it possesses resources to do so. When liquidation is costly, creditors may prefer to forgive 

a part of debt, which results in equityholders' incentives to default opportunistically. 

Accounting only for liquidity default may thus understate the true default probability 

and under-predict bond spreads. Structural bond pricing models with debt renegotiation 

developed by Anderson and Sundaresan (1996) and Mella-Barral and Perraudin (1997) 

predict that a large part of the spread may be due to strategic default. 

The impact of strategic behavior on spreads depends on liquidation costs, the distribu- 

tion of bargaining power, and other factors. Ex ante the possibility of debt renegotiation 

may induce strategic default, depressing bond values. However, in liquidity default ex 

post renegotiation may be beneficial to all parties, as it allows them to avoid inefficient 

liquidation, increasing expected recovery rates. Generally, the stronger the bargaining 

position of creditors, the higher is their share in the renegotiation surplus and the lower 

is the equityholders' incentives to default strategically. In particular, when all bargain- 

ing power belongs to bondholders, the possibility of renegotiation in liquidity defaults 

should increase ex ante debt value and reduce spreads. Conversely, when creditors have 
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no bargaining power, they do not benefit from renegotiation in liquidity defaults, and 

the threat of strategic default results in higher spreads. In addition, the importance of 

strategic behavior for spreads may also depend on other factors, such as renegotiation 

costs. I 

This Chapter for the first time empirically documents the influence of strategic be- 

havior on corporate bond prices. We relate credit spreads to measures of debt structure 

complexity and shareholder characteristics which influence strategic default and bargain- 

ing in default. Our empirical variables include measures of asset tangibility; managerial 

and institutional shareholding as proxies for equityholders' bargaining power in rene- 

gotiations; and measures of the dispersion of debtholders' interest as proxies for how 

difficult it is to renegotiate the firm's debt. These include the number of different public 

bonds issues outstanding and the proportions of private and short-term debt in the debt 

structure. In their model of debt restructuring, Gertner and Scharfstein (1991) find that 

because of the holdout problem renegotiation is more likely to fail when bank debt is 

senior, when public debt is relatively short term or protected by seniority covenants. 3 

Empirical corporate finance studies confirm that such variables influence the nature and 

the outcome of distressed reorganizations; 4 we relate them to ex ante spreads. 

We find that all our strategic proxies are significant determinants of credit spreads. 

In particular, the number of bond issues, the proportion of public debt, and the ratio 

of short to long-term debt are negatively correlated with spreads, while managerial and 

'Anderson, Sundaresan and Tychon (1996), Mella-Barral and Perraudin (1997), Mella-Barral (1999), 

Fan and Sundaresan (2000), Acharya, Huang, Subrahmanyam, and Sundaram (2002), Francois and 
Morellec (2004), and Hege and Mella-Barral (2003) study how spreads depend on the distribution of 
bargaining power, the possibility of efficient liquidation, optimal dividend and cash management policy, 

renegotiation costs, and multiple renegotiation rounds. 
2Betker (1995) and LoPucki and Whitford (1990) find that managerial equity ownership is a strong 

predictor of deviations from the absolute priority rule in favor of equity. 
3Berglöf and von Thadden (1994), and Bolton and Scharfstein (1996) study the implications of the 

possibility of strategic debt service for the optimal choice of the ratio of short to long-term debt and the 

number of different creditors. 
4LoPucki and Whitford (1990), Franks and Torous (1994), and Betker (1995) study determinants of 

deviations from the absolute priority; Gilson, John and Lang (1990), Asquith, Gertner and Scharfstein 

(1994), and Gilson (1997) compare out-of-court reorganizations with Chapter 11 bankruptcies. 
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institutional share ownership show positive correlation with spreads. We attempt to 

discriminate between two alternative mechanisms through which strategic variables can 

influence spreads. These are the effect of bargaining in default on expected recovery 

rates, and the strategic default effect of the equityholders' endogenous choice of when 

to default. If the timing of default is exogenous but recovery rates are an outcome 

of bargaining, introduction of renegotiation should always increase debt value, since it 

allows the firm to avoid paying deadweight liquidation costs. By contrast, if default is 

the equityholders' endogenous decision, the possibility of renegotiation may decrease the 

debt value because of strategic default. Our tests show that spreads are generally lower 

when potential renegotiation is difficult. We interpret this as evidence that, on average, 

the adverse effect on debt values of the possibility of strategic default more than offsets 

the expected efficiency gains from avoiding inefficient liquidation in renegotiation. 

The statistical significance of strategic variables in itself suggests that traditional 

credit risk models which ignore the possibility of strategic behavior may disregard im- 

portant features of risky debt and lack accuracy. Controlling for strategic actions does 

add explanatory power in the cross-section. However, we find that the economic signif- 

icance of strategic variables in the overall sample is limited, with the average marginal 

contribution of each variable between 2 and 8 basis points. This evidence suggests that 

on balance strategic debt service is unlikely to be the main reason behind the inability 

of traditional structural models of credit risk to explain the general level os spreads. 5 

The low economic significance of strategic actions for the overall sample may be 

due to the fact that the distribution of bargaining power in an average firm is such 

that for creditors the positive ex post effect of renegotiation nearly offsets its adverse 

ex ante effect of making strategic default possible. Consistent with this conjecture, we 

find that the effect of strategic variables is significantly more pronounced, amounting 

to up to 40 basis points, when in distressed renegotiations debtholders are likely to 

'This conclusion is consistent with Huang and Huang (2002), who find that credit risk, including 

strategic debt service, explains only a small part of spreads on most bonds when estimates are based on 
historical default data. 
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be relatively weak. In particular, high bargaining power of equity results in greater 

sensitivity of spreads to strategic default. Moreover, the significance of strategic variables 

is higher when the costs of liquidation are high, as there is more surplus to bargain 

over. By contrast, the effect is insignificant for AAA and AA-rated bonds and for 

firms with low institutional and managerial shareholding and large fixed assets which 

may be seized in liquidation. These results suggest that, unless the debt structure is 

already optimally chosen considering all trade-offs involved, low-rated firms with high 

proportions of intangible assets can reduce their cost of borrowing by choosing complex 

debt structures which would make renegotiation difficult (this also can have interesting 

implications for the results in Chapter 2). 

Our findings are robust to the choice of methodology, alternative specifications and 

controls. In particular, we control for non-linear effects of credit risk variables such as 

leverage and volatility by subtracting the credit spread implied by the Merton (1974) 

model, and find that the residual spread is even more significantly related to strategic 

variables. That the results cannot be attributed to alternative possible channels of influ- 

ence of our proxies on spreads. While the endogeneity of some capital structure variables 

to the cost of borrowing may be an issue, we argue that the results are unlikely to be 

driven by endogeneity. 

The rest of the Chapter is organized as follows. The next section presents our hy- 

potheses. Section 3.3 describes the data, the methodology we employ to estimate debt 

spreads, and the choice of proxies. Section 3.4 presents the results of our analysis of 

cross-sectional determinants of spreads, including strategic and non-strategic credit risk 

factors, under various conditions. Section 3.5 reports various robustness checks. Section 

3.6 concludes. Details of the model used to derive the hypotheses, and the procedure 

used to measure spreads are given in the Appendices. 
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3.2 Testable Hypotheses 

To empirically evaluate the impact of strategic behavior on credit spreads, we formulate 

below a set of testable hypotheses that establish how debt prices are related to the 

possibility of renegotiation, the bargaining power of debt and equity, and liquidation 

costs in bankruptcy. We establish the direction of the possible influence under different 

assumptions, and identify conditions in which this influence is likely to be higher or 

lower. The hypotheses presented below are consistent with the intuition of many models 

of strategic debt service, starting from Hart and Moore (1989). In 3.7 we show how our 

hypotheses can be formally derived in a simple stylized model of strategic debt service 

with frictions and varying distributions of bargaining power, which is an extension of the 

Merton (1974) model. 

Theoretical models usually take the extreme assumption that debt contract renegoti- 

ation is either impossible or perfect and costless. To evaluate the impact of the possibility 

of renegotiation empirically, our methodology involves relating debt spreads to renegoti- 

ation frictions, which measure how easily renegotiation can be carried out. ' For different 

firms it may be more or less easy to restructure debt depending on specific characteris- 

tics. For example, while renegotiating with a small number of lenders may be relatively 

easy, dispersed bond ownership with atomistic bondholders and full collateralization may 

make renegotiation impossible.? Comparing firms with low and high renegotiation fric- 

tions allows us to draw conclusions about the effect of the possibility of renegotiation 

on yield spreads. Suppose that q measures how difficult it is to renegotiate the firm's 

debt, s is the debt spread, and the sensitivity of the spread to renegotiation frictions is 

0= äs/äq. If 0>0 then the possibility of renegotiation decreases spreads and increases 

debt prices. Bargaining power of equityholders and the costs of liquidation are two other 

crucial variables that influence strategic behavior. Liquidation costs can be thought of 

6For a model of strategic debt service with renegotiation frictions, see Francois and Morellec (2004), 

who incorporate time limitations and renegotiation costs in a continuous-time model. 
7See Hege and Mella-Barral (2003) for a model of repeated renegotiation rounds with multiple 

bondholders. 
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as a measure of renegotiation surplus, while the distribution of bargaining power defines 

the division of the surplus. These two variables may affect the sign and magnitude of 0 

as hypothesized below. 

In general, strategic behavior can influence debt prices through two channels, bar- 

gaining in default and the strategic default decision. Models like Longstaff and Schwartz 

(1995) incorporate only the first channel by assuming that recovery rates depend on ex- 

ogenously specified bargaining which may result in deviations from the absolute priority 

rule. Models of strategic debt service, such as Anderson and Sundaresan (1996) and 

Mella-Barral and Perraudin (1997), also take into account the second channel by allow- 

ing equityholders to strategically choose when to default. Our hypotheses establish the 

influence of these two channels on debt prices. 

To begin with, let us assume that there are some (fixed) deadweight costs whenever 

the firm is liquidated in bankruptcy. Debt recovery rates in bankruptcy should be lower 

for higher liquidation costs. Moreover, debtholders are more willing to forgive debt if 

alternatively they face higher costs in bankruptcy liquidation. Therefore, when default 

is endogenous, high liquidation costs also result in borrowers defaulting more frequently. 

Thus, we have: 

Hypothesis 1 (Liquidation costs and spreads) Higher liquidation costs result in higher 

debt spreads. 

If strategic actions are relevant for debt prices, higher bargaining power of equity 

should result in lower debt values. Indeed, once in default, higher equity's bargaining 

power will result in lower recovery rates, as deviations from absolute priority will be 

larger. Also, higher bargaining power of equity should result in higher frequency of 

strategic defaults, since equityholders will gain more in renegotiations. This argument 

supports the following hypothesis: 
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Hypothesis 2 (Bargaining power and spreads) Higher bargaining power of equity 

results in higher debt spreads. 

We now turn to the central question of the study, namely, does the possibility of 

renegotiation influence spreads? What is the nature of the relation, and under what 

conditions is it more pronounced? As Hart and Moore (1989) first pointed out, the effect 

of renegotiation on debt value is twofold. On the one hand, in liquidity default the 

recovery effect is beneficial ex-post since deadweight liquidation costs can be avoided. 
On the other hand, ex-ante strategic actions may now increase the probability of default. 

These effects are summarized in the following: 

Hypothesis 3 (Renegotiation frictions and spreads) Higher renegotiation frictions 

reduce the probability of strategic default, but also reduce recovery rates conditional on 

default. The overall influence on spreads depends on whether strategic default or recovery 

effect dominates. 

It follows that in general when both bargaining in default and strategic default effects 

are important, the overall impact of renegotiation on debt prices is not unambiguous, 

and depends in particular on the distribution of bargaining power and the relative prob- 

ability of liquidity and strategic default. However, if models with exogenous default like 

Longstaff and Schwartz (1995) can adequately capture the effect of bargaining on spreads, 

then we should expect renegotiation to increase debt prices because of the bargaining 

in default effect. Put differently, if the strategic default effect is irrelevant, then higher 

renegotiation frictions cannot result in lower spreads. 

This conclusion is central to our study. While we would not be able to conclude that 

strategic debt service is unimportant if debt spreads were found to be positively corre- 

lated with renegotiation frictions (0 > 0, higher spreads when renegotiation is unlikely), 

a negative correlation (0 < 0) would unambiguously indicate that strategic default is 

essential, and that the ex-ante increase in the default probability outweighs the ex-post 
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increase in recovery rates in default. Such a finding would support the claim of strategic 
debt service models that the threat of opportunistic behavior can increase credit spreads. 

We proceed to identify the conditions on bargaining power distribution and liquidation 

costs under which 0 is likely to be high or low. The effect of the bargaining power 

can be intuitively illustrated as follows. If all bargaining power belongs to equity, then 

debtholders do not share in the renegotiation surplus, and there is no positive recovery 

effect of renegotiation on debt prices. The strategic default effect then reduces debt 

prices: 0<0. On the other hand, if the bargaining power fully belongs to debtholders, 

strategic default is of no value for equityholders as they do not receive any renegotiation 

surplus. Renegotiation in default then increases the ex post and ex ante debt value, and 

> 0. If the effect of bargaining power on 0 is monotonic, which in our model is true 

under some restrictions on parameter values, we obtain the following: 8 

Hypothesis 4 (The impact of bargaining power) Assume that the effect of bargain 

ing power on spread sensitivity to renegotiation frictions 0 is monotonic. Then 0 is a 

decreasing function of the bargaining power of equity. 

Finally, the distribution of bargaining power is likely to be less important when the 

costs of liquidation are low. This follows from renegotiation surplus being positively 

related to liquidation costs. For the same reason the magnitude of 0 is expected to be 

lower for low liquidation costs: 

Hypothesis 5 (The impact of liquidation costs) The absolute value of the spread 

sensitivity to bargaining power is increasing in liquidation costs. Additionally, if the 

'When the distribution of the value of assets does not change much around the face value of debt, 

a sufficient condition for the monotonicity is that equityholders' bargaining power and renegotiation 
frictions are not too small simultaneously (See details in 3.7). The role of this restriction is to ensure 
that the probability of strategic default does not fall too quickly relative to the creditors' bargaining 

surplus decrease as renegotiation frictions increase. Under the US Chapter 11, renegotiations are neither 

costless, nor is the balance of power greatly tilted towards creditors. Therefore these conditions do not 

appear restrictive for our study. 
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effect of bargaining power on 0 is monotonic, the absolute value of the spread sensitivity 

to renegotiation frictions is also increasing in liquidation costs. 

3.3 Data Description 

3.3.1 Data sources and sample selection 

In this study we use corporate bond price data supplied by the National Association of 

Insurance Commissioners (NAIC). The NAIC dataset provides details of all fixed-income 

transaction by American insurance companies, which are major investors in corporate 

bonds, in years 1994-1999. Unlike some other datasets on defaultable bond prices used in 

academic studies, these data represent actual transactions and not dealer quotes or matrix 

prices. The descriptive information on each corporate bond traded is obtained from Fixed 

Income Securities Database (FISD) provided by LJS Global Information Systems, Inc. 

Where possible, we complement information on bond ratings from FISD using Moody's 

rating database. To estimate spreads we use daily price data on zero-coupon US Treasury 

securities (STRIPS). We use constant-maturity Treasury rates available from the Federal 

Reserve Board of Governors as explanatory variables. 

We manually merge the bond data with accounting information from COMPUS- 

TAT and equity prices from CRSP, taking account of mergers, name changes, and par- 

ent/subsidiary relationships. Our merge is conservative in that we exclude observations 

unless we are confident they are merged correctly. We also use data on stock holdings of 

five most highly paid executives of each company, recorded in Executive COMPUSTAT, 

and institutional equity ownership data from CDA/Spectrum. Finally, we collect more 

detailed information on firms' debt structure than provided by COMPUSTAT, such as 

data on credit lines, from the long-term debt section of printed Moody's/Mergent indus- 

trial and OTC manuals. 
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Over the period 1994-99, NAIC reports 685680 transactions by insurance companies 

involving fixed income securities. We first exclude all trades on bonds other than U. S. 

corporate bonds, which leaves us with 416449 trades. We proceed by eliminating all 

non-fixed coupon bonds, bonds with embedded optionalities, such as callable, putable, 

exchangeable, convertible securities, and bonds with sinking fund provisions; and asset- 

backed issues. Also, observations with missing trade detail data (e. g. ambiguous settle- 

ment date) and bond characteristics (e. g. face value) are excluded, and in cases where 

there are several trades registered in one bond on the same day at identical prices and 

volumes, only one is retained to avoid double-counting. 9 

We examine only bonds with time to maturity between 1 and 30 years, since the 

risk-free rates we use to estimate spreads have maturities lower than thirty years, and 

for very short maturities a small measurement error in price results in large yield devia- 

tions, making spread estimates open to large estimation errors. To make cross-sectional 

comparisons reliable, we exclude bonds issued by financial companies (SIC codes 6000- 

6999). Finally, we exclude observations for which data on total debt in the fiscal year 

immediately preceding the trading date is missing, and also require that data on equity 

returns be available for at least 126 business days preceding the trading date. Our final 

sample consists of 43402 trades for 2380 unique bond issues from 523 unique issuers. 

3.3.2 Spread estimation 

The corporate spread we examine is the difference between the yield to maturity on 

the corporate bond and yield to maturity on a portfolio of zero-coupon risk-free bonds 

most closely replicating the promised cash flows from the risky bond. We calculate the 

yield for each bond trade in our sample using promised future coupon payments and the 

trade price recorded by NAIC. We then calculate the yield on a risk-free bond with the 

same cash flows using U. S. Treasury STRIPS prices for the settlement date of trade. For 

9An examination of sell and buy trades reveals that some trades involve insurance companies on both 

sides of the transaction, resulting in two entries in the NAIC database. 
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the majority of trades there are 4 annual STRIPS returns available. We use a linear 

approximation of the STRIPS yield curve to discount corporate bond coupon payments 

which occur between maturity dates of two STRIPS; since our final sample of bond 

prices is for maturities in the range where STRIPS yields are available, we do not have to 

approximate the yield curve at the short and long ends. We then subtract the estimated 

cash-flow matched risk-free rate from the yield on the bond to obtain the bond spread 
for this trade. The details of the procedure are given in 3.8.10 

Our spread estimation method is based on the risk-free yield on a bond with the same 
duration and convexity as those of the corporate bond. Previous studies use simpler 

procedures to calculate the difference between the yield to maturity on the corporate 

bond and the yield to maturity on a benchmark Treasury security. " These procedures 

underestimate spreads for upward sloping term structures and overestimate them for 

downward sloping term structures. 12 

3.3.3 Independent variables 

Strategic factor proxies 

We use non-fixed assets as our main proxy for costs of liquidation; the market to book 

value of assets and R&D expenses over total investments are also used in robustness 

'01n our data set there is no simple identification whether recorded date is a date of trade or settlement. 
As a result, in those cases where we possibly wrongly identify the recorded date as the settlement date 

when in fact it is the trade date, our estimates of accrued interest are biased. However, this is unlikely 
to be of any importance since when we replicate the portfolio of risk-free bonds using the same cash 
flows structure and the same settlement date, we make the same error for the risk-free yield as well. 
Estimating the differences in yields to a first approximation cancels out the effect of this error. 

11See, for example, Collin-Dufresne, Goldstein, and Martin (2001). Duffie and Singleton (1999) use 
credit swap spreads. Elton, Gruber, Agrawal, and Mann (2001) calculate spreads on equivalent zero 
coupon bonds that they estimate from corporate bond prices. They have to combine bonds into risk 
groups such as rating classes to carry out this procedure. We, on the other hand, are interested in 
idiosyncratic spread variations, and do not use spread aggregation. 

12Consider the case of a ten year bond with a semiannual 8% coupon and current yield of 7.7%. 
Assume that the term structure is rt = 1.5 + 0.5t, where rt is a t-year zero-coupon bond, and that the 
ten-year Treasury bond pays a 5% coupon. Then the difference between the simple corporate-treasury 

spread and the spread estimated using our procedure is more than 13 basis points, or 7%. For low 

quality bonds the difference in spread estimates would be larger. 
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checks. We proxy for the bargaining power of equity in possible future renegotiations 

by percentages of equity owned by managers and institutional investors. Finally, we use 

various measures of the complexity of the capital and debt structure, mostly suggested by 

theoretical and empirical corporate finance research, to proxy for renegotiation frictions. 

Panel A of Table 3.1 presents a summary of these variables. 

Costs of liquidation. Debt contracts are renegotiated when it helps avoid deadweight 

costs such as liquidation costs in bankruptcy. We use variables related to asset specificity 

and tangibility to estimate value dissipation due to failure to restructure claims, resulting 

in liquidation. Our main proxy for liquidation costs is the proportion of non-fixed assets, 

which is one minus the ratio of net property, plant and equipment to total assets. For 

robustness checks we also use the ratio of market to book value of assets, equal to the 

sum of book value of debt and market value of equity divided by the sum of book values 

of debt and equity; and the ratio of R&D expenditures to total investments. These 

variables are expected to be correlated with the excess value of assets in current use over 

their value in liquidation. Alderson and Betker (1995) find that fixed assets is the best 

proxy for the (lack of) costs of liquidation in Chapter 11 reorganizations. Gilson, John 

and Lang (1990) report that firms with high Q-ratios are more likely to restructure their 

claims out of court, the likely reason being the incentives to avoid large value destruction 

in bankruptcy. 

Relative bargaining power. We use managerial shareholding as our main proxy for 

equityholders' incentives to be tough in renegotiations, increasing the bargaining power 

of equity vis-a-vis other claimants. Betker (1995) shows that equity deviations from the 

Absolute Priority Rule (APR) in Chapter 11 are significantly higher when managers own 

a stake in the firm. LoPucki and Whitford (1990) find that the existence of equity de- 

viations from the APR in Chapter 11 in their sample is always associated with either 

a creation of an equity committee or managers having an equity stake in the firm. We 

measure managerial shareholding as the ratio of the number of shares in the company 
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owned by 5 highest paid executives to the total number of shares outstanding. Similarly, 

for robustness checks we use institutional shareholding, which is the percentage of total 

equity held by institutional investors. Presumably, better coordinated and more sophis- 

ticated institutional investors holding large blocks of equity can bargain more efficiently 

and induce larger deviations from the APR than less sophisticated investors, increasing 

equityholders' bargaining power. 

Renegotiation frictions. Renegotiation frictions measure how difficult it is to rene- 

gotiate the company's debt. They influence, for example, the probability that an out- 

of-court restructuring, if attempted, will prove unsuccessful, resulting in costly Chapter 

11 reorganizations or a Chapter 7 liquidation. Asquith, Gertner and Scharfstein (1994) 

and Gilson, John and Lang (1990) document that about half of the firms attempting 

an informal distressed restructuring end up in Chapter 11, and relate the probability of 

bankruptcy to the debt structure. We use similar variables to theirs as proxies for rene- 

gotiation frictions. In a broader context, variables which make successful out-of-court 

restructuring more difficult are also likely to hinder Chapter 11 renegotiations, increas- 

ing time in bankruptcy and costs of reorganization. Thus our variables should proxy 

for factors which discourage not only out-of-court, but also Chapter 11 reorganizations 

which otherwise the firm might opt for. 

Our measures of renegotiation frictions include the number of bond issues outstanding 

at the date of trade, the ratio of public to total debt, and the ratio of short-term to total 

debt. Bolton and Scharfstein (1996), Gertner and Scharstein (1991) and Berglöf and 

von Thadden (1994), among others, argue that renegotiations are difficult for firms with 

many dispersed creditors13 and with high ratios of public to private and short to long- 

term debt. The reason is that for a large number of creditors the hold-out problem in 

renegotiations may be important; banks and institutions are informed well-coordinated 

sophisticated investors easier to negotiate with; and short-term lenders are less likely 

13Hege and Mella-Barral (2003) show that providing secured lending to a large number of small 

uncoordinated creditors can make the debt effectively renegotiation-proof. 
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to be willing to make concessions which will later benefit long-term lenders. Consistent 

with these theories, Asquith, Gertner and Scharfstein (1994) and Gilson, John and Lang 

(1990) find that the probability that an out-of-court restructuring will fail is positively 

related to the number of bond issues outstanding and to the ratio of the public to private 
debt in the capital structure. Betker (1995) and Franks and Torous (1994) report that 

these variables are also negatively correlated with deviations from the APR. 

Specifically, Short debt is debt in current liabilities divided by the total debt; Pub- 

lic debt is the total value of outstanding bonds and other long-term debt identified in 

Moody's/Mergent manuals as public securities, divided by total debt. 14 To proxy for cred- 

itor dispersion, we define the Number of bond issues by the firm or its wholly owned sub- 

sidiaries at least partially outstanding on the date of trade according to FISD records. " 

Gilson, John and Lang (1990) use the number of entries in the Moody's/Mergent long- 

term debt section to proxy for the number of distinct creditors classes. However, as 

Moody's often reports many bond issues under one entry, depending on the firm's disclo- 

sure policy, this appears a biased measure. This problem is most severe for large issuers, 

for which reporting billions of dollars of debt under one entry is a common practice. We 

believe our variable provides greater accuracy. Following Gilson, John and Lang (1990), 

we normalize the number of bonds by total debt to measure bond structure complexity 

per dollar of debt. 

We also calculate the Herfindahl index of outstanding bond issues. Betker (1995) finds 

that higher values of this index for firms in restructuring results in higher deviations from 

the APR in favor of equity. The index is a measure of dissimilarity of face values of public 

14Close examination of data supplied in Moody's/Mergent manuals reveals that errors and inconsis- 

tencies are common. To minimize measurement errors, in the analysis involving the Public debt ratio 
we retain only observations for which we can unambiguously identify as private or public more than 90 

percent of the total long-term debt. 
15Our procedure assumes that FISD includes all public bonds of the studied firms. The FISD database 

mostly starts in 1990 and does not include foreign bonds. We however do not expect the possible gaps 
in the bond universe to significantly bias our results in any particular way. 
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bond issues: 

Her f indahli =B ijl ( Bid )2, 

where Bid is the face value at offering of the j-th bond of firm Z. It equals one when there 

is a single bond in the capital structure, and becomes arbitrarily small when there are 

many bonds with similar face values. In actual tests we use 1- Her f indahl, which is 

positively related to renegotiation frictions. 

Risk factors unrelated to renegotiation 

Our control variables include proxies for non-strategic credit risk, liquidity and systematic 

market influences. A summary of the independent non-strategic variables is presented in 

Table 3.1, Panel B. Contingent claims models predict that the firm's financial leverage, 

volatility of its assets, and the coupon rate are all likely to influence the probability that 

the firm will be unable to service its debt due to a shortage of funds. We use quasi- 

market leverage calculated as the ratio of the book value of total debt at the end of 

the previous fiscal year to the sum of book value of debt and closing market value of 

equity on the business day immediately preceding the date of trade. We also include 

Equity volatility of daily equity returns for a one-year period immediately preceding the 

trade date to control for the (unobserved) asset volatility. Equity and asset volatility 

are related through leverage; later in robustness checks we also construct model-implied 

asset volatility estimates. 
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Table 3.1: Independent variables 

The table describes independent variables used as explanatory variables for credit spreads. FISD is Fixed-Income Securities Database provided by 
LJS Global Information Systems. CRSP is University of Chicago's Center for Research in Security Prices database. Moody's/Mergent refers to the 
long-term debt section of printed Moody's/Mergent Industrial and OTC manuals. CDA/Spectrum refers to the dataset of institutional quarterly 
holdings taken from SEC forms 13F. 

Variable Factor Description Source 

Panel A: Proxies for strategic factors 
Non-fixed assets Liquidation costs (Book total assets - Net PPE)/ Book total assets COMPUSTAT 
Market to book Liquidation costs (Market value of equity + Book value of debt)/Book total assets CRSP and COMPUSTAT 
R&D Liquidation costs Research and development expenses divided by total investment COMPUSTAT 
Managerial shareholding Equity's bargain. power Percentage of total equity owned by 5 highest paid executives ExecCOMPUSTAT 
Institutional shareholding Equity's bargain. power Percentage of total equity owned by institutional investors CDA/Spectrum 
No. of bond issues Renegotiation frictions Number of bond issues of the issuer outstanding on trade date FISD 
1- Herfindahl index Renegotiation frictions 1- Ej BJ2/(E1 Bß)2, where Bj is the face value of bond j FISD 
Short debt Renegotiation frictions Short-term debt divided by total debt COMPUSTAT 
Public debt Renegotiation frictions Public bonds and other public debt divided by total debt Moody's/Mergent 

Panel B: Non-strategic variables 
Leverage Credit risk Book debt/(Book debt + Market equity on trade date) CRSP and COMPUSTAT 
Equity volatility Credit risk Volatility of daily equity returns over one year before trade date CRSP 
Coupon Credit risk Coupon rate on the bond FISD 
Assets Liquidity, Information Book value of total assets COMPUSTAT 
Maturity Term yield Remaining time to maturity as of trade date FISD 
Risk-free rate Systematic factor 5-year constant-maturity Treasury rate Fed Board of Governors 



We include the bond's coupon rate in all specifications; we expect it to be positively 

correlated with credit risk, since bonds are usually issued close to par and so the coupon 

rate, as the initial yield, tends to be higher for riskier bonds. Higher coupon levels also 

increase the probability of a liquidity crisis when net cash flows are low. 16 We use Log- 

assets, the logarithm of total assets, to control for all influences that the firm size may 

exert on debt spreads. Although credit risk models are typically scale-free, at least two 

arguments in favor of size control can be put forth. Firstly, more information about 

large firms is usually available, which may lower the compensation investors require due 

to informational asymmetries. Also, the bond liquidity may be positively related to the 

firm's size. 17 We also include the remaining time to maturity as of the day of trade to 

control for the term premium in the corporate bond yield. 

It has been predicted theoretically and confirmed empirically that the risk-free interest 

rates are negatively related to corporate bond spreads. 18 We use the 5-year constant- 

maturity Treasury rate to control for intra-period variations in the risk-free rate. Collin- 

Dufresne, Goldstein and Martin (2001) show the presence of another systematic factor 

behind corporate spreads, which they cannot identify. We implicitly control for all such 

factors by using cross-sectional regressions as in Fama and MacBeth (1973). 

3.3.4 Sample statistics 

Table 3.2 presents statistics on corporate bond spreads by rating from AAA to B, for the 

whole sample, as well as for different maturity groups (1-7,7-15 and 15-30 years). The 

mean spread for the whole sample is 109 basis points, and the median is 89 basis points. 

16See Leland (1994). It should be noted that the coupon may be a strategic factor in strategic debt 

service models. For example, in infinite-maturity debt models such as Mella-Barral and Perraudin (1997) 

concessions are related to the level of coupon payments, as there is no debt principal in these models. 
17Using our transaction data, we computed the total number and volume of trades by insurance 

companies over the sample period for each bond and for all bonds of each firm in the expectation that 

these would proxy for the bond's liquidity. However, these variables were very highly correlated with 

size. Normalized by total debt, they showed no systematic influence on spreads. 
"See, for example, Longstaff and Schwartz (1995) for a theoretical model, and Collin-Dufresne, Gold- 

stein and Martin (2001) for empirical evidence. 
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Average and median spreads are always higher for lower-rated bonds across all maturities. 

Spreads on bonds of longer maturities are also generally higher. It is interesting to note 

the large difference between BBB and BB spreads. This may be attributable to lower 

liquidity of non-investment grade bonds, for example, due to institutional constraints on 

investing in low-grade bonds. 

Table 3.3 reports statistics by rating on proxies for non-strategic variables that influ- 

ence credit risk. As one would expect, both leverage and volatility are higher for lower 

ratings. Leverage for different rating classes is somewhat higher but generally consistent 

with values used in Huang and Huang (2002). The effect of rating on equity volatility 

may in fact be due to higher leverage, even if the underlying volatility of assets is the 

same. Interestingly, the standard deviations of these estimates do not vary as much with 

rating, suggesting that highly rated firms represent a somewhat more diverse group. The 

table also documents that higher coupons generally correspond to riskier bonds. The 

median time to maturity in the sample is between 6.8 and 7.8 years. 

Table 3.4 reports summary statistics on all independent variables by trade and by 

issuer. The per-issuer statistics are calculated by finding a mean value of each variable 

for each firm, and then reporting statistics for this sample of means. Our issuers have 

relatively long-term liabilities mostly dominated by public debt. Cantillo and Wright 

(2000) demonstrate that firms are more likely to issue either public debt or private debt, 

rather than a mixture of the two. Since our firms necessarily have public bond issues, 

a median public to total debt ratio of 100% is therefore not surprising; however, the 

low dispersion may result in the lack of statistical power for the public debt proxy. The 

median issuer's asset size is $lOBn for the sample of trades, but only $3.5Bn for the 

sample of firms. This is attributable to the fact that the sample of trades includes more 

trades for large companies with many liquid bond issues. The low managerial equity stake 

(mean of 1.73% for all firms) in fact corresponds to large dollar stakes due to the large 

average size of companies in our sample. Size also explains the relatively high average 

institutional shareholding (mean of 57.61% for all firms). 

101 



Table 3.2: Summary Statistics on Credit Spreads 

This table reports summary statistics on credit spreads for straight 
fixed-coupon corporate bonds in the industrial sector over the period 
1994-1999 by rating. Panel A reports statistics for all maturities. Pan- 

els A, B, and C report statistics for bonds with 1-7,7-15, and 15-30 

years remaining until maturity as of the trade date, respectively. The 
benchmark risk-free yield is the yield on a cash-flow-matched portfolio 
of STRIPS. Details of the procedure for estimating spreads is given 
in Section 3.3.2 and Appendix C. Ratings are reported using the S&P 

convention as of the trade date. The spreads are given in annualized 
yield in basis points. 

All AAA AA A BBB BB B 

Panel A: Spreads for all maturities 
Mean 109 48 55 81 120 223 400 
Median 85 49 51 71 103 197 334 
Std. Dev. 119 34 40 53 140 143 310 
5% quantile 36 15 20 35 54 96 102 
95% quantile 263 90 102 156 230 398 806 
N 43402 192 3969 19238 15585 3910 508 

Panel B: Spreads for maturity 1-7 years 
Mean 105 38 56 77 115 220 412 
Median 79 40 50 66 95 192 326 
Std. Dev. 151 29 47 61 194 164 380 
5% quantile 33 9 18 32 48 84 99 
95% quantile 271 79 105 157 235 410 1150 
N 19857 100 1741 9084 6988 1650 294 

Panel C: Spreads for maturity 7-15 years 
Mean 104 43 51 74 115 220 385 
Median 82 45 49 67 98 195 358 
Std. Dev. 86 16 30 42 67 130 157 
5% quantile 36 20 18 35 60 102 105 
95% quantile 257 67 89 137 212 385 675 
N 16139 11 1776 6707 5822 1634 189 

Panel D: Spreads for maturity 15-30 years 
Mean 128 60 71 103 143 235 386 
Median 109 58 65 92 126 208 310 
Std. Dev. 78 37 36 44 70 118 267 
5% quantile 56 30 33 57 81 124 126 
95% quantile 253 94 101% 181 2-12 388 1014 
N 7406 81 452 3447 2775 626 25 



Table 3.3: Summary Statistics on Credit Risk Variables 

This table reports summary statistics on non-strategic risk determi- 
nants for straight fixed-coupon corporate bonds in the industrial sector 
over the period 1994-1999 by rating. Leverage is the ratio of book 

value of debt to the book value of debt plus the market value of equity 
on the last business day before the trade date. Equity volatility is the 
annualized volatility of daily share price returns over 252 business days 
before the trade date. Maturity is the remaining time to maturity on 
the trade date. Ratings are reported using the S&P convention as of 
the trade date. Leverage, equity volatility, and coupon rate are in %, 

maturity is in years. 

All AAA AA A BBB BB B 

Panel A: Leverage 
Mean 32.24 11.54 14.80 28.80 36.70 45.76 65.58 
Median 30.28 5.19 13.40 26.16 36.04 44.01 64.57 
Std. Dev. 18.10 17.29 9.13 17.11 15.57 17.34 16.21 
5% quantile 7.31 1.46 4.08 7.24 13.59 17.09 39.30 
95% quantile 66.71 50.35 33.11 66.82 63.33 78.22 95.66 

Panel B: Equity volatility 
Mean 33.85 29.78 30.05 32.01 34.88 40.27 53.07 
Median 29.32 24.71 26.98 27.06 30.47 37.57 49.92 
Std. Dev. 17.38 14.38 12.23 14.68 20.80 14.56 22.70 
5% quantile 17.25 17.36 16.91 16.43 18.38 23.41 20.91 
95% quantile 65.81 58.77 58.35 64.77 67.21 71.79 99.11 

Panel C: Coupon rate 
Mean 7.57 6.98 7.18 7.33 7.76 8.15 9.20 
Median 7.38 6.95 7 7.13 7.50 7.95 9.38 
Std. Dev. 1.20 0.59 1.05 1.12 1.15 1.31 1.57 
5% quantile 5.88 5.90 5.60 5.78 6.25 6.75 7 
95% quantile 9.75 7.88 8.88 9.50 9.88 10 10.88 

Panel D: Maturity 

Mean 9.43 13.69 8.77 9.56 9.51 9.29 6.73 
Median 7.49 6.82 7.57 7.33 7.62 7.79 6.40 
Std. Dev. 7.15 12.38 6.09 7.55 7.09 6.04 3.89 
5% quantile 1.96 1.13 2.17 1.87 1.99 2.69 2.06 
95% quantile 27.28 29.73 25.32 27.92 27.25 25.29 13.89 

N (all panels) 43402 192 199 19238 15585 3910 508 



Table 3.4: Summary Statistics on Independent Variables 

This table reports summary statistics on independent variables for the whole sample of trades, and by firm. Statistics by firm are calculated 
by finding a mean value of each variable for each firm, and then averaging the means across firms. Non-fixed assets is total assets less net 
property, plant and equipment divided by total assets. Market to book is the ratio of the quasi-market value of assets to their book value. 
R&D is the ratio of research and development expenses to total investments. Institutional shareholding and Managerial shareholding are 
percentages of common equity owned by institutional investors and 5 highest paid executives, respectively. No. of issues is the number of 
different public debt issues outstanding on the trade date. Herfindahl is the Herfindahl index of public issues outstanding. Short debt is the 
ratio of debt in current liabilities to total debt. Public debt is the ratio of public to total debt. Leverage is the book value of total debt 
divided by the sum of the book value of debt and the market value of equity on the last business day before the observation date. Equity 
volatility is the historical annualized volatility of daily equity returns over the last 252 business days before the trade date. No. of trades are 
total numbers of trades for the bond (by trade panel) and for the issuer (by firm panel), registered in the NAIC database over 1994-1999. 
Bond face value is the face value of the bond at issue. Maturity is the remaining time to maturity on the trade date. Risk-free rate is the 
5-year constant maturity Treasure rate. Assets and Sales are given in billions of dollars, Bond face value in millions of dollars, and all other 
variables except Market to book and No. of trades are in %. 

Mean 

Observations by trade 

Median Std. Dev. 5% 95% N Mean 

Observations by firm 

Median Std. Dev. 5% 95% N 

Non-fixed assets 57.86 58.53 43.21 18.30 88.70 43402 61.25 59.52 65.12 17.60 89.65 523 
Market to book 1.86 1.47 1.30 0.93 4.25 43006 2.03 1.52 1.61 0.95 5.45 517 
R&D 2.40 1.03 3.24 0 9.28 23498 2.53 1.52 3.40 0 10.12 271 
Managerial shareholding 1.73 0.25 4.65 0.02 10.05 40269 2.14 0.42 4.88 0.05 11.62 469 
Institutional shareholding 57.61 59.30 17.07 27.27 82.43 43355 56.72 59.12 18.74 19.90 83.06 523 
No. of bond issues 34.44 12 113.51 2 104 43402 15.83 5.15 55.31 1 44.42 523 
1- Herfindahl index 80.65 87.37 20.27 46.88 96.91 43402 64.36 73.72 28.70 0 94.70 523 
Short debt 16.82 11.24 17.18 0 54.41 43402 15.83 11.73 15.68 0.07 51.74 523 
Public debt 88.37 100 17.79 49.46 100 18280 85.98 98.36 19.52 44.86 100 311 
Leverage 32.24 30.28 18.10 7.31 66.71 43402 31.78 29.51 17.85 7.92 65.82 523 
Equity volatility 33.85 29.32 17.38 17.25 65.81 43402 34.94 32.79 13.11 18.10 57.51 523 
Assets 19.72 10.06 36.14 1.36 55.95 43402 7.81 3.45 19.18 0.62 24.69 523 
Sales 17.05 7.95 27.76 0.88 75.09 43402 6.63 2.98 12.93 0.43 19.66 523 
Coupon rate 7.57 7.38 1.20 5.88 9.75 43402 7.66 7.45 1.19 6.25 9.75 523 
No. of trades 65.42 52 55.98 10 172 43402 38.90 31.75 31.95 4.99 88.60 523 
Bond face value 268 200 202 50 750 43402 177 150 126 29.59 423 523 
Maturity 9.43 7.49 7.15 1.96 27.28 43402 9.02 8.04 5.04 3.11 18.90 523 
Duration 6.03 5.78 2.82 1.84 11.58 43402 5.85 5.77 1.98 2.76 9.65 523 
Risk-free rate 5.93 5.94 0.73 4.55 7.11 43402 5.96 5.96 0.36 5.35 6.60 523 



3.4 Empirical Results 

3.4.1 Empirical methodology 

In our transaction data set large companies are over-represented due to the large number 

of bonds they issue, which are also likely to be more liquid and therefore traded more 

often. Since our main variables of interest are firm-specific rather than trade or bond- 

specific, such over-representation may potentially bias the results. To avoid the bias, in 

most of our tests we use at most one trade per firm in any given month by randomly 

choosing one trade for each issuer in each of the 72 calendar months during the sample 

period 1994-1999, if there were any such trades in that month. The analysis is then 

repeated for 100 such random samples. We later find that, while the whole sample and 

subsamples with one bond trade per month are biased towards large issuers, our tests on 

these Subsamples produce results very similar to those obtained when one firm trade per 

month is selected. 

The chosen subsamples are unbalanced panels, as most firms do not have their bonds 

traded every month. We address this issue by using the Fama and MacBeth (1973) 

estimation methodology. 19 On the first stage, we run a cross-sectional regression for each 

of the 72 calendar month. On the second stage, the 72 estimated coefficients are regressed 

on the constant using the Newey-West adjustment to control for serial correlation. 

3.4.2 Non-strategic risk factors 

Table 3.5 presents the results of spread regressions on non-strategic variables. Columns 

(1)-(3) report the results of Fama-Macbeth regressions estimated for all firms, while 

bonds in regressions (4)-(7) are grouped by rating. For the whole sample, coefficients 

19We also estimated pooled regressions with monthly dummy variables, with very similar results. 
While efficient, pooled regressions ignore serial correlation, which may bias estimates and understate 

standard errors. 
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on both equity volatility and market leverage have the expected signs and are highly 

significant. Based on specification (3), a one standard deviation increase in market 

leverage increases spreads by about 25 basis points; a one standard deviation increase in 

equity volatility increases spreads by about 11 basis points. There is also a statistically 

significant term premium in spreads of about 1 basis points per year of maturity. The 

economic significance of the risk-free rate is small, amounting to about 1 basis point 

decrease in spread for an increase in the risk-free rate of as high as 4-5 percentage points. 

However, the statistical significance is notable, especially given that there is little room for 

the risk-free rate variation within a calendar month. The table also reports a positive and 

very significant relation between spreads and coupon rates. An increase in coupon of one 

percent increases spreads by about 12 basis points. Finally, we find credit spreads to be 

robustly negatively related to the issuer's size, perhaps due to liquidity and information 

issues. 

3.4.3 Strategic factors and hypothesis testing 

The main part of our empirical analysis relates credit spreads to variables which influence 

strategic actions. We proceed with tests of the hypotheses formulated in Section II. 

We use in the base case non-fixed assets, managerial shareholding, and the normalized 

number of issues as main proxies for liquidation costs, equity's bargaining power, and 

renegotiation frictions. In each regression we control for all non-strategic risk factors 

discussed in the previous subsection. Coefficients for these variables come out stable and 

very significant in all our tests. To conserve space, we do not report them in the tables 

that follow; full results are available upon request. 

The effect of liquidation costs and bargaining power on spreads. Hypotheses 

1 and 2 state that higher liquidation costs and bargaining power of equity should result 

in higher spreads. Because of the effect of these factors on recovery in default, this 

should be the case irrespective of wether borrowers can or cannot choose whether to 
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Table 3.5: Non-Strategic Determinants of Credit Spreads 

This table reports results of regression analysis of credit spreads on non-strategic vari- 
ables, for the whole sample and for rating groups as of the date of trade. Ratings 
are reported using the S&P standard. The dependent variable is the annualized credit 
spread in basis points relative to a cash-flow-matched portfolio of STRIPS. Leverage 
is calculated as the book value of total debt divided by the sum of the book value of 
debt and the market value of equity on the last business day before the observation 
date. Equity volatility is the historical volatility of daily equity returns over the last 
252 business days before the trade date. Log(Assets) is the logarithm of the total assets 
of the issuing firm in millions of dollars. Risk-free rate is the 5-year constant maturity 
Treasure rate. Fama-MacBeth regressions with Newey-West standard errors adjustment 
were estimated by running cross-sectional monthly regressions over the whole period (72 

months) and then regressing loadings on each factor on a constant. N is the average 
number of observations in monthly cross-sectional observations. t-statistics are reported 
in parentheses. 

(1) 

All 

(2) (3) 

AAA-AA 

(4) 

A 

(5) 

BBB 

(6) 

BB-B 

(7) 
Leverage 1.49 1.33 1.35 0.44 0.30 0.68 2.06 

(12.37) (11.41) (13.26) ( 5.85) ( 5.91) ( 7.89) ( 7.73) 
Equity Volatility 0.94 0.86 0.81 0.13 0.19 0.42 3.22 

( 7.86) ( 7.32) ( 7.60) ( 1.49) ( 4.53) ( 5.22) ( 6.19) 
Coupon rate 12.91 12.13 4.81 4.74 5.53 12.42 

(13.76) (13.46) ( 6.47) ( 5.49) ( 5.45) ( 3.85) 
Log(Assets) -13.20 -2.14 -2.87 -7.28 -16.20 

(-8.50) (-1.47) (-3.83) (-3.01) (-6.99) 
Time to maturity 1.14 0.85 0.95 0.63 1.04 1.53 2.07 

(14.86) ( 8.28) ( 9.39) ( 3.07) (10.90) (10.85) ( 3.13) 
Risk-free rate -0.17 -0.20 -0.21 -0.25 -0.20 -0.27 0.24 

(-1.83) (-2.52) (-2.50) (-2.85) (-3.11) (-2.53) ( 0.76) 

R2 0.25 0.31 0.37 0.25 0.24 0.24 0.37 
N 195.07 195.07 195.07 18.01 81.89 75.28 22.92 

(72) (72) (72) (72) (72) (72) (72) 
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default strategically. We first address the impact of liquidation costs, controlling for 

other relevant characteristics. Columns (1)-(3) of Table 3.6 show that non fixed assets, 

market to book assets, and R&D are all positively related to spreads. Thus, consistent 

with both the recovery effect and the strategic default effect, higher liquidation costs 

result in higher debt spreads. 

A one standard deviation increase in each of the three variables increases spreads 
by about 3 basis points. The contribution of each variable to the level of spreads (as 

opposed to its variation) can be calculated assuming that the value of zero corresponds 
to `zero liquidation costs'; in this case the average contribution can be estimated as the 

product of the coefficient and the mean value of the variable. Using this approach, the 

contribution of non-fixed assets, the market to book ratio, and R&D is 8,4, and 3 basis 

points, respectively, with the combined impact of about 15 b. p. 
Table 3.6 also shows that both managerial and institutional share ownership are 

positively correlated with spreads, and the coefficients are highly significant in nearly all 

specifications. In our experiments these two variables proxy for equityholders' bargaining 

power in potential renegotiations. In most specifications, the marginal contribution of a 

one standard deviation increase in these variables is between 1 and 3 basis points. 
The signs and significance of the coefficients confirm the predictions of Hypotheses 

1 and 2 that higher liquidation costs and equity's bargaining power should result in 

higher spreads. As such, they suggest that strategic actions influence credit spreads, 

and accounting for them may improve both the predictive power of theoretical models of 

credit risk, and the fit in empirical studies of spreads. On the other hand, the quantitative 

impact of the proxies is modest and is well below the round-trip transactions costs in 

corporate bond markets of about 27 basis points reported by Schultz (2001). 
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Table 3.6: Strategic Variables and Credit Spreads 

0 

The dependent variable is the annualized credit spread in basis points relative to a cash-flow-matched portfolio of STRIPS. 
Non-fixed assets is total assets less net property, plant and equipment divided by total assets. Institutional shareholding and 
Managerial shareholding are percentages of common equity owned by institutional investors and 5 highest paid executives, 
respectively. Norm. no. of issues is the ratio of logarithm of the number of different public debt issues outstanding on the 
trade date to the logarithm of total assets. Herfindahl is the Herfindahl index of public bond issues outstanding. Short- 
term debt is the ratio of debt in current liabilities to total debt. Public debt is the ratio of public to total debt. Leverage, 
Equity volatility, Log(Assets), Risk-free rate and the intercept were also included in all specifications. Fama-MacBeth 
regressions with Newey-West standard errors adjustment were estimated by running cross-sectional monthly regressions 
over the whole period (72 months) and then regressing loadings on each factor on a constant. N is the total number of 
observations. t-statistics are reported in parentheses. 

Factor Proxy (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Bankruptcy Non-fixed assets 0.15 0.18 0.16 0.30 0.14 0.31 0.21 
costs ( 5.13) ( 4.82) ( 4.95) (10.02) ( 1.81) ( 1.68) ( 6.08) 

Market to book 2.13 1.51 2.33 
3.32) ( 1.84) ( 4.22) 

R&D 1.10 1.51 
3.20) ( 2.48) 

Bargaining Managerial shares 0.56 0.55 2.08 0.57 0.53 0.39 2.57 0.54 
power ( 4.08) ( 3.97) ( 6.78) ( 4.23) ( 4.07) ( 1.39) ( 4.33) ( 4.04) 

Institutional shares 0.13 -0.25 0.11 
( 3.67) (-2.36) ( 2.84) 

Renegotiation Norm. no. of issues -37.11 -42.38 -19.61 -44.84 -48.98 
frictions (-8.24) (-10.37) (-3.23) (-11.19) (-3.38) 

1- Herfindahl index -0.15 0.20 -0.21 
(-3.90) ( 2.25) (-5.66) 

Short-term debt -0.49 -0.66 -0.50 
(-14.68) (-4.53) (-12.10) 

Public debt -0.41 -0.44 
(-5.05) (-3.08) 

R2 

N 

0.35 0.35 
(72) (72) 

180.54 178.21 

0.35 0.40 0.35 
(72) (72) (72) 

97.39 194.15 180.54 

0.37 0.39 0.39 0.37 
(72) (48) (42) (72) 

180.54 110.90 79.90 178.10 



Strategic default versus bargaining in default. The impact of liquidation costs 

and bargaining power on spreads may be consistent with both the recovery effect in 

default and the strategic debt service hypothesis. To discriminate between the two com- 

peting explanations, we now turn to tests of Hypothesis 3, which is the central hypothesis 

in our study. It states that if the influence of strategic actions on spreads is mostly due 

recovery rates being determined in bargaining, then renegotiation frictions should unam- 

biguously increase spreads, while if strategic default is important, the resulting impact 

depends on which effect dominates. 

Table 3.6 reports that all four proxies for renegotiation frictions we use significantly 
influence spreads. For all the proxies spreads are higher when renegotiation is easy. We 

interpret the negative correlation of spreads with frictions as evidence that in our sample 

the possibility of strategic default is more important for debt spreads than the possibility 

of avoiding liquidation costs in renegotiation. Thus, contingent claims models which 

allow for strategic debt service may indeed capture important features of debt markets 

ignored in models with exogenous default. 

Consistent with this strategic default hypothesis, all coefficients for renegotiation 

frictions proxies have negative signs and are significant at the 1% level. However, the 

magnitude of the effect reflected in the coefficient values for the whole sample is not very 

high. A one standard deviation increase in the number of issues decreases spreads by 2-6 

basis points, while the marginal impact of the Herfindahl index is 3 b. p., of the proportion 

of short-term debt, 8 b. p., and of the proportion of public debt, 5 b. p. The contribution 

of the possibility of renegotiation to the average level of spreads can be estimated by 

multiplying the coefficients by the average value of the variables re-normalized so that 

their values of zero correspond to the case of no renegotiation. 2° This contribution equals 

3 basis points for both the Herfindahl index and the proportion of public debt. For the 

short-term debt it is much higher at 41 b. p., but we do not believe this can be interpreted 

20Herfindahl=O, short debt=l, and public debt=1 correspond to largest frictions as measured by these 

variables, and therefore the smallest effect of the possibility of renegotiation. 
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as the contribution of the strategic threat to the level of spreads, because one can hardly 

assume that when all the debt in the firm is short-term, it is renegotiation-proof. " 

The reported magnitudes of the effect of strategic default are certainly considerably 
less than those predicted for extreme cases in models like Anderson and Sundaresan 

(1996) and Mella-Barral and Perraudin (1997) where all the bargaining power is assumed 
to belong to equity. The results are more consistent with the assumption that creditors on 

average also have considerable bargaining power, resulting in a positive recovery effect for 

debt which partly offsets the strategic default effect. Taken at face value, these findings 

suggest that, while models of strategic debt service are relevant empirically, they cannot 
fully remedy the poor empirical performance of traditional models. There must be factors 

behind credit spreads other than credit risk, even when the probability of default and 

the recovery rate are adjusted to account for strategic debt service by borrowers. 

3.4.4 Sensitivity of strategic actions under different conditions 

Bargaining power and spread sensitivity to renegotiation. We proceed to estab- 

lish under what conditions the effect of strategic actions on spreads is likely to be more 

pronounced. Hypothesis 4 specifies how the impact of strategic debt service depends on 

the distribution of bargaining power. It states that the product of equity's bargaining 

power and renegotiation frictions should be negatively related to spreads. This is because 

as equity's power increases, the negative strategic default effect becomes dominant over 

the positive recovery effect. Columns (1)-(4) of Table 3.7 confirm that this appears to 

be the case in our sample: the cross-terms of non-fixed assets and three of the proxies for 

renegotiations frictions are negative, and two of them significant. The cross-term with 

the fourth proxy, public debt, in specification (4) is positive, but insignificant. Overall, 

we find evidence supporting Hypothesis 4 that the impact of renegotiation on debt values 

is more adverse when creditors lack bargaining power in renegotiations. 

21By contrast, dispersedly held public debt may be impossible to renegotiate; see Hege and Mella- 

Barral (2003). 
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Table 3.7: Spread Sensitivity to Strategic Variables 

The dependent variable is the annualized credit spread in basis points relative to a cash-flow-matched portfolio of STRIPS. Non- 
fixed assets is total assets less net property, plant and equipment divided by total assets. Managerial shareholding is percentage 
of common equity owned by 5 highest paid executives. Norm. no. of issues is the ratio of logarithm of the number of different 

public debt issues outstanding on the trade date to the logarithm of total assets. Herfindahl is the Herfindahl index of public 
bond issues outstanding. Short-term debt is the ratio of debt in current liabilities to total debt. Public debt is the ratio of public 
to total debt. Leverage, Equity volatility, Log(Assets), Risk-free rate and the intercept were also included in all specifications. 
Fama-MacBeth regressions with Newey-West standard errors adjustment were estimated by running cross-sectional monthly 
regressions over the whole period (72 months) and then regressing loadings on each factor on a constant. N is the total number 
of observations. t-statistics are reported in parentheses. 

Hypothesis 4 Hypothesis 5 

Factor Proxy (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Bankruptcy Non-fixed assets 0.08 0.09 0.16 0.15 0.04 0.16 0.07 0.14 0.10 

costs (6.25) (7.80) (9.74) (2.58) (2.30) (6.75) (2.48) (7.56) (2.56) 

Bargaining Managerial shareholding 2.29 2.11 0.89 -8.18 1.68 0.57 0.60 0.54 0.34 

power (7.46) (5.54) (4.44) (-0.93) ( 3.96) (4.61) ( 4.85) ( 4.67) ( 1.20) 

Renegotiation Norm. no. of issues -30.15 -38.55 -70.33 
frictions (-7.71) (-9.97) (-6.74) 

1- Herfindahl index -0.13 -0.17 
(-4.07) ( -2.22) 

Short-term debt -0.38 -0.49 
(-12.19) (-8.58) 

Public debt -0.46 -0.41 
(-5.79) (-4.76) 

Bargaining power * Frictions -7.46 -0.02 -0.02 0.09 
(-5.51) (-3.85) (-1.55) (0.98) 

Bankruptcy costs * Bargain. power 0.02 
(2.83) 

Bankruptcy costs * Frictions -0.38 0.003 -0.003 -0.001 
(-3.50) (0.07) (-1.37) (-0.03) 

R2 0.36 0.35 0.37 0.41 0.35 0.35 0.34 0.35 0.40 
(72) (72) (72) (48) (72) (72) (72) (72) (48) 

N 181.7 181.7 181.7 111.4 181.7 181.7 181.7 181.7 111.4 



Liquidation costs and spread sensitivity to strategic actions. Finally, we test 

Hypothesis 5 about the influence of liquidation costs on the importance of renegotia- 

tion and the distribution of bargaining power. With a decrease in liquidation costs the 

importance of strategic actions is expected to decrease, as there is less surplus to bar- 

gain over. Hypothesis 5 predicts that the product of liquidation costs with bargaining 

power and renegotiation frictions should have the same signs as the coefficients for those 

variables themselves, as higher liquidation costs amplify their effect. Columns (5)-(9) 

of Table 3.7 report the results of the tests. In column (5), the cross-term is Managerial 

shareholding * Non-fixed assets. It is positive and significant. Thus, higher liquidation 

costs make the adverse impact of equity's bargaining power on spreads more pronounced. 
The cross-terms in columns (6)-(7) are between non-fixed assets and the four proxies for 

renegotiation frictions, expected to be negative. Indeed, three of the four cross-terms are 

negative, although only one is significant. The last one, in column (7), is positive, small 

and insignificant. 

Overall, our findings are generally supportive of Hypothesis 5. As a general pattern, 

these tests show that the adverse effect of strategic default on debt spreads is higher when 

the bargaining position (bargaining power and the outside option) of the debtholders is 

likely to be weak in renegotiation. In particular, this is the case when managers have high 

equity stakes, and when the proportion of fixed assets that cannot be easily destroyed if 

renegotiations fail is low. 

3.4.5 The effect of bond ratings 

In the capital markets credit ratings are among the most important factors determining 

corporate bond prices. Credit rating agencies' decisions reflect a variety of factors un- 

likely to be fully captured by our measures of leverage and volatility. For most market 

participants, the credit rating process is often like a black box which provides a mea- 

sure of the default risk summarized in the rating. In our tests in this section, we treat 

ratings in this manner, and study the effect of our strategic and non-strategic variables 
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for different rating groups. Admittedly, a part of the credit risk captured in ratings but 

not the leverage/volatility-type variables must be due to strategic default. We hope to 

capture the variation of the importance of strategic debt service within rating classes. 

We classify spreads in the sample into rating classes as of the day of trade. We first 

estimate regressions of spreads on non-strategic variables when the sample is stratified 

by rating. The results of these regressions are shown in Columns (4)-(7) of Table 3.5. 

All variables have the same signs as before and are generally still highly significant. 

Coefficients for leverage, volatility, the size of the issuer, and bond maturity are generally 

both higher and more significant for lower-rated companies, in part due to higher average 

spreads. The explanatory power of these regressions is very similar across the first three 

rating groups; for junk bonds it is considerably higher, perhaps reflecting the higher 

relative importance of expected default losses for riskier bonds. It is interesting to note 

that the coupon rate remains highly significant even after controlling for rating. 

We then estimate the effect of our strategic proxies on spreads for two groups of bonds: 

rated A and higher, and BBB and lower. 22 Our expectation is that strategic debt service 

should not influence spreads much for high ratings, since default (including strategic 

default) is a relatively less important determinant of spreads for these bonds. However, 

conditional on higher probability of default, both the incentives to default strategically 

are higher (as equityholders have little to lose when default is imminent anyway), and 

the expected recovery rate is also more important. The latter may be especially true 

when default is unavoidable, in which case the introduction of renegotiation should lower 

spreads. 

Specifically, we include in our regressions the high grade dummy which equals one if 

the bond's rating is A or above, and zero otherwise. For each regression specification we 

interact this dummy with all the independent variables. Table 3.8 presents the results of 

these tests. For all our strategic proxies the effect is higher for lower-rated bonds, and 

22 We combine bonds in this way because there are not enough observations to study lowest and highest 

rating classes separately. 
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except for managerial equity ownership the difference is always significant. Moreover, the 

values of the coefficients suggest that, while the effect may be considerable for low-grade 

bonds, for high-grade bonds it may be close to zero. For example, the coefficient for the 

proportion of non-fixed assets in specification (1) is 0.13 for the whole sample, but much 

smaller (-0.02) for high-grade bonds. Similar patterns are also found for other specifica- 

tions and other strategic variables. The only exception is managerial shareholding, which 

is insignificant but still shows the same general pattern. 

It may be instructive to compare regressions (1)-(4) in Table 3.8 with regressions 
(1) and (5)-(7), respectively, in Table 3.6. The coefficients for liquidation costs become 

somewhat smaller, and for bargaining power insignificant, once we partially control for 

the strategic default by using the credit rating. This reinforces our conclusion that 

the strategic default effect dominates the recovery effect in our sample, because at the 

level of aggregation that we use the expected recovery rates have very little impact on 

ratings. Overall, we conclude that, while for high-quality bonds strategic variables are 

economically insignificant, their influence is more pronounced for lower-rated bonds. 

3.5 Robustness and alternative interpretations 

3.5.1 Alternative interpretations 

One can argue that, since our variables proxy only imperfectly for the strategic factors 

we want to study, their observed correlation with spreads may be spurious. Below we 

discuss potential alternative channels of influence of our proxies for bargaining power and 

renegotiation frictions on spreads, and argue that they cannot explain our findings. 

Managerial shareholding: (Positive correlation with spreads) Managerial share own- 

ership may change the firm's attitude towards risk. If managers' portfolios are overweight 

in their firms' equity, managers may attempt to decrease the volatility of cash flows by 

115 



Table 3.8: Credit Quality and Spread Sensitivity to Strategic Variables 

The dependent variable is the annualized credit spread in basis points relative to a cash- 
flow-matched portfolio of STRIPS. High grade is a dummy variable equal to 1 if the bond 
rating at the date of trade is A or above, and 0 otherwise. Non-fixed assets is total assets 
less net property, plant and equipment divided by total assets. Managerial shareholding is 
percentage of common equity owned by 5 highest paid executives. Norma. no. of issues is 
the ratio of logarithm of the number of different public debt issues outstanding on the trade 
date to the logarithm of total assets. Herfindahl is the Herfindahl index of public bond issues 
outstanding. Short-term debt is the ratio of debt in current liabilities to total debt. Public 
debt is the ratio of public to total debt. Leverage, Equity volatility, Log(Assets), Risk-free 
rate, and their products with the High grade dummy, as well as the intercept, were also 
included in all specifications. Fama-MacBeth regressions with Newey-West standard errors 
adjustment were estimated by running cross-sectional monthly regressions over the whole 
period (72 months) and then regressing loadings on each factor on a constant. N is the total 
number of observations. t-statistics are reported in parentheses. 

Factor Proxy (1) (2) (3) (4) 

Liquidation Non-fixed assets 0.13 0.12 0.19 0.20 

costs ( 5.96) ( 5.70) ( 7.84) ( 1.86) 
Non-fixed assets * High grade -0.11 -0.11 -0.15 -0.19 

(-3.85) (-3.45) (-4.93) (-1.76) 

Bargaining Managerial shareholding 0.00 -0.02 -0.001 -0.36 
power ( 0.00) (-0.07) (-0.02) (-0.58) 

Managerial shares * High grade 0.42 0.42 0.20 -0.48 
( 1.36) ( 1.36) ( 0.59) (-0.64) 

Renegotiation Norm. no. of issues -45.08 
frictions (-7.15) 

Norm. no. of issues * High grade 48.97 
( 6.29) 

1- Herfindahl -0.29 
(-7.63) 

(1 - Herfindahl) * High grade 0.32 
( 7.52) 

Short-term debt -0.59 
(-11.43) 

Short-term debt * H. grade 0.44 
( 7.56) 

Public debt -0.38 
116 (-5.08) 

Public debt * High grade 0.21 
( 2.17) 

R2 0.44 0.14 0.44 0.48 
(' 2) (1-2) (22) (48) 

N 181.67 181.67 181.67 111.35 



hedging at the firm level and adopting low-risk projects. This should decrease the risk- 

iness of the bonds and result in lower spreads, contrary to what we find. Only for 

low-quality firms for which asset substitution may be a problem would we expect to see a 

positive correlation between managerial share ownership and risk. However, as evidenced 

in Table 3.8, the impact of managerial shareholding is not systematically different for low 

and high-rated firms. Another possibility is that managerial share ownership is impor- 

tant because of its disciplining role on management. This conjecture cannot explain 

our finding either, because better corporate governance in firms with high managerial 

shareholding should, if anything, increase the value of debt and result in lower spreads. 

Managerial shareholding: (Positive correlation) Institutional shareholding may be 

somewhat negatively correlated with risk, as some institutions cannot invest in very risky 

companies. However, in this case we would expect a negative correlation with spreads. 

Number of bond issues/total debt: (Negative correlation) When the number of the 

firm's bond issues is high, all its bonds may be more liquid, resulting in lower spreads. 

This would be consistent with the negative correlation that we document. However, it is 

not clear that the per dollar number of bonds that we use should be positively related 

to liquidity. Moreover, more direct proxies for bond liquidity, such as the number and 

volume of bond and firm trades, come out insignificant in our regressions. We therefore 

do not believe that liquidity is the reason for the observed correlation of the normalized 

number of bonds with spreads. 

Short-term/total debt: (Negative correlation) Higher short-term liabilities may im 

ply a higher probability of a liquidity shortage, since a higher proportion of cash flows is 

used for day-to-day debt service. This should result in higher spreads, contrary to our 

findings. 
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Public/total debt: (Negative correlation) A higher proportion of privately held debt 

should result in more monitoring of the company by sophisticated investors, which should 
benefit all creditors and reduce bond spreads rather than increase them. 

It should also be noted that all our proxies for renegotiation frictions may also in- 

fluence the loss of value once the firm is in Chapter 11, due to higher restructuring 

costs when negotiations are difficult. This would imply lower eventual recovery rates and 

higher ex ante spreads, contrary to our evidence that higher frictions are associated with 

lower spreads. To conclude, the direction of the most obvious alternative mechanisms of 

influence of our proxies on spreads in most cases conflicts with the strategic mechanism 

hypotheses, and indeed with our empirical findings. 

3.5.2 Controls for non-linear effects 

In structural models of credit risk, leverage and other variables affect spreads in a non- 

linear way. It is possible that the importance of non-linear terms manifests in our linear 

regressions through the significance of the strategic proxies. Although Collin-Dufresne, 

Goldstein and Martin (2001) find that non-linear effects are unimportant for spread 

changes, we are not aware of such results in the cross-sectional analysis. 

To control for possible non-linear effects, we employ the following procedure. 23. In- 

stead, to We estimated debt spreads implied by the Merton (1974) model, subtracted 

these spreads from the actual observed spreads, and repeated the analysis on the residual 

spreads unexplained by the Merton model. While the degree of non-linearity admittedly 

varies across structural models, there is no any prior justification to prefer any model 

in particular. The estimation that uses the Merton model is likely to perform no worse 

or better than any other structural model since the most important spread determinant, 

asset volatility, needs to be estimated for every model. 

The volatility of the firm's assets for the use in the Merton model is not observable 

23The usage of higher order terms is impeded by rriulticollinearity 
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and therefore has to be estimated. We used the calibration approach which is a simplified 

version of that used by KMV corporation. As inputs, the procedure uses a year-long time 

series of equity values and debt amounts outstanding, the latter taken to be the debt face 

value in the Merton model. These inputs are used to find a time series of asset values 

which: 1) makes the Merton-predicted equity values for the last year consistent with the 

observed equity prices, and 2) has the volatility which is assumed in these Merton equity 

value calculations. As a check, we also used equity volatility; not surprisingly, we found 

that this made our results slightly stronger. 24 

We then use the estimated asset volatility values to calculate the residual spread 

unexplained by the Merton model. Consistent with our expectations, leverage is no 

longer a significant determinant of the spread once the Merton spread is taken out. The 

coefficient for equity volatility actually changes its sign, suggesting `overcompensation' 

by the Merton model, which is very sensitive to volatility estimates. However, none of our 

main conclusions is altered, and most of our strategic variables are even more significant 

in these tests. 

3.5.3 Robustness to specification and regressor measurement 

frequency 

We have checked the robustness of our results by using different proxies for liquidity, 

volatility, maturity and risk-free rates. Instead of using log-assets as a proxy for liq- 

uidity, we use log-sales, as well as the total number of trade observations for the firm 

(also counting callable and all other bonds excluded in our spread sample selection) as 

measures of liquidity. For equity volatility estimates we use horizons of 6 months, 1 and 

3 years. We also use model-implied asset volatility estimates as described in the previous 

subsection. Instead of maturity, we also use bond duration calculated using the estimated 

24The KMV calibration approach is described in, for example, Crosbie and Bohn (2001). The details 

of our implementation and all the unreported tables are available from the current authors upon request. 
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yield to maturity. Finally, we use both short-term and longer-term risk-free interest rates 

as other proxies for the risk-free rate. None of our results have been significantly affected 
by these changes. 

In our tests, we use one observation per firm to avoid a bias towards large firms with 

many trades. However, in doing so we may introduce a `reverse' bias against firms with 

many bonds, and lose efficiency by considering only a subsample of the data. We repeat 

the analysis by randomly selecting one bond (rather than firm) trade per month; the 

results are unaltered in all cases, and even somewhat stronger due to a larger number 

of observations. We find that in such random samples some weakly significant and 

insignificant coefficients for renegotiation proxies in tests of Hypotheses 4 and 5 changed 

signs and became insignifcant/significant. Overall, our main results appear robust to 

these changes. 25 

Corporate spreads employed in our empirical analysis are recorded within a few days 

form the trade date. While some independent variables we use are also measured as of the 

day of trade, leverage and a number of other variables use COMPUSTAT data recorded 

on an annual basis. 26 We explore whether the quality of the explanatory variables is 

sufficient for our purposes by studying only trades executed within three months after 

the issuer's fiscal year end, before annually reported variables become stale. The results 

we obtain are very similar to the base case. 

3.5.4 The endogeneity problem 

One potential problem with our inference is the possibility that our renegotiation friction 

proxies are determined endogenously and depend on credit spreads. One may argue, for 

example, that when credit spreads are consistently low the firm may want to increase its 

public debt issuance, and the number of bond issues increases as a result. 

25Robustness regression results are available upon request. 
26While some variables can be constructed on a quarterly basis, the proportion of public debt and 

some other important variables are only available to us annually. 
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Ideally, one would like to find a set of instrumental variables that affect credit spreads 

only indirectly through their influence on renegotiation proxies, and are themselves in- 

dependent of the spreads. Finding such instruments is difficult in our case, as variables 

which influence capital structure are also likely to affect spreads directly. 27 

To mitigate possible effects of endogeneity, we normalize some of our proxies by total 

debt. While lower credit spreads may result in higher public bond issuance and a higher 

numbers of bond issues as a direct consequence, the number of issues per dollar of debt 

is likely to be less endogenous to the credit spread. Moreover, for the ratio of short to 

total debt we expect the effect of endogeneity to work in the opposite direction to what 

we find: If bond spreads are low, the firm would tend to issue more public debt which 

usually has longer maturity, thereby decreasing the proportion of short-term debt. In 

our regressions, however, spreads are negatively correlated with the short to total debt 

ratio. Finally, it is hard to think why managerial and institutional shareholding could 

be endogenous to bond spreads. Given the remarkable consistency of our results across 

proxies and experiments, we believe that they are unlikely to be driven by endogeneity. 

3.6 Concluding Remarks 

Recent contingent claims models of risky debt with strategic debt service argue that 

strategic considerations may be an important determinant of corporate debt spreads. 

A large body of theoretical corporate finance research explicitly or implicitly relates 

valuation of corporate debt to renegotiation and bargaining in restructuring. Available 

empirical evidence, however, has been limited to studies of the implications of ex-post 

bargaining for recovery rates in default. This Chapter for the first time empirically 

27In their study of the diversification discount, Campa and Kedia (2002) take into account the en- 
dogeneity of the firm's decision to diversify using industry as an instrument. They remove the direct 

influence of industry on the dependent variable by subtracting the industry mean. We attempted to 

use a similar method, grouping firms by industry (in another experiment, by size), subtracting mean 

spreads for each group, and then using industry (size, respectively) as an instrument for the choice of 
debt structure. However, neither industry nor size appeared to be valid instruments, as even such robust 
determinants of spreads as leverage and volatility lost their significance. 
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documents the influence that strategic behavior of the borrowers has on ex-ante corporate 
debt prices. 

We conduct an empirical study of the determinants of corporate spreads using a large 

sample of transaction prices. We use capital and debt structure complexity as well as 

equity ownership variables and measures of asset tangibility to proxy for renegotiation 
frictions, bargaining power, and liquidation costs. Our main finding is that corporate 

bond prices do appear affected by the possibility of ex-post debt restructuring, especially 

when the costs of liquidation and equityholders' bargaining power are likely to be high, 

capital structure does not make renegotiation difficult, and the credit quality of the issuer 

is relatively low. 

Our results suggest that, unless the firms' debt structure is already optimally cho- 

sen taking into account all relevant trade-offs, companies for which the adverse effect 

of strategic debt service on spreads is substantial may be able to reduce their cost of 

borrowing if they commit against strategic default. This can be achieved by increasing 

the complexity of public debt and the proportion of short-term and public debt in the 

capital structure. In reality, changes in capital structure involve paying transaction costs 

that need to be weighed against the benefits in terms of the cost of capital. Whether such 

commitment is likely to create value is an open question and awaits further research. 

On balance, the low economic significance of strategic variables that we document 

implies that strategic debt service is unlikely to be entirely responsible for the poor 

empirical performance of traditional contingent claims models. To match the observed 

levels of spreads, other factors must be incorporated into the existing paradigms. 
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3.7 Appendix A: The model and hypothesis deriva- 

tion 

We modify the Merton (1974) model of risky debt to allow for varying distributions of 

bargaining between different parties, and for renegotiation which may be relatively easy 

or difficult. The Merton model makes a number of simplifying assumptions that make 

applying it for debt pricing problematic. However, our purpose is to use the model to 

derive qualitative hypotheses for empirical tests, rather than quantitatively predict debt 

prices. For this purpose the model presents the simplest equilibrium framework which 

allows to analyze the effects of main strategic and risk variables. 

Consider a firm with a single zero-coupon bond with a face value of B and maturity 

T in the capital structure. Let VT be the value of assets upon bond maturity. Suppose 

that liquidation costs of K<B must be paid if the parties are to settle their claims 

in court, which distributes assets according to the absolute priority rule (APR). Absent 

renegotiation, such costs will be incurred whenever VT < B. If, however, renegotiation 

is possible, the parties may attempt to avoid value dissipation and renegotiate the debt 

contract rather than go to the court, dividing the surplus according to their bargaining 

power. Suppose further that, once renegotiations are started, they may fail with some 

probability q due to exogenous factors, in which case the claims will be settled in court 

at a cost K according to the APR. 

It is easiest to think of such renegotiation framework as corresponding to out-of- 

court restructuring, which may be unsuccessful with some probability, resulting in costly 

liquidation. Empirical studies document that firms often attempt informal workouts 

and exchange offers before resorting to formal bankruptcy. However, if there are many 

creditors with widely divergent interests, such workouts may fail, which is often observed 

in practice. 

Technically, assume that the value of the firm's assets follows an exogenously specified 

stochastic process, and that upon maturity the value of assets has a cumulative distribu- 
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tion F(VT) and density f (VT) under the equivalent martingale measure. Suppose that the 

costs of liquidation are K(VT) = min{VT, K}, where K<B. Suppose that renegotiation 

may be possible. At maturity, after VT is observed, equityholders decide whether they 

want to serve the debt as stipulated in the original contract, or attempt renegotiation by 

offering a different level of debt service. In the latter case, even if the proposed level of 

debt service is such that debtholders agree to renegotiate, renegotiation nevertheless fails 

with probability q, in which case the costs of K(VT) are paid, and the remaining assets 

of the firm are distributed according to the APR. Further, assume that the bargaining 

process is such that if the proposed renegotiations are successful, the surplus relatively 

to the case when they fail (which equals K(VT)) is divided between equity and debt in 

proportions 0 and 1-0, so that the renegotiated payoffs are the after-cost APR payoffs 

plus these surplus shares. This specification corresponds to a Nash bargaining game with 

the court-administered APR outcome as the point of disagreement, and the sharing rule 0 

following from the distribution of the bargaining power between equity- and debtholders. 

Throughout what follows, we will simply refer to 0 as the bargaining power of equity for 

brevity. 

As derived below, the date 0 value of the bond is given by: 28 

v oo 
Do = e-TT (VT - (q +0- qe) min{K, VT}) dF +B dF 

, 
(3.1) fo 

V 

where 

V=B+ (1 - q)OK. (3.2) 

The optimal strategy for shareholders is to renegotiate whenever VT < V, and to repay 

28One can assume a specific form of F(") to obtain closed-form expressions for Do. However, for our 

purposes the hypotheses remain invariant to different distributional assumptions. 
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the full principal B when VT > V. Strategic debt service occurs when B< VT < V. In 

this region equityholders propose renegotiations even though the value of assets is enough 

to repay B in full. Observe that the payoff to debt as a function of VT experiences a jump 

at V from B- qK to B. If ex-post B< VT < V, then debtholders are always worse off 

compared to the case when no renegotiation is possible. If, on the other hand, VT < B, 

then because no liquidation costs are paid the debtholders are better off, depending on 

their bargaining power. The overall ex-ante effect of the possibility of renegotiation on 

the debt value depends on the bargaining power 0, liquidation costs K, the initial leverage 

w= D0/Vo, and the distribution of assets F(VT). 

The model incorporates three special cases. Firstly, for K=0, and for any 0<K<B 

when q=0=0, the model is equivalent to the standard Merton model. These two cases 

correspond, respectively, to costless liquidation as assumed in Merton (1974), and to 

frictionless renegotiation when the surplus fully accrues to debtholders. Secondly, when 

q=1, the model reduces to the Merton model with bankruptcy costs of K. Thirdly, 

when q=0 and 9=1, the model is equivalent to the one-period case of the Anderson 

and Sundaresan (1996) model of strategic debt service when renegotiation is costless and 

equity expropriates all the surplus. 

Formula (3.1) can be used to derive predictions about the influence of strategic factors 

on the promised debt spread s=T In Do Let us introduce the following additional 

notation: 

E°(VT) = max {0, VT - B}: equityholders' payoff when renegotiation is impossible 

DF(VT) = min{VT - K(VT), B}: debt's payoff when renegotiation fails 

EF(VT) = VT - K(VT) - DF(VT): equity's payoff when renegotiation fails 

DS(VT) = DF(VT) + (1 - 9)K, ES(VT) = EF(VT) + OK: debt's and equity's payoffs in 

successful renegotiations (Nash bargaining solution) 
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Equityholders' expected payoff if they propose renegotiation is: 

ER(VT) = (1 q)ES(VT) + gEF(VT) 

_ 
(1 

- q) 
[EF(VT) + BK(VT)] + gEF(VT) 

VT 
- 

K(VT) 
- min{VT - 

K(VT), B} + (1 
- q)9K(VT) 

max{O, VT 
-B- 

K(VT)} + (1 
- q)8K(VT). 

(3.3) 

Equityholders propose renegotiation if and only if ER(VT) > E°(VT) = max(VT - 
B, 0). This yields the renegotiation condition: 

VT </ B+(1-q)9K. (3.4) 

Clearly, under Nash bargaining debtholders never reject proposed renegotiations. 

Their expected payoff in equilibrium equals the contract-specified B whenever VT > V. 

If0<VT<V: 

DT(VT) _ 
[(1 

- q)DS(VT) + gDF(VT)] 

_ [DE(NT) + (1 q)(1 - e)K(VT)] 

= [VT- (q+6-g9)min{VT, K}]. 

(3.5) 

The date 0 value of the debt is the expectation of the payoff under the equivalent 

martingale measure: 
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Do = e-rTE* [DT(VT)l 

'KV 

= e-rT VT dF +B dF - (q +9- q9) VT dF + 
0VK 

00 
= e-rT (VT - (q +9- qe) min{ K, VT}) dF +B dF 

0 

iv 

K dFl 3.6) 
l 

which is formula (3.1). Next, we prove Hypotheses 1-5.29 Define D= DoeT'T 

Hypothesis 1 

OD 
_ 

IV 
OK 

(q +0- ge)dF - q(1 - q)9K f (V) < 0. 

Hypothesis 2: 

3D 
_V 00 

(1 - q) min(K, VT)dF - q(1 - q) K2 f (V) < 0. 

0 

Hypothesis 3: The probability of default P=fV dF. Therefore: 

= -OK f (V) < 0. 
op 
Oq 

29Hypotheses are derived for debt prices rather than spreads, which results in changing the signs of 
the derivatives. 
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Conditional on default, the recovery rate is: 

fV (VT - (q +9- q9) miri(K, VT)) dF 
P= (3.7) 

F(V) 

and so 

ap 
_-fV 

(1 - 0) min(K, VT)dF " F(V) - OK f (V)p 
` 0.3.8 () 

F (f) 2 

Hypothesis 4: The following assumptions are sufficient for the result to hold. 

Assumption 1: f (VT) is an increasing function in the neighborhood of V. 

Assumption 2: q> 2(1-20 1+0) 

Assumption 1 places restrictions on the convexity of function F near V. Assumption 

2 excludes cases where q and 0 are simultaneously small. 

02D V 
ag39 - Jo min(K, VT)dF + qK2 f- (1 - 8)(1 - q)K2 f. (3.9) 

Using Taylor's expansion and Assumptions 1-2: 

02 D 
>gK2f -(1-e)(1-q)K2f +K2f(1-q)9=2(q+9+ q9)-1>0. (3.10) 

agae 
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Hypothesis 5: 

2V D 
-- (1-q)dF-2q(1-q)Kf -(1-q)29Kf <0 äKä9 K 

(3.11) 

This establishes the first part of the hypothesis. For the second part the following 

assumptions are sufficient: 
Assumption 1: f (VT) is an increasing function in the neighborhood of V. 

Assumption 2: q>J2. 

Assumptions play the same role as in Hypothesis 4. 

02D V 
agOK -- 

JK 
(1 - 9)dF+2gOKf - (1 - 9)0(1 - q)Kf. (3.12) 

Using Assumptions 1-2 and Taylor's expansion, 

a2 D< 
-2K f e(q - (1 - e)(1 - q)) < 0. 

agax 
(3.13) 
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3.8 Appendix B: Details of the Spread Estimation 

Procedure 

For each observation retained in the sample we calculate the accrued interest for the 

settlement day. A problem with the dataset that we use (bond trades recorded by 

the National Association of Insurance Commissioners) is that insurance companies may 

choose the day they record as the settlement day themselves. 30 Therefore, some prices 

could be observed on trading days, while others on settlement days. Furthermore, in the 

U. S. corporate bond market settlement days may vary and depend upon the agreement 

of parties. We treat all trades as if they occurred on the settlement day. Potential 

errors caused by doing so are mitigated when we calculate spreads as discussed below. 

Numerical simulations suggest that while the magnitude of potential errors is very small 

for the majority of cases, it becomes relatively more important for very short maturity 

bonds with large coupon. We deal with this by excluding from the sample all bonds 

which have less than 1 year to maturity at the date of trade. 

Two main day-count conventions used in the corporate bond market are actual/actual 

and 30/360. The accrued interest is calculated therefore as AC ='f, where t- 'r is 

the period in days between settlement date and the last coupon date (using the specified 

convention), T is either 360 or 365 (366 for leap years), c is the annual coupon payment, 

and f is the frequency of interest payments. 31 

Next, using the invoice price of the bond (equal to the flat price recorded in the NAIC 

plus accrued interest) and cash flows structure in the FISD, we calculate the annual yield 

to maturity of the bond. 

On the second stage of the estimation we obtain the yield to maturity on a portfolio 

of risk-free zero-coupon bonds that replicates the promised stream of cash flows from 

30This became apparent after comparing the calendar accrued interest and accrued interest recorded 
in the data set. We can not use the latter since it is given only for buy transactions. 

31There are bonds making payments 2,4 and 12 times a year in our final sample as well as zero coupon 
bonds. 
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the corporate bond using STRIPS yields at the trade date. STRIPS have quarterly or 

semiannual seasonal cycles with maturities on 15th of February, May, August and Novem- 

ber. 32 We replicate each cash flow using linear approximation technique. In particular, 
if To is time to maturity of a corporate bond payment, and T_1 and Tl are the maturities 

of two sequential zero coupon bonds with shorter and longer maturity respectively and 

yields y_1 and yl respectively, the yield on this cash flow is 

Ti - To T -T 1 Yo = Y-1 
T1 

- 
T_ 

i+ 
Yi 

Ti 
- 

T-1 
(3.14) 

Discounting each cash flow by resulting risk-free rate gives the price of the constructed 

government bond with matched cash flows. Using this invoice price, we estimate yield 

to maturity using the same formula as for the corporate bond. Finally, subtracting the 

matched risk-free yield to maturity from the corporate bond yield gives the corporate 

bond spread. 

32The U. S. Treasury used to issue 30-year bond quarterly. It changed the issuance cycle of these bonds 

recently to semi-annual. Therefore, for very long term maturities the period between STRIPS' maturity 
is half a year and for all others it is three months. 
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Chapter 4 

Liquidity and Asset Pricing: An 

Empirical Investigation of Bid-Ask 

Spread Effect 

4.1 Introduction 

In Chapter 2 and 3 we have been concerned with the impact that imperfections such 

as transaction and liquidation costs may have on asset prices and financial decisions. 

But what are the possible mechanisms through which transaction costs, and liquidity 

in general, may influence asset prices? One of the main theories about the impact of 

liquidity on asset prices is the illiquidity premium hypothesis proposed by Amihud and 

Mendelson (1986). It states that the market-observed expected return should be an 

increasing and concave function of liquidity (typically measured by the bid-ask spread). 

The intuition is that the present value of all future trading costs should be reflected in the 

security price. Since securities with wider bid-ask spreads involve higher trading costs, 

investors should demand higher rates of return for holding them. Therefore, a pair of 

otherwise identical securities differing only in liquidity should differ in price. 
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Empirical tests of the hypothesis on non-financial assets and also on most of financial 

assets are difficult since in most markets securities usually differ in many dimensions, 

including the price of risk. Consequently, the most compelling evidence in support of the 

hypothesis probably comes from the US Treasury securities market, where identical pairs 

of securities are easier to approximate. In particular, Amihud and Mendelson (1991) 

match Treasury notes with Treasury bills' with (approximately) the same maturity date. 

With less than six months to maturity, notes become zero coupon securities and provide 

the same cash flows to investors as bills. Amihud and Mendelson show that compared 

to bills, notes (known to be less liquid than bills) are substantially cheaper, which they 

conclude is evidence in favor of the illiquidity premium hypothesis. 

This Chapter tests empirically the illiquidity premium hypothesis using U. S. Treasury 

securities' intraday interdealer data over the sample period 1995-97. Our initial step is 

to improve the matching of securities by comparing different U. S. Treasury notes, i. e. 

notes maturing on the same day (but with different initial maturity). The procedure 

of matching notes both controls for the market price of risk and alleviates the problem 

of dependence upon other market imperfections. We strongly reject the illiquidity pre- 

mium hypothesis: although the matched notes differ substantially in their liquidity (as 

measured, e. g. by bid-ask spread), there is no economically significant difference in their 

pricing. In particular, we find that the mean difference between ask yield on a less liquid 

note and ask yield on a more liquid note (pooling all observations) is slightly negative at 

-1.0 basis points (b. p. )2 and between bid yields is 0.6 b. p. These differences are substan- 

tially smaller than corresponding bid-ask spreads of the matched notes, demonstrating 

the economic insignificance of the difference. We also estimate an intuitive measure of 

arbitrage opportunity - the difference between the ask yield on a less expensive asset 

and the bid yield on a more expensive one. In the absence of imperfections, this measure 

would be non-positive. The measure of arbitrage is negative at -4.0 b. p. 

1Treasury notes are securities with initial maturity exceeding one year, while Treasury bills are 

securities with initial maturity of one year or less. 

2A basis point is -Lth of 1%. 
100 
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The finding that matched notes are not priced differently is in sharp contrast to the 

conclusions of earlier studies based on the US Treasury securities market (Amihud and 
Mendelson, 1991; Kamara, 1994) that matched bills and notes. ' Using daily quotes from 

a primary dealer over a 37-day interval in 1987, Amihud and Mendelson find that the 

average difference between ask prices of matched bills and notes is 43 b. p. in annualized 

yield. Using monthly observations over the period 1977-84, Kamara also finds significant 
difference between matched bills and notes. Comparing bills and notes with 14 weeks 

remaining to maturity, he finds the mean yield difference to be 34 b. p. 
Therefore, we reconsider the bill-note comparison using our data set. We begin by 

replicating previous studies, matching bills and notes. We also find a significant (though 

somewhat smaller) difference between the prices of matched bills and notes. We find the 

difference between non-indicative ask quotes to be 10.2 b. p. in annualized yield for the 

maturity range from 4 to 26 weeks. Furthermore, the mean estimation of our measure 

of arbitrage is 7.7 b. p. or 2 cents per $100. This amounts to $2000 to-be-profit per $10 

million trade, which is typical in these markets. The average bid-ask spread is around 

$600 for the same trade, indicating the economic significance of the price difference. 

There are, however, several reasons why the matching of bills and notes may be 

less than perfect. First, other market imperfections such as taxes, specialness of some 

securities and new bill issues may play a significant role in pricing. Second, the market 

for bills is very heterogeneous: liquidity differs dramatically between on-the-run and off- 

the-run bills, making it difficult to compare bills and notes. Third, the markets for bills 

and notes have different institutional features that can affect their bid-ask spreads. 

To investigate whether these (or other) reasons indeed affect the bill-note comparison, 

we proceed by running two new tests. In both tests we disentangle our sample into 

subsamples of bill-note matches, and test the hypothesis' cross-sectional predictions, i. e. 

implications for the relative sizes of pricing differences among subsamples. In both cases, 

3Garbade (1984) was the first to suggest a matching of similar Treasury bills and Treasury notes. We 

are not aware of similar studies in foreign markets. 
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our findings are inconsistent with the illiquidity premium hypothesis, suggesting that 

other factors affect the pricing difference between bills and notes. We conclude therefore 

that while liquidity factors may play a role in explaining price differentials, they do not 

explain cross-sectional variation in pricing difference between matched bills and notes. 

In our first test, we construct subsamples of bill-note matches in which notes have the 

same initial maturity (ranging from two to ten years). We confirm the significant pricing 
difference for all types of notes. We also find a significant cross-sectional variation in the 

pricing difference between bills and notes. The illiquidity premium hypothesis predicts 

that these pricing differences are increasing with notes' bid-ask spreads. However, we find 

the actual ranking to be inconsistent with the ranking of the notes' bid-ask spreads. For 

instance, while two-year notes are the most liquid among notes in this maturity range, 

the price differences between matched bills and two-year notes substantially exceed those 

for three- and ten-year notes. 

In the second test, we distinguish between matches where a bill is on-the-run. On- 

the-run bills are the most recently issued in their maturity class, while off-the-run are 

all other bills. We find that liquidity is significantly improved when bills are on-the- 

run, falling to the level of notes immediately after they become off-the-run. The theory 

predicts that the difference in prices will not be smaller for matches with on-the-run bills. 

However, the price difference is found to decrease when bills become on-the-run and then 

to increase when bills become off-the-run. Again, this is inconsistent with the illiquidity 

premium hypothesis. ' Our findings suggest that the link between liquidity and asset 

pricing is not captured by the illiquidity premium hypothesis. 

The illiquidity premium hypothesis has been tested on U. S. and other stock markets' 

data. The evidence is mixed. Amihud and Mendelson (1986) find evidence supporting 

the illiquidity premium hypothesis using U. S. stock market data. However, Eleswarapu 

and Reinganum (1993) question that result, attributing the finding to seasonal patterns. 

4To check the robustness of the findings, we also use for all tests other proxies for liquidity such as 
turnover, number of quotes and trades, and trading volume (e. g. see Lee, 1993). Our qualitative results 

are unchanged. 
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Unlike these authors, who used the standard capital asset pricing model to adjust returns 

for risks, Brennan and Subrahmanyam (1996) find a significant relation between required 

rates of return and illiquidity, using a three-factor Fama and French (1993) model. The 

main issue when using stock returns for testing liquidity theories is that besides other 

imperfections, the market price of risk should be accounted for. Measurement error 

in estimating the latter may outweigh all liquidity effects. Unlike stocks, government 

bonds have known nominal cash flows and fixed maturities. All risks embedded in these 

securities, conditional on their cash flow identity, like term structure and adverse selection 

risk, should be the same. This is the rationale of using the U. S. Treasury securities market 

as a field for testing liquidity theories. The idea of matching essentially identical securities 

has been used in a number of studies. ' 

The Chapter proceeds as follows. Section 4.2 summarizes some features of the sec- 

ondary market for U. S. Treasury securities. Section 4.3 describes the data and the 

procedure for calculating the prices of securities and matching them. Section 4.4 gives 

the main empirical results. Section 4.5 discusses the results and makes conclusions. 4.6 

provides a detailed description of the data and the procedure employed to clean it. 

5Froot and Dabora (1999) compare "Siamese twin" companies whose shares are traded around the 

world. Bodurtha, Kim and Lee (1995), Chen, Kan and Miller (1993), Lee, Shleifer and Thaler (1990, 
1991), among others, document the closed-end funds anomaly. Daves and Ehrhardt (1993), Grinblatt 

and Longstaff (2000), and Jordan, Jorgensen and Kuipers (2000) compare U. S. Treasury principal and 
coupon STRIPs, and also compare notes and bonds with the same securities but reconstituted using 
STRIPs, finding small but pervasive pricing differences. Dimson and Hanke (2000) study equity index- 
linked bonds providing the same payoff as an investment in an equity index. Although these papers 
include liquidity factors as a potential explanation of the mispricings found, none of them study the 
illiquidity premium hypothesis directly. 
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4.2 The Secondary Market for U. S. Treasury Secu- 

rities 

In this section we describe some of the main features of the secondary market for U. S. 

Treasury securities that are important for our study. A number of other markets for 

Treasury securities exist that may affect prices of securities in the secondary market. 
They include futures, when-issued, and repo markets, as well as auctions for newly issued 

securities. To pair identical securities we use only the secondary market. ' 

While this market is one of the largest in the world in terms of trading volume, the 

number of transactions is actually quite small. Indeed, the interdealer over- tlie-counter 

market is mainly the wholesale market, with minimum trade and quote sizes of $1 million, 

the average trading size for all securities being roughly $12 million. 

This market is organized predominantly as an over-the-counter market, 7 comprised 

of dealers, brokers, institutional and private investors, including foreign investors, all of 

whom are actively making the market. Although some 1700 brokers and dealers operate 

in this market, ' a few primary dealers (i. e. the firms with which the Federal Reserve 

conducts its open market operations) constitute the largest segment of the market in 

quoting, trading activity and volume. Currently, there are 22 primary dealers, each of 

whom stands ready to buy a security at a stated bid quote in a size of a stated depth 

and to sell a security at a stated ask quote in a size of a stated depth. 

A dealer can make a quote or a trade with another dealer either via a direct connection 

6Stigum (1990) and Sundaresan (1997) discuss the organization of this and other fixed income markets 
in greater detail. The when-issued market for those securities which are already announced to be 

auctioned but not issued yet, constitutes an important area of the U. S. Treasury securities market. See 

Bikhchandani and Huang (1993) and Nyborg and Sundaresan (1996) for details. We do not consider the 

when-issued market in our study since liquidity in this market may reveal significantly different patterns 

of behavior to those in a secondary market due to the possibility of strategic bidding by dealers at the 

time of auction. The repo market, where security plays the role of collateral in borrowing, may play an 
important role if a particular security is scarce. 

7U. S. Treasury securities are listed on the NYSE. However, trading volume is negligible in comparison 

with the over-the-counter market. 
8See Joint Report on the Government Securities Market (1992). 
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with another dealer (e. g. over the telephone), or via the screen of an interdealer broker. 

In the latter case, the identity of the dealer is not revealed. Interdealer brokers provide 

matching of demand and supply and charge a small commission per trade. During the 

sample period 1995-97, there were six interdealer brokers. They hold the largest portion 

of the market. Quotes can be non-indicative or indicative. A non-indicative (or firm) 

bid quote can be considered an obligation of a dealer to buy a security at a quoted 

price in the size of or below the stated depth. The market convention is that notes and 

bonds are quoted in (clean) prices, while bills are quoted in discount rates. Most trades 

occur between dealers themselves or between dealers and their customers, though trades 

between dealers constitute the largest segment of the market. Transactions are usually 

settled in one business day. 

All outstanding issues of U. S. Treasury securities have a different legal nature. ' This 

means that these securities are quoted and traded separately, and cannot be returned 

if borrowed in exchange for another security, even if they provide essentially the same 

cash flows. Also, issuance cycles differ across securities. Treasury bills are issued weekly. 

Two- and five-year notes are issued on a monthly basis, while three-, seven- and ten-year 

notes are issued quarterly. '0 

91n a few rare cases, the Treasury may issue a note with the same CUSIP (identification number that 
is a legal determinant of a security), mainly if the maturity and coupon rate of the are the same as the 

auctioned one. 
'°All this information is relevant for the 1995-1997 period. The U. S. Treasury stopped issuing seven- 

year notes, therefore there are only a few of them. Also, the U. S. Treasury used to issue five-year notes 
with exact maturity being equal to five years and 22 months. There are a few such notes in our data 

set, that we exclude. 
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4.3 Data 

4.3.1 The GovPX System 

The data set used in the Chapter comes from GovPX, an organization set up by all the 

primary dealers and a majority of interdealer brokers serving the U. S. Treasury market. " 

This data set consists of all trades and quotations registered through participating in- 

terdealer brokers. 12 It is the first intraday data set covering a long period of the U. S. 

Treasury secondary market. " 

The GovPX system collects quotations from the interdealer screens. When a dealer 

places a new (firm or indicative) quote on one of these interdealer systems and this quote 

improves on the existing one, it is instantly registered in the GovPX system as a separate 

observation. 14 The time of quotation, the characteristics of the security quoted, the ask 

and/or bid price, and the ask and/or bid suggested depth are also recorded. Actual trades 

are recorded as separate observations. In addition to stated inputs, the trade price, the 

side originating the deal (hit or take) and the size of the trade are also recorded. 

Since different interdealer brokers use different tick conventions, GovPX reports bill 

prices, quoted at discount rates, in 
lö th of a basis point and those of coupon-bearing 

securities, quoted at (clean) prices per $100 of principal payment, in 8th of 32 nd of one 

dollar (i. e. the tick size is approximately 0.391 cents per $100 principal payment). 

11GovPX was set up in 1990 to provide greater market transparency and greater dissemination of U. S. 

Treasury prices. 
12The following interdealer brokers comprised GovPX during the sample period 1995-97: Garban 

Ltd., Hilliard Farber & Co. Inc., Liberty Brokerage Inc., RMJ Securities Corp., and Tullett and Tokyo 

Securities Inc. The sixth broker, Cantor Fitzgerald Inc., is not a part of this system. 
13The GovPX data set (or part of it) has been used in several studies, e. g. by Nyborg and Sundaresan 

(1996), Elton and Green (1998), Green (1999), Balduzzi, Elton, and Green (1997), and Fleming and 
Remolona (1999,2000). All these papers use the GovPX data set for the years 1991-95. Elton and 
Green provide an excellent comparison of the GovPX data with other data sources on U. S. Treasury 

securities markets. 
14In the absence of a real-time bid and offer, GovPX publishes a proprietary indicative price named 

Real-Time Security Valuation Price. These prices are not used in this study. See the discussion below. 
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4.3.2 Data description 

To put the part of the data set we are using in relation to the total size of the data set into 

perspective, observe that the total number of observations is 40 million (or more than 
50,000 per trading day). 67% of them are firm double sided quotes. The total number 

of recorded trades is 2.8 million (3800 per trading day). The total volume of trading is 

more than 28 trillion dollars (37.5 billion dollars per trading day). The description of 
the data set, including the definition of variables used in the Chapter, and the process 
for cleaning the data is developed further in 4.6. 

We use a Subsample of the GovPX data set for 750 trading days between 3rd January 

1995 and 31st December 1997. Over this period, the data set is substantially cleaner 
than earlier data sets for 1991-94. We focus only on firm double sided quotes, i. e. where 
both bid and ask prices are provided. These quotes are more reliable in the sense that a 
dealer commits to consummating a trade at these quotes. 

4.3.3 Some Potential Caveats 

It should be taken into account that this data set has several possible weaknesses. First, 

the data come from five out of six interdealer brokers; the sixth, Cantor Fitzgerald Inc., 

being the largest. This is not an important drawback since we would expect all major 

dealers subscribing to all interdealer brokers to use any mispricing, hence "equalizing 

different screens". This, however, may be slightly more important if interdealer brokers 

tend to specialize in certain segments of the market. 

Second, the data set consists only of trades and quotations put through interdealer 

brokers. All activity between dealers themselves and between dealers and their clients 

remains beyond the scope of the data. This is unlikely to be an important concern for 

our study. The rationale behind this is that it could be a matter of significant concern 

if dealers have sufficiently different private information inflows and strategically exploit 

their information. Then, the choice between trading anonymously and revealing identity 
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becomes a strategic choice. However, there is essentially no private information about 

matched securities. 

Third, since only "innovative" quotes are recorded, the bid-ask spreads are narrower 
than those of individual dealers. If the depth of quotes is small enough, this would tend 

to underestimate the bid-ask spread. 

Fourth, since the interdealer market is anonymous, it is impossible to trace the origins 

of quotes and trades and reveal which of them are made by the same dealer. 

4.3.4 Methodology 

U. S. Treasury bills and notes are quoted using different conventions. For consistent 

analysis we convert all quotations into invoice prices, i. e. the prices the investor will 

have to pay as a result of a transaction (excluding direct transaction costs, such as a 

commission to an interdealer broker), and then into an annualized yield. Bills are zero 

coupon instruments quoted at ask and bid discount rates, do, and db, respectively. The 

day count convention is actual/360, so the invoice price of a bill with $100 payment at 

maturity is 

Pi = 100(i - 
(T - t)di 

360 
)' i=a, b (4.1) 

where T is the maturity day (or the first business day after the maturity day, if the 

latter falls on a weekend or holiday) and t is the settlement day. 

Notes pay coupons semiannually. The semiannual convention implies that with less 

than six months (after the last coupon date that occurs before the maturity) to maturity, 

notes become zero-coupon securities, paying a principal amount of $100 and a coupon 

payment at maturity. They are quoted in clean prices per $100 par amount, i. e. without 

accounting for the coupon payment, accrued since the last coupon payment. Therefore, 

the price of a note is Pi = CPZ + AC, i=a, b, where CP is a (flat) clean quoted price 
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and AC is accrued interest. The day count convention for calculating accrued interest is 

actual/actual. Depending on the month of maturity, the period between the next and 
the last coupon dates is either N = 181 (182 in leap years) or N = 184. Therefore, the 
invoice price of a note is 

cN-(T-t) P2 = CP2 +2N, i=a, b (4.2) 

where c is an annual coupon payment per $100 where (c is zero for bills). 

We then convert these prices into an annualized yield, using the formula15 

10ý+ 2 yi = Pi 
)Ti 

- 1. (4.3) 

4.3.5 Sample Selection 

In our study we match notes with notes as well as bills with notes maturing on the same 

day. Notes with an initial maturity of two and five years are issued monthly and mature 

on the last day of each month. Thus, on any given day, there are six pairs of these notes 

outstanding, maturing exactly on the same day within the next six months. Furthermore, 

notes with initial maturities of three and ten years are issued quarterly and mature on 

the 15th day in February, May, August and November. Therefore, on any given day there 

are two pairs of these notes outstanding. 

15Market participants use a slightly different method of comparing yields between bills and notes, 
namely bond equivalent yield estimation. Therefore, all decisions are taken based on that yield. We use 
another method, since it enables us to (1) calculate difference more precisely, because bond equivalent 
yield uses some simplifying assumptions, (2) compare the results with Amihud and Mendelson (1991), 

who use the same yield estimation method. We are unaware of the yield definition that was used by 

Kamara (1994). All estimations have also been done in bond equivalent yields (not shown here). All 

results (including the quantitative results about the yield difference) are robust to this change. 
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Based upon the width of bid-ask spreads (see the next subsection), we identify five- 

year notes as being less liquid than two-year notes, and ten-year notes as being less liquid 

than three-year notes. For each firm's double-sided less-liquid note quote in our data set 
(where both bid and ask prices are given) we are looking for quotes for a different note 

with the identical maturity. If such quotes are found, the closest one to the time of the 

quote for the less liquid note is chosen. If there are a few identical note quotes within a 

minute, only one is used. 16 All pairs of quotes more than 30 minutes apart are omitted. 

While matching bills and notes, we pair only those maturing on exactly the same 
day. Our data set is large enough to allow us to perform such a procedure. 17 One of 

advantages of our procedure is that it does not assume that any other potential market 

imperfection affects two bills in exactly the same way. This could be essential if, for 

instance, one bill is on special. The discussion below also suggests this is important 

when one bill is on-the-run. At the same time this reduces the number of matched series, 

since bills always mature on Thursdays and notes either on the last or on the 15th day 

of the month. To find a particular pair, we employ the same procedure that was used to 

match notes, where more actively traded notes are replaced by bills. 

Our final sample consists of 33,388 pairs of two- and five-year notes, 11,375 pairs of 

three- and ten-year notes, and 25,858 pairs of bills and notes. 

16This usually happens due to the on-going process of trading, where other parameters, such as depth, 

may have been changed. 
17To match bills and notes, Amihud and Mendelson (1991) straddle two neighboring bills, assuming 

local linear term structure patterns. Thus, they compare a particular note to a portfolio of two bills 

weighted depending on their maturity. The disadvantage of this method is that for very short term 

maturities term structure may behave in a jerky way. 
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Table 4.1: Descriptive Statistics 

Descriptive statistics on the overall market activity for U. S. Treasury securities with less 
than six months to maturity remaining is summarized. The sample period is from 3 January 
1995 to 31 December 1997,750 trading days in total. On-the-run bills are the most recently 
issued three- and six-month T-Bills. Off-the-run bills are all other bills. n-year notes are 
those notes which at issue had maturity of n years. Quotes Total stands for the number of 
firm double sided quotations per trading day. All other variables are per trading day per 
security. Quotes is the number of firm double sided quotations. Trades provide the number 
of trades. % Obs. show the percentage of trades of firm double sided quotations. Volume is 
the trading volume in million dollars. Size is the average size of one transaction in million 
dollars. Maturity is the average maturity in days. The procedure for filtering the data set 
is described in 4.6. 

Quotes Total Quotes Trades % Obs. Volume Size Maturity 

On-the-run bills 941.97 471.62 70.70 14.94 1585.87 22.43 133.73 
Off-the-run bills 1585.49 66.47 7.78 11.69 155.68 19.81 84.21 
Total Bills 2518.23 97.41 12.26 12.94 256.99 20.97 103.26 

2-year notes 341.58 56.89 5.54 9.68 66.96 12.09 96.69 
3-year notes 97.23 48.74 4.59 9.29 48.26 10.53 93.22 
5-year notes 119.62 25.19 2.08 8.39 17.65 8.73 93.49 
7-year notes 52.38 25.79 2.34 8.85 22.81 9.69 90.11 
10-year notes 37.38 22.70 2.28 8.57 23.96 10.25 88.96 
Total Notes 650.13 39.58 3.66 9.26 40.37 11.02 94.59 



4.3.6 Summary Statistics 

We focus on U. S. Treasury securities with less than six months to maturity remaining 

during the period 1995-1997. Table 4.1 provides descriptive statistics of the size and 

depth of several segments of this market. In this maturity range, the market for bills 

seems to be far more active than that for notes. This holds for the number of firm double 

sided quotations per trading day (2500 for bills vs 650 for notes) and the daily trading 

volume ($257 and $40 million, respectively). 18 

Bills themselves are very heterogeneous. Bills that are on-the-run, i. e. the most 

recently issued in maturity type securities, are the most active. On any given day, there 

are exactly two on-the-run bills, with maturity 13 and 26 weeks from the day of issuance 

(three- and six-months respectively). 19 The number of quotes for on-the-run bills is over 

seven times that for off-the-run bills (i. e. all other bills) and the number of trades and 

trading volume is ten times higher. This suggests that market activity declines very 

rapidly with maturity. Further evidence is provided by Figure 1, that plots the number 

of firm double sided quotations for bills against their remaining maturity. The market 

activity is very high for approximately one week after the issuance of six month bills. 

It then declines very rapidly and remains stable until the same bill is reissued at three 

months to maturity, where a similar pattern repeats. The small cyclical fluctuations in 

the number of quotations reflect the fact that bills are always issued every Thursday, 

creating some weekly seasonal patterns. The results for dependence of both number of 

trades and trading volume on maturity are exactly the same. 

Table 4.1 unambiguously ranks notes in the volume of trading activity. In particular, 

18One reason for this difference is the pattern of issuing cycles. There can be up to 26 bills outstanding 

at the same time, while there can be only up to 20 notes outstanding. Also, being short-term instruments, 

bills are issued recently and not yet locked away in investors' portfolios. Notes, being more liquid than 

bills at the time of their issuance, are locked away by the time they have less than six months to go. 
19The current practice for issuing bills is that every six-month bill is reissued (by means of assigning 

the same CUSIP to a newly-issued security) in three months as a three-month bill. Thus, auctions of 

three-month bills could be viewed as an analogue of seasoned equity issues. Six-month bills may be 

both newly-issued instruments and reissued one-year bills (one-years bills are issued monthly). Fleming 

(2001) shows that reissued six-month bills have greater liquidity than those issued for the first time. 
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two-year notes are the most actively traded instrument by all the measures, while five- 

year notes tend to be the least actively traded. 2° Comparing two-year issues with five-year 

issues we see that the former are roughly three times more active. The same comparison 

shows that three-year notes are twice as active as ten-year notes. 

Another important characteristic of the market is the size of transactions. The average 

size in the bill market is generally around $20 million per trade, while it is half that for 

notes. 21 The last column in Table 4.1 shows that the duration (that is equal to the 

remaining maturity for discount instruments) is roughly stable across different notes. 

The bid-ask spread is a well-established measure of liquidity and transparency in 

financial markets. Table 4.2 gathers information on bid-ask spreads for all securities. 

Bid-ask spreads are given in basis points of annualized yield, as defined by formula (4.3). 

For instance, based on all firm double sided quotations, the average bid-ask spread for 

three-year notes with 40 and 80 (actual) days remaining to maturity is 3.905 b. p. or 

approximately 0.65 cents per $100 trade. All means given are statistically significant at 

the 1% level. 

20 Interestingly, five-year notes are the most active while they are on-the-run, compared with all other 

on-the-run securities. 
21The minimum trade size is $5 million for bills and $1 for notes. Another reason may be a different 

clientele base: short maturity (money market) instruments and medium maturity instruments are locked 

in different portfolios. On the whole, the relatively big size of transactions may serve as additional 

evidence about the lack of private information in this market, since if it were the case, dealers would be 

unwilling to reveal it through the large transactions. 
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Table 4.2: Bid-Ask Spreads 

Statistics on the bid-ask spreads for U. S. Treasury bills and notes with less than six months to maturity left is summarized. The sample period is from 3 January 1995 to 31 December 1997,750 trading days in total. Number of observations is given 
per trading day. Bid-ask spread is in basis points annualized yield. Annualized ask or bid yield, ya or Yb, respectively, is 
calculated from the price Po, or Pb of security by the following method: 

100+ 2 Tsi 
yi i=a, b 

Pi I 

where c is a coupon rate (if any), Pi is the invoice price (the sum of clean (flat) price and accrued interest (if any)). Mean 
bid-ask spread is given both for total subsamples of each security and for maturity range subsamples. in is the number of 
days remaining to maturity. Standard deviation of each sample is given in parentheses. Procedure for filtering the data set is 
described in 4.6. 

bills notes 2-year notes 3-year notes 5-year notes 7-year notes 10-year notes 
observations per day 2407 650 344 99 115 53 39 
bid-ask spread 1.448 4.048 3.416 3.924 4.938 5.402 5.477 

(2.939) (6.213) (5.662) (5.862) (6.646) (7.575) (7.398) 
for m< 40 4.173 9.791 8.938 9.214 10.942 12.024 10.867 

(6.203) (11.280) (10.914) (10.614) (11.597) (12.386) (11.949) 
for 40 <m< 80 1.676 4.046 3.313 3.905 5.058 5.303 6.062 

(2.301) (4.689) (3.998) (4.363) (5.240) (5.602) (6.226) 
for 80 <m< 120 0.689 2.728 2.274 2.539 3.466 3.528 3.918 

(1.062) (3.131) (2.762) (2.819) (3.399) (3.751) (4.098) 
for 120 <m< 160 1.470 2.358 1.979 2.461 3.041 2.772 3.116 

(1.613) (2.599) (2.205) (2.440) (3.078) (3.080) (3.388) 
for m> 160 0.713 2.028 1.775 1.976 2.648 2.444 2.348 

(0.908) (2.196) (1.989) (2.130) (2.553) (2.318) (2.535) 



The statistics for the pooled observations on bills and notes are reported in columns 

1 and 2 respectively. The spread is significantly larger for notes than for bills, 4.05 versus 

1.45 b. p. This is robust considering all the different maturity periods. Consider, for 

example, the period 40 to 80 days before maturity. The bid-ask spread is 1.68 b. p. for 

bills (or about 0.28 cents per $100 trade). Recalling the typical trade size from Table 4.1, 

the bid-ask spread is $560 for one typical trade. Looking now at notes, the spread for an 

average trade size is roughly $670. It demonstrates that the difference in prices per trade 

is not so distinct. While the bid-ask spread may be two and a half times larger for notes, 

the substantially large trade size for bills compensate for the bid-ask spread difference. 

Market makers could account for the typical trade size they are facing in this market by 

means of adjusting the bid-ask spread. 

Comparing bid-ask spreads for bills and two-year notes within the maturity segment 

120-160 days, we see that bills have smaller bid-ask spreads. This is surprising since 

looking at Figure 1, it is evident that bills are substantially less actively traded than 

corresponding notes. An institutional structure of the market can account for a seemingly 

substantial increase in notes' spread: they are quoted with a tick of 0.391 cents per 

$100 trade size. This tick accounts for up to 1 basis point for this maturity region. 

Furthermore, this difference increases sharply as maturity approaches. Therefore, the 

difference between bills and notes' bid-ask spreads overstates the actual difference. This 

implies that the bid-ask spread need not be a reliable measure of market activity. Another 

observation that may be made looking at notes is that the bid-ask spread tends to increase 

steadily as the maturity day approaches, and, even more, this relationship is significantly 

convex. One explanation is that realized spreads in price space tend to decrease with 

maturity and the relationship between price and yield is not linear. 22 

The maturity structure of bid-ask spreads for bills provides clear evidence of how 

activity (frequency of quotations, for instance) and trading volume in the market are 

"Another potential reason is that dealers try to get a fixed profit from each transaction, therefore 

increasing spreads substantially as maturity approaches. 
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important in determining the level of spreads. Since on-the-run bills are far more active 

than off-the-run ones, we would expect bid-ask spread to be smaller for them. This is 

indeed the case. The on-the-run three-month bill is placed in the 80 <m< 120 category, 

and its bid-ask spread is 0.69 b. p., compared with 1.47 b. p. for bills with 120 to 160 days 

to maturity. Not reported in the table, the average bid-ask spread for only on-the-run 

three-month bills is 0.62 b. p. A similar picture can be seen with six-month bills. 

Importantly for the rest of the Chapter, the bid-ask spread varies substantially across 
different notes. Looking at overall mean, two-year notes have a lower bid-ask spread than 

all other notes, while three-year notes have a lower bid-ask spread than five-, seven- and 

ten-year notes. This ranking holds for any period and is also robust if we consider other 

measures of liquidity (trading volume and number of quotes). 

4.4 Empirical Results and Discussion 

4.4.1 Matched Notes 

In this subsection we test the illiquidity premium hypothesis by matching notes of dif- 

ferent initial maturity. In particular, we match two- and five-year notes, and three- and 

ten-year notes, maturing on exactly the same day. Table 4.2 shows that the difference in 

bid-ask spread between two- and five-, and between three- and ten-year notes is of the 

positive sign and significant for any time to maturity. 
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Table 4.3: Differences between matched notes 

cri 0 

This table summarizes evidence on the difference in prices between matched U. S. Treasury 
notes with less than six months to maturity. The sample period is from 3 January 1995 to 31 
December 1997,750 trading days in total. For each occurrence of a firm double sided quote 
(i. e., when both bid and ask prices are positive) for a five-year (ten-year) note a two-year 
(three-year) note with the same days to maturity remaining is chosen. If such note exists, 
the quotation on the same day is chosen for this note such that ITZ - T, *l = min[ITi - Tj l], 
where T is the time of a note quotation and i stands for two or three, while j for five 
and ten year notes respectively. All observations are pooled together. Observations is a 
total number of observations for each subsample. Bid-Bid stands for the difference between 
bid yields (prices) of matched securities, Ask-Ask is the same for ask yield (prices). Ask- 
Bid is the difference between the ask yield (price) for a five-year (ten-year) note and bid 
yield (price) for its matched two-year (three-year) note. % positive stands for the share of 
differences with positive value. The first column for each sample is yield difference and the 
second is difference in price space. Yield differentials are reported in basis points, while price 
differentials in cents per $100. Standard deviation of each subsample is given in parentheses. 
Procedure for filtering the data set is described in 4.6. 

five- vs two-year notes ten vs three-year notes 
Observations 33388 11375 
Bid-Bid 0.444 -0.112 1.208 -0.307 

(5.065) (1.298) (5.059) (1.203) 
% positive 0.560 0.637 
Ask-Ask -1.238 0.307 -0.414 0.068 

(5.244) (1.300) (5.791) (1.385) 
% positive 0.380 0.489 
Ask-Bid -4.074 0.996 -4.110 0.939 

(5.827) (1.381) (6.354) (1.452) 
% positive 0.146 0.207 



Table 4.3 provides information about both the yield and price differences in matched 

notes. Overall, there are about 44,700 observations. All notes that matured during 

the period 1995-97 are represented. Consider matches of five and two-year notes. The 

difference between bid yields is positive: the difference between bid yield of five-year notes 

and bid yield of two-year notes ("bid-bid" difference) is 0.444 b. p., while the difference 

between ask yield of five-year notes and ask yield of two-year notes ("ask-ask" difference) 

is -1.238 b. p. This observation is in line with the hypothesis. However, this would amount 

to $110 and $300 respectively for a typical $10 million trade, thus being substantially 

smaller than the typical bid-ask spread on these securities. This suggests the existence 

of some minor discrepancy in pricing. We would expect this from the very fact of the 

difference between bid-ask spreads. Note, however, that only 56% of "bid-bid" difference 

observations are positive and 62% of "ask-ask" differences are negative, indicating that 

many pairs violate the basic implication of the hypothesis. The results are essentially 

the same for the comparison of three- and ten-year notes. Furthermore, the "ask-ask" 

difference, unlike for bills and notes, is negative. Thus, the bid-ask spread of two-year 

(three-year) notes lie in the bid-ask spread of five-year (ten-year) notes. 

The comparison, based solely on the "ask-ask" and "bid-bid" differences may, how- 

ever, be misleading. These differences can be caused both by the difference in true asset 

prices (that would support the hypothesis) and by wider bid-ask spreads for less liquid 

notes without affecting the effective bid-ask spread, measured by the mid point of the 

bid-ask spread (that would not support the hypothesis). In other words, although yield 

differences are found to be positive, the average price realized may be the same for both 

securities, if, for instance, the mid point of two bid-ask spreads coincides and the number 

(volume) of transactions at the bid price is the same as at the ask price. One can model 

this effect in line with Roll (1984). In order to separate these two effects we decompose 

the "bid-bid" difference between less liquid notes (H) and more liquid notes (L) as23 

23 One might also decompose "ask-ask" difference as 

LHl 

ask - Yask _ (2J sk -Y bid) + (Ybid 
- Yask) 4. Y 
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Ybd-Ybd=(Y d Ysk)+('Jsk-Ybd) (4.5) 

The first term is the bid-ask spread for less liquid notes, while the second is the 

difference between quoted ask yield for a less liquid note and quoted bid yield for a more 
liquid note ("ask-bid" difference). We call the second term "an intuitive measure of an 

arbitrage opportunity". The rationale for such terminology is that it would indicate 

an existence of an arbitrage opportunity in a well-functioning market. If two securities 

provide the same cash flows but the intuitive measure of arbitrage is positive, then market 

participants could establish a short position in the more expensive security and purchase 

the cheaper one, thus offsetting their payoffs at maturity date and gaining an immediate 

profit. In other words, if the price difference between two securities is significant enough, 

we expect this difference to be positive. It is only an intuitive and rough measure, since 

it excludes from consideration such realistic features as transaction costs associated with 

trade and different trade sizes. If this measure is substantially negative, on the other 

hand, it would indicate no significant difference in pricing. 

We find that "ask-bid" difference is negative at -4 b. p. (or roughly 1 cent per $100 

trade size) for two types of notes. This is substantially higher than both "bid-bid" and 

"ask-ask" difference and comparable to the notes' bid-ask spread, demonstrating that a 

large part of the difference is due to the wider spreads for less liquid notes and not due 

to the difference in the asset values. 

The analysis in this subsection does not support the illiquidity premium hypothesis. 

We do not find any significant difference between the prices of matched notes. This is a 

surprising result since earlier studies find a substantial "bid-bid" difference between the 

prices of matched bills and notes. Therefore, in the following subsections we reconsider 

this evidence by matching bills and notes. In particular, we are interested in comparing 

not only "bid-bid" difference, but also "ask-bid'' difference for bills and notes. 

to get the same results. 
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We should stress that matching notes has a number of advantages over matching bills 

and notes. First, each note has a counterpart with exactly the same maturity date, 24 

so there is no loss or bias in sampling data. Second, there is no evidence of notes being 

on special in this maturity range. A security is said to be on special if a premium is 

charged for borrowing this security in the repo market over the general collateral rate. 

Third, though difference in coupons may lead to discrepancies in tax treatment of the 

notes, it is on a much smaller scale than for bills and notes, since bills have effectively 

zero coupon. Fourth, notes are more homogeneous since none of them are on-the-run 

during the maturity range we study. Fifth, Fleming (2001) demonstrates that liquidity 

of Treasury securities is a function of other factors, for example, issue size. These factors 

differ substantially for bills and notes. Overall, the procedure of matching notes may allow 

the disentangling of those market imperfections that could spoil the liquidity factors and 

enable concentration on the "pure" liquidity effect. The importance of these features for 

the bill-note comparison is investigated in the following subsections. 

4.4.2 Matched Notes and Bills 

In this section we compare the pricing of bills and notes matched by time to their maturity. 

Table 4.4 provides the general results of this exercise. The average difference between 

ask yield on a bill and ask yield on a note is 10.2 b. p. in annualized yield for the 

total sample. While being significantly smaller than Amihud and Mendelson's (1991) 43 

b. p. and Kamara's (1994) 34 b. p., this difference is both statistically and economically 

significant, with nearly 93% of all differences being positive. This difference is not directly 

comparable with Amihud and Mendelson's result, since we do not use the first 30 days to 

maturity. If we include these observations, the difference between ask yields increases to 

16 b. p. There could be a few reasons why our results are smaller than those of Amihud 

24Seven-year notes are issued quarterly but have a different cycle. The U. S. Treasury used to issue 

five and 22 month notes, so they coincide with three and ten year notes. There are just a couple of such 

notes in our data set, therefore we are not using them. 
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and Mendelson and those of Kamara. 25°26 First, they studied the market in the late 

seventies and eighties. Since our sample is for a period some 10-15 years later, one would 

expect the market to have evolved over that period (e. g. the efficiency of information 

dissemination has unambiguously and substantially improved). Second, bills and notes 

may be subject to differential tax treatment. The Tax Reform Act 1986 effected the 

tax implications for pricing bills and notes, effectively decreasing the potential difference 

between them. Since all notes used in our study were issued after 1985, all of them are 

treated according to the same tax system. 27 Note, that other things being equal, the 

illiquidity premium hypothesis could explain our result if the relative bid-ask spread for 

bills with respect to notes decreased. 

25We are unaware of the exact procedure Kamara used to estimate the difference. However, this should 
not affect the estimation in any significant way. Since Kamara used bills with only 14 weeks to maturity, 

we suggest the overall difference (for all maturities) would be larger for his sample than for Amihud and 
Mendelson's sample. 

26Amihud and Mendelson use daily quotes from one particular primary dealer collected at the end 

of the trading day. The quotation times for matched bills and notes could be substantially different, 

since for not very active instruments, dealers may rarely reconsider quotes, and stale quotes are quite 

possible. We use intraday data, combining quotes of all primary dealers, and restrict the period between 

matched quotes to be within half an hour. We also compare the best quotes across all dealers. While 

this obviously narrows the bid-ask spreads we report, this may result in an increase as well as a decrease 

of yield difference between securities. 
27The tax implications of the pricing of U. S. Treasury securities are quite complicated. For our 

purposes in the Chapter it is important only that bills and notes are taxed differently and bills are 

usually "tax-preferred" securities over notes. For the general impact of the Tax Reform Act 1986 on 
U. S. Treasury Securities' pricing see the excellent analysis in Green and Odegaard (1997). See also 

Derrnody and Rockafellar (1992) and Ronn and Shin (1991) for further analysis. 
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Table 4.4: Difference between matched bills and notes 

This table summarizes evidence on the difference in prices between matched U. S. Treasury notes and bills with less than six 
months to maturity. The sample period is from 3 January 1995 to 31 December 1997,750 trading days in total. For each 
occurrence of a firm double sided quote (i. e., when both bid and ask prices are positive) for a note a bill with the same days to 
maturity remaining is chosen. If such bill exists, the quotation is chosen for this bill such that ITnote - T(ridl j= min[jTnote - Tbiu I ], 
where Tnote is the time of a note quotation and T6ict is a vector of all firm double sided quotations for that bill occurring on 
the same day. All observations are pooled together. Observations is total number of observations for each subsample. Bid-Bid 
stands for the difference between bid yields (prices) of matched securities, Ask-Ask is the same for ask yield (prices). Ask-Bid 
is the difference between the ask yield (price) for a note and bid yield (price) for its matched bill. % positive stands for the 
share of differences with positive value. The first column for each sample is yield difference and the second is difference in price 
space. Yield differentials are reported in basis points, while price differentials in cents per $100. Standard deviation of each 
subsample is given in parentheses. Procedure for filtering the data set is described in 4.6. 

01 
a1 

All Notes 2 3 5 7 10 
Obs. 25858 12263 6056 4416 735 2388 
Bid-Bid 11.466 -2.989 11.419 -3.119 9.718 -2.318 14.026 -3.854 13.415 -2.911 10.804 -2.446 

(9.960) (2.687) (10.037) (2.952) (9.163) (1.969) (10.992) (3.079) (10.805) (1.901) (7.949) (1.441) 
% positive 0.929 0.903 0.959 0.944 0.948 0.950 
Ask-Ask 10.187 -2.692 10.855 -2.989 8.305 -1.990 12.242 -3.414 10.662 -2.378 7.586 -1.703 

(11.081) (2.979) (11.723) (3.378) (8.326) (1.568) (13.050) (3.596) (11.665) (1.992) (8.092) (1.564) 
% positive 0.883 0.870 0.926 0.870 0.864 0.867 
Ask-Bid 7.663 -2.035 8.150 -2.274 6.335 -1.487 9.171 -2.595 8.137 -1.837 5.597 -1.224 

(9.754) (2.708) (10.077) (3.016) (8.759) (1.918) (10.685) (3.091) (10.898) (1.908) (7.238) (1.505) 
% positive 0.816 0.802 0.861 0.809 0.761 0.802 



The "bid-bid" difference is similar at 11.5 b. p. Proceeding as in the previous section 

we decompose "bid-bid" differences between bills and notes as 

note 
_ 

bill 
_ note 

_ 
note note 

_ 
bill Ybid Ybid - 

(Ybid Yask )+ (Yask Ybid 6 ) 

The results reported in the second column of Table 4.4 indicate that the average 
"ask-bid" difference is 7.7 b. p. or 2 cents per $100 trade size, with 81.6% of observations 
being positive. Based on a transaction size of $10 million, this would amount to a 
$2000 difference. The economic significance of such a difference is demonstrated by a 

comparison with bid-ask spread, the main source of making profit for market makers, 
that is around $650 (see section 4.3.6). 

We have shown, therefore, in line with previous studies, that there is a significant 

variation in pricing between bills and notes, bills being far more expensive than notes. 

These results demonstrate a profound difference between matching notes and notes on 

the one hand, and matching bills and notes on the other hand. First, both "bid-bid" and 

"ask-ask" differences are very significant for matched bills and notes, while very small for 

matched notes and notes. Second, an intuitive measure of arbitrage opportunity is more 

than 7 b. p. for bills and notes, being substantially positive, while the same measure is 

substantially negative at -4 b. p. for notes and notes. 

4.4.3 Cross-Sectional Pricing Differences 

We have established above a substantial difference between the results of the two tests 

(matching notes and notes vs matching bills and notes). Moreover, the results of the bill- 

note comparison resemble qualitatively the results of previous studies. In this subsection 

we investigate the bill-note comparison in detail by differentiating between types of notes 

based upon their initial maturity. Recall that notes differ substantially in the quoted bid- 

ask spread (Table 4.2). The illiquidity premium hypothesis implies that (1) for notes with 
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larger bid-ask spread the bill-note pricing difference is larger, and (2) the relationship 
between the bill-note pricing difference and notes' bid-ask spread is concave. 

Table 4.4 reports the results of placing notes in maturity cohorts. To start with, 
observe that the pricing difference between bills and notes is significantly positive for all 
types of notes. Also, an intuitive measure of arbitrage is positive for all subsamples (with 

about 80% positive observations for each group). This substantiates the observations 
made in the previous subsection. More importantly, there is a substantial variation across 
these price differences (as measured by "bid-bid", "ask-ask" and "ask-bid" differences). 

For instance, two-, three- and ten-year notes have a "bid-bid" difference of about 9-11 
b. p., while five- and seven-year notes yield a difference of 13-14 b. p. Also, two- and 
five-year notes' "ask-bid" difference is larger at 8 b. p., while that of three- and ten-year 

notes' is less than 6.4 b. p. The difference between these two pairs is significant at the 

1% confidence level. Patterns of "ask-ask" difference resemble those of "ask-bid". These 

results do not support the illiquidity premium hypothesis, since we showed that two- and 

three-year notes are the most actively traded, while five- and ten-year notes are traded 

significantly less actively. In other words, the ranking of pricing differences between bills 

and notes is substantially different from the ranking implied by notes' liquidity measures. 

We conclude this subsection by noting that this result does not reject the hypothesis; 

it merely shows that there are some other factors affecting the pricing difference between 

bills and notes. While there could be many reasons for this mismatching, this test clearly 

demonstrates that it is imprecise to test the hypothesis by pooling observations of all 

note types. 28 

28One possible explanation may be that bills matching two- and five-year notes are on special, while 
those matching three- and ten-year notes are not. This effect may produce an additional premium of 
roughly 3 b. p. The institutional structure of the market seems to support this claim. Two- and five-year 

notes mature on the last day of each month. Bills' futures contracts also mature on the last day of each 
month four times a year. Since only on-the-run three-month bills can be provided in the settlement 

of these contracts, off-the-run six-month bills that will be on-the-run three-month ones at expiration 

of futures contracts may tend to be on special during the whole of their life. One way of testing this 
hypothesis is to combine secondary market prices' data with repo rates' data (the latter are unavailable 
to us). See Sundaresan (1994) and Duffle (1996) for a description and competing explanations of the 

existence of special repo rates. That some bills seem to be on special may be seen in our data by 
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4.4.4 On-the-run vs Off-the-run Bills 

In this subsection we investigate the difference between the results of the two tests (match- 

ing notes and notes vs matching bills and notes) from a different perspective. W'i'e divide 

all bill-note observations into two groups: in the first group, bills are on-the-run, while 

in the second group they are off-the-run. Recall that on-the-run bills are just issued 

three-month and six-month bills, while off-the-run bills are all others. Figure 4-1 demon- 

strates that bills are very heterogeneous, the main source of liquidity heterogeneity being 

between on-the-run and off-the-run bills. Indeed, liquidity is substantially higher for 

on-the-run bills (recall Table 4.2). The illiquidity premium hypothesis assumes that the 

current bid-ask spread represents the premium demanded by the buyers to account for 

their future transaction costs. Note that the pattern depicted in Figure 1 is very stable 

over time: on-the-run bills are always expected to be very liquid, while off-the-run bills 

are always expected to be illiquid with relatively stable bid-ask spreads. Therefore, by 

distinguishing matches where a bill is on-the-run or off-the-run, we account for expec- 

tations about future bid-ask spreads. In order to control for the time to maturity, we 

consider matches containing three-month (13-week) on-the-run bills and compare them 

with matches where bills are either 12 or 14-week. According to the hypothesis, we 

would expect a between pricing difference for on-the-run bills and off-the-run bills to be 

non-negative. 

Table 4.5 reports the results of this comparison. Contrary to the illiquidity premium 

hypothesis, the difference decreases substantially when we consider the pooled observa- 

tions for all note types. The yield difference between matched bills and notes (measured 

in terms of "ask-bid") is 1.5 b. p. for on-the-run bills and about 5 b. p. for off-the-run 

bills. All results are significant at the 1% level. 29 

comparing the prices of a "suspected" bill with two neighboring bills (one being issued a week later and 

another a week earlier than this bill). In many cases, the price of the "middle" bill is substantially and 

permanently above the prices of the neighboring bills. 

29Table 4.5 also reports the results for the different types of notes. It demonstrates that while for 4 

out of 5 types of matched notes the on-the-run difference is substantially smaller, for seven-year notes it 

differs significantly. There is only one seven-year note that is matched with bills and the period covered 
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Figure 4-1: Number of bill and note quotations 

This Figure shows a number of quotations for bills and notes as a function of maturity. 
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Table 4.5: On-the-run versus off-the-run bills 

This table provides evidence on the difference in pricing between matched 
U. S. Treasury notes and bills for two cohorts of bills: on-the-run and off-the- 
run. On-the-run bills are the most recently issued in three and six months 
maturity classes. Off-the-run bills are bills in neighboring two weeks. The 
sample period is from 3 January 1995 to 31 December 1997,750 trading 
days in total. Ask-Bid spread stands for the difference between the ask 
yield for a note and the bid yield for its matched bill. It is reported in basis 
points in annualized yield. std is a standard deviation of each subsample. 
Behrens-Fisher t-stat is a modified approximation to the test of difference 
between two means when variances are unequal. Procedure for filtering the 
data set is described in 4.6. 

All Notes 2 3 5 7 10 

on-the-run 1833 924 327 332 34 216 
Ask-Bid spread 1.489 2.687 0.716 -0.576 7.683 -0.264 
std 5.789 5.849 4.519 5.833 2.348 5.623 
off-the-run 1897 809 528 271 65 224 
Ask-Bid spread 4.874 6.352 4.211 7.192 3.983 4.487 
std 8.683 9.830 3.841 12.639 4.362 4.556 
Behrens-Fisher t-stat 14.049 9.258 11.611 9.322 -5.430 9.695 

4.5 Concluding remarks 

The findings in the previous section suggest that matching bills and notes does not provide 

a coherent testing of the hypothesis. Overall, our results imply that matching notes with 

notes provides a cleaner test of the illiquidity premium hypothesis than matching bills 

with notes. To summarize, there are a few reasons for this. First, the market for bills is 

very heterogeneous, with some bills differing substantially in their liquidity characteristics 

from other bills. This spoils the test. Second, as was mentioned, there are still some 

differences in the tax treatment of bills and notes even after the Tax Reform Act 1986; 

though presumably small, these differences may be an important factor driving pricing 

for short-term instruments. Third, bills and notes are quoted using different tick sizes; 

this may have a substantial effect on fixed income securities with short maturity and 

in the table for that note is October 1997. Thus, it appears that current liquidity factors may affect the 

asset pricing in the case of extreme events. 
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make the bid-ask spread observations noisier and more unreliable. Moreover, it may also 
impact the maturity analysis of the pricing difference and bid-ask spread. Fourth, the 

trade size of an average transaction seems to be twice as large for bills than notes; this 

may contribute to the difference in bid-ask spread, if, for instance, dealers aim to recover 

a constant profit from a trade. The presence of these and other factors will also bias 

the result if one matches a note with a portfolio of bills maturing in approximately the 

same period, since market imperfections may affect two bills constituting a portfolio in 

different ways(if, say, one bill is on special). 

Matching notes and notes is free of the shortcomings established above. 30 In a nut- 
shell, the procedure for matching notes may allow the separation of a few market imper- 

fections and concentration on the "pure" (or "direct") liquidity effect. By establishing 

that there is no significant pricing difference between matched notes we have obtained 

two results. First, we reject in our sample the illiquidity premium hypothesis. Second, it 

implies that other market imperfections (that may include taxes, short-selling constraints 

and specialness, among others) may underlie the difference between bills and notes. 

The data set we employ does not allow us to investigate in greater detail the reasons 

underlying the bill-note difference. The following explanation, based on the differences 

in tax treatment, may be put forward for future tests. Since for tax-paying investors, 

bills and notes may attract different tax treatment, this may lead to different pools 

of investors marginally preferring one instrument over another according to their tax 

brackets (Schaefer (1982)). This will lead to discrepancy in pricing. If short sales are 

allowed for a security with relatively better tax treatment it could create the possibility 

for tax arbitrage and thus the difference in pricing may disappear or (accounting for 

transaction costs) at least diminish. The over-the-counter repo market is the most active 

for U. S. Treasury on-the-run securities. Therefore, tax arbitrage induces convergence in 

pricing. At the same time, it may be prohibitively expensive to short off-the-run bills 

as well as all notes in the studied maturity period, and thus the note-bill difference is 

30There could still be a small difference in tax treatment for notes due to different coupon rates. 
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larger for off-the-run bills. This hypothesis also explains why there may only be a small 

discrepancy in pricing between notes. First, it is nearly impossible to go short with these 

notes. Second, since they pay slightly different coupons, their tax treatment may be 

marginally different. The short-selling tax-arbitrage hypothesis suggests that another 

type of liquidity factor could reverse the relationship between securities. If correct, this 

also explains why the overall yield difference is smaller for our sample. Amihud and 

Mendelson (1991) consider data for 1987. Although this is after the Tax Reform Act 

1986, all securities issued before 1984 continued to be treated according to the old rules. 

While different markets differ quite substantially in their organization, we may expect 

the identification of factors causing deviations in pricing in one market to provide help 

in explaining potential anomalies in other markets. The results in this Chapter suggest 

that in considering the role of liquidity factors in asset pricing special care should be 

taken in disentangling liquidity-based and other market imperfections. 
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4.6 Appendix A: GovPX Data Set 

The data set comes from GovPX (website www. govpx. com) and covers the interdealer 

broker market for U. S. Treasury securities from 3 January 1995 to 31 December 1997. 

The data come in files, where each file contains observations for one trading day. Each 

observation stands for a firm or indicative quotation and consists of up to 29 variables. 
Table 4.6 lists inputs that have been used in this study. 

The following two-stage filtering procedure was employed to obtain the final data 

set. At the first stage, data for securities with less than six months to maturity were 

chosen, conditional on certain characteristics. The second stage consisted of searching 
for outliers. 

At the first stage the following was done: 

" All observations for securities with less than 185 (actual) days to maturity were 

chosen. Actual days to maturity is the difference between the security's maturity 

date and a trading day. 

" Among these, only observations with firm bid and firm ask quotations were used. 

In other words, only those observations were chosen for which firm bid price and 

firm ask price were both positive (zero in bid (ask) price means that there is an 

indicative bid (ask) price that is given by another variable). Variables bidprice and 

askprice were used. 

" Since notes pay semi-annual coupons, all those observations containing notes with 

not yet paid coupons were eliminated (these observations may not have been elim- 

inated at the previous steps since coupons are paid on calendar days and actual 

difference may be a bit smaller because of, for instance, the February effect). Thus, 

only zero-coupon securities remained. 

" All when-issued observations for three- and six-month bills were been deleted. The 

variable type was used for this purpose. Since cases were found with incorrect input 
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for this variable, for bills with corresponding maturities it was checked manually. 

Only on-the-run and off-the-run bills remain. 

" All observations for securities with initial maturity of more than ten years (mainly 

thirty year bonds) were excluded. 

All prices from remaining observations were calculated according to section 4.3.4. At 

the second stage, the following outliers were checked for and eliminated: 

" Obtained yields for securities should be in the range between 350 b. p. and 1500 

b. p. These values were chosen by looking at term structure movements of the short 

end of the curve. This eliminated about 0.01% of observations. 

" There were some occurrences of the negative bid-ask spread. It is possible that a 

stale quote was not cleared by a contributing broker or that there was a mistake 

in the data, but within the filter range, applied by the GovPX system, they may 

have been given to the system by a broker. This appears to be more relevant for 

very illiquid securities. All such observations (accounting for 1.6% of the sample) 

were deleted. Observations with zero bid-ask spread may occur since only one side 

of the transaction pays the transaction fee. 

" Unreasonably high bid-ask spreads (exceeding 50 basis points) were been deleted. 

This accounted for to 0.1% of the data. 

Finally, in the process of matching securities, observations with less than 30 days to 

maturity were discarded since interest rates behave quite jerkily in this range. 

As there is inevitably some subjectivity in choosing the boundaries for outlier exclu- 

sion, the robustness checks were run for different boundary values (yield low range: 200, 

400 basis points; yield high range: 1000,1200 basis points; high bid-ask spread range: 

30,70 and 100 basis points). No results were affected in any serious way. 
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Table 4.6: Description of GovPX variables 

This table list inputs that have been used in the empirical analysis in Chapter 4. 
Names of inputs are taken from GovPX. 

Name of input Description 
CUSIP Identification number of each security (CUSIP is an abbre- 

viation for Committee for the Uniform Securities Identifica- 
tion Practices). 

TYPE The period of maturity cycle. Could take three values: 
0 (on-the-run), 1 (off-the-run), and 2 (when-issued) 

INITMAT Maturity of security at issuance. 
MATURITY Maturity day of security. 
COUPON Annual coupon rate (takes value 0 for discount securities). 
TIME Time of the day (EST) when observation was registered. 

Precision is to one second. 
BIDPRICE Quoted firm bid price. Discount and when-issued securities 

are quoted in yields. Bonds and notes are in prices per $100 

par value. 
BIDSIZE Quoted depth of the bid price. In million dollars. 
ASKPRICE Quoted firm ask price. Discount and when-issued securities 

are quoted in yields. Bonds and notes are in prices per $100 

par value. 
ASKSIZE Quoted depth of the ask price. In million dollars. 
LASTTRADEPRICE The price of the last registered transaction for that security. 
AGGVOLUME Aggregate trading volume for that security from the start 

of the trading day and up to the time of this record. 
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Chapter 5 

Conclusions and Further Research 

The objective of this Thesis is to study the impact of imperfections on corporate policy 

and functioning of financial markets. 
Central to our approach is the recognition that while frictions (for example, transac- 

tion costs) necessarily affect equilibrium in financial markets, this effect may be of first- or 

second-order importance. This Thesis investigates this important issue in several related 

subfields of financial economics. 

In particular, Chapter 2 investigates whether imperfections leading to infrequent ad- 

justment of leverage on the part of individual firms have a significant impact on the 

cross-sectional properties of data on leverage ratios in the economy. For this purpose, 

we develop a model of dynamic optimal capital structure for an individual firm where 

capital structure decisions are driven by the trade-off between tax benefits to debt and 

various distress and bankruptcy costs. In this framework, first developed by Fischer, 

Heinkel and Zechner (1989a), firms prefer to refinance infrequently in order to econo- 

mize on the costs of issuing debt: these costs are the main imperfection in the modelled 

economy. Building on the existing framework, the model developed in this Chapter also 

investigates the impact on capital structure and securities pricing of the consequences of 

financial distress where firms are forced to sell assets at fire sale prices. 

Using the model, Chapter 2 proceeds by calibrating the parameters to be consistent, 
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along a number of important dimensions, with empirically used data sets. Then, data that 

structurally resembles those used in empirical studies is generated. Since the presence of 

systematic shocks results in co-movement of firm values in the economy, cross-sectional 

relationships depend on a particular realization of systematic shock. Therefore, a large 

number of simulated economies is generated in order to assess the inference on various 

hypotheses under the distribution of systematic shocks. 

In this way, the method allows us to compare the predictions of a capital structure 

model in "true dynamics" both to the findings of the empirical literature and to the 

comparative statics predictions of the same model. In particular, it enables us to provide 

greater insight into qualitative aspects of the cross-sectional properties of leverage. The 

main findings of Chapter 2 are as follows: (i) the properties of leverage in the cross-section 

in "true dynamics" and in comparative statics at refinancing points differ dramatically; 

an example of the application of these results is the so-called low-leverage puzzle. We 

show that it is not sufficient to consider dynamic capital structure as the only explanation 

of this puzzle since, in dynamics, average leverage is likely to be substantially higher; and 

(ii) the model gives rise to data that are consistent with a number of empirical results and 

which, using methodologies commonly employed in the literature, may lead to rejection 

of the model. An example is the profitability-leverage relationship that has been shown 

in this Chapter to be negative for the trade-off model. Empirical tests usually dismiss 

the trade-off model precisely on the basis of the observed relationship. 

To summarize, Chapter 2 shows that imperfections may affect the interpretation 

of cross-sectional results dramatically. It would be worthwhile to extend the analysis 

presented in Chapter 2 in a number of directions: 

(i) Why are some firms low-leveraged while others near or in distress? Firms can have 

low leverage for two reasons. First, some firms are optimally conservative in their debt 

usage. Such firms can be characterized as high risk (large volatility of cash flows); on 

average they face large ex ante distress and bankruptcy costs, have illiquid assets (i. e., 

with higher asset liquidation costs) and expect to be less profitable. Comparative statics 
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results in Table 2.1 and regression analysis in Table 2.6 support this conjecture. Second, 

firms may also have low leverage if they have been successful for considerable time in the 

past but have nonetheless refrained from restructuring. Thus, firms that are profitable 

and successful may also use debt conservatively. These firms can probably be thought as 

equivalent to those that Graham (2000, p. 1902) describes as "large, profitable, liquid, in 

stable industries, and face low ex ante costs of distress". ' Stable firms (those with lower 

business risk) are more prone to a decrease in leverage since they are more sensitive 
to changes in the value of assets. It also takes longer for them to reach refinancing 

points. Also, some firms of the first type are likely to have higher leverage since they 

have experienced a stream of low earnings. Conversely, the lower value of second-type 
firms' restructuring boundaries results in a decrease of their influence in the cross-section 

since these firms experience smaller deviations from the "comparative statics" leverage 

ratio. 

(ii) What happens if the interests of managers and equityholders are not perfectly 

aligned, as the empirical results of Chapter 3 suggest? Managers may choose the firm's 

capital structure to maximize their private utility rather than wealth of equityholders. 

Analysis presented in Chapter 2 may be easily extended to this case. Ju, Parrino, Potesh- 

man and Weisbach (2003) have already considered this issue in their model of dynamic 

capital structure (see Chapter 2 for the discussion of their model). Their main finding is 

that managers concerned with maximizing their own wealth tend to choose lower leverage 

but it is unclear to what extent this is important for cross-sectional relationships. 

(iii) To what extent is the framework able to accommodate regime changes such as 

changes in tax rates? Miller (1977) noted that economy-wide leverage does not seem to 

have responded strongly to the increase in taxes that has occurred since 1920s. Is this 

because the economy takes a long time to adapt (both because firms adapt slowly and 

because the cross-sectional interactions decrease the speed of the adjustment) or because 

'Graham (2000) introduces a concept of a "kink", the point where marginal tax benefit curve becomes 

downward sloping. As the model does not have any explicit carry-forward, carry-back provisions, and 

non-debt tax shields, kink here is simply 8t. 

168 



taxes are unimportant? Several interesting recent studies investigate the response of 

firms to the 1986 Tax Reform Act. The economy presented in Chapter 2 can be used to 

investigate these questions (as long as these changes are unpredictable). An interesting 

question to pose is what happens, for example, in the economy and in cross-sectional 

relationships, if taxes suddenly change and if the economy is already in the dynamic 

steady-state? Another related question is what happens when a large unexpected market- 

wide shock occurs? 
Chapter 3 extends the investigation of the relevance of imperfections to financial mar- 

kets by studying whether strategic behavior arising from costs of liquidation is reflected 

in ex-ante prices of debt. Recent contingent claims models of risky debt with strategic 

debt service argue that strategic considerations may be an important determinant of 

corporate debt spreads. A large body of theoretical corporate finance research explicitly 

or implicitly relates the valuation of corporate debt to renegotiation and bargaining in 

restructuring. Available empirical evidence, however, has been limited to studies of the 

implications of ex-post bargaining for recovery rates in default. This Chapter for the first 

time empirically documents the influence that strategic behavior of the borrowers has on 

ex-ante corporate debt prices. 

We conduct an empirical study of the determinants of corporate spreads using a large 

sample of transaction prices. We use capital and debt structure complexity as well as 

equity ownership variables and measures of asset tangibility to proxy for renegotiation 

frictions, bargaining power, and liquidation costs. Our main finding is that corporate 

bond prices do appear to be affected by the possibility of ex-post debt restructuring, 

especially when the costs of liquidation and equityholders' bargaining power are likely to 

be high, capital structure does not make renegotiation difficult, and the credit quality of 

the issuer is relatively low. 

The results of Chapter 3 suggest that, unless the firms' debt structure is already 

optimally chosen taking into account all relevant trade-offs, companies for which the 

adverse effect of strategic debt service on spreads is substantial may be able to reduce 
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their cost of borrowing if they commit not to default strategically. This can be achieved 

by increasing the complexity of public debt and the proportion of short-term and public 

debt in the capital structure. In reality, changes in capital structure involve paying 

transaction costs, as discussed in detail in Chapter 2, and these need to be weighed 

against the benefits in terms of the cost of capital. Whether such a commitment is likely 

to create value is an open question and awaits further research. 

Chapter 4 addresses the related question of whether a particular kind of imperfection 

that creates difficulties for trading, a positive bid-ask spread, is reflected in prices. To 

answer this question, we match various U. S. Treasury securities that have identical cash 

flows but differ in liquidity. Overall, the results of Chapter 4 imply that this particu- 

lar mechanism is likely to be of second-order importance. In particular, we find that 

matching notes with notes does not produce the pricing difference that we would expect. 

Matching notes with notes also provides a cleaner test of the illiquidity premium hy- 

pothesis than matching bills with notes. There are a number of possible reasons for this. 

First, the market for bills is very heterogeneous, with some bills differing substantially iii 

their liquidity characteristics from others. This undermines the test. Second, as already 

discussed, even after the Tax Reform Act of 1986 there are still some differences in the 

tax treatment of bills and notes. Though small, these differences may nonetheless be 

an important factor driving pricing for short-term instruments. Third, bills and notes 

are quoted using different tick sizes; this may have a substantial effect on fixed income 

securities with short maturity and make observations of the bid-ask spread noisier and 

less reliable. Moreover, it may also have an impact on the maturity analysis of the pricing 

difference and bid-ask spread. Fourth, the trade size of an average transaction seems to 

be twice as large for bills than notes; this may contribute to the difference in bid-ask 

spread, if, for instance, dealers aim to recover a constant profit from a trade (as some 

anecdotal evidence tends to suggest). The presence of these and other factors will also 

bias the result if one matches a note with a portfolio of bills maturing in approximately 

the same period, since market imperfections may affect two bills constituting a portfolio 
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in different ways(if, say, one bill is on special). 

Matching notes with notes is free of the shortcomings described above. ' In a nutshell, 

the procedure for matching notes may abstract from a number of other market imperfec- 

tions and allow analysis of the "pure" (or "direct") liquidity effect. By establishing that 

there is no significant pricing difference between matched notes we have obtained two 

results. First, for our sample we reject the illiquidity premium hypothesis. Second, other 

market imperfections (these may include taxes, short-selling constraints and specialness, 

among others) may underlie the difference in pricing between bills and notes. 

Chapter 4 can be extended in a number of dimensions. Most importantly, there are 

other factors, beyond liquidity, that affect prices and these include the discussed above. 

One important example is the adverse affect of a trade: if a dealer wishes to sell non- 

trivial amount of security urgently, markets will move against this trade. This is a well 

known example of a fire sale of the type discussed in detail in Chapter 2. Whether it 

has an important consequences in markets for financial securities such as Treasury bills 

is still to be investigated. 

2There could still be a small difference in tax treatment for notes due to different coupon rates. 
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