The Spurious Ratio Problem, Determinants and

Impact of Long-term Debt Issuances!

Yushu Zhu

THE AUSTRALIAN NATIONAL UNIVERSITY

3 WWE&ZO{O

1Submitted to the school of Finance and Applied Statistics, College of Business and Eco-
nomics in partial fulfilment of the requirements for the degree of Doctor of Philosophy (Fi-
nance) at The Australian National University.



Declaration

I hereby certify that this thesis is entirely the work of the author and has not been
submitted to any other institution. All sources used in the preparation of this thesis

have been acknowledged in the usual manner.

Y. Q.

Yushu Zhu

_Oetober-22-2609-
2 A'v\ﬂ)vva\—.lo( o

"Cie
2l



Abstract

This thesis investigates the spurious ratio problem in capital structure studies, the

determinants of capital structure, and price impacts of long-term debt issuances.

Essay 1 compares three models commonly adopted in the capital structure literature;
a pooled time series cross-sectional regression model, a first differencing fixed effects
regression model, and a dynamic system GMM panel model. We use the Monte-Carlo
simulation method, as developed by Barraclough (2007), to give statistical inference for
the above models._ The simulation results suggest multiple regression models sharing
common divisors suffer from a latent spurious ratio problem and the two panel models
are more appropriate to test capital structure theories with variables in levéls adopted
instead of ratios. We observe that past realization of debt (one-year lag) explains most
of the current debt level after controlling for endogeneity. Last, we find no significant

associations between debt level and firm specific characteristics.

Essay 2 shows the probit model is free from the spurious ratio problem even when
ratios are adopted in testing capital structure theories. Results indicate, contrary to
stylized facts, that leverage increasing firms tend to be more profitable and firms with

high R&D tend not to use debt as a means of financing.

Essay 3 investigates the price impact of long-term debt issuances using Heckman’s
(1979) two-step selection model. For Heckman’s specification step, the matching firm
approach of Barber and Lyon (1996) is implemented at size and industry dimensions.

Although a significant negative cumulative abnormal return (CAR) is found, this price



impact is no longer significant once the self-selecction factor is included. The insignifi-
cant price impact is robust to a range of different specifications including a number of

different benchmarks used in calculating CAR.

- Key words: Debt; Capital structure; Spurious ratio problem; Price impact; Endo-
geneity

JEL classification: G32; H20
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Chapter 1

Introduction

This thesis investigates the spurious ratio problem in capital structure studies, deter-
minants of capital structure, and price impacts of long-term debt issuances. Wé show
sharing common divisors in multiple regression models plagues previous studies, and
address the problem using a variety of alternative models including first-differencing
fixed effects panel models, system GMM models, and probit models. We also inv.esti-

gate the price impact of long-term debt issuances.

Essay 1 reinvestigates the relationship between financial leverage and firm charac-
teristics by considering a spurious ratio issue that exists in previous studiés of capital
structure decisions. First, we show that ratio variables used in multiple regression aﬁal-
ysis can lead to spurious inferénces and this may accoﬁnt for some of the conflicting
results observed in the literature. With a sample of US long-term debt issuances, we
investigate the determinants of debt leverage by building a multiple regression model

with proxies for asset structure, size, uniqueness, profitability and growth. These vari-
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ables are commonly adopted in the literature and most of them are scaled by total
asset value as a size adjustment. We argue that the scaling plagues traditional capital
structure tests and induces the spurious ratio problem. Second, to avoid the spurious
ratio problem and better capture the persistence feature and endogeneity issues of cap-
ital structure, we introduce a first differencing fixed effects panel model and a dynamic
system GMM model, both using variables in levels instead of ratios. Our dynamic
system GMM panel model results suggest that past realization of debt explains most
of the current debt level after controlling for endogeneity; in addition, no association is
found between debt level and firm specific characteristics after considering fixed effects

and endogeneity.

Essay 2 addresses the estimation in a way that is free from the spurious ratio proBlem
using a probit model. With modifications to the simulation technique developed by
Barraclough (2007), the cut-off values are obtained. We observe no difference between
these critical values and those of conventional levels. This observation suggests no
spurious ratio problem is evident in our probit model, even though ratios are adopted.
In addition, the probit model has fewer assumptions and is free from the concern of
the spurious ratio problem. This model is more appropriate when investigating capital
structure issues. Results indicate that leverage increasing firms tend to be larger and
more profitable, and firms with high research and development expenditures (r&d)

tend not to use debt as a means of financing.

Extending the work of Essay 1 and 2, Essay 3 aims to determine whether the long-

term debt issue announcement affects a firm’s ex post stock price by considering the
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self-selection issue. We investigate the price impact of long-term debt issuances us-
ing Heckman’s (1979) two-step selection model. For Heckman’s specification step, the
matching firm approach of Barber and Lyon (1996) is implemented at size and indus-
try dimensions. Although a significant negative cumulative abnormal return (CAR)
is found, this price impact is no longer significant once the self-selecction factor is in-
cluded. The insignificant price impact is robust to a range of different specifications
including a number of different benchmarks used in calculating CAR. The zero price

impact finding is consistent with Modigliani and Miller’s (1958) irrelevance theory.



Chapter 2

The Spurious Ratio Problem and

its Corrections

— Empirical Tests of Capital Structure
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2.1 Introduction

Does the debt-equity choice which changes a firm’s capital structure also affect a firm’s
performance? This question has been debated since the publication of Modigliani and
Miller’s (1958) irrelevance theory under the assumption of a frictionless world. In the
real world however; the existence of frictions such as taxation and agency problems,
etc., cast doubt on whether this theory holds. To date, there is no uniform answer as
the empirical findings are mixed and conflicting. A cross-sectional multiple regression
model is one commonly used approach to examine if ex ante firm characteristics affect
financial leverage. However, even when this same approach accompanied with com-
monalities in the variables are used, the results of different studies are contradictory.
For example, some researchers find a positive relationship between debt and profitabil-
ity (such as MacKay and Phillips (2001), Frank and Goyal (2008)); while others find a
negative relationship (Titman and Wessels (1988), Rajan and Zingales (1995), Baker

and Wurgler (2002), Fama and French (2002), Faulkender and Petersen (2005)).

This chapter reinvestigates the relationship between financial leverage and firm char-
acteristics by considering a spurious ratio issue that exists in previous studies of capital
structure decisions. First, we show that ratio variables used in multiple regression anal-
ysis can lead to spurious inferences and this may account for some of the conflicting
results observed in the literature. With a sample of US long-term debt issuances, we
investigate the determinants of debt leverage by building a multiple regression model
with proxies for asset structure, size, uniqueness, profitability and growth. These vari-

ables are commonly adopted in the literature and most of them are scaled by total
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asset value as a size adjustment. We argue that the scaling plagues traditional capital

structure tests and induces a spurious ratio problem.

Second, to avoid the spurious ratio problem and better capture the persistence
feature and endogeneity issues of capital structure, we introduce a first differencing
fixed effects panel model and a dynamic system GMM model respectively, both using
variables in levels instead of ratios. Our dynamic system GMM panel model results
suggest that past realization of debt explains most of the current debt level after
controlling for endogeneity; in addition, no association is found between debt level and

firm specific characteristics after considering fixed effects and endogeneity in this study.

The spurious ratio problem associated with multiple regression analysis was first
noted by Pearson (1897); Pearson showed that in the case where three uncorrelated
identically distributed random variables X, Y, Z have the same coefficient of variation
(standard deviation divided by expected value), the expected correlation coefficient
estimator between Y/Z and X/Z! is 0.5 when in fact, the correlation between Y and X
is 0. The contradictory results indicate that the coefficient estimators are biased in the
model using ratios and hence, misleading inferences may be drawn. Kronmal (1993)
further examines the spurious ratio problem and shows that the coefficient estimators

are biased when ratios are used in dependent and independent variables.

In contrast to Pearson and Kronmal who focus on bias corrections in estimators,

1 Assuming the values of X, Y are two independent normally distributed random variables with
expected value of 0 and variance of 1, then the ratio Y/X has a standard Cauchy distribution. The
t-statistics are invalid when applying the Cauchy distribution. For example, the standard Cauchy
distribution conincides with the Student’s t-distribution with one degree of freedom. The t-value for
one degree of freedom is 12.71 at the 5% confidence level, whilst 1.96 used in conventional statisitical
inference assuming infinity degrees of freedom.



CHAPTER 2. THE SPURIOUS RATIO PROBLEM AND ITS CORRECTIONS 15

Barraclough (2007) introduces an alternative solution to this problem to improve sta-
tistical inference procedures. She uses a Monte-Carlo simulation technique to generate
critical values for the coeflicient slopes, the t-values and the adjusted R-squared es-
timates. The simulation based confidence intervals for t-values are then compared to
conventional levels. The simulation results of Barraclough (2007) show the critical
values are higher than conventional levels for all the scenarios allowing for different
levels of correlation between the set of X variables, the set of Z variables and cross-
correlation between the X and Z variables®. Therefore, significant associations may
be concluded according to standard statistical inference whilst in fact, the correlations
are spurious. In this study, we consider the spurious ratio problems and modify Barra-
clough’s simulation techique for testing different models. Consistent with Barraclough
(2007), we find the simulated confidence intervals for estimates have much wider ranges
than those under conventional levels in the multiple regression models using ratios. In
contrast, our results suggest no spurious ratio problem in the two panel models when
using variables in levels instead of ratios; as the simulation based statistical inference

is similar to conventional levels.

2In parallel with the above, we treat X, Y, Z as the independent variable vector, dependent variable
and the common divisor vector.
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2.2 Literature Review

2.2.1 Ratio regression models in capital structure studies

Capital structure theories attempt to explain whether firm value, in practice, can
be optimized by managers’ financial choices between debt and equity. Some studies
suggest that the decision of debt issuance which leads to a higher leverage ratios, breaks
the equilibrium of taxation benefit, bankruptcy cost, agency cost, and managerial
entrenchment, etc. Consequently, the debt issuance decision may affect firm value.
The earliest framework in this field is the irrelevance theory developed by Modigliani
and Miller (1958). They show that in a world with no tax, the value of a firm and the
average cost of funds from all sources are independent of leverage. Since then, numerous
empirical studies have attempted to test if the conclusion still holds in a world with
taxes and other frictions. There are three dominant theoretical explanations: trade-off
(Kraus and Litzenberger, 1973), pecking-order (Myers and Majluf, 1984) and market
timing theory (Baker and Wurgler, 2002). Empirically, the most common methodology
used is performing a regression between the leverage ratio (book, market leverage
or leverage differences) and firm characteristics such as assets tangibility, firm size,
profitability, uniqueness, and growth to assess how these characteristics affect a firm’s
financial leverage. In practice, these proxies along with debt are adjusted for size by
scaling by the book value of total assets (or sales, the market value of total assets).
However, we argue that this adjustment for firm size causes a spurious ratio problem as

first documented more than a hundred years ago by Pearson (1897). Capital structure
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has continued to puzzle researchers and there is yet no consensus regarding how a firm’s
characteristics affect debt leverage®. In this chapter, we select five (three of them are
ratios) out of the 39 factors examined by Frank and Goyal (2003); which they classify

as Tier 1 and Tier 2 robust factors:

a. Asset structure The conventional prediction on a positive sign of tangi-
bility that more tangible assets are associated with more collateral and thus higher
leverage (Rajan and Zingales (1995), Baker and Wurgler (2002), Faulkender and Pe-
tersen (2005)). HoWever, Harris and Raviv (1991) report a negative sign for tangibility
and argue that firms with few tangible assets may bear more asymmetric information
costs and thus tend to g,ccumulate more debt and hence .higher leverage over time.
Leary and Robert (2005) examine debt issuances and also find a negative influence of
tangibility. In contrast, Titman and Wessels (1988) find the asset tangibility factor is

insignificant.

b. Size Larger firms are generally more diversified, having relatively easier access
to debt markets and lower financial distress cost, thus tends to be higher leveraged.
In general, a positive relationship is expected between leverage and firm size (Titman

and Wessels (1988), Frank and Goyal (2003) and Faulkender and Petersen (2005)).

c. Profitability The trade-off theory predicts that profitable firms will issue
more debts to maximize tax benefits (e.g. MacKay and Phillips (2001), Frank and

Goyal (2008)). On the other hand, Ross (1977) develops an asymmetric information

3Note, most of the studies apply the multiple regression method.
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model and states that more profitable firms may face lower asymmetry costs when
borrowing, thus they are able to borrow more. As a comparison, however, the majority
of findings detect a negative relation between profitability and debt leverage (Titman
and Wessels (1988), Rajan and Zingales (1995), Baker and Wurgler (2002), Fama and
French (2002)). In line with the pecking-order theory, a recent paper by Faulkender
and Petersen (2005) use sales instead of total assets as the divisor of the ratio variables
and conjecture that profitable firms are reluctant to use debt unless their internal funds

are exhausted due to asymmetric information costs, thus lower leverage is expected.

d. Uniqueness Titman, et al. (1988) and Faulkender, et al. (2005) find a signif-
icant negative relation between leverage and Research and development expenditure
(thereafter, r&d) scaled by sales (uniqueness factor). They interpret the inverse rela-
~ tionship as: firms with more r&d suffer from higher financial distress and thus, will
use less debt. This interpretation is in line with the trade-off theory. However, Shyam-
Sunder and Myers (1999) use variables in levels instead of ratios in a regression model,
and find r&d is positively related to leverage. They conclude that increasing r&d will
enlarge a firm’s financing deficit, and hence, financial deficit is positively correlated

with leverage according to pecking order theory.

e. Growth The empirical literature shows a mixed pattern of the market-to-book
ratio (growth factor), with most studies finding the market-to-book ratio negatively
relates to leverage (Rajan and Zingales (1995), Baker and Wurgler (2002), Goyal, et

al. (2003), Faulkender and Petersen (2005)). Myers (1977) suggests a high market-
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to-book ratio is associated with more future growth opportunities. Based on pecking
order theory, equity funding is more costly than debt due to information asymmetry.
Therefore, high growth firms may be reluctant to issue equity even when they have to

pass up optimal investment opportunities, and thus, high leverages are expected.

The above gives a summary of contradictory conclusions on the relationship between
financial leverage and firm characteristics; these contradictions occur even when there
are commonalities in the variables and research method. We argue the spurious ratio
problem documented by Barraclough (2007) helps to explain why conflicting results

have previously been observed.

2.2.2 Panel data models in capital structure studies

A number of studies suggest that even if a firm has a target capital structure, the target
may not be static, but evolves with the firm’s history (e.g. Fischer, et al. (1989), Harris
and Raviv (1991), Shyam-Sunder and Myers (1999), Goldstein and Leland (2001),
Kayhan and Titman (2007), etc.). Panel data models can improve the efficiency of
econometric estimates as they integrate the ‘u:ime-varying features, in sense of a firm’s

history, whilst cross-sectional models fail on this point.

Previous studies find a firm tends to keep stable capital structure despite the evi-
dence of moving toward more moderate levels of debt leverage. Lemmon, et al. (2008)
find that firms tend to maintain their financial leverage levels of over 20 years. In addi-

tion, they report a R-squared of 60% using a fixed effects panel regression model. The
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R-squared value suggests unobservable fixed effects are able to explain more than half
of a firm’s debt leverage. We consider the fixed effects with using a first differencing

approach.

In addition to fixed effects, Ozkan (2001) suggests the shocks affecting a firm’s
capital structure decision are also influencing its firm characteritics. To address the
simultaneity problem which as one form of endogeneity, Ozkan uses a first-differenced
GMM (Generalized Method of Moments) method developed by Arellano and Bond
(1991), with an unbalanced panel sample of UK firms. However, Ozkan’s model suffers
from the latent spurious ratio problem due to using ratios. We show that a dynamic
system GMM model acts as a better tool than a first-differenced GMM model to address

endogeneity issues; whilst overcoming the weak instruments problem and the problem

of too many instruments.

2.3 Data

Some studies include both public straight and convertible long-term debt resulting in
larger sample sizes than the sample of public straight debt issﬁances only. However,
earlier survey studies suggest that issuers generally regard convertible debt as a de-
layed equity offering (e.g. Pilcher (1955), Brigham (1966), and Hoffmeister (1977)).
Therefore, it is inappropriate to include convertible debt in the sample. In addition,
several studies include both public and private' long-term debt, however, the offering
dates are not publicly ascertained for private debts which weakens data reliability. Fur-

ther, a number of studies focus on debt maturity by considering short and long-term
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debt as substitutes, contrary to previous studies which examine the substitution effects

between equity and debt.

This study focuses on leverage increases that are caused by public straight long-term
debt issuances. In doing this, our research purpose is better defined, even though the
sample size is smaller. The sample inclusion is in line with our initiative to compare
our results to those of equity-debt substitues studies, while at the same time problems

in sample selection can be avoided.

A number of data selection criteria are imposed. First, we only include issuers
of publicly issued straight debts with maturity of more than one year from the SDC
platform during the sample period of 1986-2006. Issuances without announcement in-
formation are excluded. Second, firms without financial information on the Compustat
or price information on the CRSP are excluded. Third, firms in a regulated utility or
a financial sector with the SIC codes of 4900-4999 and 6000-6999 are excluded since
these firms are very different from their industry counterparts in terms of both assets
structure and funding sources. Fourth, firms with missing information on total as-
sets, sales, share outstanding and share price for‘ the fiscal year-end prior to the debt
offerings are deleted. Fifth, to eliminate the possible impacts of other events within
the firms, issuers with any of the following events occurring 30 calendar days before
and after the announcement dates of debt offérings are excluded: ordinary share issue,
convertible bond issue, stock split, share repurchase, and merger & acquisition. Sixth,
companies issuing straight long-term debt more than once during the same fiscal year

are excluded. This exclusion is because; with two consecutive debt announcements



CHAPTER 2. THE SPURIOUS RATIO PROBLEM AND ITS CORRECTIONS 22

occurring in the same financial year it is difficult to isolate the joint effect of these
events. After imposing all the selection criteria, the final cross-sectional time series
sample consists of 719 debt issue observations from 454 firms which is used in Section
2.3; and an unbalanced panel data sample of 6864 observations from the same 719
issuing firms during 1986-2006 are used in Section 2.4.

[Table 2.1 about here]
Table 2.1 presents summary statistics on the variables and these statistics are then
compared with the estimations on all firms which are obtained from the Compustat
without imposing our selection criteria (thereafter ’all Compustat sample’). The me-
dian of sales in our sample is US$2,093 million, which is much higher than those of
’all Compustat sample’. This size difference suggests larger firms have relatively eas-
ier access to public debt markets, consistent with previous studies (Frank and Goyal
(2008)). Similar patterns are also observed in other variables. For instance, the book
leverage (market leverage) ratio is 56% (36%) in our sample and is 38% (24%) in the
’all Compustat sample’, confirming the finding of Lemmon (2002) that financially un-
constrained firms have higher debt capacities, thus they primarily use debt to meet

their deficits while constrained (normally small, high-growth) firms issue more equity.
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2.4 Multiple Regression Models Using Ratios

2.4.1 Multiple ratio regression model set-ups

To examine the spurious ratio problem in the regression models, two static regression

models (Model 2.1 and 2.2) are used. Given the empirical evidence in the literature, the

models posit that leverage (book leverage or market leverage) of a public company is

determined by its firm characteristics of assets stfucture, size, uniqueness, profitability

and growth.

Model 2.1: the Book-leverage regression model

d; €; r&d; ebitda; mua;
— =}y + blpp + bzln(s,) + b3 s+ by + b5
ta; ta; S ta; ta;

Model 2.2: the Market-leverage regression model

d; ppe &d; ebitda; mva;

i T
= by + by=—— + baln(s;) + bs + by + bs
mua; ta; S ta; ta;

Where

—d; denotes the book value of total debt;

—ta; is the book value of total assets;

—ppe; is the value of net property, plant and equipment;
—s; represents net sales;

—r&d; is research and development expenditure;

—ebitda; is operating income before depreciation;

+ v; (21)

+ & (22)
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—-mua,; is market value of assets, calculated as the book value of total assets less book
value of equity plus market value of equity, and

—v;, €; are the error terms, with mean 0 and identically independently distributed.

2.4.2 The Monte-Carlo simulation based statistical inference

for financial leverage regression models

We follow the Monte-Carlo simulation technique developed by Barraclough (2007); in
which the Y variable has zero associations to X and Z variables, and the actual cross-
correlations between X and Z variables which obtained from the actual sample are
kept. Our Monte-Carlo simulation procedures are shown as following:

Step 1: To integrate the characteristics of issuing firms, the means (uy,ux and uz),
standard deviations, and cross correlations of all variables are calculated based on the
actual sample and are used as input values in our simulation. The simulated X, Y and

Z variables are generated using:

}fi = ,U'Y+5’i)
Xi = px+v and

Zi = pz+6&

The error terms for X and Z (vy; and &;) are drawn from a multiple normal distribution

with a mean value of 0, variance covariance matrix of Vxz is based on an actual sample
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as follow:
2
Uppe
2
Oppe,rnd Ornd
2
O ppe,ebitda Ornd,ebitda O cbitda
Vxz =
2
O ppe,in(s) Ornd,In(s) Oebitda,in(s) Uln(s)
2
O ppe,Inta) Ornd,ln(ta) O ebitda,in(ta) Oin(s),In(ta) Oln ta)
! 2
Oppeintmuva) Orndintmva) Oebitda,lntmva) Olnf),infmva) Tinta),infmua) o-ln(m'ua)

Note that the natural logarithm of Z (In(Z)) is used and then exponentiated to
obtain its value in level. The rationale is to avoid the simulation generating a negative

value for ta, mva and s.

The error terms of the Y variable are drawn from the normal distribution with mean
value of 0 and variance of 02 which is independent of X and Z. Further, a treatment

to obtain symmetric critical intervals is to replace the mean of Y variable by zero.

Step 2: 10, 000 simulation runs are performed. The simulated results on White
(1980) corrected t-values, intercepts, and adjusted R-squared values are recorded for

each simulation run and ranked according to their values.

Step 3: The critical values for the t-statistics are within the range of the 2.5 and
97.5 p.ercentiles that correspond to tests of significance at the two-tail 5% probability
levels. For the adjusted R-squared, the 95th percentile adjusted R-squared is reported
as the 5% cut—oﬁ.R-squa.red value. Any estimate values located within the boundary

of critical t-statistics is regarded as insignificant from zero.
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2.4.3 Simulation based statistical inference and results
[Table 2.2 about here]

Panels A-1 and B-1 of Table 2.2 report the cut-off values for the book and market
leverage regression models at the 95% confidence intervals respectively. In Panel A-
1, for instance, the cut-off t-values for coefficients range from the narrowest of [-1.31,
+1.29] (ppe/ta) to the widest of [-11.38, 12.2] (Intercept), the corresponding t-statistics
for (mva/ta) ranges from [-2.34, +2.34], in contrast to [-3.51, +3.46] observed in
(ebitda/ta). The results are similar to Barraclough’s (2007) in that the coefficient
slopes are far from zero; the critical t-statistics are higher than the standard level of
[-1.96, +1.96] in well specified regression models. Noticeably, the adjusted R-squared
is required to exceed 63% to be significant at the equation level. Similar findings are

observed in the market-leverage model of Panel B-1.

Panels A-2 and B-2 of Table 2.2 show the results of Model 2.1 and 2.2 using the ac-
tual pooled cross-sectional sample. In Model 2.1 (the book-leverage regression mode),
neither asset structure (ppe/ta) nor uniqueness (r&d/s) variables are significant
when compared to the simulation based boundaries in Panel A-1 and B-1, even though
they are significant under conventional levels. In addition, all the adjusted R-squares
obtained from the regressions are lower than their corresponding critical values. Com-
pared with Lemmon, et al. (2008) who report the adjusted R-squared ranges from 18%
to 29% in traditional leverage regression models, our market leverage regression mod-
els appear to ’outperform’ the traditional models, even though they are statistically

insignificant. Tangibility and uniqueness are both negatively signiﬁcantv in the book
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leverage model, which is consistent with Leary and Roberts (2005) and Faulkender and
Petersen (2005); whilst, these two characteristics appear to be insignificant in Model
2.2 (the market-leverage model). In contrast, profitability and growth exhibit oppo-
site results. However, the two variables are found negatively significant in the market
leverage model and no significance is observed in the book leverage model, which is
consistent with Leary and Roberts (2005) and Faulkender and Petersen (2005). Prof-
itability and growth also insignificant in the market leverage model. Profitability and
growth exhibit the opposite results; as they are found to be negatively significant in
the market leverage model, no significance is observed in the book leverage model. In
summary, the results in Table 2.2 exhibit strong evidence of the spurious problem in
regression models using ratios, as pointed out by Pearson (1897), Kronmal (1993) and
Barraclough (2007). Therefore, alternative models should be considered to overcome

the spurious problem.

2.5 Panel Models Using Levels

We address the spurious ratio problem by two panel models, in which variables in
levels instead of ratios are used. In addition, fixed effects are considered in both panel

regression models and specifically, a dynamic system GMM model (hereafter, system

GMM) is used to address endogeneity issues.

To show variables in levels will not result in the spurious ratio problem, we gener-
ate critical values using simulated dynamic panel data (DPD) for both panel models

(Equation 2.3 and 2.4) with modifications to the Monte-Cé,rlo simulation procedures de-
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veloped by Barraclough (2007). The modification is made on generating an unbalanced
panel data of 6864 observations (719 firm for 21 years); in which these observations are

grouped by firm identification and time to reflect sample data’s panel setting.

2.5.1 The first-differencing fixed effects panel model and re-

sults

Y;;t = Q4 + Xit,B -+ Eit, t= 1, ...... ,T (23)

Where

—Y,; denotes the book value of debt;

—o; presents a vector of time-constant unobserved effects for each firm and it is arbi-

trarily correlated with the Xj;; term,

—X,; denotes the vector of explanatory variables:ppe, s, r&d, ebitda, mva; and the

intercept term.

—€; 18 the error term, with mean 0 and uncorrelated to all Xs.

We first implement the first differencing transformation within firm to eliminate the

time-invariant unobserved effects (¢;); and then apply the OLS estimation method.
[Table 2.3 about here]

Panel A-1 of Table 2.3 reports the simulated critical values for Model 2.3; all the slope

coefficients for X variables are close to the true value of 0, with the t-values ranging

from [-1.97, +1.98] (Difference of ppe) to [-2.23, +2.23](Difference of sales) which are

close to the conventional 95% confidence level of [-1.96, +1.96].
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Panel A-2 of Table 2.3 shows the result of Model 2.3 (the first-differencing fixed
effects panel model) using the actual panel data sample. Results suggest that the
value differences on collateral asset, sales, and r&d in levels are positively correlated
to the difference on debt for every two adjacent years within firm. These findings can
be linked to practice: we expect to see expanding size (total assets value), increasing
collateral assets value (more asset purchasements) and more fund available to spend

on r&d are associated with more debt initiatives in a firm.

2.5.2° The dynamic system GMM panel model and results

We now move to a dynamic system GMM panel model. Again, to identify the spurious
ratio problems, we employ the same Monte-Carlo simulation technique in Section 2.3.
To address the concern that explanatory variables are not strictly exogenous, we use
the dynamic system GMM model developed by Blundell and Bond (1998) which also

includes fixed effects.

Yi=0aYii 1+ Xub+u+er, |af<l; (2.4)

Xit = pXig—1 + Vi,

for
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Where

—Y; denotes the book value of debt;

—u; presents a vector of time-constant unobserved effects (fixed effects) across firms;
—X;; denotes a vector of intercept term and explanatory variables:ppe, s, r&d, ebitda,
mva,

X may be correlated or uncorrelated with w;;

X;; may be endogenous, predetermined or strictly exogenous with regard to €;;

—¢;; and v;; are the error terms which with mean 0 and uncorrelated to X variables.

Panel B-1 of Table 2.3 reports the simulated t-values range from the narrowest of
[-1.968, 2.073] (one-year lagged debt, L.D) to the widest of [-2.076, +2.027] (research
and development expenditure, r&d) The simulation based crifica.l values are close to
conventional interval of {-1.96, +-1.96] which suggests no spurious ratio problem in the

dynamic system GMM model using variable levels.

Panel B-2 of Table 2.3 shows Model 2.4 results; the lagged Debt variable is significant
with a correlation coefficient of 0.93 and the corresponding t-value of 24.57; size (s)
with a slope coefficient of 0.02, t-value of 2.10 is significant at the 95% level. It
suggests the past realization of debt levels explain most of current debt levels and once
the lagged debt term is added as explanatory variable, other firm characteristics are
either insignificant (ppe, r&d, ebitda, mva, according to their t-values) or has minor
effect (s, according to the slope coefficient). Our result suggests there is no significant

relationship between debt and firm characteristics once endogeneity is controlled for?.

4The STATA code for GMM developed by Roodman (2006) not only provides estimation but
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2.6 Conclusion

This study explores the spurious ratio problems caused by sharing common divisors
in multivariate regression models evidenced in the capital structure literature. With-
out correction, the over-estimated t-values and R-squares under traditional statistical
inferences can be misleading evidence of significant association between independent
and dependent variables. In order to shed light on this problem, we show how the
Monte-Carlo simulation technique developed by Barraclough (2007) provides reliable

statistical inferences when the parametric conventional inference is invalid.

We further apply the same simulation procedures to two panel models using vari-
ables in levels instead of ratios, and no spurious ratio problem is evident. These two
models are more appropriate to investigate capital structure theories after we con-
sidering the persistence character of capital structure (fixed effects) and endogeneity
problems respectively. Results show changes on collateral assets, size, and r&d are
positively associated to changes on debt values in the first differencing fixed effects
model; and past debt level and size explain most of current debt level in the dynamic
system GMM model which suggests no significant relationship between debt level and

firm characteristics.

also built-in a series of tests including the correction method suggested by Windmeijer (2005) for
cluster-robust errors to address the weak instrument problem. We follow Bond’s (2002) and use the
instruments of 3rd lagged variables in the differenced equations and the 4th lagged variables in the
level equations and then moderate number of instruments to 32. (see Table 2.3 for related statistics
tests)
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Chapter 3

The Determinants of Capital

Structure

3.1 Introduction

Capital structure theories attempt to explain whether firm value, in practice, can be
optimized by managers’ financial choices between debt and equity. A majority of pre-
vious studies adopt multiple regression models to investigate the relationship between
debt leverage (using either leverage level or leverage change) and firm characteristics,
however, findings are mixed and conflicting. In Chapter 2, we concluded the spurious
ratio problem may account for the conflicting empirical results. Pearson (1897) and
Kronmal (1993) point out the spurious relation may arise in multiple regression models
sharing common divisors. They caution against using ratios in multiple regression mod-

els as conventional statistical inference is not able to specify the bias caused by sharing

35
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common divisors. Barraclough (2007) attempts to address the problem by modifying
the conventional statistical inference method rather than correcting the biases. Hence,
even though the estimates are biased, Barraclough’s Monte-Carlo simulation method
is still able to provide correct statistical inference for estimates when the spurious ratio

problem occurs.

In Chapter 2, we first built two regression models using proxies for asset structure,
size, uniqueness, profitability and growth as explanatory variables to explain a firm’s
financial leverage!. Noticeably, most of the proxies are scaled by total assets value
as a size adjustment. Secondly, we used Barraclough’s (2007) simulation technique to
provide cut-off values for slopes, t-values and R-squares estimation. Results show that
the simulation based confidence intervals for t-values are much wider than conventional
levels; and the significance level for R-squared has to be as high as 60%, which far
exceeds the R-squared from traditonal leverage regression models?. However, these
firm characteristics can show a significant association to debt leverage if conventional
statistical inference is applied. As a result, we confirm the existence of a spurious ratio
problem as documented by Pearson, Kronmal, and Barraclough. Finally, we introduced
two panel models and showed that once variables in levels are used instead of ratios, the
simulation based cut-off values are close to those of conventional statistical inference.
This evidence suggests no spurious ratio problem once common divisors are dropped.

However, using levels instead of ratios induces another problem: it changes the setting

1These variables are commonly adopted in the capital structure literature; for example, Frank and
Goyal (2003).

2The R-squared values from our sample are 1.5% and 44% for the book leverage model and the
market leverage model respectively; and they are both insignificant at the equation level according
to the simulation based cut-off values. In addition, Lemmon, et al. (2008) finds that the adjusted
R-squares from traditional leverage regression models range from 18% to 29%.
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~ of the models, so that, the results are not comparable to those from previous studies

using ratios.

We address the estimation in a way that is free from the spurious ratio problem by
using a probit model. With modifications to the simulation technique developed by
- Barraclough (2007), the cut-off values are obtained. We observe no difference between
these critical values and those of conventional levels. This observation suggests no
spurious ratio problem is evident in our probit model, even though ratios are adopted.
In addition, the probit model has fewer assumptions and is free from the concern of the
spurious problem, and consequently this model is more appropriate when investigating
capital structure issues. Results indicate that, contrary to stylized facts, leverage
increasing firms tend to be larger and more profitable, and firms with high research

and development expenditures (r&d) tend not to use debt as a means of financing.

3.2 Literature Review

3.2.1 Ratio regression models in capital structure studies

Some capital structure studies suggest that the decision of debt issuance leads to a
higher leverage ratio and breaks the equilibrium of taxation benefit, bankruptcy cost,
agency cost, and managerial entrenchment etc. Consequently, the debt issuance deci-
sion may affect firm value. The earliest framework in this field is the irrelevance theory
developed by Modigliani and Miller (1958). They show that in a world with no tax,

the value of a firm and the average cost of funds from all sources are independent of
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debt leverage. Since then, numerous empirical studies have attempted to test if the
conclusion still holds in a world with taxes and other frictions. There are three domi-
nant theoretical explanations: trade-off (Kraus and Litzenberger, 1973), pecking-order
(Myers and Majluf, 1984) and market timing theory (Baker and Wurgler, 2002). Em-
pirically, the most common methodology used is performing a regression between the
leverage ratio (book, market leverage or leverage differences) and firm characteristics
such as assets tangibility, firm size, profitability, uniqueness, and growth to assess how
these characteristics affect a firm’s financial leverage. In practice, these proxies along
with debt are adjusted for size by scaling by the book value of total assets (or sales,
the market value of total assets). However, we argue that this adjustment for firm size
causes a spurious ratio problem as first documented more than a hundred years ago by
Pearson (1897). Capital structure has continued to puzzle researchers and there is yet
no consensus regarding how a firm’s characteristics affect debt leverage®. In line with
Chapter 2, we select five (three of them are ratios) out of the 39 factors examined by

Frank and Goyal (2003); in which are classified as the Tier 1 and Tier 2 robust factors.

a. Asset structure Among all the main hypotheses, there is a conventional
prediction on a positive sign of tangibility that more tangible assets are associated
with more collateral and thus higher leverage (e.g. Rajan and Zingales (1995), Baker
and Wurgler (2002), Faulkender and Petersen (2005)). However, Harris and Raviv
(1991) report a negative sign for tangibility and argue that firms with few tangible

assets may bear more asymmetric information costs and thus tend to accumulate more

3Note, most of the studies apply the multiple regression method.
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debt and hence higher leverage over time. Leary and Robert (2005) examine debt
issuances and also find a negative influence of tangibility. In contrast, Titman and

Wessels (1988) find the asset tangibility factor is insignificant.

b. Size Larger firms are generally more diversified, having relatively easier access
to debt markets and lower financial distress cost, thus tends to be higher leveraged.
In general, a positive relationship is expected between leverage and firm size (Titman

and Wessels (1988), Frank and Goyal (2003) and Faulkender and Petersen (2005)).

c. Profitability The trade-off theory predicts that profitable firms will issue
more debts to maximize tax benefits (e.g. MacKay and Phillips (2001), Frank and
Goyal (2008)). On the other hand, Ross (1977) develops an asymmetric information
model and states that more profitable firms may face lower asymmetry costs when
borrowing, thus they are able to borrow more. As a comparison, however, the majority
of findings detect a negative relation between profitability and debt leverage (Titman
and Wessels (1988), Rajan and Zingales (1995), Baker and Wurgler (2002), Fama and
French (2002)). In line with the pecking-order theory, a recent paper by Faulkender
and Petersen (2005) use sales instead of total assets as the divisor of the ratio variables
and conjecture that profitable firms are reluctant to use debt unless their internal funds

are exhausted due to asymmetric information costs, thus lower leverage is expected.

d. Uniqueness Titman, et al. (1988) and Faulkender, et al. (2005) find a signif-

icant negative relation between leverage and Research and development expenditure
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(thereafter, r&d) scaled by sales (uniqueness factor). They interpret the inverse rela-
tionship as: firms with more r&d suffer from higher financial distress and thus, will
use less debt. This interpretation is in line with the trade-off theory. However, Shyam-
Sunder and Myers (1999) use variables in levels instead of ratios in a regression model,
and find r&d is positively related to leverage. They conclude that increasing r&d will
enlarge a firm’s financing deficit, and hence, financial deficit is positively correlated

with leverage according to pecking order theory.

e. Growth The empirical literature shows a mixed pattern of the market-to-book
ratio (growth factor), with most studies finding the market-to-book ratio negatively
relates to leverage (Rajan and Zingales (1995), Baker and Wurgler (2002), Goyal, et
al. (2002), Faulkender and Petersen (2005)). Myers (1977) suggests a high market-
to-book ratio is associated with higher future growth opportunities. Based on pecking
order theory, equity funding is more costly than debt due to information asymmetry.
Therefore, high growth firms may be reluctant to issue equity even when they have to

pass up optimal investment opportunities, and thus, high leverages are expected.

The above gives a summary of contradictory conclusions on the relationship be-
tween leverage and firm characteristics; these contradictions occur even when there are
commonalities in the variables and research method. In Chapter 2, we argue the spuri-
ous ratio problem documented by Barraclough (2007) helps to explain why conflicting
results have previously been observed. We found the confidence intervals generated

by the simulation method have much wider ranges than those under conventional lev-
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els. Therefore, ratio variables are shown to be significantly positive or negative under
standard statistical inferences but they are actually insignificant. Specifically, their
corresponding t-values are located within the boundary gap between the standard sta-
tistical interval and the simulated interval. To be comparative, the same variables are

used in our probit model.

3.2.2 Probit/Logit models in capital structure studies

In contrast to linear multiple regression models, binary response models (probit or logit)
consider the possible non-linear relationship between the debt issuance decision and
its determinants. The choice between a probit model and logit model is not essential
as they both use the Maximum Likelihood Estimation (MLE) method and estimation

results are similar*. We adopt the probit model which takes the form:

PlY =1|X] = &(X'f)
Y* = X'B+¢
1, if Y*>0
Y =
0 , Otherwise
Where P is probability, and is the probit link function—the cdf of the

standard normal distribution. It is also possible to motivate the probit

model as a latent variable model.

4The main difference between these two models is the distribution assumption on residuals; a Logit
model assumes a logistic distribution while a normal distribution is used in a Probit model.
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A number of studies model the debt versus equity choice using probit or logit methods
(Marsh (1982), Bayless and Chaplinsky (1990), and Jung, et al. (1996)). Marsh (1982)
uses both logit and probit models in the UK market and finds a negative effect of size
to the likelihood of equity issue; Marsh’s results also suggest the existence of optimal
capital structure. In the debt-equity choice tests, when current debt ratio is lower than
its target ratio, debt is issued and the dependent dichotomous variable is equal to 1;
when the opposite occurs, equity is issued and accordingly, the dependent dichotomous
variable is set at 0. The latent variable Y* is not restricted in definition. For example,
in Marsh (1982), Y* is the difference between a firm’s current and target financial
leverage. Since target financial leverage is unobservable, he uses historical averages as
target ratios. In contrast, our dependent variable simply indicates whether the debt is
actually issued or not in the probit model. The benefits of doing so can be two-fold:
firstly, the long-term debt is not assumed to be a substitute of equity. In practice,
the choice of securities can be open, such as convertible bonds, short-term debt, dual
issue, etc. Secondly, we avoid assuming the existence of target capital structure as

Modigliani and Miller (1958) suggests no target capital structure.

Hovakimian, Opler and Titman (2001) use a logit model to investigate the choice
between straight debt and equity. In contrast to previous studies, they test both the
security issuance and retirement (i.e. repurchase). When a firm has cash surplus
with a target capital structure in mind, the management chooses between retiring
debt and repurchasing éhares. No matter which they choose, the retirement affects
financial leverage since its effect should be opposite to that of the security issuance

choice. They find more profitable firms tend to issue debt rather than equity and
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repurchase equity rather than retire debt. Similarly, Dittmar and Thakor (2007) use a
logit model to test the manager’s choice between equity and debt. They predict that
a manager’s decision depends on investor’s sentiments about payoffs of the projects.
Larger, more profitable firms are more likely to obtain funds from debt markets as
investors in debt markets prefer to lend money to less risky firms. Our results suggest
larger, more profitable firms issue debt, that are consistent with the results of Dittmar
and Thakor (2007). In addition, we show firms with high r&d are less likely to issue
debt which can be interpreted as these firms tend to be riskier in terms of bankruptcy
risk. Baxter and Cragg (1970) find companies with high market-to-book ratios prefer
equity issues. Martin and Scott (1975) show that low profitability and high tangibility
are associated with more debt issuances. However, our results do not support the above

two arguments.

Hovakimian, et al. {2004) focus on the case of dual debt and equity issues which
are normally excluded from the sample in other studies. As they suggest dual issuing
firms can achieve a»target capital structure at relatively lower cost compared to single
issuing firms. They separate the cases into three scenarios: debt issue vs. dual issue;
dual issue vs. equity issue; and»debt issue vs. equity issue. In the debt issue vs. equity
issue case, they find a positive profitability & size effect and negative r&d expenses
effect which all coincide with our results. Further, they find the probability of debt
issue is associated with negative growth (market-to-book ratio) and tangibility, whilst

our results do not support such relation.
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3.3 Data

3.3.1 Sample composition

Some studies include both public straight and convertible long-term debt resulting in
larger sample sizes than the sample of public straight debt issuances only. However,
earlier survey studies suggest that issuers generally regard convertible debt as a de-
layed equity offering (e.g. Pilcher (1955), Brigham (1966), and Hoffmeister (1977)).
Therefore, it is inappropriate to include convertible debjc in the sample. In addition,
several studies include both public and private long-term debt, however, the offering
dates are not publicly ascertained for private debts which weakens data reliability.
‘Further, a number of studies focus on debt maturity by considering short and long-
term debts as substitutes, contrary to previous studies which examine the substitution

effects between equity and debt.

This thesis focuses on leverage increases that are caused by public straight long-term
debt issuances. In doing this, our research purpose is better defined, even though the
sample size is smaller. The sample inclusion is in line with our initiative to compare our
results to those of equity-debt substitutes studies, while at the same time the problems

in the sample selection can be avoided.

A number of data selection criteria are imposed. First, we only include issuers
of publicly issued straight debts with maturity of more than one year from the SDC
platform during the sample period of 1986-2006. Issuances without announcement in-

formation are excluded. Second, firms without financial information on the Compustat



CHAPTER 3. THE DETERMINANTS OF CAPITAL STRUCTURE 45

or price information on the CRSP are excluded. Third, firms in a regulated utility or
a financial sector with the SIC codes of 4900-4999 and 6000-6999 are excluded since
these firms are very different from their industry counterparts in terms of both assets
structure and funding sources. Fourth, firms with missing information on total as-
sets, sales, share outstanding and share price for the fiscal year-end prior to the debt
offerings are deleted. Fifth, to eliminate the possible impacts of other events within
the firms, issuers with any of the following events occurring 30 calendar days before
and after the announcement dates of debt offerings are excluded: ordinary share issue,
convertible bond issue, stock split, share repurchase, and merger & acquisition. Sixth,
companies issuing straight long-term debt more than once during the same fiscal year
are excluded. This exclusion is because; with two consecutive debt announcements
occurring in the same financial year it is difficult to isolate the joint effect of these
events. After imposing all the selection criteria, the final sample consists of 719 debt
issue observations from 454 firms. The financial data required to measure our firm
variables are obtained from the year-end financial statements prior to offerings as it is
reasonable to assume that managers make their financing decisions based on the prior
year’s financial results.
| [Table 3.1 about here]

Industry and size are used as matching dimensions in our study. Table 3.1 reports the
distribution and size descriptive summary of our sample of debt issuers in terms of in-
dustry. About 40% of the total issuances fall into five industry categories: Chemicals,
Communication, Food, Oil, and Transportation equipment industries. In addition,

these firms on average are sized over US$3,000 millions in terms of total assets value.
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[Table 3.2 about here]
Table 3.2 presents summary statistics on the variables, and these statistics are then
compared with the estimations on all firms which are obtained from the Compustat
without imposing our selection criteria (thereafter ’all Compustat sample’). The me-
dian of sales in our sample is US$2,093 million, which is much higher than those of
’all Compustat sample’. This size difference suggests larger firms have relatively eas-
ier access to public debt markets, consistent with previous studies (Frank and Goyal
(2008)). Similar patterns are also observed in other variables. For instance, the book
leverage (market leverage) ratio is 56% (36%) in our sample and is 38% (24%) in the
’all Compustat sample’, confirming the finding of Lemmon (2002) that financially un-
constrained firms have higher debt capacities, thus they primarily use debt to meet

their deficits while constrained (normally small, high-growth) firms issue more equity.

3.3.2 Sample and control firms selection

To employ the dichotomous probit model, a matching sample (i.e. non-issuers) is ob-
tained using Barber and Lyon’s (1996) matching firm approach where every observation
is matched with a non-issuer for each year according to its industry and size. Barber
and Lyon claim that the matching firm method yields better specified test statistics
than the factor models. This approach is prevalent for event effects research purpose
in corporate finance field (Kaplan (1989), Dann, Masulis, and Mayers (1991), DeGe-
orge and Zeckhauser (1993)). Industry match is defined as firms having the same first

2-digit SIC code and size matching is in terms of the book value of total assets.
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Firms within the same industry are similar in their firm characteristics given that
they all face the same market and industry condition, business operating risks, and
asset risks, etc. Bowen, et al. (1982) and Bradley, et al. (1984) also suggest firms tend

to retain their relative leverage ratio rankings within industry over time.

Similar to Barber and Lyon (1996) who use the range of [70%, 130%) for size match-
ing, the size of our control firm has a range of [60%, 140%) for a given candidate firm.
However, different to Barber and Lyon who employ a control firm that is the closest in
size when finding a control firm within their size boundary is not possible, we exclude
these firms because we believe the closest size matching (outside the size boundary)
creates potential selection errors. For instance, such a way of matching may result in a
control firm having a much smaller size and the control firm under this situation may
not have the same ability to access debt markets, compared with the candidate firm.

This procedure reduces our sample size from 987 to 719 observations.

Given two firms (a firm with debt issuance and its non-issuance matching firm)
sharing analogous market conditions, assets structure, size, and business risks, along
with the fact that both can access debt markets, it is interesting to explore why they
make different debt issuance decisions. The way we select a matching firm is motivated
by the attempts to investigate factors affecting a firm’s capital structure after control-
ling for industry and size. The selection process is as follows:

Step 1: We first merge the Compustat database with the CRSP database to ensure
smooth transition between financial and return data.

Step 2: The announcement information on long-term debt offerings is obtained from



CHAPTER 3. THE DETERMINANTS OF CAPITAL STRUCTURE 48

the SDC platform. Subsequently, all the above three databases are merged together
by which result in 1224 debt issuances.

Step &: Issuing firms and their corresponding non-issuers matches are obtained.

Step 4: The debt issuances with other ongoing events occur within the event window
of [-30, +30] are filtered out. There is no theoretical guidance on the choice of event
window. - However, wider windows provide better alleviation of the possible influence
of other events. While, our sample size is greatly reduced if a wider event window is
applied. Given the trade-off, a decision is made to favour the event window of [-30,

+30] which results in 987 issuances.

To match ﬁrith a control firm in the same industry, the matching process mentioned
above may have another problem. In some situations, for example, some firms may
have several matches in a given year, while others may have a unique match, especially
for the industries containing few public companies. To solve this problem, we first run
the matching procedure mentioned above and obtain matching status for each sample
firm for each year. Firms with only one match in a given year are highlighted (i.e. 156
cases). After that, the matching process is rerun with these firms granted a priority
matching.and then the remaining firms are subsequently matched. The procedure
repeats 1,500 times to ensure the duplicated control firms are minimised. Finally, the
dichotomous variable is created with value of 1 for our sample firms; and 0 for the
control firms. Our final sample consists of 719 debt issuances from 454 issuing firms

and 719 non-issuance matches.
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3.4 Monte-Carlo simulation based statistical infer-

ence and the probit model results

We implement a probit model using the Maximum Likelihood Estimation method
(MLE) to detect the determinants of long-term debt issuances. This method mod-
els a firm’s financial choice of issuing debt or not. When debt is issued, the value
of the dichotomous variable (dependent variable) is 1, otherwise 0, which represents
the probability of debt issuance. The probability is then explained by a set of firm
characteristics. The probit model is shown below:

Probit model:

1 , Firms who issue debt
Dummy =
0 , Control firms
P(Y =1|X) = Probit(by+ byZ2% + byln(s;) + by % 1 p, 00040 |y TG s
ta; S a; ta;
(3.1)

Where

—ta; is the book value of total assets;

—ppe; is the value of net property, plant and equipment;
—s; represents net sales;

—r&d; is research and development expenditures;
—ebitda; is operating income before depreciation;

—muva; is market value of assets, calculated as the book value of total assets less the
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book value of equity plus the market value of equity, and
—¢; is the error term following a normal distribution; with the mean of 0 and uncorre-

lated to the X variables.

To detect the spurious ratio problem, we adopt the simulatioﬁ technique developed
by Barraclough (2007) with a modification that allows the simulation to be used in
the probit model. In the procedure, Y is now a dummy variable and is drawn from a
binomial distribution of which 719 observations are valued at 0, and 719 valued at 1.
The Monte-Carlo simulation process is as follow:

Step 1: The values of X and Z variables are generated using the following formulas with
the means, standard deviations, and cross correlations of X, Z variables are achieved

form the actual sample and are then used as input in our simulation.

Xi = px+7 and

Zi = pz+é&

Where

—ux denotes the mean values of X variable including: ppe, r&d, ebitda and ta, mva
(ta, mva are achieved from exponentiations of In(ta), In(mva));

—uz presents the mean value of Z variable in natural logrithm form: In(ta), In(s) and
In(mva) and then exponentiated to obtain their levels.

—Y;, & are the error terms.

The null hypothesis assumes an arbitrary association between X and Z. In addition,
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to integrate the sample characters into simulated data, the error terms for X and Z
are drawn from a multiple normal distribution with a mean of 0, variance covariance

matrix of Vxz is obtained from the actual sample as follow:

2
Oppe
2
O ppe,rnd Ornd
2
: Oppe,ebitda  Ornd,ebitda Oebitda
Vxz =
2
Oppe,In(9 Ornd,ln(9 Oebitda,ln(s) Ting)
2
Oppe,intta) Ornd,Infta) O ebitda,Infta) Oinf9),lnta) Oin ta)
2
Oppe,intmva) Orndlnmua) Oebitdalnimua) Oln(),lnimve) OTlnta),nimva) Uln(mva)

Note that the natural logarithm of Z (In(Z)) is first achieved from the actual sample
and then exponentiated to obtain the simulated data in levels. The rationale is to avoid

the simulation generating a negative value for ta, mva and s.

Step 2: 10, 000 simulation runs are performed for Models 3.1. The simulated
results on White (1980) corrected t-values, intercepts, and adjusted R-squared values

are recorded for each simulation run and ranked on their values.

Step 8: The critical values for the t-statistics are within the range of the 2.5 and
97.5 percentiles that correspond to tests of significance at the two-tail 5% probability
levels. For the adjusted R-squared, the 95th percentile adjusted R-squared is reported
as the 5% cut-off R-squared value. Any estimate value located within the boundary of
critical t-statistics is regarded as insignificant from zero.

[Table 3.3 about here]
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Panel A of Table 3.3 presents cut-off values for the probit model. First, the slope
coefficient values are very close to zero compared with the results from the financial
leverage models. In addition, the critical t-values are very close to conventional levels
of [-1.96, +1.96], which suggests that even when ratios are used in the probit model,
convéntional statistical inference is still valid. Hence, the spurious ratio problem docu-
mented by Barraclough (2007) is not evident in our probit model. Further, the critical

McFadden’s Pseudo R-squared value is achieved of 0.0058 at the 95 confidence level.

Panel B of Table 3.3 reports the probit model results using the actual sample. Since
our simulation results suggest that conventional statistical inference is valid in probit
models, thus it can be used free of the spurious regression problem. The results suggest
size and profitability measures are positively correlated to the likelihood of long-term
debt issuance decisions which implies larger, more profitable firms tend to use debt
financing. The findings support the trade-off theory where larger firms prefer utilising
debts for tax benefit maximization purposes. The size effect is also consistent with the
empirical findings in Lemmon, et al. (2008) and Faulkender and Pertersen (2005), who
find larger firms are more likely to access debt markets and issue 35% more debt than

others.

The uniqueness measure (r&d/s) is shown to be negatively correlated to the prob-
ability of debt issuance. This finding is in line with previous findings where firms with
high r&d tend to be technology intensive companies and thus account for more intangi-
ble assets (or less tangible assets). In addition, the pseudo R-squared (0.03) with using

the actual sample is greater than the critical level (0.0058), which suggests Model 3.1
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is significant at the equation level.

3.5 Conclusion

This chapter investigates the likelihood of long-term debt issuance by a probit model to
overcome the spurious ratio problem evidenced in the traditional multivariate regression
models. With modifications to the Monte-Carlo simulation technique of Barraclough
(2007), the cut-off values for slope coefficients, t-statistics and MacFadden’s Pseudo R-
squares are generated for the probit model. Our simulation based cut-off values are no
different to conventional levels which indicates no spurious ratio problem. It appears
that the Monte-Carlo simulation method is a reliable method to verify parametric

statistical inferences.

By modeling the decision of debt issuance using a dichotomous variable, our results
suggest leverage increasing firms tend to be larger, more profitable and firms with high

r&d expenditures tend to be less likely to use debt as a means of financing.
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Chapter 4

The Impact of Long-term Debt

Issuances

4.1 Introduction and previous studies

Chapter 2 and 3 discussed the spurious ratio problem, as documented by Barraclough
(2007), found in previous capital structure studies; and introduced a probit model to
find the determinants of long-term debt issuance. This chapter extends this work and
aims to determine whether the long-term debt issue decision affects a firm’s ex post
stock performance. The price impact of the long term debt issue decision is crucial at
both the empirical and theoretical levels. However, the empirical results are unresolved
as both zero and non-zero (negative and positive) effects are suggested in the literature.
At the theoretical level, the announcement effect can be extended to a fundamental

research question: How is asymmetric information reflected in asset pricing?

o7
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Chapter 4 provides evidence of how private information possessed by long-term debt
issuers affects post stock performance. We find fhat, once private information (or self-
selection) is considered, there is no substantial price impact of debt announcements.
The zero price impact finding is consistent with Modigliani and Miller’s (1958, hereafter
MM) irrelevance theory. MM claim that debt or equity issues are simply different
sources of funding; hence, the financial decisions on debt or equity will leave a firm’s
market value unchanged as it has no impact on the investment opportunities for issuing
firms. Rather, it is investment opportunities which determine a firm’s market value.

Therefore, debt issue announcements have zero impact on a firm’s stock performance.

However, Masulis (1980), Dann (1981), and Vermaelen (1981) find a firm’s leverage-
increasing changes bring new information to the market and investors react positively
to debt issue announcements. On the other hand, Dann and Mikkelson (1984) docu-
ment a marginally negative return (-0.37%) during the two-day announcement period
on debt issuances. Eckbo (1986) also finds that straight debt offerings have non-positive

price effects on US industrial companies.

The debate between zero (Modigliani and Miller, 1958) and non-zero impacts (i.e.,
Eckbo (1986), Masulis (1980)) largely focuses on whether or not the issuance decision
conveys new information to the market that alters investors’ expectation of a firm’s
investment policy. In addition, studies showing non-zero impacts: both negative and
positive, assume that an unanticipated issuance will cause firm revaluation. Even
though both directions of non-zero impacts rely on information asymmetry frameworks,

Ross (1977) and Heinkel (1982) suggest that management possesses superior private
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information concerning the intrinsic value of the firm. An unanticipated increase in
debt leverage signals that the management is optimistic of a firm’s earning prospects
with which the new debt is repaid in the future. Therefore, a positive price impact is
expected. In contrast, Miller and Rock (1985) predict a negative price impact of debt
issue announcements using a theoretical asymmetric information model. Given the
assumption that management and investors both have full information about a firm’s
investment opportunities, external financing is then unanticipated by investors as this
is against their belief that internal earnings should be able to cover future investment
needs. Therefore, both debt and equity decisions are regarded as bad news as any
unanticipated external financing indicates that expected earnings were higher than
actual earnings’. In addition, Miller and Rock (1985) suggest that more pronounced

negative than average abnormal returns will accompany larger unanticipated proceeds.

To determine the price impact of long-term debt issuances, we first adopt an event
study to investigate announcement effects. We use Barber and Lyon’s (1996) match-
ing firm approach with matching dimensions of industry and size. We follow with a
parametric t-test to find whether the cumulative abnormal returns are different from
zero with a sample of US public straight debt announcements from 1986 to 2006. The
result suggests a negative price impact which seems to support both Miller and Rock’s
(1985) prediction and the empirical results from Dann and Mikkelson (1984), Eckbo

(1986).

However, price effects for firms issuing debt may be different from non-issuance

In contrast, dividends are viewed as negative financing which means the expected earnings had
been lower than actual earnings.
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firms. The issuance decision made by management is not random but related to in-
formation unobservable by the public. As a consequence, if these unobservable factors
are not included, the OLS estimators are then biased due to a self-selection problem.
From the econometric point of view, Heckman (1979) views the self-selection factor as

an omitted variable which can be corrected by his two-step model.

Li and Prabhala (2005) interpret the self-selection factor as private information
possessed by management and suggest that Heckman’s two-step model can also be
used to test private information effects. If the slope coefficient of the self-selection
factor (also known as 'Heckman’s lambda’ or 'the Inverse Mills’ ratio’) is statistically
significantly different from zero, then private information is suggested. In other words,
if the private information has non zero value, the value will be carried to the firm’s ex

post stock performance.

We follow Heckman (1979) and use a probit model in the first stage to specify self-
selection effects measured by Heckman’s lambda. The second stage tests the hypothesis
of price impacts by building a regression model between the cumulative abnormal
returns (CAR) and Heckman’s lambda. Our result suggests the negative price impact,
when the CAR is tested alone, disappears once self-selection is considered. Then, in
parrallel with Chapter 2 and 3, more potential determinants examined in the literature
are included using the same OLS method repeated for the second step. Further, we
use a range of different specifications including a number of different benchmarks used

in calculating CARs, and find that the zero price impact result is robust. -

The remainder of this chapter is organized as follows. Section 4.2 discusses data
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collection, matching firm procedures, and summary statistics on long-term debt issuers.
Section 4.3 uses Heckman'’s two-step model to detect significance of abnormal returns

followed by robustness tests using a range of different specifications in Section 4.4.

4.2 Data

4.2.1 Sample composition

Sample components vary in the literature; some researchers include both public straight
and convertible long-term debt resulting in a large sample size. However,‘ earlier sur-
vey studies suggest that issuers generally regard convertible debt as a delayed equity
offering (e.g. Pilcher (1955), Brigham (1966), and Hoffmeister (1977)). Therefore, it
is inappropriate to include convertible debt in the sample. In addition, several studies
include both public and private long-term debt, however, the offering dates are not
publicly ascertained for private debt which weakens data reliability. Further, a number
of studies focus on debt maturity by considering short and long-term debt as substi-
tutes. This is contrary to previous studies which examine substitution effects between

equity and debt.

This thesis focuses on leverage increases caused by public straight long-term debt
issuances. In doing so, our research purpose is better defined, even though the sample
size is smaller. The sample inclusion is in line with our initiative to compare our results
to those of equity-debt substitution studies, while at the same time problems in sample

selection can be avoided.
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A number of data selection criteria are imposed. First, we only include issuers
of publicly issued straight debts with maturity of more than one year from the SDC
platform during the sample period of 1986-2006. Those issues without announcement
information are excluded. Second, firms without financial infromation on the Compus-
tat or price information on the CRSP are excluded. Third, firms in a regulated utility
or a financial sector with the SIC codes of 4900-4999 and 6000-6999 are excluded since
these firms are very different from their industry counterparts in terms of both assets
structure and funding sources. Fourth, firms with missing information on total as-
sets, sales, shares outstanding and share price for thé fiscal year-end prior to the debt
offerings are deleted. Fifth, to eliminate the possible impacté of other events within
the firms, issuers with any of the following events occurring 30 calendar dayé before
and after the announcement dates of debt offerings are excluded: ordinary share issue,
convertible bond issue, stock split, share repurchase, and merger & acquisition. Sixth,
companies issuing straight long-term debt more than once during the same fiscal year
are excluded. This exclusion is because; with two consecutive debt announcements
occurring in the same financial year it is difficult to isolate the joint effect of these
events. After imposing all the selection criteria, the final sample consists of 719 debt
issue observations from 454 firms during the 21 years. The financial data required to
measure our firm variables are obtained from the year-end financial statements prior
to offerings as it is reasonable to assume that managers make their financing decisions
based on the prior year’s financial results.

[Table 4.1 about here]

Industry and size are used as matching dimensions in our study. Table 4.1 reports the
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distribution and size descriptive summary of the long-term debt issuances sample in
terms of industry. About 40% of the total issuances falls into five industry categories:
Chemicals, Communication, Food, Oil, and Transportation equipment industries. In
addition, the issuing firms on average are sized over US$3,000 millions in terms of total
assets value.
[Table 4.2 about here]

Table 4.2 presents summary statistics on all the variables used and these statistics are
then compared with the estimations on all firms which are obtained from the Compu-
stat without imposing our selection criteria (thereafter ”all Compustat sample”). The
median of sales in our sample is US$2,093 million, which is much higher than those of
’all Compustat sample’. This size difference suggests larger firms have relatively ea-
siser access to public debt markets, consistent with previous studies (Frank and Goyal
(2008)). Similar patterns are also observed in other variables. For instance, the book
leverage (market leverage) ratio is 56% (36%) in our sample and is 38% (24%) in the
’all Compustat sample’, confirming the finding of Lemmon (2002) that financially un-
constrained firms have higher debt capacities, thus they primarily use debt to meet

their deficits while constrained (small, high-growth) firms issue more equity.

4.2.2 Sample and control firms selection

To employ the dichotomous probit model, a matching sample (i.e. non-issuers) is ob-
tained using Barber and Lyon’s (1996) matching firm approach where every observation

is matched with a non-issuer for each year according to its industry and size. Barber
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and Lyon claim that the matching firm method yields better specified test statistics
than the factor models. This approach is widely used in corporate finance (Kaplan
(1989), Dann, Masulis, and Mayers (1991), DeGeorge and Zeckhauser (1993)). Indus-
try match is defined as firms having the same first 2-digit SIC code and size match is

in terms of the book value of total assets.

Firms within the same industry are similar in their firm characteristics given that
they all face the same market and industry condition, business operating risks, and
asset risks etc. Bowen, et al. (1982) and Bradley, et al. (1984) also suggest firms tend

to retain their relative leverage ratio rankings within industry over time.

Similar to Barber and Lyon (1996) who use the range of [70%, 130%)] for size match-
ing, the size of our control firm has a range of [60%, 140%] for a given candidate firm.
However, in contrast to Barber and Lyon who employ a control firm that is the élosest
in size when finding a control firm within their size boundary is not possible, we exclude
these firms because we believe the closest size matching (outside the size boundary)
creates potential selection errors. For instance, such a way of matching may result in a
control firm having a much smaller size and the control firm under this situation may
not have the same ability to access debt markets, compared with the candidate firm.

This procedure reduces our sample size from 987 to 719 observations.

Given two firms (a firm with debt issuance and its non-issuance matching firm)
sharing analogous market conditions, assets structure, size, and business risks along
with the fact that both can access debt markets, it is interesting to explore why they

make different debt issuance decision. The way we select matching firms is motivated by
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the attempts to investigate factors affecting a firm’s capital structure after controlling
for industry and size. The selection process is as follows:

Step 1: We first merge the Compustat database with the CRSP database to ensures
smooth transition between financial and return data.

Step 2: The announcement information on long-term debt offerings is obtained from
the SDC platform. Subsequently, all the above three databases are merged which
results in 1224 debt issuances.

Step 3: Issuing firms and their corresponding non-issuers matches are obtained.

Step 4: The debt issuances with other ongoing events occurred within the event window
of [-30, +30] are filtered out. There is no theoretical guidance on the choice of event
window. However, wider windows provide better alleviation of the possible influence
of other events. While, our sample size is greatly reduced if a wider event window is
applied. Given the trade-off, a decision is made to favour the event window of [-30,

+30] which results in 987 issuances.

To match with a control firm in the same industry, the matching process mentioned
above may have another problem. In some situations, for example, some firms may have
several matches in a given year, while others may have only a unique match, especially
for an industry containing few public corﬁpa,nies. To solve this problem, we first run the
matching procedure mentioned above and obtain matching status for each sample firm
each year. Firms with only one match in a given year are highlighted (i.e. 156 cases).
After that, the matching process is rerun with these firms granted a priority matching
and then the remaining firms are matched subsequently. The procedure repeats 1,500

times to ensure the duplicated control firms are minimised. Finally, the dichotomous
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variable is created with a value of 1 allocated to our sample firms; and 0 for the control
firms. Our final sample consists of 719 debt issues from 454 issuing firms and 719

non-issuance matches.

4.3 Methodology and Results

4.3.1 Significance testing for abnormal returns alone

| Hypothesis: |

Hy :tcar =0 There are no significant abnormal returns;

H; :tcar #0 Abnormal returns are significantly different from zero.

CAR
o= TGV (4-”

[Table 4.3 about here]
We apply a t-test to examine the significance of the cumulative abnormal returns
(CAR) to find whether it is significantly different from zero. This implies if the null
hypothesis is accepted, then we cannot reject the zero price impact statistically. To
employ the above test, first, an event window needs to be specified to capture the
announcement effect. Empirically, the abnormal returns at corresponding event dates
are found to be insignificant due to information leakage. Thus, longer event windows
are considered by adding up the abnormal returns during the observation window

periods. In practice, not only days after the events, but also days prior to events are
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examined; also various lengths of event windows are attempted as investor may react
at a different rate to announcements. We use the matching firm approach of Barber
and Lyon (1996), and abnormal returns are calculated as the cumulative return on
the sample firm less the return on its corresponding control firm during the observing
windows. The first panel in Table 4.3 reports the average cumulative abnormal return
at the window of [-30,+30] trading days is found to be negatively significant with a
t-value of -2.09. This suggests shareholders see long-term issuances as bad news and
a post underperformance is exhibited. Our finding is consistent with Miller and Rock

(1985), Dann and Mikkelson (1984), and Eckbo (1986).

A number of previous studies indicate that market reactions to capital structure
changes occur almost entirely within a two-day period (e.g. Masulis (1980), Dann
(1981), Vernaekeb (198.1), Mikkelson (1981), Dann and Mikkelson (1984), Asquith and
Mullins (1986), and Masulis and Korwar (1986)). In contrast, we don't find the two-
day effect; the abnormal returns are only significant at the window of [-30,4-30] which

suggests a slower rate of reaction to debt announcements?.

4.3.2 Heckman’s two-step model

We use Heckman’s (1979) two-step self-selection model to investigate the price impact

of long-term debt issuances. A probit model is implemented to control for latent sample

2In total, we have tried ten different event windows and use the 5% confidence level, the type I
error can be substantially higher than only testing one window. Therefore, we apply the Bonferroni
correction by adjusting the p-value divided by the number of outcomes being tested. E.g. at the 5%
level and assuming 5 event windows, the Bonferroni correction would use the 0.05/5 = 0.01 level. At
the 0.01 confidence level, the cutoff t-value would be 2.576 (the 1% level) instead of 1.96 (the 5%
level). '
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self-selection bias. It can be argued that firms self-select themselves by issuing debt,
while the self-selection factor is unobservable and Heckman treats the self-selection
factor as an omitted variable. With the Maximum Likelihood Estimation method
employed in the probit model, the omitted variable (also known as 'Heckman’s lambda’,
or 'Inverse Mills’ ratio’) is then added as another explanatory variable along with other
presumed determinants to explain stock performances in the second step. Without the
specification step, the OLS estimators maybe biased in the second step.

The first step: Selection specification

1 , Firms who issue debt

Dummy =

0 , Control firms

mua;

P(Y = 1|X) = PTOb’Lt(bO + blppel + bzln(Si) + b37'&d1: + b4 ebltdai 4 bs
ta; S; ta; ta;

Where a dichotomous dependent variable is used to distinguish issuing firms with
dummy value 1 and control firms valued at 0. In line with Chapter 2 and 3, asset
structure (ppe/ta), size (In(s)), profitability (ebitda/ta), uniqueness (r&d/s), growth
(mva/ta) are chosen as firm characteristics proxies3. In addition, we use the marginal
tax rate (mtr) variable developed by Graham (1996) to measure a firm’s tax benefits
of issuing debt. Tax effect is crucial to test capital structure theories, for example, the
trade-off theory sees capital structure the consequence of rebalance between a firm’s

tax benefits and bankruptcy costs.

3These variables are ranked as either Tier-1 or Tier-2 robust firm characteristic factors according
to Frank and Goyal (2003).

+ bgmir; + €;

)
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The second step: A regression model to test the price impact after control-
ling for self-selection

CAR,, =a+ ,B/\z +¢&; (42)

Where

—CAR,; denotes the cumulative abnormal return;

—J; is the inverse Mills’ ratio which is achieved from the specification stage;
—a is constant;

—f3 denotes the slope coefficient of .

—¢; is the error term with mean 0 and iid.

With the above model, we can test the price impact after controlling for sample selec-

tion bias.

Hypothesis:

Hy : « = 0 There are no significant abnormal returns after controlling for self-

selection.

H;:a#0 Abnormal return is significantly different from zero.

Note, here we test the price impact after controlling for self-selection bias by including
Heckman’s lambda which is different to testing the significance of abnormal returns
alone (Section 4.3.1). If the intercept term () is significantly different from 0, then
the insiginificant result suggests the unobserved self-selection factor is not enough to
explain the price impact. In contrast, if the intercept is insignificant then it suggests

there is no significant abnormal returns once self-selection is considered.
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4.3.3 Results
[Table 4.4 about here]

Panel A of Table 4.4 reports results of the probit model-the first step of Heckman
(1978). Results suggest that uniqueness (r&d/s) is negatively associated to the prob-
ability of debt issuance; profitability measure and marginal tax rate in contrast have
positive relationship to debt issuance likelihood. Panel B of Table 4.4 shows the in-
tercept term () is insignificant in Model 4.2, which suggests once self-selection is
controlled for there are no abnormal returns from long-term debt issuance. The model
is significant at the equation level with a p-value of 0.054; the self-selection control
(A) is statistically significant using a 90% confidence level. This finding is then con-
sistent with Modigliani and Miller’s (1958) irrelevance prediction of capital structure

decisions.

According to Li and Prabhala (2005), the self-selection factor can also be interpreted
as a measure of private information; the sign of A suggests private information pos-
sessed by issuers affects firms’ perforrhance positively (if +’) or negatively (>-’). This
result supports the information asymmetry explanation of Miller and Rock (1985).
They show, given the assumption that management and investors both can access full
information about a firm’s investment opportunities; the external financing announce-
ment is bad news to the market. The negative sign of A, in terms of private information

affecting managers’ debt issuance decisions, appears to be bad news for investors.
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4.3.4 Full-model including the determinant factors

To be in line with Chapter 3 and the literature, more factors are added as explanatory
variables in Equation 4.2 to test more dimensions of capital structure theories. In
addition to the six firm characteristic measures from the specification step, the 10-
year government bonds interest rate which is 91 days prior to the announcement date
is used to examine whether market timing effects exist®. Baker, et al. (2003) find
evidence of market timing in long-term debt markets. Miller and Rock (1985) predict
the deeper negative average abnormal returns are accompanied by larger unanticipated
proceeds size. Therefore, the proceeds variable (proceeds/ta) is included to test Miller
and Rock’s model. Li and Prabhala (2005) also recommend using proceeds as proceeds
volume is not disclosed to the public until the announcement date. The proceeds size
information is viewed as private information of management before it is released. Last,
the inverse Mills’ ratio from the specification step is included to control for sample

selection bias; and private information in the sense of Li and Prabhala (2005).

'l"&di

Si

CAR; = by + blptz;ez + bgln(si) + bs

bitda; muva;
4 b ol G
ta; ta;

proceeds;

+ bgBondrate; + by + bg\; +u; (43)

(2

4We assume if there are market timing effects in debt markets, issuers may use the long-term bond
interest rates one quarter prior to issue as a benchmark.
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In addition, to make the results of Equation 4.3 more comparable, an OLS model

without controlling for self-selection is also tested in Equation 4.4.

; &d;
CAR; = by + bl?: + baln(s;) + bsrs‘
+ by ebitda; + bs o b Bondrate; + b7pm Ui (4.4)
ta; ta; tai

4.3.5 Results

The estimation results of Equation 4.3 and 4.4 are shown in Panel B of Table 4.4.
The constant term is insignificant from zero, which again suggests no price impact of
debt issuances. The model is insignificant at the equation level with a p-value of 0.191
and R-squared of 0.005. The proceeds ratio has a marginal negative association which
supports Miller and Rock’s (1985) prediction on the relationship between proceeds
size’s adverse impact to abnormal returns. Noticeable, the lambda is insignificant which
indicates once other variables are included, no private information effect is evident and
the negative stock performance once again disappears. This finding destabilizes the

negative price impact proposition, however, supports the zero price impact hypotheses.

We compare the results of the estimation of Equation 4.4 to those of Equation 4.3.
The results are similar for models with/without the self-selection measure given other
proxies are equal. The intercept term is insignificant in models without Heckman’s
lambda. This is once again an evidence of the zero impact. Also, the model is insignif-
icant at the equation level which is similar to the model including Heckman’s lambda.

When these two full models (Equation 4.3 and 4.4) are compared to Equation 4.2,
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no private information effect is found when more potential determinants are included.
Two possible reasons may account for the difference: first, once we add up more ex-
planatory variables, some of them may embody the private information which overlaps
with the self-selection measure (Heckman’s lambda). For example, Li and Prabhala
(2005) suggest the proceeds size can be viewed as private information possessed by
firms. Once factors like proceeds are included, the other private information measure
(Heckman’s lambda) is not significant. Second, as the model is insignificant at the
equation level, this may suggest other variables apart from Heckman’s lambda have no

power to explain the price impact and thus should be dropped.

4.4 Robustness Testing

In the main test (Equation 4.2), we examine the private information effect by building
a regression model between Heckman’s lambda and CAR. However, to assure these

results are robust, we design three robustness tests as follows.

4.4.1 Robustness test 1: White’s (1980) method for standard
error corrections
[Table 4.5 about here]

In the first robustness test, in parallel to the matching firm approach used in our main
test, we imply White’s (1980) robustness correction to Equation 4.2 and 4.3. Panel A

of Table 4.5 indicates a zero price impact based on the insignificant intercept term (a).
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However, after correcting for standard errors, the results of Equation 4.4 change to be
significant at the equation level and the proceeds ratio is still negatively significant.
Noticeable, in both the main tests and robustness tests, debt maturity is insignificant
which can be interpreted to imply no market timing effects. Although debt maturity
is similar to the proceeds ratio proxying for private information possessed by issuers,

the proceeds ratio appears to be more influencial than debt maturity.

4.4.2 Robustness test 2: the (0,1) market model as bench-

mark

An alternative method to measure the abnormal returns is to calculate the cumulative
returns from a sample firm minus its expected return using the CAPM model (Equation
4.5). However, prior to debt issuances, the sample firms may perform abnormally and
the beta which is used to measure a firm’s systematic risk thus may also deviate from its
usual level. Consequently, the abnormal betas can result in biased abnormal returns.
To alleviate this, we adopte the (0,1) market model (Equation 4.6) using the CRSP

value-weighted index as the market portfolio (e.g. Eckbo (1986)).
AR; = Ri — (i + B;Rn) (4.5)
When we use the (0,1) market model, it takes the form of:

AR;= R, — R, (4.6)
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We focus on the short-term impact of debt announcements rather than long-term, as
the CARs in the long run suffer much more from measurement bias, new listing bias,

and skewness bias (Barber and Lyon, 1996).

The third panel of Table 4.3 shows abnormal returns are significant at the windows
spanning from [-5, +5] to [-40, +40] all with positive signs. This differs from the
negative abnormal returns (before controlling for self-selection) using the matching
firm approach. Whilst the second panel of Table 4.3 finds that using the CRSP equally
weighted market index, the abnormal returns are insignificant at all windows. The
findings suggest the price impact is sensitive to the benchmark being chosen which may
explain the conflicting empirical results discussed earlier. Panel B of Table 4.5 indicates
no variables are significant to explain the positive price impact of using the CRSP value
weighted market index at both models with robustness correction (Equation 4.3 and
4.4). Noticeable, again the intercept term is found to be insignificant after controlling
for self-selection; using the (0,1) market model also indicating no significant price

impact, which is consistent with our main result.

4.4.3 Robustness test 3: the multi-issue firms as subsample

There are 168 firms accounting for 433 debt issuances during the observation period of
1986-2006, these firms then enter into the multi-issue subsample for the last robustness
testing. It helps to find whether investors respond differently to firms visiting debt
markets with higher frequency. For the multi-issue firms, a dummy variable is used to

distinguish them from single issue firms. In addition, interaction terms are added for
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all the X variables in Equations 4.3 and 4.4.
[Table 4.6 about here]

Panel B of Table 4.6 verifies our prediction that the intercept term is insignificant, thus
once again confirming the zero price impact. If the results are compared to our main
results, we find first, once the dummy for multi-issue firms and interaction items are
included, size and profitability effects disappear; second, both of the marginal tax rate
(+) and the research & development ratio (-) are still significant to the likelihood of
debt issuance at the specification stage. In addition, the intere;ction term of multi-issue
dummy and profitability shows marginally positively correlated to CAR. It suggests
that increasing profitability is accompanied by a higher probability of debt issuance

only for multi-issue firms but not single-issue firms.

4.5 Conclusion

This chapter examines the price impact of straight long-term debt issuances using
Heckman’s (1979) two-step approach in US markets from 1986 to 2006. The 'matching
firm method developed by Barber and Lyon (1996) is adopted to calculate abnormal
returns with matching dimensions of industry and size. A significant negative price
impéct of debt announcements at the event window of [-30,+30] is evidenced. This
finding supports the prediction of Miller and Rock (1986) that investors see debt is-
suance as bad news. However, we show that once self-selection is controlled for, the
negative price impact disappers in both of our main tests and robustness tests. In

addition, we find the price impacts rely on the benchmark chosen; for example, a zero
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Table 4.3: CAR t-statistics results using a range of benchmarks

INDEX Event Window T-value P-value
Control group [-40,+40] -1.54 0.1233
[-30,+30] -2.09 0.0367
[-20,+20] -1.14 0.2562
[-15,+15] -0.56 0.5744
[-10,+10] -0.68 0.4958
[-5,+5] -0.3 0.7662
[-3,+3] 0.22 0.8227
[-2,+2] -0.05 0.9639
[-1,+1] 0.55 0.5805
[-0,+0] 0.27 0.7844
CRSP [-40,+40] 1.09 0.2745
equally weighted [-30,+30] 0.61 0.5391
[-20,+20] 0.47 0.6406
[-15,+15] 0.35 0.7241
[-10,+10] 0.35 0.7286
[-5,+5] 0.37 0.7087
[-3,+3] 0.36 0.7185
[-2,+2] -0.02 0.9847
[-1,+1] -0.3 0.7643
[-0,+0] -0.09 0.9312
CRSP [-40,+40] 6.59 0
value weighted  [-30,+30] 5.48 0
[-20,+20] 4.52 0
[-15,+15) 3.9 0
[-10,+10] 3.26 0.0011
[-5,+5] 2.34 0.0191
[-3,+3] 1.74 0.082
[-2,+2] 1.19 0.2356
[-1,+1] 0.87 0.3859

[-0,+0] 108 0.2913
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Chapter 5

Conclusion

This thesis commences by relating the spurious ratio problem to empirical tests of
capital structure theories. We use a variety of models and firstly show how sharing
common divisors in multiple regression models may lead to misleading inferences. To
address the spurious ratio problem, we use two panel models using levels instead of
ratios and a probit model. Our results show these models act as better tools to find the
determinants of capital structure. Last, the price impact of long-term debt issuances
is investigated and zero price impact is found afte: considering -self-selection using

Heckman’s (1979) two-step model.

Chapter 2 explores the spurious ratio problems caused by sharing common divisors
in multiple regression models evidenced in the capital structure literature. Without
correction, the estimated t-values and R-squares under traditional statistical inferences
can yield misleading evidence of significant association between independent and de-

pendent variables. In order to shed light on this problem, we show how the Monte-Carlo
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simulation technique developed by Barraclough (2007) provides reliable statistical in-
ferences when the parametric conventional inference is invalid. The second part of
Chapter 2 further applies the same simulation procedures to two panel models using
variables in levels instead of ratios, and no spurious ratio problem is evident. These two
models are more appropriate to investigate capital structure theories after we consider
the persistence character of capital structure (fixed effects) and endogeneity problems
respectively. Results show changes on collateral assets, size, and r&d are positively
associated to changes on debt values in the first differencing fixed effects model; and
past debt level and size explain most of the current debt level in the dynamic system

GMM model which suggests no significant relationship between debt level and firm

characteristics.

Chapter 3 investigates the likelihood of long-term debt issuance using a probit model
to overcome the spurious ratio problem evidenced in the traditional multiple regression
models. With modifications to the Monte-Carlo simulation technique of Barraclough
(2007), the cut-off values for slope coefficients, t-statistics and MacFadden’s Pseudo
R-squares are generated for the probit model. Our simulation based cut-off values are
close to conventional levels which indicates no spurious ratio problem. It appears that
the Monte-Carlo simulation method is a reliable method to verify parametric statistical
inferences. Byb modeling the decision of debt issuance using a dichotomous variable, our
results suggest leverage increasing firms tend to be larger, more profitable and firms

with high r&d tend to be less likely to use debt as a means of financing.

Chapter 4 examines the price impact of straight long-term debt issuances using
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Heckman’s (1979) two-step approach in the US markets from 1986 to 2006. The match-
ing firm method developed by Barber and Lyon (1996) is adopted to calculate abnormal
returns with matching dimensions of industry and size. Testing the abnormal returns
alone shows a significant negative price impact of debt announcements which appears
to support the prediction of Miller and Rock (1986) that investors regard debt issuances
as bad news. However, we show that once self-selection is controlled for, the negative
price impact disappers in both our main tests and robustness tests. In addition, we
find the price impacts rely on the benchmark being chosen; for example, there is a zero
price impact when the CRSP equal—weig}_l_ted market index is used, a positive impact
when the CRSP value-weighted market index is used, and a negative impact when
applying the matching firm approach. These different price impacts may reflect the
unresolved empirical results in the literature. Although the signs for average abnormal
returns differ according to the benchmark chosen, we come to the same conclusion that
there is no significant price impact of long-term debt issuances once self-selection is

accounted for.
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