To the Graduate Council:

I am submitting herewith a dissertation written by Alan James
Kirkpatrick entitled "Firm-Specific Influences on Liability Maturity
Structure." I have examined the final copy of this dissertation for
form and content and recommend that it be accepted in partial ful-
fillment of the requirements for the degree of Doctor of Business
Administration.

)

Yy :
ﬁ& Dl ‘Zf Si..S’S/Z/ UL

Ronald E. Shrieves, Major Professor

1

/

We have read this dissertation
and recommend its acceptance

:&é}, / ﬁm@ujﬁ

Accepted for the Council:

The Graduate School



FIRM-SPECIFIC INFLUENCES ON LIABILITY

MATURITY STRUCTURE

A Dissertation
Presented for the
Doctor of Business Administration
Degree

The University of Tennessee, Knoxville

Alan James Kirkpatrick

March 1985



Copyright © Alan James Kirkpatrick, 1985

A1l rights reserved



ABSTRACT

The repayment schedule is a fundamental characteristic of a debt
security which, along with such items as amount and rate, must be
specified in order to completely define the security. The levered
firm's overall 1iability maturity structure represents these repay-
ment plans collectively. This research addressed the influence of
firm-level factors on observed liability maturity structures.

The literature in finance suggests maturity structure roles for
certain attributes of the income stream of the firm, as well as the
assets generating the income. However, there are few empirical tests
of the liability maturity structure matter in general, only one of
which is cross-sectional in focus. Therefore, the research involved
measurement and tests of the theoretically derived influences bearing
on the maturity decision, including asset growth, expected 1lives of
assets, variability of income, covariability of income with interest
rates, and the proportion of assets financed with debt. The liabili-
ty maturity structures of the sampled firms were directly obtained
with the duration measure.

The regression results indicate statistical significance of
asset lives, asset growth, and the extent of debt capital financing,
thereby supporting maturity structure relevance of the habitat theo-
ry, principal-agent relationships, and the interplay of amount with
maturity of debt. The risk reduction role of income-interest rate
patterns is unclear and dependent upon variable measurement alter-
natives. The variability of firm income, viewed as a risk measure,

was not statistically significant. The research demonstrates that



liability maturity structures are established in recognition of

identifiable characteristics of firms.
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CHAPTER 1

INTRODUCTION

The concept of corporate 1iability maturity structure refers to
the composition of debt obligations of firms with respect to time to
maturity. The maturity schedule is a characteristic which must be
established for each debt obligation and it therefore constitutes a
required decision faced by every firm employing debt. In spite of
the fundamental nature of this issue, the finance literature does not
offer a dominant theoretical background, and the available empirical
tests do not unambiguously resolve the factors which statistically
influence liability maturity structures of firms. This research will
assess the relationship between firm-level factors and liability
maturity structure. In particular, the research focuses on the
association between certain characteristics of the income stream of
the firm, the assets which generate this income, and the maturity
structure decision.

Firms select from a spectrum of maturities ranging from a few
days to several decades. The decision-making environment includes
lenders whose interaction is reflected in their willingness to hold
the dated claims offered by the firm. The scheduled maturity of a
particular debt obligation should be a feature of the loan contract
which is established in recognition of some identifiable factors. In
turn, these individual maturity choices collectively form a liability
portfolio for which there exists a measurable time dimension based on

the repayment dates of the individual debt obligations.



The maturity choice has important consequences for investors.
The most obvious concern involves the possibility of default on an
obligation because of insufficient cash flow generation by the
firm. Unless renewal or extension occurs, the original maturity
choice could cause the firm to be in default on a debt obligation
which calls for repayment when the firm is generating relatively low
cash flows. Further, since the interest rates on short term debt
will be revised more frequently to prevailing market rates than will
rates on relatively longer term debt, the maturity choice affects the
variability of the interest expense of the firm. This in turn af-
fects the variability of the tax shield provided by interest expense,
and therefore, the stability of net income (as well as measures such
as earnings per share). Therefore, it only seems reasonable that
repayment schedules are carefully considered and not arbitrarily cho-
sen. Further, the nature and circumstances of the firm must dominate
those of the lender in the establishment of maturity; a lender whose
own circumstances call for a maturity othef than the one appropriate
for a particular firm will be attracted to the debt obligations of
another firm with different underlying characteristics. Identifica-
tion of characteristics bearing on the maturity decision is the focus
of this study.

Even with these indications of the significant role of the
maturity structure of debt capital, the time dimension of corporate
liabilities is usually obscured. The liquidity and leverage ratios
used in financial condition analysis do not accurately reflect

repayment plans. In the case of the current ratio, we observe a



crude partitioning of debt into only two maturity categories (short

or long term), following the traditional one-year cutoff point. The
total debt ratio, which is the basic measure of financial leverage of
a firm, makes no distinction whatsoever between debt of various ma-
turities. The various coverage ratios are somewhat more attuned to
the time dimension of debt, but only the current period cash inflows
and repayments are considered. Curiously, overall 1iability maturity
structure measures are not found in financial statements or other
financial data sources, even though 1iability maturity structure
lends itself to direct measurement.

This research investigates whether firm-level characteristics
exist which might systematically determine the location of firms
along the 1iability maturity continuum. The concentration is on
cross-sectional statistical tests of several factors thought to
influence maturity decisions. The duration concept is employed as a
direct measure of liability maturity structure for a sample of
manufacturing firms. The results indicate that maturity decisions
can be traced to underlying characteristics of firms, such as asset
lives, the extent of debt financing, and the growth rate of assets.
Thus, in addition to verifying the practice of matching liability
maturities to asset lives, the research explains why firms might

choose not to match maturities.



CHAPTER 11

LITERATURE REVIEW
AND HYPOTHESES

The purpose of this chapter is to provide a survey of the liter-
ature related to corporate liability maturity structure and to state
hypotheses corresponding to unanswered questions on the subject.
Section A addresses the reasoning behind the habitat theory under
which firms choose liability maturities in light of asset lives. This
concept represents the earliest related literature activity and
continues to provide fundamental insight. Section B contains an
evaluation of alternative specifications of the risk associated with
the maturity structdre issue. The next part of this chapter, Section
C, analyzes the role of income patterns in maturity structure deci-
sions. Section D considers the similarities between the maturity
decision and the fixed versus variable rate debt instrument
decision. The relationship between agency-problems and maturity
structure will be developed in Section E. Section F contains a
discussion of floatation costs and call premiums. Section G summar-
jzes the theoretical influences on 1iability maturity structure.
Section H includes the methodology and results of the few existing
empirical studies on this subject, and the final subdivision of
Chapter II, Section I, summarizes the unresolved issues leading to

the hypotheses of this research.



A. THE HABITAT THEORY

The habitat theory indicates that firms can protect net worth
from variability in an environment of fluctuating market interest
rates if the maturities of debt obligations are chosen to correspond
to the expected lives of the assets held by the firm. Redington (17]
developed this maturity strategy on the corporate level in 1952,
while in 1966 Modigliani and Sutch [13] provided the “"preferred
habitat" label in the context of maturity decisions. The theme of
the habitat theory revolves around the lives of assets of the firm in
the sense that asset maturities establish and reflect the preferred
maturity habitat. The synchronized 1iability maturity strategy which
results is variously referred to as "immunizing," “"matching," or
"hedging," and is included in corporate finance texts as a viable
maturity strategy.1

The simplest form of the habitat theory involves an asset
expected to generate cash flow at some future date associated with~a
liability maturing at the same point in time. In the likely case of
periodic cash flows, the 1iability repayment plan is established to
be correspondingly gradual. The approach can be expanded to deal
with a collection of assets grouped into current and fixed asset
categories. Maturities are considered approximately matched by
financing the permanent portion of current assets and the fixed
assets of the firm with long term debt (and/or equity); then, the

jnevitable fluctuations in current assets during the operating cycle

Yeor example, see Van Horne [23].



are financed with relatively short term borrowings. Precise imple-
mentation of the habitat theory becomes elusive as one considers
complex balance sheet structures of large firms. However, perception
and estimation of the (asset) habitat can realistically serve as a
guide to the selection of liability maturities.

The most apparent rationale for following the matching strategy
jnvolves an orderly retirement of debt obligations. Scheduling debt
repayments to correspond with expected asset cash returns reduces the
possibility of default, as well as providing logical and efficient
use of funds. Mismatching a short term liability with a relatively
long-lived asset creates the problem that repayment will occur before
full receipt of the cash flows from the asset. Although lenders of-
ten accommodate renewal of short term debt instruments, there exists
the potential problem that weak firm performance could make renewal
troublesome, costly (in the form of a higher borrowing rate), or
perhaps impossible. At the least, successful renewal of short term
debt creates some transactions costs and ihconvenience. The other
departure from the matched position occurs if the 1iability maturity
chosen occurs after the asset ceases to generate cash inflows. 1In
this case, the problems include inconvenience and transactions costs
of investment in some temporary asset (or the return lost on idle
funds), or a prepayment penalty on early retirement of the debt.

The second justification for matching asset and liability
maturities focuses on the effect on net worth in an environment of
fluctuating market interest rates. Changes in these rates influence

discount rates, and lead to alteration of the present value of the



cash flows associated with the assets and liabilities. If the
maturities are matched, these present value changes are offsetting
and net worth in market value terms will be unchanged, regardless of
the direction of change in interest rates. If the asset and liabili-
ty maturities are not matched, net worth will increase or decrease,
depending on the actual direction of change in rates and on relative
asset and 1iability maturities. Given an asset financed with com-
paratively short term debt and an increase in rates, the decrease in
the present value of the asset will exceed the decrease in the
present value of the 1iability, causing net worth to decline. The
use of a relatively longer maturity liability results in an increase
in net worth if interest rates increase.2 Only if maturities are
matched will net worth maintain its initial level.

Samuelson [19] used these principles to show how financial
institutions can benefit from a seemingly unfavorable increase in
interest rates if the maturity of liabilities exceeds that of assets.
However, an element of risk is present sinée interest rates might
instead decline. Grove [7] assessed this uncertainty for investors
whose utility functions include expected net worth and variance of
net worth. Not surprisingly, the maturity strategy chosen depends on
risk tolerance; investors may accept some net worth variability for
the possibility of enhancing their net worth by choice of differing
asset and liability maturities. The matching strategy is selected by

extreme risk averse investors or by those who perceive equal prob-

2The changes in net worth are in the opposite direction if
interest rates decline.



abilities of an increase or decrease in future interest rates.
However, it is apparent that maturity mismatching can provide an
increase in net worth if interest rates are accurately forecasted.
Grove developed a measure of the investor's willingness to gamble in
this manner and labeled it an "index of the wealth-holder's audaci-
ty," implying the difficulty of consistently accurate interest rate
forecasts.3

Protection of net worth can be achieved without matching the
maturities of assets and liabilities through participation in the
financial futures markets. If asset maturities are shorter than
liability maturities, the decline in net worth associated with a
decrease in market rates can be offset by the purchase of a futures
contract (on a bond). On the other hand, if asset maturities are
longer than liability maturities, the decline in net worth associated
with an increase in market rates can be offset by selling a futures
contract. Thus, the immunization objective can be consistent with.
mismatched maturities, at least to the extént that futures markets
are used for immunizing (based on current reporting standards, fu-
tures market activity cannot be gleaned from financial statements).
Notably, the use of futures contracts in this manner ignores poten-
tial debt service problems of a firm choosing relatively short term
liabilities.

The literature concerning the habitat theory describes the time

dimension of assets and 1iabilities with the duration measure,

3grove (7], page 48.



originally developed by Macaulay [11]. The duration of a stream of

cash flows can be written:

. (£)(Cp)/(1 + r)t/g (Ce)/(1 + )t (1)
t=1 t=1
where,
t = year of the cash flow (in coded units)
Cy = cash flow, year t
T = final year of cash flow
r = discount rate

This measure of average maturity can be calculated at the level of
the individual investor or, with more effort, at the level of the
firm.

The habitat concept suggests that corporate liability maturity
structure decisions are made with reference to the expected lives of
assets. The justifications involve concern about orderly retirement
of debt obligations in accordance with the pace at which assets

generate cash inflows, transactions costs, and net worth variability.

B. MATURITY STRUCTURE DECISIONS AND SYSTEMATIC
VERSUS TOTAL RISK

The extensive use of the capital asset pricing model (CAPM) in
the finance literature encourages consideration of it as a potential
analytical framework for the maturity structure issue. The CAPM
specifies systematic risk as the relevant risk of a security for

diversified investors under perfect market conditions; according to



the model, firm-specific (unsystematic) risk is unimportant because

it can be eliminated by extensive diversification. Insofar as cor-

porate maturity structure research is concerned, the appropriateness
of the CAPM can be judged by reference to the general compatibility

of the model with the issues to be resolved, as well as whether any

firm-specific maturity structure influences derive from its applica-
tion.

Morris [15] assessed the relationship between debt maturity and
equilibrium expected returns within the traditional CAPM framework.
Appendix A contains Morris' derivation which indicates that systemat-
ic risk is affected by maturity choice and the covariance between
interest costs and the return on the market, cov(I,Rm).4 If the firm
borrows short term and cov(I,R,)>0, systematic risk declines rela-
tive to its level under a longer term strategy. More specifically,
if interest costs are positively related to the return on the market,
net income will be negatively associated with the return on the
market because higher (lower) interest cosfs reduce (increase) net
income. The resulting negative relationship between return on the
market and net income implies lower systematic risk if cov(I,Rm):>0.
If cov(I,Rm)<:0, systematic risk will be lower with long term
debt.

The multi-period nature of the maturity structure issue is not

entirely compatible with the traditional, single period CAPM. Morris

4Holding debt level constant, the covariance measure is
cov(r,Rm), where r is the firm's borrowing rate.

10
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noted this and used the multi-period Bogue and Ro1l [3] model in a
second attempt to 1ink expected returns with debt maturities. In
this case, asset prices are based upon the expected association
(during each of several future periods) between interest costs and
the value of the market portfo]io.5 However, this is not a reliable
multi-period analysis of maturity choice since the Bogue and Roll
model relies heavily on the traditional CAPM framework, yet it allows
uncertainty in the risk-free rate, which is not consistent with the
cApm,5

The extended CAPM developed by Long [10] was used to more
properly address the asset pricing role played by debt maturity
decisions.” This model is a multi-period, discrete time concep-
tualization of expected equity returns, in which both consumption
good prices and interest rates are uncertain. The analysis in
Appendix B indicates that maturity structure can affect expected
return based on the signs of the following covariances:

1. The covariance between interest costs (or rates) and the

return on the market, cov(I,R.).
2. The covariance between interest costs (or rates) and the

inflation rate, cov(I,I*).

5The derivation was done in terms of dollar value instead of
percentage returns.

OFama [5] refers to the interest rate variability in this model
as "inadmissable uncertainty."

7Specific results were not obtained using the multi-period model
developed by Merton [12].
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3. The covariances between interest costs (or rates) and the
return on bonds of various maturities, cov(I,Rpy), where the
subscript "m" indicates bond maturity dates.

The first covariance term, cov(I,Rm), was apparent earlier in the
traditional CAPM framework (as well as in Morris' multi-period
analysis), although only here does it play a legitimate role, since
Long's model specifically allows for stochastic interest rates. The
additional covariances arise out of investor concern about the wealth
impact of future prices of goods and the future level of interest
rates; that is, investors are concerned with factors beyond the mean
and variance of their future wealth.

Application of asset pricing models to the liability maturity
jssue seems to indicate that firms can alter their systematic risk
level by arrangement of 1iability maturity dates. If one assumes
that capital markets operate in this manner, a question arises
regarding the benefits accruing to the firm. A maturity strategy
which reduces systematic risk results in avcommensurate reduction in
expected return, but there is not an'optimal security market line
position. Further, portfolio theory indicates that investors hold
the market portfolio of all risky securities in some combination with
the risk-free asset; a change in the beta level of one or more
securities leaves the beta of the market portfolio unchanged.

If market imperfections not addressed by the CAPM are intro-
duced, investors will be concerned with the total variability of
returns and alternative maturity arrangements will be important.

Perhaps the most important market imperfection for the subject at




hand is the possibility of costly bankruptcy. In perfect markets

there are no value losses associated with bankruptcy, since the
assets of the firm are assumed to draw their full economic value and
no direct expenses are incurred in dissolution. In reality, bankrupt
firms can incur "dead-weight" losses® associated with liquidation
under distressed circumstances, legal and accounting activities, and
operational disruptions. The potential for bankruptcy and any re-
lated costs are not captured in the CAPM; that is, bankruptcy drains
are not reflected in the covariance between the firm's returns and
that of the market (systematic risk). Bankruptcy is instead related
to the unsystematic risk of the firm and bankruptcy concerns are
inextricably linked to maturities of debt instruments. This suggests
that maturity structure is logically assessed within the total risk
framework, within which both systematic and unsystematic risk are
relevant. In general, this framework becomes appropriate the greater
the departure from the perfect markets assumptions of the CAPM (for
example, the existence of transactions cosfs 1imit the ability of
investors to hold the well-diversified portfolios necessary to
eliminate unsystematic risk).

Another market imperfection involves lack of availability of
complete information about the asset and liability maturity

structures of the firm. One can argue (within the perfect markets

8These costs are not necessarily incurred if the capital
structure of the firm is reorganized as suggested by Haugen and
Senbet [8); in this case, the (smaller) costs of reorganization
involve the transactions costs associated with issuing new stock and
retiring the debt of the firm.
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assumption of the CAPM) that investors can create their own preferred
maturity structure making firm level concern unimportant. This pre-
sumes that investors have full information regarding the asset and
liability maturities of the firm. Realistically, publicly available
maturity information is somewhat less than complete (notably on the
asset side); thus, although investors may not have sufficiently
detailed information about maturities (so that, for example, they can
jmmunize their net worth), the management of the firm does have
access to the pertinent information.9 The conclusion must be that
the firm cannot ignore the importance of its maturity structure on
the grounds that investors will create their own "homemade" maturity
structure, because investors have incomplete information.

In addition to the foregoing discussion of the conceptual incom-
patibility of the CAPM with the maturity structure decision, the
model does not provide any insight into firm-specific influences.

The level of the covariance between interest costs (or rates) and the
market return is a market level factor confronted by all firms iden-
tically; this is also the case for the covariance terms in Long's
extended CAPM.

In a recent paper, Reuben [18] demonstrated algebraically that
returns generated by the firm are unaffected by 1iability maturity
structure. Although alteration of maturity structure in the model

can reallocate risk and expected return among the various security

9For example, a firm might mismatch asset and liability matur-
ities, yet effectively immunize via financial futures. Investors,
though, cannot know of these futures contracts because the holdings
are not disclosed in financial statements.
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holders, the total value of the firm remains unchanged. These
results are partially due to exclusion of bankruptcy costs and the
fact that the model treated short and long term debt equivalently as
far as interest deductibility is concerned.10 Reuben's empirical
test demonstrates that operating returns are unaffected by the ratio
of short to long term debt during periods of stable interest rates,
yet returns were (negatively) related to the short term debt ratio
during periods of high and unstable rates. These empirical results
indicate that maturity decisions play an important role in financial

management.

C. INCOME VARIABILITY AND CORPORATE
DEBT MATURITY

Within the total risk framework, investors will be concerned
about the variability of the net income of the firm and the potential
transmission of this risk to stockholder returns. Morris 15
considered the effect of alternative matufity strategies on net
income variability. Consider first a matching approach where an

asset is supported by a liability of equivalent maturity; interest

cost in this case is constant and the expected value of net income

is:

E(NI) = (NOI - I)(1 - T) (2)

where,

10The next section of this chapter indicates that the
variability of net income is affected differently by the interest
expense on short versus long term debt.



L

NOI = net operating income, a random variable as
denoted by the tilde
I = interest charges
T = tax rate

With the matched asset and 1iability maturities, the variance of the
probability distribution of net income is (1 - T)2 °2NOI' This
result serves as a benchmark for evaluating the effect on the
dispersion of the net income distribution if a relatively short term
debt strategy is used.

Now consider an alternative maturity decision involving a series
of short term obligations (for example, one year maturities) as the
source of funds for the same, longer lived asset. If the borrowing
rate is a normally distributed random variable, interest expense will

be similarly distributed, and expected net income can be written:

E(NI) E[(NOI - I)(l -

E[NOT(1 - T)] - E(T(1 - T)] (3)

The variance of net income under short term financing is:

E{(NOI(1 - T) - T(1 - T)]
- E[NOI( - T) - T(1 - T2

2
0°NI

E(L - T)2 {NOT - E(NOT)}2
+ (1 -T2{T - e(N)}?
- 2(1 - T)2 {NOT - E(NOT)} {T - E(D}

A~ .

(1 - T)Zoﬁof (1 - T)Zo§ - 2(1 - T)2 cov(NOI,I) (4)

The variance of net income with a short maturity strategy will be

16
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greater than under the matching strategy if cov(NOI,I) < 0, since the
sum of the second and third terms in equation (4) will be positive
(aﬁl with matched maturities is equivalent to only the first term in
(4)). However, if cov(NOI,I) >0, and if the third term in (4)
exceeds the second, the variance of net income can be reduced with a
series of short term obligations. In other words, with short term
borrowing and positive association between net operating income and
interest rates, fluctuations in net operating income which would
otherwise be transmitted to net income are smoothed by similar
fluctuations in interest costs. High operating income levels will be
associated with high interest costs, and the tax shield provided by
interest will be large when the firm has more taxable income to
shield. Similarly, if net operating income falls together with
interest costs, the tax shield falls when it is least needed (and the
risk of default due to nonpayment of interest declines). The fluc-
tuating interest and the associated tax shield work to the advantage
of both equity and debt investors by reducing the dispersion of net
income.

This analysis points to the covariance between net operating
income and interest rates as a firm-specific influence on corporate
liability maturity structure.ll There may be Timitations to the
application of the proposition, such as concern about non-renewal.

On balance, however, it is plausible that firms consider maturity

decisions in 1light of their operating income-interest rate patterns.

11The empirical test by Morris is discussed in Section H of this
chapter.
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D. THE ASSOCIATON BETWEEN MATURITY STRUCTURE
AND VARIABLE RATE DEBT INSTRUMENTS

A firm can achieve the potential reduction in net income vari-
ability offered by short term debt without actually borrowing short
term by obtaining longer term debt with a variable rate provision. A
liability with, for example, annual interest rate adjustments based
on prevailing market conditions, is effectively a one-year liability
as far as interest expense variability is concerned. Additionally,
the variable rate debt may lessen concern over possible non-renewal
of short term debt, and it serves to reduce inconvenience and trans-
actions costs associated with renewals.

Agmon, Ofer, and Tamir [1] developed an approach to the decision
between fixed and variable rate debt instruments. Their analysis
involved maximization of a stockholder return objective function
which incorporated the effect of alternative debt repayment schedules
generated by various combinations of fixed and variable rate liabili-
ties. The particular proportions of fixed and variable rate debt
depend on market and firm-specific variables. The market factors
include:

1. the relative required returns on fixed and variable rate
debt, since a sufficiently low required return for one type
or the other would encourage its use, and

2. the magnitude of the variance of the variable debt repayment,
OZVDR’ implying concern over highly unstable debt service.

As with the case for maturity choice, the firm-specific influences on

.



the rate provision decision revolve around the nature of the operat-
ing income stream of the firm. These are: (1) the variance of the
firmfs operating income, OZNOI' and (2) the covariance between net
operating income and the variable debt repayment, cov(NOI,VDR). The
role of OZNOI was not specifically discussed by Agmon, Ofer, and
Tamir, although it appears that large values of UZNOI would
discourage use of variable rate debt. The authors do show that if
cov(NOI,VDR) >0, the use of variable rate debt is favored. If
cov(NOI,VDR) < 0, the decision goes exclusively to fixed rate debt.
The preceding discussion regarding the choice between fixed and
variable rate debt quite closely parallels the choice between short
and long term debt. It was shown in the preceding section that
relatively short debt maturities can reduce the dispersion of the
distribution of net income if the firm-level covariance between net
operating income and interest charges, cov(NOI,I), is positive. The
work by Agmon, Ofer, and Tamir indicates preference for variable rate
debt instruments if cov(NOI,VDR) is positiVe. These covariances are
nearly equivalent, with the difference being that cov(NOI,I) does not
address principal repayment, while VDR in cov(NOI,VDR) does. This is
predictable since cov(NOI,I) resulted from assessment of the effects
on net income variance, and principal repayment does not appear in
the calculation of net income. More importantly, however,
cov(NOI,VDR) is non-zero only due to fluctuations in the interest
portion of the variable debt repayment. Thus, variable rate debt
theory bypasses any alternatives regarding maturity by assuming

repayment at the end of the time horizon; similarly, maturity theory
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does not directly consider possible renewal difficulties. In any

event, positive values of cov(NOI,I) and/or cov(NOI,VDR) offer
potentially favorable interest expense variability for firms choosing
short term and/or variable rate debt, respectively. Agmon, Ofer, and
Tamir state that "firms should search for and issue variable rate
debt instruments with a payment schedule that has a positive
covariance with the firm's operating income."12 The words "short
term" can be substituted for "variable rate" in this quotation,
demonstrating consistency between the maturity and rate provision
issues. As additional support for the similarity, the variable rate
theory indicates that a firm will tend to choose variable rate debt
the larger the expected ratio of cov(NOI,VDR) to OZVDR- This
corresponds to the importance of the relative magnitudes of the terms
in equation (4) in the context of maturity choice.

The extension of fixed or variable rate loans by financial
institutions was recently addressed by Santomero [20]. As before,
the preferred funding strategy is influenced by the covariance
between the return on the loan and the institution's funding costs;
anticipation of positive (negative) covariance induces choice of
variable (fixed) rate liabilities. Further, the variance of return
at the institution level is affected by the covariance of the
borrower's project with interest rates (or inflation). Projects with
returns negatively associated with interest rates increase the risk

of default on a variable rate loan. The nature of the rate provision

12pgmon, Ofer, and Tamir [1), page 125.
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matter is again shown to be consistent with the maturity decision,
even to the extent of recognizing the importance of characteristics
of the institution's borrower as financial intermediation takes
place.

It has been shown that the association between asset returns and
interest rates can be used to reduce the total risk of a firm given
an appropriate rate provision or maturity decision. VYet, the rate
provision matter has not been demonstrated with data from firms and
the corresponding maturity choice has not been tested with an actual
measure of liability maturity structure. This research will provide
statistical insight into these and other influences on corporate

1iability maturity structures.

E. AGENCY THEORY AND THE MATURITY
STRUCTURE DECISION

The financial theory of the agency relationship, developed by
Jensen and Meckling [9], is generally concérned with the lack of
perfect alignment of the objectives df the principal and agent. The
divergence of objectives calls for the principal (for this applica-
tion, the lender) to offer appropriate incentives to discourage the
agent (the owner/manager) from taking actions detrimental to the
welfare of the principal. The principal will also conduct costly
monitoring activities to help assure that the agent acts in the best
interest of the principal. The agency problems which are pertinent
in this research involve informational asymmetry, owner risk incen-

tives, and suboptimal future investment decisions.
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Barnea, Haugen, and Senbet [2] discuss the circumstances under
which debt maturity affects agency costs associated with potential
differences between agent and principal regarding perception of the
investment opportunities of the firm. The owner may not precisely
communicate to the lenders the true nature and value of the firm
(including future investment opportunities), and this may in turn
cause lenders to undervalue the firm's debt at purchase. With long
term financing, the cost of the misperception is permanent; however,
if the debt matures soon after the true nature of the firm is
revealed, the excessive return required by lenders has a minimally
unfavorable present value effect on the debt. At this point, the
firm is revealed and the yield required by lenders will be properly
established based on a correct assessment of the firm.

The second agency problem is concerned with the relationship be-
tween debt maturity and the owner's incentive to switch (after debt
funds are raised) to riskier projects than originally envisioned by
lenders. The basis for this incentive is ihat owners can be viewed
as holding an option to buy back the firm at an exercise price equal
to the face value of the debt, and the value of this option is an
increasing function of the variability of returns on the assets of
the firm. Thus, owners have an incentive to acquire risky assets to
enhance their wealth at the expense of debtholders.!® Lenders will
anticipate this risk incentive problem and offer a lower price

(equivalently, a higher required return) for the debt, and the owners

13gatai and Masulis [6], page 64.
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should take steps to avoid this incentive and the associated agency
cost. Barnea, Haugen, and Senbet [2] indicate that lenders' concern
over asset switching can be attenuated by the use of relatively short
term debt. The short maturity choice is effective because the value
of a short term option is less sensitive than a longer term option to
a change in the variance of the returns of the underlying asset.

The third agency problem related to debt maturity concerns the
discretionary nature of future investment opportunities. If debt
matures before an investment option expires, the owners will make the
investment if its net present value (NPV) exceeds the required repay-
ment to the lenders; if the NPV is less than the required repayment,
the (single opportunity) firm will be taken over by the creditors who
will themselves make the investment if the NPV is positive. If the
debt matures after the investment option expires, the potential
exists for the NPV to be less than the required repayment (but
positive nonetheless), yet the 1ender; cannot exercise the expired.
option. Thus, long maturity debt can creafe suboptimal investment
decisions and reduced firm value. Although this concept was origi-
nally developed by Myers [16], a related problem has been identified
by Bodie and Taggart [4], wherein owners of firms with long term debt
cannot reap all of the benefits of future investments because some of
the benefit goes to lenders via a reduction in the probability of
default (although they continue to receive the same coupon).

Barnea, Haugen, and Senbet [2] also show how callable debt
serves a purpose similar to short term debt in reducing the effects

of agency problems. However, because of commonly imposed call
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14, maturity appears to be the better way to control

deferment periods
agency problems in practice.

In each of the three cases, agency problems and costs are
related to investment opportunities. Further, the problems are
consistently reduced with relatively short term debt. Thus, this

research will pursue the statistical association between cross-

sectional growth rate differentials and liability maturity structure.

F. FLOATATION COSTS AND
CALL PREMIUMS

Maturity decisions could be influenced by the nature of
floatation costs on bonds. Specifically, if floatation costs are
equivalent across all maturities, firms would have the incentive to
issue the Tongest possible maturity in order to reduce the frequency
of incurring these costs. Morris [14] developed an iterative
approach to find the least costly maturity choice, based on the
present values of interest and floatation Eosts associated with
different maturities. In the mode],'floatation costs consisted of a
fixed element (independent of the maturity of the debt) and a vari-
able element, which was positively related to maturity (i.e., longer
term bonds involve greater floatation costs). The optimal maturity
choice depends on the relative importance of the fixed and variable
components of floatation costs. Other things equal, a large fixed

component increases the preferred maturity, while a larger variable

14Van Horne (23], page 617, indicates corporate bonds are
frequently not callable for ten years from the date of issuance.
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component reduces the preferred maturity; if the variable component
is trivial (i.e., if floatation costs are the same for all maturi-
ties), the model confirms the notion of using the longest possible
maturity to minimize the frequency of incurring floatation costs.
Therefore, floatation pricing influences the maturity decision,
although such pricing arrangements should be confronted similarly by
all firms. Even if this were not the case and the fixed and variable
portions of floatation costs varied across firms, no clues are
available to describe the types (or characteristics) of firms exposed
to greater or lesser variable floatation costs.

Call provisions allow the firm to retire a bond issue prior to
its scheduled maturity. In order to call a bond, the firm must pay a
call premium to the bondholders and the bond issue in question must
be beyond the call deferrment period. The most apparent motivation
for calling a bond is to reduce interest expense if rates decline
after the bond is issued. In this case, bondholders will suffer a
drop in yield as they reinvest the price réceived for their bonds.
However, compensation and protection is available in the form of
higher coupons on callable bonds, call premiums, and call deferrment
periods. Since there is no reason to believe firms have better
interest rate forecasting abilities than bondholders, the call
premiums and coupons on callable bonds will be set to result in
indifference as to whether an issue is callable or not.

There is, however, a potential problem when measuring the
1iability maturity profile of a firm with callable debt. If there is

a possibility of an issue being called, the nominal maturity will be
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overstated. The likelihood of a bond being called depends on a
number of factors including the coupon rate, the schedule of call
premiums, the call deferrment period, and most importantly, the trend
in future interest rates. In measuring liability maturity
structures, there is no apparent method for adjusting the stated
maturities of callable debt. Actually, there is a distinction
between the case of early retirement due to a call versus the case of
a correspondingly short term debt instrument; in the former case, the
decision rests entirely with the firm while in the latter case, the
firm must be in position to repay. Suppose a long term callable bond
for a given firm has a potential maturity of three years based on the
expectation of a call at that point in time, and another debt item
has a specific and required maturity of three years; equivalent
maturity treatment of these obligations in a calculation of liability
maturity structure is obviously incorrect. The callable bond may be
retired early at the option of the firm, but the firm will not be .
required to do so; a similar degree of distretion does not exist on

the obligation with the definite maturity.

G. SUMMARY OF THE THEORETICAL INFLUENCES ON
LIABILITY MATURITY STRUCTURE

The purpose of this section is to summarize the firm-specific
factors bearing on the maturity decision. The overall purpose of
this research is to verify such factors in a cross-sectional multiple

regression.
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The habitat theory suggests that liability maturity decisions
are made with reference to the expected maturities of the assets of
the firm; that is, firms with relatively short (long) asset lives
will tend to employ relatively short (long) maturity debt. Adherence
to the matching strategy implied by this theory offers synchroniza-
tion of cash inflows and outflows, and immunization of the market
value of net worth.

The second firm-specific influence identified in the literature
is the association between net operation income and short term
interest rates. If the covariance between these variables is
positive, the use of short term (or variable rate) debt can reduce
the total risk of the firm,

Another influence on the maturity decision involves the theory
of the principal-agent relationship. The literature indicates short
term debt may be useful in reducing certain agency problems and costs
of debt, including foregone investment opportunities, informational
asymmetry, and owner risk incentives. Since these problems are
encountered as investment opportunities arise, high growth firms
could be expected to favor relatively short term debt.

Finally, there is reason to believe firms might use the maturity
decision to control the risks associated with the level of indebted-
ness and/or the variability of operating income. A high debt ratio
can be offset by stretching out repayments in order to defer or
reduce the "crisis at maturity" problem. Similarly, since default
occurs as the result of insufficient income (or net cash flow)
relative to maturing debt, firms with highly uncertain net operating

income might favor relatively long debt maturities.



28

H. EMPIRICAL TESTS OF CORPORATE DEBT
MATURITY STRUCTURE INFLUENCES

Anticipation of 1iability maturity structure differences among
firms is reasonable in light of the relationships established in the
literature review thus far. There are testable hypotheses about
maturity structure which can be developed regarding preferred habi-
tats, income patterns, variable rate debt, overall use of financial
leverage, and agency prob'lems.15 However, there are few studies to
date about influences on corporate maturity structure, and only one
of these studies approaches the matter at the level of individual
firm; maturity structure has ordinarily been assessed with aggregate
data for broad balance sheet categories. Although analysis at this
level of abstraction does not resolve the role of any firm-specific
characteristics in maturity decisions, the time series studies
provide explanations for historical trends in short and long term
debt usage.

Taggart [22] grouped Federal Reserve flow of funds data (1957-
1972) into broad categories (1iquid assets, inventory, fixed assets,
short term debt, long term debt, and equity) and constructed several
equations representing sources and uses of funds relationships. The
results supported the concept of asset and liability maturity
matching in that increases in long term debt were associated with

expansion of fixed assets (and the permanent portion of current

15These hypotheses will be formally stated in Section I of this
chapter.
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assets) and short term debt was statistically related to variation in
short term assets.

Silvers' [21] time series study used Federal Trade Commission
aggregate manufacturing industry data over the 1961 to 1975 time
period. The study by Silvers is in some respects more closely
related to the current research than is Taggart's, because his
regression design involved determinants of aggregate liability
maturity structure in a single equation; the previously cited study
by Taggart involved separate equations for individual sources of
funds. Silvers developed four hypotheses to explain variation in
aggregate liability maturity structure through time:

1. Firms match asset and 1iability durations in order to

achieve the immunization objective.

2. Firms attempt to forecast interest rates (based on yield
differentials on bonds of various maturities) and shorten
(1engthen) 1iability maturities if interest rates are
expected to fall (rise). 1If the éxpectations are realized,
interest costs through time will be minimized.

3. The financial markets offer more (fewer) long term funds
when aggregate debt ratios are low (high).

4, High (low) levels of aggregate profitability result in
relatively long (short) 1iability maturity structures,
because firms will apply available profits first to
repayment of the shorter term debt (in order to reduce the

risk of default).
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The proxy variables corresponding to each of the hypotheses were
asset duration, the spread between long and short term rates, debt
ratio, and return on equity, respectively. Silvers chose the
duration measure to measure the liability maturity structure for the

manufacturing sector. The results are presented below in Table 1.

Table 1

Silvers' Time Seriés
Regression Results

Variable Coefficient t-statistic
Asset Duration .8496 3.541
Long-Short Interest Spread .0609 3.185
Debt Ratio -2.959 5.761
Return on Equity .1280 2.326

The R2 of the regression equation was .69, the hypothesized signs
were obtained, and each coefficient was statistically significant at
the .025 level. The validity of the second hypothesis can be chal-
lenged; Silvers relied on the expectations theory to justify the use
of yield differentials to forecast rates, yet the theory indicates
that any borrowing pattern across maturities would involve the same
interest expense. Further, although the study offers some duration
measurement techniques which will be used in the present research,
firm-specific variables were not addressed. Silvers states that "in

an aggregate sample such as the Federal Trade Commission data, such
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interesting variables cannot be tested, although they may be impor-
tant, 16

The sole published test using cross-sectional, firm-specific
data was reported by Morris [15], although his article was predomi-
nantly a theoretical exposition of the role of operating income and
interest rate patterns. His theory indicates that firms with a
positive covariance between operating income and interest rates can
reduce the variability of net income by employing relatively short
term debt. The empirical test involved a simple regression of the
ratio of short term debt to total assets, and the correlation between
net operating income and commercial paper rates for 535 firms over

the period 1952 through 1970. The results are contained in Table 2.

Table 2

Morris' Cross-Sectional
Regression Results

Variable Coefficient t-statistic

Correlation Between .02 2.42
Changes in Net Operating

Income and Changes in

Commercial Paper Rates

The coefficient for the correlation variable was significant at the

1% level, although the R2 of the regression equation was only .0l.

165i1vers [21], page 61.



Morris also measured the correlation variable without changes in the

raw data, but it was not statistically significant.

The results of the Morris study indicate that liability maturity

structure is only negligibly explained by operating income-interest

rate patterns. There are several factors which may have contributed

to this result:

1.

The correlation variable was measured over the period 1952-
1970, and the short term debt ratio was calculated for each
firm as of 1970. Market rates of interest were quite stable
for this time period, and firms would have had a minimal
incentive to follow the maturity strategy developed by
Morris.17
The short term debt ratio inaccurately represents debt items
which can affect net income variability. The ratio is
importantly influenced by non-interest bearing liabilities
(such as accounts payable and accruals), as well as items
which are interest-bearing, but at a fixed rate (such as the
current portion of long term debt).

The short term debt ratio does not allow for the interest
variability equivalence of long term variable rate debt and
short term debt, now established in the literature.

The short term debt ratio inadvertently reflects the overall
debt-equity mix, since the ratio will vary across firms with
equal proportions of short and long term debt, but unequal

debt ratios.

17For that matter, the strategy had not been developed by 1970.
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The available empirical tests do not resolve the firm-specific
influences on liability maturity structure. Time series studies have
no potential for identification of such influences, since the obser-
vations are not made at the level of individual firms. The cross-
sectional study by Morris is not conclusive due to weaknesses in
variable selection, and there are no cross-sectional studies using a

collection of explanatory variables.

I. THE UNRESOLVED ISSUES AND HYPOTHESES
OF THIS RESEARCH

The literature review suggests various influences on liability
maturity structure at the level of the firm. These include asset
lives, operating income-interest rate relationships, variability of
net operating income, and growth opportunities. However, the 1it-
erature is nearly devoid of empirical studies concerned with these
matters, and in fact, there are no studies attempting to compre-
hensively explain cross-sectional 1iability maturity structure
variation. The purpose of this research, therefore, is to statis-
tically test the identified firm-specific maturity structure
influences. These can be stated in the form of hypotheses as

follows:

First Hypothesis:

Corporate 1iability maturity structure is (positively) influenced

by asset maturity structure.
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Second Hypothesis:

Corporate liability maturity structure is (negatively) influenced
by the level of association between operating income and interest
rates.

Third Hypothesis:

Corporate 1iability maturity structure is (negatively) influenced
by the volume of investment opportunities of the firm.

Fourth Hypothesis:

Corporate liability maturity structure is (positively) influenced

by the variability of net operating income.

The final hypothesis addresses an interrelationship involving
debt amount and debt maturity under which highly levered firms
distribute debt repayment over a relatively long period (compared to

less highly levered firms) in order to reduce the risk of default.

Fifth Hypothesis:

Corporate liability maturity structure is (positively) influenced

by the relative importance of debt in the capital structure.
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CHAPTER III

METHODS AND
PROCEDURES

The purpose of this chapter is to describe the methodology em-
ployed to assess the hypotheses stated in Chapter II. The variables
used will be defined in Section A. Sample selection criteria and the

regression models are addressed in Sections B and C, respectively.
A. VARIABLES AND MEASUREMENTS

The dependent variable should capture the time profile of 1i-
abilities. This profile is directly available from equation (1), the
duration measure described in the literature review. The requisite
raw data were taken from the annual reports of each firm included in
the sample. Exact maturities cannot be determined for a few short
term liabilities and, following Silvers [21], constant maturity
estimates were used for those items (one yéar for accruals and other
1iabilities, six months for short term debt, and one-and-one-half
months for accounts payable). The footnotes to the financial
statements provided the repayment schedules for the long term debt
items. The complete repayment schedule (amounts and due dates) for
each debt item was used in the duration of calculations, to the level
of semiannual payments. Interest on the remaining balance of each
loan was included in the durations and was calculated using the actu-
al rates_given in the financial statement footnotes. The duration

measure requires the use of a discount rate, and the average
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corporate AAA bond rate during 1979 and 1980 (12%) was selected.
Occasionally, annual reports do not provide a repayment schedule on
relatively minor debt items and these items were excluded; also,
lease payment schedules were sometimes incomplete.18 Although
financial analysts within firms would be able to obtain this infor-
mation, the 1iability duration calculations used in this research are
complete in terms of information available to investors. Further,
Moody's Industrial Manuals and 10-K reports were cross-checked to
assure that the most detailed data base was utilized for each firm.
An example of the liability duration calculation is contained in
Appendix C. This research marks the first time liability duration
has been used as the measure of liability maturity structure of
individual firms. The duration is unconditionally the definitive
measure of liability maturity structure; in fact, the short term debt
ratio used in earlier studies is merely an expedient proxy for over-
all liability duration.

The habitat theory indicates liabi1ity maturity structure
decisions are made with reference to the maturity structure of
assets. Therefore, the duration measure was applied to individual
asset items of each firm in the sample. Constant maturity estimates
were necessary for "other current assets" (one year) and land (one
hundred years). The maturity used for cash and marketable securities
was zero, and the calculated average collection and inventory turn-

over periods were used for accounts receivable and inventory,

18The duration measure is scale independent and omitted liabili-
ties are effectively included at the average of the specified items.
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respectively. The 1ife of the fixed assets of each firm was an

annuity based upon the number of years of depreciation remaining in
the net plant and equipment account. Out of consistency considera-
tions, the discount rate used for the asset duration calculations was
the same as that used for the liability durations. An example of the
asset duration calculation is contained in Appendix C.

The second independent variable, the correlation between changes
in net operating income and changes in commercial paper rates, was
calculated for each firm over a ten-year period through the year of
the study (1980). As an improvement over the measurement by Morris
[15], annual average interest rates were used instead of single rates
at the beginning of each year.

Following the agency theory-debt maturity re]aiionship described
in the literature review chapter, agency problems associated with
foregone investment opportunities, informational asymmetry, and owner
risk incentives can be controlled by the use of relatively short term
debt. The extent of each of these problemé is positively related to
the volume of investment opportunites; therefore, the third indepen-
dent variable was the growth rate of gross fixed assets for each
firm, measured by the fitted log-linear trend over a ten-year period.

As pointed out in Chapter II, Section B, the total risk frame-
work seems to capture the most apparent risk elements surrounding the
liability maturity structure decision. Holding other factors
constant, the possibility of a firm being unable to retire a debt
obligation at the scheduled maturity is greater with a short maturity

structure than a relatively longer one. Firms with highly variable
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cash flows can reduce the chance of default by using debt with

relatively distant repayment, thereby lowering the debt service in
each future period. Therefore, the coefficient of variation of net
operating income (before depreciation) measured over a ten-year

period was included as another explanatory variable.19

The matters of maturity choice and debt amount are interrelated
and, in fact, a loan contract requires specification of both items.
In general, maturity decisions are more crucial the greater the
emphasis on debt in the capital structure. Other influences notwith-
standing, it would seem reasonable for a heavily debt oriented firm
to distribute repayment over a relatively long time horizon. The
debt ratio for the firms sampled was included to account for this
interrelationship between debt level and maturity.

Firms would be expected to make adjustments to their 1iability
maturity structures through time. This phenomenon could be gradual
owing to barriers to adjustment (in econometrics, the "partial ad--
justment" process); alternatively, adjustment might be incomplete if
liability maturity structure is importantly influenced by the expec-
tation of a variable which is not known at the time maturity struc-
ture is established (the "adapative expectations" process). Either
view of the adjustment process suggests the use of a lagged dependent

variable (1979 liability duration) in the regression equation.

19A1ternat1’ve]y, default risk might be evaluated by bond rating
categories, but not all firms use rated 1iabilities. Further, an
attempt to use dummy variables for rating categories was complicated
by differences in the characteristics (e.g., secured status) of rated
debt instruments across the sample (and within individual firms).
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Finally, the literature indicates that variable rate debt
instruments serve to reduce income variability in the same manner as
short term debt, if operating income is positively correlated with
interest rates. However, in a multiple regression designed to
address several influences on maturity structure, the duration
measure cannot reflect this equiva]ence.20 Thus, an alternative
dependent variable was developed to individually test the role of
income-interest rate patterns in maturity structure decisions in a
simple regression. This variable is the ratio of short term,
interest-bearing debt plus long term variable rate debt to total debt
(considered a variable rate debt ratio).

The duration calculation may be sensitive to measurement assump-
tions, notably the level of financial statement detail on particular
assets and 1iability items. Asset duration calculations involve an
estimate of the life of fixed assets, and the number of years of
depreciation remaining in the book value account may underestimate
the "true" revenue-producing life. The aséet duration for Dupont
(the firm used to illustrate the duration calculations in Appendix c)
was 1.638 years, using the number of years remaining in the book
value account for the fixed asset maturity. If this fixed asset
maturity underestimates the true 1ife by 50%, recalculation of the
asset duration yields 2.29 years; an underestimation of 100% produces

an asset duration of 2.78 years (a 200% error produces 3.376 years).

20poy example, the actual maturity of a variable rate debt
instrument must be preserved in order to assess the habitat theory so
the instrument cannot be simultaneously considered "short term" in
the context of interest rate variability.
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Although asset duration is somewhat sensitive to the lives of fixed
assets, the reliability of the variable is largely preserved by
following the same procedure for each firm. A similar sensitivity
test was done for the land life assumption, and because of the
relatively smaller land investment, the duration calculations were
not significantiy changed. The duration calculation is well known to
be quite insensitive to the discount rate used; the asset duration
increases to only 1.769 years with a 10% discount rate, decreasing to
1.520 years with a 14% discount rate. The liability duration
calculation involved no arbitrary assumptions, but was tested for
sensitivity to changes in the discount rate. Using a 12% discount
rate, the 1iability duration for Dupont is 2.633 years; using a 10%
rate generates 2.998 years, while a 14% rate reduces the duration to
2.342 years. Although the duration calculations are somewhat
sensitive to measurement assumptions, the firms in the sample were
treated consistently and accurately in light of all publicly

disclosed information.
B. THE SAMPLE

The sample consisted of 96 firms drawn from the Standard and
Poor's 400 Industrials Index after screening according to several
criteria. In order to be able to properly use a common average
annual interest rate for each year in the calculation of the
correlation between net operating income and interest rates, each
firm in the sample was required to operate on a calendar year

basis. Next, firms with major mergers (one in which the sales of the
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acquired firm are greater than 25% of combined sales) in the year of
the cross-sectional regressions were eliminated since the combination
of liabilities could potentially cause a departure from the acquiring
firm's target or pre-merger liability maturity structure. Also,
firms with major capital expenditures (greater than 30% of net fixed
assets) were eliminated because major expansion is often funded with
short term debt awaiting project completion and long term debt
placement. Finally, firms with a total debt ratio of less than 30%
were excluded, in order to recognize maturity choice as a more
important decision for firms using a significant amount of debt
capital. The final sample included firms representing 21 of the 26
industry categories making up the Standard and Poor's Industrials
Index. A complete 1ist of the sample is contained in Appendix D. A
complete 1ist of the observations of the variables for each of the
firms is also included in Appendix D. Table 3 provides the industry

distribution of the sample.
C. THE CROSS-SECTIONAL REGRESSIONS

The primary test of the various firm-specific influences takes
the form of a cross-sectional multiple regression of the following
form (hypothesized signs are in parentheses above each independent
variable):

(+) (-) (-) (+) (+)
1d; = by + bylad;] + bylcorr; jJ+ b3lg;] + bglevs] + bgldry]

(+)
tbglldgly ;3 =1,2, ... 9 firms (5)
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Table 3

Industry Distribution of the Sample
and the Standard and Poor's
Industrials Index

Sample Standard and Poor's
Industry Number Percent Number Percent
Mining 5 5.2 25 6.3
Construction 1 1.0 7 1.8
Manufacturing
Food 5 5.2 38 9.5
Tobacco 1 1.0 3 i
Textiles 2 2.1 7 1.7
Apparel 2 2.1 7 1.7
Lumber 1 1.0 8 2.0
Furniture 1 1.0 2 .5
Paper 10 10.4 14 3.5
Printing 3 3.1 11 2.7
Chemicals 22 22.9 42 10.6
Petroleum 0 -- 15 3.8
Rubber 3 3.1 5 1.3
Leather 0 - 3 .7
Glass, Concrete 4 4.2 10 2.5
Metal 11 11.5 20 5.1
Machinery 10 10.4 72 18.1
Transportation Equip. 6 6.3 23 5.8
Instruments 3 3.1 13 3.3
Miscellaneous 2 2.1 4 1.0
Transportation 1 1.0 9 2.3
Wholesale Trade 1 1.0 5 1.3
Retail Trade 2 2.1 30 7.5
Financial 0 -- 1 .3
Services 0 -- 16 4.0
Conglomerates 0 -- 8 2.0
Total 96 99.8 398 100.0
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where,
1d = liability duration
ad = asset duration
corr = correlation between changes in net

operating income and commercial
paper rates

g = growth rate of fixed assets

cv = coefficient of variation of net
operating income

dr

total debt ratio
1d

t-1 = lagged 1liability duration

The equation was estimated using ordinary least squares to test the
significance of the explanatory variable on 1iability duration. The
equation was also estimated using the ratio of 1iability to asset
duration as the dependent variab'le.21

In order to assess the variable rate and short term equivalence,
this research included a simple regression of the variable rate debt
ratio (vrdr) and the correlation between net operating income and in-
terest rates. Using the correlation variable as previously defined,
the equation to estimate is:

(+)
vrdrs = bg + b1[corrj] j=1,2, ... 96 firms (6)

2lyhether 1iability maturity structure is relatively short or
long might only be meaningful when considered in conjunction with
asset maturity structure.
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CHAPTER 1V
RESULTS

This chapter contains the statistical results of the research.
First, general characteristics of the data are reported, with special
emphasis on items which are measured for the first time in this
research. The cross-sectional regression results are provided in the
next section. The final section contains an evaluation of potential
statistical problems. An expanded interpretation of these results is

contained in Chapter V.
A. CHARACTERISTICS OF THE VARIABLES

This research involved the measurement of several variables as
defined in the preceding chapter. Table 4 contains a matrix of the
correlations between these variables, and Table 5 contains the uni-
variate statistics. Liability duration and its lagged (by one year)
value are highly related, exhibiting respeétive means of 2.46 and
2.48, and a correlation coefficient of .90. The close association
between the liability durations is attributable to a substantial
portion of liability maturity structure carrying over from one year
to the next. This is particularly true for the sample used in this
research, since firms were discarded if major capital expenditures or
mergers occurred in the year of the study (activities which carry the
potential for significant change in liability maturity structure).
Confirmation of the slow pace of maturity struture adjustment is

apparent from similar correlations between the two 1iability
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Table 5

Univariate Statistics

Standard Minimum Maximum
Variable Mean Deviation Value Value
1d 2.464 .907 .501 5.234
1d¢ 1 2.483 .906 541 4.959
ad 1.638 .820 .406 4.634
1d/ad 1.740 .847 .395 4.966
corr .253 .360 -.795 .807
g .094 .050 .000 .316
cv .370 .135 .143 .750
dr .503 .095 .327 725

interact .126 177 -.459 .421
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durations and the independent variables (see Table 4). The adjust-
ment process in liability duration from one year to the next was
quite subtle in the sample.

The calculation of 1iability (and asset) duration at the level
of the firm was done for the first time in this research. The
measure reflected individual bonds and loans, often numbering 35 to
40 for individual firms. The 1iability duration variable ranged from
.501 to 5.23 years across the sample, with a mean and standard
deviation of 2.465 and .907, respectively.22 The distribution of
1iability durations was nearly normal with a third moment skewness
measure of .422. A histogram has been constructed for visual inspec-
tion and appears as Figure 1. The asset duration calculations ranged
from .41 to 4.59 years with a mean of 1.638 and standard deviation of
.82. This duration measure is somewhat skewed to the right, with a
skewness measure of 1.196 (see Figure 2).

The correlation between net operating income and interest rates
is of necessity measured through time. Sihce there cannot be a sin-
gle ideal time period over which such a variable should be measured,
the potential for error in measurement exists. Rank order correla-
tions were calculated for the income-interest rate correlations over
alternative time periods in order to assess the consistency of this
variable. There are two issues involved: (1) whether the income-

interest rate relationship is sufficiently stable so that firms can

22p similar measure which uses nondiscounted cash flows, the
weighted average maturity, was calculated and displayed a range of
.57 to 11.73 years, a mean of 4.81 and a standard deviation of 2.1.




48

uoLIngua3siq Aouanbaay uopjeang A3L1iqei]
1 a4nb}4

uop3eang A3414qes]
¢y I L€ €€ 62 &2 12 LT €1

220° = SSAUM3AYS

[06° = UOLIRASQ pJepuelS

G9y°Z = UBIH

01

St

0¢

Aouanbady




49

961°1
028°
8E9°1

uoLInqLa3sig Aouanbausg uopjedng 3assy

2 dJ4nby4

uopjedng 3assy

9°y G2t 6°t GS'E ¢°t 68°¢ §°2 61°2 81 Sl 1°1 SL° v //\4

pd

>~ | |
=16
-1 01

SSIUMIYS '

uoLle}A3(Q pJaepueis

ueay - Q]
- 02
\\ 4

Aouanbauy



reasonably and confidently make 1iability maturity structure
decisions based upon them, and (2) whether the correlations are
satisfactory regression variables. In order to shed 1ight on the
first question, the correlation between changes in net operating
income and interest rates was calculated over two non-overlapping
time periods, 1964 through 1972 and 1973 through 1980. The rank
order correlation between these time periods was .23 which is statis-
tically significant at the .05 level, indicating some degree of
consistency which firms can expect. In terms of the proposition
advanced by Morris [15) about income-interest rate patterns and risk
reduction through maturity choice, the crucial factor to the firm is
whether the sign of the correlation might change. The signs were
fairly consistent across the non-over]apﬁing time periods with 61%
unchanged, 26% from negative to positive, and 13% from positive to
negative. Although the positive to negative change (which is
potentially more costly to a firm opting for short maturities) is the
less common one, it does occur and could deter use of short term debt
by some firms. The second issue is concerned with the time period to
be used in measuring the correlation regression variable. A second
rank order correlation was calculated for the correlation between net
operating income and interest rates measured over the last ten years
versus the last fifteen years, two reasonable time frame alternatives
for thé computation of this regression variable. In this case, the

rank order correlation was .98, indicating the variable is virtually

free of this sort of time period dependence.
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Table 6 contains average asset and liability durations for firms
within several industrial categories. The paper and mining groups
exhibit the longest asset durations (2.715 and 2.882 years respec-
tively); these two industries also have the longest liability
durations (3.579 and 2.882 years, respectively). Similarly, the food
and machinery industrial groupings exhibit the shortest asset and
1iability durations, informally supporting the habitat theory and the
maturity matching concept. The largest ratio of 1iability to asset
duration is found in the machinery group, and the smallest in the

mining group.
B. REGRESSION RESULTS

The principal test of the stated hypotheses involved the
multiple regression presented as equation (5) in Chapter III. The
results obtained with this specification were dominated by the lagged
dependent variable (1liability duration), which produced the expected
positive sign, an F ratio of 146.6, and virtually all of the R2
(.8). The other independent variables were not significant at the
.05 level (the significance level chosen for this research) when
considered simultaneously with the lagged dependent variable. The
lagged variable was included to reflect the adjustment of liability
duration through time. As pointed out in the preceding section,
sample selection criteria ensured reasonable stability of 1iability
maturity structures, resulting in minimal observed adjustment. Also,
a multicollinearity problem is suggested by a high (.70) correlation

between lagged liability duration and the strongest independent
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Industry 1d ad 1d/ad
Mining 3.260 2.882 1.137
Food 1.608 1.352 1.398
Paper 3.579 2.715 1.339
Chemical 2.387 1.423 1.815
Metal 2.483 1.675 1.485
Machinery 2.132 .989 2.354
Transportation Equip. 2.344 1.485 1.839

4Those industries with five or more firms in the sample.




53

variable of positive sign. The results after omitting the lagged
variable are presented in Table 7 (the SPSS computer output for this

specification, and those which follow, are contained in Appendix E).

Table 7

Regression Results

Variable Coefficient Standard Error F
ad 719 .096 55.777
corr 246 211 1.357
g -1.234 1.785 .477
cv -1.116 .640 3.039
dr 1.934 .749 6.671

The asset duration variable was significant at the .05 level and
the hypothesized positive sign was obtained. The debt ratio was also
statistically significant and produced the expected positive sign.
The other variables were not statistically significant, although the
R? of the specification was .46. A multicollinearity problem was
present due to the correlation between the growth and coefficient of
variation regressors (.56). Deletion of these variables (in turn) in
two additional regressions did not alter their insignificance (nor
that of the correlation variable).

An additional regression was done using the ratio of Tiability
to asset duration (1d/ad) as the dependent variable. Defining the
dependent variable in this manner recognizes that whether liability
maturity structure is relatively short or long might only be meaning-

ful when considered in conjunction with asset maturity structure.
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Similar to the case with the original regression equation, when a
lagged dependent variable was included, the results were dominated by
it and the other variables were not significant. Therefore, the

following equation was estimated:
1d/ad = bg + bylcorr] + bplg] + bzlcv]+ byldr] (7)
The results obtained with equation (7) are contained in Table 8.

Table 8

Regression Results With Ratio
Form Dependent Variable

Variable Coefficient Standard Error F
corr -,425 .226 3.519
g -4.,406 1.891 5.432
cv -.561 .713 .619
dr 1.825 .833 4,805

The coefficient of variation and correlation variables remain
insignificant with the redefined dependent variable. The growth and
debt ratio variables were statistically significant and the expected
signs were obtained. The R2 of .22 for this specification is lower
than before because asset duration is not an explanatory variable in
equation (7).

There are multicollinearity concerns within equation (7) involv-
ing the coefficient of variation and growth variables (their correla-
tion was .56). Since the former was not statistically significant,

it was the choice for exclusion and, following customary procedure, a
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regression was estimated using the remaining variables (the other
variables were not highly collinear as indicated by the correlation
matrix in Table 4, page 45; also, results of separate simple regres-
sions of the independent variables did not alter the signs or

significance of the coefficients). The results are contained in

Table 9.
Table 9
Regression Results With Ratio Form Dependent
Variable, Omitting a Collinear Variable

Variable Coefficient Standard Error F
corr -.463 .220 4.404

g -5.212 1.586 10.806

dr 1.801 .830 4.704

This specification yields the same RZ (.22) as obtained with
equation (7). The adjusted RZ was .19. Importantly, the correlation
variable was statistically significant using the ratio form dependent
variable,

The final test to be reported involves the similarity of
variable rate debt and short term (fixed rate) debt in net income
variability reduction. This regression uses the variable rate debt
ratio (vrdr) as the dependent variable, defined as the sum of short
term, interest-bearing debt and long term variable rate debt divided
by total debt. The explanatory variable is the correlation between

net operating income and interest rates. The estimated equation was:
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vrdr = .0878 + .0059(corr) (8)

The correlation variable was not statistically significant (t -
statistic of .26) in equation (8).

Next, the correlation variable was measured without taking first
differences (thus, without autocorrelation correction) in the net op-
erating income and interest rate data. The results of re-estimating
regression equation (5) were essentially unchanged, and this was also
the case with regression equation (6). However, different results
were obtained upon using the ratio of asset to liability duration as
the dependent variable (equation (7)). The debt ratio, which was
significant in conjunction with the correlation variable measured
with changes in the raw data, now drops from significance. Interest-
ingly though, the correlation variable without changes in the raw
data was statistically significant.

Finally, regression equations were estimated (for both dependent
variables, 1iability duration and the ratio of 1iability to asset
duration) using an interaction term for the correlation and debt
ratio explanatory variables. The interaction term, defined as the
product of the correlation and debt ratio variables, was not
significant in regressions involving either dependent variable
specification. Further, the basic finding regarding the lack of
significance of the correlation variable with the liability duration
dependent variable was unchanged, as was the demonstration of
significance of the correlation variable with the ratio form depen-
dent variable. The significance of the debt ratio was preserved,

regardless of the dependent variable specification.
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C. ADDITIONAL STATISTICAL
CONSIDERATIONS

One important assumption of ordinary least squares regression is
that the dispersion of disturbances is similar for small and large
values of particular explanatory variables (homoskedasticity).23 One
method used to detect violation of this assumption (heteroskedasti-
city) involves a visual inspection of plotted disturbances; this can
only be done, however, if one has several observations of the depen-
dent variable for each specific value of the explanatory variable
believed to cause the heteroskedasticity. The data in this research
do not meet the requirement for the visual inspection method and an
alternative method, the Goldfield-Quandt test, was employed to test
for heteroskedasticity. This test invo]Qes arranging the variable
thought to be heteroskedastic (here, asset duration) in ascending
order, deleting a portion of the central observations (about 25% of
the sample size), and performing separate regressions with the high
and low groupings of the explanatory variable. Then, an F-ratio is
formed using the sum of squared errors (SSE) from the regressions of
the high and low asset duration groups. The SSE from the regression
using the upper values of asset duration was 13.902; the SSE from the
regression of the lower values was 11.596. The resulting ratio
(1.199) is not significant at the .05 level, indicating absence of a

serious heteroskedasticity problem.

23pnother assumption, nonautocorrelation, is unlikely to be
violated in cross-sectional regressions.




58

Another important aspect of ordinary least squares involves
overly influential observations. The residual plots for the two
dependent variable specifications are contained in Appendix F. The
residual plot for the regression using liability duration as the
dependent variable indicates five cases of potentially overly
influential observations. Deletion of these outliers in another
regression did not alter the significance or sign of any coefficient
(the computer output for this regression is contained in Appendix
G). Inspection of the residual plot for the regression using the
ratio form dependent variable shows three outlying cases. Deletion
of these outliers in another regression caused the correlation
variable to drop from statistical significance (the computer output
for this regression is also contained in Appendix G).

The next statistical consideration to be addressed is the
"errors in variables" problem. The correlation variable was shown
earlier to be quite free of measurement error; however, the asset
duration variable involves certain assumptions which may lead to
measurement error, notably surrounding the life of fixed assets. The
group means method was used to verify the consistency of the rela-
tionship between asset duration and liability duration. This method
calls for determination of the slope coefficient based on the average
asset duration of the lower and upper halves of the asset duration
observations (arranged in ascending order) and the paired liability
duration observations. The group means method provides a positive
slope of 1.565, which is consistent with the coefficient for asset

duration in the multiple regressions (.719), and is also consistent
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with the coefficient obtained in a simple regression of 1iability
duration and asset duration (.676). Thus, the group means diagnostic

test supports the role of the asset duration explanatory variable.



60

CHAPTER V

DISCUSSION OF RESULTS
AND CONCLUSIONS OF
THE STUDY

This first section of this chapter contains a discussion of the
statistical results provided by this research. The second section
offers the contributions of the study in terms of conclusions and
implications regarding firm-specific influences on 1iability maturity

structure.
A. DISCUSSION OF RESULTS

This research endeavored to identify characteristics of firms
which systematically influence 1iability maturity structures. The
regression results indicate two variables are very strongly related
to 1iability duration: (1) asset duration and (2) debt ratio. Asset
duration is the most powerful individual variable; it alone explains
37% of the variation in the liability durations. Virtual matching of
1iability to asset maturity would be inferred from a coefficient of
unity for asset duration; although the measured coefficient (.719)
was in this vicinity, the confidence interval of .527 to .911 implies
some departure from matching. The debt ratio variable was also
strongly and positively related to 1iability maturity structure and
was significant regardless of dependent variable specification

(1iability duration or the ratio of liability to asset duration).
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The regressions provide mixed results with respect to the
maturity structure role of the growth and correlation variables.
Both were significantly related to the ratio of 1iability to asset
duration, but they were not related to 1iability duration alone.
Although these considerations could be indicating spurious relation-
ships, the ratio form directly reflects the relative length of
1iability maturities and thereby clearly adds to the meaning and
content of the basic measure of 1iability maturity structure.
Further, the correlation variable was sensitive to outlying observa-
tions. Thus, it is not possible to make absolutely definitive
statements about the importance of the correlation variable.

The results appear to rule out the importance of one variable.
The coefficient of variation, included as a risk variable, was not
significantly related to 1iability duration or to the ratio of lia-
bility to asset duration. Also, the use of the variable rate debt
ratio in the simple regression did not draw out the importance of the
correlation variable (however, in certain multiple regressions, this
variable was shown to be related to 1iability maturity structure).
Thus, the conceptual equivalence of short term and variable rate debt
has not been empirically demonstrated.

The regression formulation which performed best among those
considered was equation (7), using the ratio of 1iability to asset
duration as the dependent variable. The correlation, growth rate,
and debt ratio measures were significant and the RZ of the equation

was .22.24

280 course, in the original regression equstion with the asset
duration as a strong independent variable, the R

was higher (.46).
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The regression results support three of the five hypotheses
stated in Chapter II. The first hypdthesis about asset maturity
structure is upheld, as are the third and fifth hypotheses, which
address the volume of asset acquisitions and debt level, respective-
ly. The tests of the hypothesis concerning income-interest rate
patterns is marginally supported; the hypothesis about net operating
income variability as a risk measure in the context of maturity

decisions must be rejected.
B. CONCLUSIONS

This research indicates the existence of several firm-specific
influences on liability maturity decisions. A comprehensive measure
of 1iability maturity structure at the level of individual firms was
constructed for the first time in this study, and several hypothe-
sized relations were demonstrated statistically. The habitat theory,
under which firms make l1iability maturity decisions in light of asset
maturities was upheld. Furthermore, agency problems serve to influ-
ence maturity decisions, appearing via growth rate differentials
among firms. The proposition about reduction in net income variabil-
ity by maturity choice is, however, not conclusively resolved by this
research; additionally, the research provides no evidence that firms
view the similarity between short term debt and variable rate debt
investments in this regard. The interplay of debt level and maturity
structure was demonstrated, suggesting that both are required to
adequately describe financial leverage. The research does not sup-

port the variability of net operating income as a risk measure in the
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context of this research. Future research could be directed toward
development of a measure of financial leverage which would incorpo-
rate both debt amount and debt maturity, thereby adding maturity

content to the traditional debt ratio. Additionally, future studies
might concern the extent to which financial futures markets are used
by firms to effectively alter balance sheet maturities. The results

of this study provide considerable information concerning factors

important to firms when 1iability maturity decisions are made.
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According to the capital asset pricing model, the expected

return on security Jj is:}
E(Rj) = rg + cov (Rs» Rp) (A-1)
where,
rg¢ = risk-free rate
Ry = return on the market portfolio
= 2
A = [E(Ry) - rf]/aRm

Letting E(R) = E(NI)/V, where NI is net income and V is the market

value of the firm's equity,

re + Acov ( EVI—; R)

E(Rj)

re + %-cov (NI, Ry)

= v+ 2 cov [NOI(L-T) - 1 (1-T), Ry (A-2)
where,
NOI = net operating income

T
I

tax rate
interest expense

>

r¢ + (1-T) ¥ [cov(NOI,Ry) - cov (I, Ryl (A-3)

Then, letting I = Ber, where B is debt amount and r is the rate on

the firm's debt, expected return is:

1This proof is from Morris [15], pages 33-34.
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E(R;) = rg + (1-T) %[cov(NOI, Rq) - Brcov (r, Ry)] (A-4)
\
\

If the firm selects long term debt, interest expense is constant and
cov (I,Rm) in (A-3) (or equivalently cov (r, Rm) in (A-4)) is zero.

Therefore, expected return with long term debt is:
E(R:) = re + (1-T) 2lcov (NOI, Rp)] (A-5)
J f V > "m

However, if the firm selects short term (e.g., one year) debt, and if
cov(I, Ry) in (A-3) is positive (or cov(r, Ry) in (A-4) is positive),

expected return will be Tower than that for longer term debt, equa-

tion (A-5).
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MATURITY STRUCTURE




72

This analysis employs the extended or generalized CAPM attri-
buted to Long [10] to show how 1iability maturity structure decisions
affect equilibrium equity returns in a discrete time, multi-period
world where interest rates and consumption good prices are uncertain.

Long's expression for the expected return on security j is:

K - FkO
E(R);) =rp ¢ [E(R,) - rp]) Bsm + 2%k (1 +1)-(1+r) T]
k=1 ko
T
+ T8 [E(Ryy) - rq 3=1,2, ..., N (B-1)
m=2
where,
ri = short term interest rate during period 1.
Ry = returnon the market portfolio
2
. = CcOoV(Rsi, R)/O
BJm ( J m)/ Rm
?k = expected rate of inflation for the kth consumption good
1Jk = COV(Rj, Tk)/o%-k
Fo = current price of a futures contract (or an quﬁva]ent,
duplicating portfolio of securities) on the k™" con-
sumption good
MM, = current price of the kEh consumption good
- 2
for bonds maturing from time period m=2 through m=T
Rpp = return on an m-period bond during period 1.

This "multi-beta" pricing model contains as many coefficients as
consumption goods and bond maturities, plus the traditional one.
Using a price index rather than price levels for individual consump-

tion goods, equation (B-1) becomes:
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E(R)j =ry + [E(Rm) - Y'I] ﬁjm + [E(1*) - Y'1] le*

T
+E ajm [E(Rbm) - rl] j = 1’ 2’ LI RN ) N (B-z)
m=2

where,
I* = a price index (e.g., the consumer price index or other

suitable index)

Bjr* = COV(Rj.I*)/O%*
Now, define

A= [E(RY) - rll/oﬁm

A, = [E(I*) - rl/o%s
k3m = [E(Rbm) - rl]/aﬁbm m= 2’ 3’ cees T
Then, the second term in (B-2) becomes:
Xl cov(Rj, Rm) (B-3)
The third term in (B-2) is:
A2 cov(Rj, I*) (B-4)
And the fourth term in (B-2) is:
T
227\3,., cov(Ry, Ryy) (B-5)
m=

Following Morris [15], letting E(R) = E(NI)/V, where NI = net income
and V = market value of equity, and substituting (B-3), (B-4), and

(B-5) into (B-2), one obtains the following expression for expected

return:
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E(Rj) =ry + A cov ( E13 Rm) + kz (cov ﬂla I*)

I NI
+ (272 A3p/V) * cov (5 Ryp) (8-6)
m=

Then, since NI = (NOI-I) (1-T) = NOI (1-T) - I(1-T)
where NOI, I, and T are, respectively, net operating income,

interest expense, and tax rate, (B-6) can be rewritten:

E(Ry) = ry + _)e‘}_cov(NOI (1-T) - I (1-T), Ry)

+ A2 cov(NOI (1-T) - I (1-T), I¥)
V

T |
+ (}:2 A3g/V) * cov(NOI (1-T) -1 (1-T), Ryp) (B-7)
m=
=ry; + (1-T) j%l_ [cov(NOI, Ry) - cov (I, Rp)]
+ (1-T) A2 [cov(NOI, I*) - cov (I, I*)]
V
T .
+ (1-1) [( 22 A3g/V) © cov(NOI, Ryp) - cov(I, Ryy)]
m:
m=2,3, «.o, T (B-8)

Then, letting B°r = I, where B is debt amount and r is the rate on

the firm's debt, (B-8) can be written:

E(R;) = rp + (1-T) AL [cov(NOI, Ry) - Brcov(r, Ry))
v

+ (1-T) A2 [cov(NOI, I*) - B-cov(r, I*)]
v

T
+ (1-T) [« 22 A3p/V) * cov(NOI, Ryp) - cov(r, Rpp)]
m=

m=2’ 3, co-,T (B-g)




If the firm chooses long term debt, interest expense is constant and
cov(l, Ry)
cov(r, Ry)

with long term borrowing will be:

0 in (B-8); equivalently,

cov(I, I*) = cov(I, Rpy)

0 in (B-9). Expected return,

cov(r, I*) = cov(r, Ry,)

E(Ry) = rp + (1-T) _7;1_ [cov(NOI, Ry)]

+ (1-T) A2 [cov(NOI, I*)]
-+

+ (1-T) [( %£k3m/V) * cov(NOI, Rypy)]
" m=2,3, ...T (B-10)
If the firm chooses short term (e.g., one year) debt, the direction
of change in expected return will be according to the signs and
relative magnitudes of cov(I, Ry), cov(I, I*), and cov(I, Rbm) in
(B-8) (or the signs and magnitudes of cov(r, Ry), cov(r, I*) and

cov(r, Ryn) in (B-9)).
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APPENDIX C

LIABILITY AND ASSET

DURATION EXAMPLES
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The durations used in this research were obtained by application
of the duration measure to balance sheet items. The basic data for
the 1iability durations were obtained from financial statement foot-
notes in the annual reports of each firm. The asset duration data
were taken from Compustat. This appendix provides an example of the

two calculations! using the duration measure, D:

T T
D= T t(CF)/(1 + /3 cr/(1 + )t
t=1 ¢ /=1 t

where,
t = years in coded units
CFy = cash flow, year t
r = discount rate

T = final time period

I. Liability Duration
The maturity dates and amounts (in millions of dollars) of

Dupont's liabilities for 1980 are presented in Table 10.

1The calculations are the durations for Dupont, one of the firms
included in the sample.




Table 10

Liability Items for DuPont

Liability Item Maturity Amount
Accounts Payable (AP) 1.5 months $574.0
Short Term Debt (STD), 11%2 6 months $399.0

Accruals and Other Current
Liabilities (OCL) 1 year $955.0

Long Term Debt:

(i) 8.45% Debenture ($13.8 1985-2004 $286.4
annual sinking fund
payments from 1985-2004;
semiannual interest)

(ii) 8.5% Debenture ($11.85 1987-2006 $264.0
annual sinking fund pay-
ments from 1987-2006;
semiannual interest)

(iii) 8% Notes (semiannual 1986 $100.0
interest)
(iv) 10% Notes 1984 $150.0
(v) 9.5% Notes 1981 $42.0
(vi) 10.5% Debentures 1995 $58.0
(vii) 6.4% Term Loan (2.6% 1981-2001 $51.0
annual payments from
1981-2001)
(viii) 13.2% Pollution Control 2005-2010 $117.0

Bonds ($39 annual pay-
ments from 2005-2010)

The measurement of 1iability duration involves complete debt
service specification. Principal payments for each future date
(including semiannual payments) were combined with interest due on

the remaining balance of the 1iability at each date. The average

3The rate on short term debt is the 1980 commercial paper rate.
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corporate AAA bond rate in 1979 and 1980 (12%) was used as the
discount rate.

The numerator of 1iability duration for Dupont is:

125(AP)/(1+.12)-125 + 5(sTD)/(1+.12)-5 + 1(0CL)(1+.12)}

23 23

+ Tt(13.8)/(1+.12)t + T t(RB, + .0845)/(1+.12)}
t=5 t=.5
25 25

+ Tt(11.85)/(1+.12)  + T t(RB; * .085)/(1+.12)*
t=7 t=.5

6
6(100)/(1+.12)6 + = 6(100 - .08)/(1+.12)%
t=.5

+

4
4(150)/(1+.12)% + T t(150 - .10)/(1+.12)¢
t=1

<+

1(42)7(1+.12)1 + 1(82 + .095)/(1+.12)1

-+

15
15(58)/(1+.12)15 + T (58 + .105)/(1 +.12)t

+
t=1
20 20 ,
+ Tt(2.6)/1+.12)% + T t(RB, - .064)/(1+.12)%
t=1 t=.5
30 30
+ T t(39)/(1+.12)t + T t(RB, - .132)/(1+.12)%
t=25 t=.5

The denominator of 1iability duration is determined by deleting the
years in coded units, preceding the cash flows in the numerator of

each term. The calculated liability duration for Dupont is 2.633

years.
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I1. Asset Duration
Measurement of the asset duration variable involved maturities
and corresponding dollar amounts (in millions) for individual asset

items. The information for Dupont is presented in Table 1l.

Table 11

Asset Items for DuPont

Asset Item Maturity in Years Amount

Cash and Marketable

Securities Zero $219

Accounts Receivable

(AR) Average Collection Period? $2,110

Inventory (INV) Inventory Turnover? $2,010

Other Current Assets

(OCA) 1 year $151

Land 100 years $107

Plant and Equipment Number of Years of $4,414
Depreciation Remaining

Other Noncurrent Average of all $380

Assets other assets

Daily sales were $37.922; thus, Dupont's average collection
period is .155 years. Cost of goods sold was $10,293, and the
inventory turnover equals .195 years. The maturity of plant and

equipment is determined by (RBV-L)/D, where RBV is remaining book

apxpressed as a fraction of a year.
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value, L is land, and D is annual depreciation ($804); thus, the
maturity of plant and equipment is described by an annuity of $804
per year for 5.357 years.

The numerator of the asset duration for Dupont is:

0+ (Cash)/1+.12)0 + .155(AR)/(1+.12)-1%°

+ .195(INV)/1+.12)-195 + 1-(0cA)/(1+.12)1
5.357 100
+ 3 t-(D)/(1+.12) + 100(Land)/(1+.12)
t=1
The denominator of asset duration is based on the terms shown above,

after deleting the years in coded units in the numerators of each

term. The asset duration for Dupont is 1.218 years.
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List of Firms in Sample

Firm # Firm Name

1 Asarco

2 Inco

3 Newmont

4 Phelps-Dodge

5 Eastern Gas

6 Foster Wheeler

7 CPC International
8 Kellogg

9 Nabisco
10 Borden

11 Carnation

12 Lowenstein

13 Springs Industries
14 Cluett Peabody

15 VF
16 Weyerhaeuser

17 Mohasco

18 Boise Cascade

19 Champion International
20 Crown Zellerbach
21 Federal Paper Board
22 Kimberly Clark
23 Mead

Firm # Firm Name
24 Potlatch
25 St. Regis
26 Scott Paper
27 3M
28 Gannett
29 Time
30 Macmillan
31 Allied Chemical
32 American Cyanimid
33 Dupont
34 FMC Corporation
35 Hercules
36 PPG
37 Rohm and Haas
38 -Celanese
39 Abbott Labs
40 Bristol-Myers
41 Pfizer
42 Squibb
43 Sterling Drug
44 Upjohn
45 Warner Lambert
46 Colgate-Palmolive




Firm Name

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Cheesebrough-Ponds
Sherwin Williams
B.F. Goodrich
Uniroyal
Armstrong
Corning Glass
Owens-I11inois
National Gypsum
U.S. Gypsum
Armco, Inc.
Inland Steel
Interlake

U.S. Steel

Alcan Aluminum
Reynolds Metals
American Can
Continental Group
National Can
Stanley Works
Cummins Engine
Clark Equipment
Trane
Westinghouse
Singer

Whirlpool

Firm # Firm Name
72 White Consolidated Ind.
73 Zenith
74 Signal Companies
75 Borg Warner
76 Fruehauf
77 ACF Industries
78 American Standard
79 American Hospital Supply
80 Baxter Travenol
81 AMF
82 Questor
83 Metromedia
84 Pittston
85 Kroger
86 McDonalds
87 Phillip Morris
88 "National Distillers
89 Stauffer
90 Union Carbide
91 Merck
92 Crown Cork
93 NL Industries
94 Chicago Pneumatic
95 Eaton
96 General Signal
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RESIDUAL PLOTS
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DELETING OUTLIERS
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