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ABSTRACT

The question of when and in what quantity to obtain required bond financing takes on
significance due to fixed flotation costs and the opportunity to invest excess long-term debt in
marketable securities. In prior research, the optimal size and timing of bond issues is most often
determined as the solution to a cost minimization problem. In this paper, we first demonstrate that
previous studies have incorrectly identified the opportunity cost of excess debt. We then delineate the
opportunity cost in a form consistent with modern capital structure theory. Our results indicate that a
firm's capital structure and marginal tax rate are important determinants of the optimal size and timing
of its bond issues.

The issue of the optimal capital structure for a firm has served as the focus of much
research over the last three decades. In particular, Modigliani and Miller [9] sparked a
debate concerning the valuation effect of debt financing that continues. Research into the
issue of the optimal level of debt financing has raised additional questions concerning the
effect of the maturity composition of the debt and the timing of its issuance on the value of
the firm. This latter question is the topic of this paper.

Regardless of the specific model or approach used, research into the optimal size and
timing of bond issues requires accurate identification and estimation of the opportunity
cost of carrying excess debt financing. Many prior studies, which applied the familiar EOQ
model, misspecified carrying costs by concentrating on interest rate differentials between
long-term debt and short-term marketable securities. Our goal is to provide an alternate
specification of carrying costs that reflects the insight provided by Modigliani and Miller
regarding the valuation effect of borrowing and lending by a firm.

THE COSTS OF DEBT ISSUANCE AS IDENTIFIED IN PRIOR RESEARCH
Determining the optimal size and frequency of debt issuance requires the evaluation
of the tradeoff between out-of-the-pocket flotation costs and the opportunity costs of

240

|
Reproduced with permission of the:copyright:owner. Further reproduction prohibited without permissionyyapnw.manaraa.com



Volume 36 — Number 3 : 241

carrying excess debt. One of the earliest attempts to evaluate this tradeoff was made by
Bierman and McAdams (B&M) [1] who assumed that the firm faces the choice of acquiring
the financing through one large debt issue or through a number of small sequential issues.
The total flotation costs were divided into fixed and variable components:

Flotation Costs = F(%) + VD (1)

where F'is the fixed flotation cost per debt issue; D is the total debt financing requirement;
S is the dollar size of each bond issue; and Vis the variable flotation cost per dollar of total
debt required. Equation (1) implies that flotation costs will be minimized when D/S = 1
(i.e., by utilizing one large debt issue). However, one large debt issue will result in a
temporary surplus of available debt financing. If this surplus is temporarily invested in
short-term marketable securities, it carries an opportunity cost equal to the difference in
interest expense on long-term debt and interest revenues on short-term securities. In
order to estimate the opportunity cost of excess debt, B&M assumed that a firm's
cumulative financing requirement increased at a uniform rate over time. Since debt
financing is acquired periodically in increments equal to S, average excess financing
between bond issues and over the entire planning period will equal S/2 assuming a uniform
rate of financing requirements over time. Consequently, the opportunity cost of excess
debt financing can be measured as:

Opportunity Costs = g(rL - rS) (2)

where r is the interest rate on long-term debt; and rg is the yield on short-term

securities.
Applying EOQ model to the cost tradeoff between Equations (1) and (2), B&M
showed that the cost minimizing value of S is:

Optimal Bond Issue Size = §* = |/ 2FD (3)

r.—-r

LS

Subsequent applications of this model in the context of bond issue size and timing have
involved refinements to Equation (3) or relaxation of the assumptions that underlie it [2, 4,
6, 11, 12]. A constant element of all these refinements, however, is the measurement of the
opportunity cost of excess debt as the differential between short-term and long-term
interest rates.
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While the intuition behind Equation (2) seems straightforward, inserting the
relationship between short-term and long-term yields into Equation (3) places an
important constraint on the model. It can yield meaningful results only if 7, > ro . In

other words, the model cannot accommodate yield curves with a zero or a negative slope.
While the yield curve typically does have a positive slope, the presence of a flat or inverted
yield curve in the financial markets cannot be considered a unique occurrence, particularly
during the past 20 years. Because the applicability of the model is dependent upon the
prevailing term structure of interest rates, a redefinition of the opportunity cost of excess
debt financing is needed to restore the viability of the model as an analytical tool.

A RESPECIFICATION OF THE OPPORTUNITY COST OF EXCESS
DEBT FINANCING

We view the decision to issue bonds in excess of current financing requirements as
an investment decision. The impact of this investment decision on firm value should signal
the true opportunity cost of excess debt. This value impact can be expressed in terms of
the familiar NPV criterion:

n
vpy= 3 MO M gy (4)
t=1 (1+K,,) (1+K,)"

where ris the interest rate on the securities, T is the marginal corporate tax rate; M is the
market value of the marketable securities acquired; K " is the appropriate discount rate;

and 7 is the maturity of the securities. If it is assumed that the securities are purchased
and redeemed at par value, the NPV in Equation (4) depends on the value of K 7K

Specifically, NPV = 0 when K, = r(1-T).

Modigliani and Miller [9] proved that the weighted average cost of capital for a
levered firm is equal to:

K, =K, (1-¢T) (5)
where K I is the appropriate discount rate for a levered firm; Ku is the discount rate for an
unlevered firm; and ¢ is the percentage of a firm's capital structure accounted for by debt

financing. In the context of the investment decision required by excess debt financing, r is
the correct risk-adjusted value of K, Thus, Equation (5) can be expressed as:

l
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K, = n(1-¢T) (6)

where all the variables have been previously defined.

Equation (6) indicates that the value effect of the investment of excess debt
financing in marketable securities depends on a firm's capital structure. This can be more
easily demonstrated through a simple example. If Equation (4) is assumed to be a
perpetuity and Equation (6) is substituted, Equation (4) reduces to:

_r M(1-T _-r M(1-9)T
Ny = LG - = T ™

The denominator in Equation (7) is the discount rate for the perpetuity, while the
numerator is the net cash flow per period. This cash flow is the difference between the
taxes paid on the interest revenues from corporate lending and the offsetting tax saving of
any corporate borrowing used to finance that lending. At a 100% equity financing ($=0),
NPV = -MT. This negative value impact associated with lending is identical in size to the
positive value impact associated with borrowing that was first pointed out by Modigliani
and Miller [9]. As the proportion of debt financing increases, the negative value impact
decreases, approaching zero only at the extreme case of 100% debt financing (¢=1).
Because the FOQ model is a single period model, the numerator of Equation (7)
measures the negative cash flow per period associated with the decision to invest excess
debt financing in marketable securities. This is the appropriate opportunity cost that
should be of most concern. Since M in Equation (7) also represents the average level of
excess debt financing [S/2 in Equation (2)], Equations (2) and (3) can be restated as

follows:
Opportunity Costs = g [r(1-¢) T] (8)
Optimal Bond Issues Size = §* = y/ H%'E%TT (9)

These two equations reveal that both the proportion of debt financing utilized by a
firm (¢) and the firm's marginal tax rate (7) play an important role in determining the
optimal size and timing of a firm's bond issues.
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IMPLICATIONS OF THE RESPECIFIED MODEL
To illustrate the effect of this respecification of the opportunity cost consider a firm
that will need $50 million in financing over the next three years. Assume that the fixed
component of flotation costs is $100,000 and that the yield-to-maturity on short-term and
long-term securities is currently 12% and 14%, respectively. Since the planning horizon is
three years, the denominator in Equation (3) takes on the following value:

(r, - rg) (3) = (.14 - .12) (3) = .06

Substitution of these values into Equation (3) yields:

g — /2(5100,00 0650,00 000) _ $12,909,270

This bond issue size implies that the firm should issue debt every 9.3 months (i.e., 36
months/($50,000,000/$12,909,270 = 9.3).

The firm's financing requirements can yield either identical or very dissimilar
results in the respecified model depending on the firm's capital structure and its marginal
tax rate. For example, the optimal bond issue size indicated by Equation (9) will
approximate that of Equation (3) if the firm's capital structure consists of 58% debt
financing and its marginal tax rate is 34%:

_ 100,000)(%50,000,000) _
5= 14(1-.58) (.34) (3) = $12,912,527

Use of an r of 14% is consistent with the expectations hypothesis of the yield curve which
requires that the average yield on the series of short-term securities to be acquired by the
firm over time be identical to the initial yield on the long-term debt issued by the firm.
The effect of capital structure and marginal tax rate in the respecified model is
demonstrated in Exhibits 1 and 2. The first exhibit shows, for a marginal tax rate of 34%,
the effect of different capital structures on optimal bond size, frequency of bond issues, and
total number of debt issues over the firm's three-year planning horizon. It also shows the
effect of capital structure on the optimal size bond issue indicated by Equation (9) relative
to the optimum indicated by (3). The second exhibit indicates, for a capital structure of
50% debt financing, the effect of different marginal tax rates on the results produced by
Equation (9).

N
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EXHIBIT 1

The Effect of Capital Structure in the Respecified Model

T=.

Debt Frequency of Number of
Financing (¢) S* NAS Debt Issues (months) Debt Issues
0 $8,368,274 65 6.0 6.0
25 9,662,851 5 7.0 51
S0 11,834,526 92 8.5 42
58 12,921,527 1.00 9.3 39
5 16,736,546 1.30 12.1 3.0
90 26,462,806 2.05 19.1 1.9

S*: Optimal Bond Issue Size, Respecified Model
§’: Optimal Bond Issue Size, Prior Model

EXHIBIT 2

The Effect of Tax Rate in the Respecified Model

= .50

Marginal Frequency of Number of

Tax Rate (T) S* S*/S’° Debt Issues (months) Debt Issues
10 $21,821,788 1.69 15.7 23
A5 17,817,415 1.38 12.8 2.8
20 15,430,334 1.20 111 32
25 13,801,310 1.07 9.9 3.6
30 12,598,815 98 9.1 4.0
35 11,664,237 90 84 43
40 10,910,894 85 79 4.6

S*: Optimal Bond Issue Size, Respecified Model
$’: Optimal Bond Issue Size, Prior Model
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The data in Exhibits 1 and 2 indicate how sensitive bond issue size is in the
respecified model to both a firm's capital structure and its marginal tax rate. At a
marginal tax rate of 34%, the optimal bond issue size indicated by Equation (9) varies from
a low of 65% to a high of 205% of the optimum indicated by Equation (3). This sensitivity
of optimal debt issue size to capital structure is a direct result of the opportunity cost of
excess financing indicated by Equation (8). The net disadvantage to a firm of being a
lender can be offset by funding those loans with debt financing. Consequently, the lower
opportunity cost of excess debt for highly levered firms should encourage them to issue
larger amounts of debt less frequently than less levered firms. A firm's tax status also
plays an important role because it affects the size of the disadvantage to a firm of being a
lender. As marginal tax rates increase, the opportunity cost of excess debt financing given
by Equations (8) also increases.

CONCLUSIONS

The redefinition of the opportunity cost of excess debt financing in this paper
corrects the flaw in prior models that made their usefulness dependent on the slope of the
yield curve at a given moment in time. The model developed in this paper can
accommodate a yield curve of any shape because its definition of the opportunity cost of
excess debt financing does not incorporate the term structure of interest rates. Instead,
this opportunity cost is measured in a manner that is consistent with the Modigliani-Miller
hypothesis concerning the effect of borrowing on firm value. By extending this hypothesis
to the case of firm lending, we have shown that the opportunity cost of excess financing
depends on a firm's capital structure and marginal tax rate. Thus, firms facing identical
financing requirements may have very differential optimal strategies regarding the size and
timing of their bond issues.
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CASE STUDY PUBLICATIONS IN THE ENGINEERING ECONOMIST

Many people who teach engineering economics in either the academic or
industrial classroom enjoy using case studies to supplement their course. Case studies
help simulate a real life situation and expand the students’ learning experience.
However, there is a shortage of high quality case studies in the area of engineering
economy because they take a long time to develop and check out. As a result, few are
generally available.

If you have any case studies, please polish them up and submit them. If you
have always thought about developing a case study, now is the time to do it. Your
case studies should be field tested either with a class or a few graduate students or
co—workers before submitting for publication. Also, please submit a sample solution.
These case studies will be reviewed by referees just like other papers submitted to
TEE.

If you have any questions, please contact the manuscript editor. Also, if you
are interested in helping with this venture, he would like to hear from you. Finally, if
you know of any previously published excellent case studies in the area of engineering
economy, please let the editor know so we can publish a list of case study references.
Write to: Chan S. Park, Department of Industrial Engineering, Auburn University,
Auburn, AL 36849—5346, or phone (205)844—1428.
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