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M As far back as 1955, Solomon [9] recognized that
capital budgeting decisions should consider the debt-
carrying capacity that a proposed capital project adds
to the firm. Since then, much work has been done on
the nature of debt capacity and its value to the firm.
The value of carrying debt was quantified by
Modigliani and Miller (MM) [7] in the context of a
competitive market with corporate taxes and no in-
solvency costs. Lewellen [5] further clarified the
analysis of debt capacity by considering portfolio
effects of an acquisition whose cash flows are less than
perfectly correlated with those of the acquiring firm.
Building on the MM framework and the capital asset
pricing model, Bower and Jenks [1] explicitly incor-
porated the tax benefits of debt capacity in setting dis-
count rates for individual projects. Martin and Scott
[6] extended the Bower-Jenks analysis by expressing
debt capacity in terms of a target probability risk of
insolvency for the firm.

The capital budgeting literature cited does not deal
explicitly with the firm’s optimal capital structure.
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This paper seeks to do this and to analyze the im-
plications of optimal structure in capital budgeting
decisions.

We argue that the debt capacity of a firm should be
expressed as the amount of debt at the firm’s optimal
capital structure, i.e., its optimal debt level. This con-
trasts with frequently recommerded approaches for
determining debt capacity such as target debt ratios
[1, 8] and target probabilities of insolvency [5, 6]. A
logical implication of our approach is that the debt
capacity contribution of a proposed capital investment
project is the increase in the firm’s optimal debt level
resulting from the investment. After the amount of the
debt capacity contribution is determined, there
remains the problem of ascertaining its value to the
firm. In contrast to other methods based on MM (1,
6], we estimate the value of debt capacity not as the
tax rate multiplied by the debt capacity, but at a some-
what lesser amount because of the accompanying in-
solvencv cost.
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Debt Capacity and Optimal
Capital Structure

MM show that in a world with taxes and no bank-
ruptcy costs the value of a firm is given by

X(1-T) , TkoD '
R M

where X is the expected annual before-tax operating
cash flows (assumed constant forever); T = the firm’s
tax rate; ks = the rate at which the market capitalizes
the after-tax cash flows of an unlevered company in
the risk class; D = market value of debt (assumed per-
manently outstanding); k, = rate at which the market
capitalizes interest payments on debt. The MM equa-
tion is an application of the value additivity principle
[3]. V is the added value of two streams — the uncer-
tain stream X, capitalized at kg, and the tax shelter
stream TkpD, capitalized at kp. In the idealized MM
world, firm value is maximized when the firm is
financed totally by debt. In practice, of course,
creditors will not permit the firm to borrow without
limit. More important, the firm implicitly assigns a
cost to the risk of insolvency and trades off this cost
against the tax benefit of debt so as to attain optimal
capital structure. This is, of course, a well-established
proposition [2, 10] that has been formalized in a one-
period state preference framework by Kraus and
Litzenberger [4].

Following Lewellen [5], Martin-Scott [6], and
others, we define insolvency as a state in which the
firm’s operating cash flows cannot meet contractual
debt obligations, i.e., X < kpD. Failure of the firm to
extricate itself from insolvency by selling claims to
future cash flows results in bankruptcy, a more serious
form of financial distress. For convenience we call the
total risk of financial distress simply insolvency risk.
Accordingly, the cost imputed to insolvency risk is
termed insolvency cost (C). Optimal capital structure
is attained when the marginal tax benefit of debt is ex-
actly offset by the marginal insolvency cost. Without
any loss of generality, we may write C in the multi-
plicative form C = Dk,, where k; is the average in-
solvency cost per unit of debt. We should expect k; to
be an increasing function of D and to depend on the
statistical distribution of the annual operating cash
flows:

ki = ky(D| X, o),
where X is the mean and ¢ the standard deviation of
the cash flows (X).

Invoking again the value additivity principle, we
may rewrite the MM Equation (1) as

X(1-T)

V="K

+ TD — Dk,. )
Thus the MM formulation (Equation 1) overvalues
the firm by the insolvency cost, Dk;. Note that we can
rewrite Equation (2) in its equivalent form using the
average cost of capital, k. [2, 10]:

X(1-T)

ke
Substituting X(1—T) = k,V from Equation (2a) into
Equation (2) and rearranging terms:

V=

(2a)

ke = ko [1 = o (T—k))). @)
If we ignore insolvency costs, then k, is understated,
and consequently V is overvalued as noted above.

Returning to Equation (2), we determine optimal
capital structure by maximizing V while holding X
constant and varying D. V is at a maximum when
dV/dD = 0. Differentiating Equation (2) with respect
to D.

av _ dk, , _
5 =T-[k+D—j=o0. @)

In Equation (4), T is the marginal benefit and (k; +
Ddk,/dD) the marginal cost of an additional dollar of
debt. Exhibit 1 illustrates the marginal relationship
between insolvency cost and tax benefits, and the op-
timal debt level D (the debt capacity of the firm).

In this illustration, convexity of Dk, ensures that
the marginal cost function k; + Ddk /dD is upward
sloping. The gross tax benefit of debt is ™ (area of
the rectangle OTQD) The insplvency cost for debt
capacity D is Dk, (area OPQD under the marginal
cost curve). The cross-hatched area PTQ therefore
glves the net benefit of carrying debt, i.e., area PTQ =
D[T ki]. When the firm is at its optimum capital
structure.

Exhibit 1. Marginal Cost and Benefit of Carrying
Debt
Marginal Cost/Bencfit

Marginal
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Insolvency Cost Function

v

+TD - k,D. (5)

While the preceding development relies only on the
reasonable assumption that total insolvency is convex
in D, it may be instructive to specify a functional form
for k. Our aim in specifying the functional form is to
illustrate the procedure used in estimating insolvency
costs and optimal capital structure. For this purpose,
we choose a somewhat simple functional form with
some intuitive appeal:

k] = ¢cP (X < DkD), (6)

where ¢ is a scaling constant, and P stands for
probability. The equation says that average insolvency
cost is proportional to the probability risk of insolven-
cy P(X < Dkp). The probability function P(X < Dky)
is given by the cross-hatched area in Exhibit 2. If X
has a normal distribution, we may rewrite k; as

ki = eN [-(X- Dkop)/s], )

where N[+] is the cumulative normal probability func-
tion,

The parameter c incorporates a large number of
factors, including liquidation costs, goodwill lost in
defaulted payments, and the appropriate rate of dis-
count for these costs. The value of ¢ will vary from one
industry to another and, to a lesser extent, across com-
panies within the same industry. It may be imputed to
any given company by presuming that it is at optimal
capital structure. In other words, estimate P(X <
Dkp) from past company data, and determine the
value of c such that its present capital structure is op-
timal by our criterion. Different assets may well have
different c’s. The ¢ of a firm could then be the
weighted average of the c’s of its divisions or assets.
We should emphasize, of course, that the functional
form we have postulated above undoubtedly over-
simplifies the complicated interaction of factors
associated with bankruptcy and financial distress. A
more thorough specification of k; is the subject of
future research.

Exhibit 2.

Dl% X

As we should expect, a change in X or ¢ will change
the functional form of k,. For example, if X becomes
larger or ¢ smaller, the risk of insolvency is reduced
for a given a.nount of D, and the marginal cost
schedule in Exhibit 1 would shift to the right. This
means that for any given amount of debt the marginal
cost per unit of debt would decrease, and the firm
would have increased its total debt capacity. Such
would be the result of investing in a new project, which
we consider next.

Debt Capacity and Capital Budgeting

Consider a firm A that proposes to invest in a
project B. Let D, = the market value of A’s debt; X,
= the expected annual before-tax operating cash flows
for A; Xy = the expected annual before-tax operating
cash flows contributed by B; and ¢, and oy = the stan-
dard deviations associated with X, and Xj, respec-
tively. Assuming A already has optimal capital struc-
ture, the value of the firm V, is given by

Xa(1-T)
ksa

where kg, is the rate at which the market capitalizes
an unlevered company in the same risk class as A, and
D, is its debt capacity.

The addition of cash flows from B will change A’s
insolvency cost function k;. Let ki be its insolvency
cost function after acquiring B. Similarly, let primes
(') denote quantities after B has been added. The in-
solvency cost is now D'k';, where k] = ki(D' | X, a4).
A new optimal debt level is attained at D’ as the
marginal cost curve shifts to the right (Exhibit 3). The
debt capacity of firm A increases by (D) — D,), and
its net benefit from this increased capacity is the cross-
hatched area in Exhibit 3.

The value of firm A increases to
XA(1-T) + Xs(1-T)
ks

SA SB

Va= + TbA - klbm ®)

Vi= +TDi-kibi, 9
where kgy is the rate at which A capitalizes the after-
tax cash flows of B. From Equations (8) and (9) the

value of B to firm A is obtained:
vi- v =20 ;- D) -
SB

(Diki ~ Dakp)]. (10)

The last expression in brackets is the cross-hatched
area in Exhibit 3, the valuation of B’s debt capacity
contribution to A. This is in contrast to Bower-Jenks
[1] and Martin-Scott [6] who value the contribution at
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Exhibit 3. Optimal Debt Capacity Before and After
Asset Acquisition
Marginal Cost/Benefit
Ky + nAde/dDA
kg + D, dk /dD,

/
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the tax rate T multiplied by the incremental debt
capacity. Such an estimate will tend to overvalue the
debt capacity because it ignores insolvency cost. Thus,
while these authors recognize the existence of in-
solvency by assuming a target debt level, they do not
subtract the insolvency cost from the tax benefits of
debt to determine the net value of debt capacity.

Numerical Example

Let X, = 120,000
oy, = 80,000
c = 50
T = 050
kn = 0.08
kea = 0.12
Xy = 20,000
ay = 15,000
kgn = 0.10

Correlation coefficient between X, and X, = 0.50

In this example we assume that k;, is constant as the
amount of debt changes. In practice, kp may in fact
increase with the debt ratio. For typical debt ratios of
nonfinancial companies at optimal capital structures,
the change in kp, is likely to be relatively small and to
have little impact on insolvency cost (see appendix).
For convenience we ignore this complication in our ex-
ample.

The value of 5.0 for ¢ is arbitrary. It does yield,
however, a probability of insolvency of around 8%,
which we believe to be reasonable. If ¢ were much
larger, indicating substantially greater expected in-
solvency costs, a much lower probability of insolvency
would obtain at optimal capital structure. Conversely,
a much smaller value of ¢ would imply an unduly high

risk of insolvency.
From Equation (7),

—(120,000 — 0.08D,)

ki = 5.0NE 30,000 ].
At the optimal capital structure for firm A
dk,

T=0.5=k.+D,\H.
Solving (see appendix), we find that D, = 110,000, k,
= 0.4115, and the risk of insolvency is N(—1.39) or
8.2%. From Equation (8), the value of the firm V, =
120,000(1—-0.5)/0.12 + (0.5 X 110,000) — (0.4115 X
110,000) = 509,735.

With the addition of B,

a1 = [80,000% + 2(0.5) (80,000) (15,000) + 15,000%]"

= 88,500
X1 = 140,000.
For optimal capital structure,
05 = dk;
T_O.S_kl—*—DAd_D,(.‘

Solving (see appendix), D} = 179,100, ki = 0.3890,
and the risk of insolvency is N(—1.42) or 7.8%. Thus
the contribution of B to the debt capacity of A is 69,-
100. The net value of this additional capacity is [see
Equation (10)]:

T (D - D] — (Diki — Daky)
0.5(179,100 — 110,000) — (69,670 — 45,265)

34,500 — 24,405
10,095

Note that this is considerably smaller than the gross
(tax) benefit of 34,500 that would be obtained if in-
solvency cost is ignored. The value of B to firm A is
20,000(1—0.5)/(0.10) + 10,095 = 110,095.

The risk of insolvency of the firm at its optimal
capital structure has declined slightly (from 8.2% to
7.8%) as a result of the acquisition. Thus attaining op-
timal capital structure is not generally the same as
maintaining some target risk of insolvency.

We have assumed a relatively small correlation
coefficient of 0.5 between the cash flows of A and B. If
the correlation were larger, the standard deviation o
would have been larger and the contribution to debt
capacity correspondingly smaller. This is consistent
with Lewellen’s observation that acquisitions that are
negatively correlated with the firm contribute more to
debt capacity than those that are highly positively cor-
related, i.e., diversification enhances debt capacity [5].
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Commentary

In capital budgeting analysis, it is important to
estimate 1) the amount of debt capacity contributed
by the proposed project; and 2) the value of this debt
capacity to the firm. Previous studies have typically
estimated debt capacity by assuming a target debt
level specified either by a given debt ratio or by requir-
ing that the firm not exceed some probability risk of
insolvency. We have extended these approaches by
relating debt capacity directly to capital structure,
thereby integrating capital budgeting analysis with the
optimum financing paradigm. Furthermore, we show
that, having determined the amount of debt capacity
contributed by a project, it is not correct to then value
the debt capacity only in terms of its tax benefits to the
firm. Rather, debt capacity brings with it added in-
solvency costs that our computational procedure
shows can materially offset the tax benefits.

In this paper we have, for purely illustrative pur-
poses, used a simple insolvency cost function that is
linear in the probability of insolvency. While this
yields reasonable results, we feel that much more work
needs to be done on alternative insolvency cost func-
tions. Such functions would incorporate more
precisely the actual costs of insolvency and the risk at-
titudes of the management, shareholders, and
creditors of the firm. It should also be possible to es-
timate these functions empirically using data on
capital structures of firms.

Appendlx.
Solvmg for D,\ and DA
dk; _
dD [Dski] = ki + Dy D, - 0.5

Let —(120,000 — 0.08D,)/80,000 = y
- dy
0.5 = 5.0 [N(y) + Dan(y) dT]

0.08
80,000 "W

where N(+) is the cumulative normal function and n(+)
is the normal density function.

By trial and error, or by graphing the right-hand
side of Equation (A-1), we find thaty = —1.39,D, =
110,000, risk of insolvency = N (—1.39), or 8.2%, and
ki = 5.0N (-1.39) = 0.4115. The RHS of Equation
(A-1).is-5.0.(0.0823_+ 110,000_X%_0.08 X 0.1518/

= 5.0 [N(y) + D, X (A-1)

80,000) = 5.0 (0.0823 + 0.0167) = 0.495 ~ 0.5.
Similarly, to determine DJ:
v . 0.08
0.5 = 5.0[N(y) = Dan(y’) X zo=5571

where y' = _“40‘%%05—000.08&()

By trial and error,

y' = —1.42, ki = 0.3890

» = 179,100 and risk of insolvency
N(—-1.42) = 7.8%.

In this example we have assumed that k, is con-
stant, i.e., dk;,/dD, = 0. In practice, the cost of debt
will tend to rise with the level of debt, i.e., dkp/dD >
0. To take this into account, we rewrite Equation (A-
1) as

- < Dan(y) (kp + Dadkp/dD,)
0.5 = 5.0 [N(y) + 80,000 ]
Dan(y)ko DA dku
go.000 )]

Ignoring dky,/dD, is clearly a good approxlmatlon if
D, dky
kp dD,
to D, is much less than 1. Even if this elasticity were
as large as 1, however, its impact on the RHS of
Equation (A-1) is not extremely large since the N(y)
term dominates the RHS expression.

= 5.0 [N(y) +

< < 1, i.e., if the elasticity of ky, with respect
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