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INTRODUCTION

In 1966, Miller and Modigliani (hereafter MM) (1966) attempted to test a
valuation model for the electric utility industry and to determine the cost of
capital for that industry. This test was based on their proposition that the
value of the firm is the present value of the stream of expected operating
carnings corrected for the effect on valuation due to the tax deductibility
of interest, presented in earlier papers (MM(1958) (1963)).

‘That study was criticized by Crockett and Friend (1967}, Gordon (1967),
and Robichek et al (1967). These comments were primarily concerned with the
testing procedures and interpretation of empirical results.l/

Subsequently, however, substantial questions have been raised concerning
the lack of consideration of ruin of bankruptcy.g/ These studies suggest
that by ignoring the risk of ruin, MM's empirical work must be considered
flawed. One must question such an assertion, however. Since valuation is a
concept about the way the market views the securities of firms, one should
be concerned with the way the market perceives the risk of ruin of the firm
and then uses that perception in the valuation decision. In formulating
their model, MM assumed away the problem. The question of risk of ruin,
however, deals not just with the existance of fixed charges from the issuance
of debt but also with the stability of income and the levels of reserves lig-
uid enough to meet fixed charges when due. Thus, in making the valuation
decision, the market not only is analyvzing the earnings stream of the Ffirm
but also the likelihood of the firm maintaining that stream. That assessment
will be dependent on the level of fixed charges (including the presence of

debt), the stability of the income stream, and the level of liquid reserves
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available to absorb variations in the income stream. Thus an analysis of the
role of the risk of ruin in the valuation process must treat each of these
concerns. This paper presents such a framework for analysis by developing an
alternative model in the MM framework which satisfies the criticisms of the
previous MM model. An analysis of a group of vulnerable firms and relatively
safe firms is then presented using this alternative model.

THE VALUATION MODEL

In developing their valuation proposition, MM suggest that the value of
the firm is the present value of the future stream of after-tax net operating
income, assuming that all earnings are paid out to security holders, plus the

benefits of debt due to tax deductibility of interest. Thus, the market value

of a firm, Vv_. , would be:
firm
Veipm - IB = + > + 3 + ... (1)
1+p (1+p) (1+p)
where: X, = net operating income before financing charges in period t

p = after-tax default-free capitalization rate of an all equity firm
in that risk class
T = corporate tax rate
B = market value of debt
If it is assumed that the debt is perpetual, that the distribution of earnings
is stationary and independent between periods, and that the distribution of
earnings after taxes is identical for firms in a homogeneous risk class,1

the expected value E(X) can be used to approximate the stream of Xi. Thus

equation (1) reduces to the usual MM proposition:

_EX(1-T
Vfirm - IB = p (2)

It is proposed that when there is a risk of ruin, this is not the

4
correct valuation procedure.—/ If there is a possibility of ruin, it
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cannot be assumed that the distributions are independent between periods but
rather the distribution of earnings is dependent from one period to the next.
The distribution of earnings in period 1 is the usual marginal distribution
referred to by MM with mean E(X). However, the probability density function of
period 2 would not be the same marginal distribution. TIf an outcome occurred
in period 1 which resulted in ruin for the firm, then Xy £ 0. A similar argu-
ment can be advanced for the third and subsequent periods with the earnings
distribution being dependent on the firm's not experiencing ruin in both peri-
od 1 and 2 thereby reaching period 3, and so on. Thus the distribution of
earnings in each period is not the same; therefore using an identical expecta~
tion for all periods is incorrect. What is true is that the conditional dis-
tributions are identical. That is, the distribution of earnings in each
period would be like the marginal distribution in period 1 given that the
firm does not experience ruin prior to that period. So, substituting the
identical expectation into equation (1) is not the proper form for the valua-
tion of the firm if there is a non-zero risk of ruin. The first and subsequent
terms on the right side of the equation should have this general form:

E(Xe{M=t-1) (1-T)Pr (M=t -1) + E(Xthﬁ‘t-l)(1-TG)Pr(M#t—1)
(1+p)t

(3)

where M represents survival to period €. That is, if the firm survives
period t-1, then the investors expect to receive E(X.|M=t-1) in period t.

1f the firm is ruined in period t-1, then investors expect to receive
E(Xp|M#t-1) in period t. This term represents the salvage value of the firm
or its securities less reorganization or bankruptcy costs. If these funds
represent a gain they are taxed at the capital gains rate, TG' otherwise there

is no tax. For the purposes of this investigation, it is assumed that any salwvage
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value will be absorbed by the cost of reorganization or liquidation as it
allows a tractable solution. This assumption is not too unrealistic, however,

because if investors do eventually salvage something, it may be so small and

take so long to recognize that its present value can be considered to be zero.™

A typical example of this situation can be found in the experience of railroad

investors. The term in expression (3) then reduces to:

E (X M=t-1)Pr(M=t-1) (1-T)
(1+p)*

and equation (1) becomes:

E(X) | M=0)Pr (M=0) (1-T)  E(X,|M=1)Pr(M=1)(1-T)
- TB = +

Vfirm > + ...
1+p {(1+p)

E (X |M=t-1)Pr (M=t -1) (1-T)
+

+ ... (&)
(1+p) ©

Since the conditional distributiomns of the earnings, E(Xt'M=t-l), are

the same in each period, there is a constant, E(X), which can be substituted

in such a way that

- TB = E(X)(I‘T) OZQ .Pﬂb_q_:t-.l)_

5
t=1 (1+p)t (5)

Vfirm

It is contended that this equation represents a more realistic valuation

procedure if the possibility of ruin exists.é/

ESTIMATION OF THE RISK OF RUIN--
THE CASE FOR MAXIMUM RISK EXPOSURE

It is obvious from equation (5) that the likelihood of survival or not being

ruined for each period must be determined. Bawa (1972), Wilcox (1971a) (1971b),

and others.
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argue that the probability of ruin is a function of First passage time or ex-
pected time to ruin. This suggestion assumes that ruin is certain, so the only
quantity of interest is expected time to ruin which would define when the
truncation of the series is expected to take place. However, it can be shown
that if the stochastic process under consideration is a positive drift pro-
cess either without a barrier or, as is more likely, with a moving barrier,
there is a non-zero probability of never being ruined; thus ruin is not cer-
tain.Z/ The distribution of first times to ruin has an infinite variance:
therefore, making it an inappropriate measure for the risk of ruin.g/ Since
firms are assumed to be profit making enterprises, it can be shown that they
will follow a positive drift stochastic process. Thus a different measure for
the risk of ruin is needed.
Such a measure is provided using collective risk theory as developed by

Seal (1969), Segerdahl (1955), Beard 53_2;1(1969), and Cramer (1955). Briefly, if
some pool of resources, U,, are available to preveat ruin, then ruin occurs

if at some time these reserves and accumulated variable profit (revenue less
variable costs) have been depleted by fixed costs. Since variable profit

is a random variable, which is a function of two other random variables (the
number of variable profit arrivals and the size or value of each arrival),

the value of this pool of resources at any point in time, Ut' is the result of
a stochastic process. Thus, the probability or risk of ruin, &£, is Pr(Ut<0) = £.

It should be emphasized that ruin as defined here does not mean bankruptcy.

Ruin is defined as that state where the firm cannot be gelf-sustaining in the
sense of needing an infusion of outside funds to maintain operations. Several
options are open to a firm "ruined" according to this definition. New equity

may be sold (if a buyer can be found) , fixed assets liquidated, requests for
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debt extensions made, or some third party such as a governmental agency may
be approached for funds. Such a process is essentially institutional in nature
and does not lend itself to this type of mathematical modeling.

From a result in Beard et al (1969, p. 52-53), it can be shown that

the risk of ruin at some point in time, t, can be determined as:

N(t)
Pr(Uot 2, VP{-FC-t) < (6)
l=
where; VP; = Variable profit for the ith arrival

FC = Fixed cost rate per period including fixed financing
charges

Ir

N(t) Number of arrivals in time t

Rearranging and standardizing using the central limit theorem:

N(t) _ _
= VP, ng, t -U +FC*t-ne, €
i=1 1 1 o] 1

r < = (7)
VvV mopt v Tayt ) )

P

where: n = expected variable profit arrival rate
@] = mean of the variable profit jump size distribution
®) = second moment about the origin of the variable profit

jump size distribution

UO pool of resources available to prevent ruin

nult expected variable profit in (0, t)

nazt variance of the variable profit in (O,t)gf

I

If Ye is a standard normal variate and the solution of equation:

e =¢ (-Y.)
then Y. = 2.326 would be a probability of ruin = 0.01 and a value of Y. = 3.090
would be a probability of ruin = 0.001. Increasing values of Y. indicate a
decreasing risk of ruin. Thus, Y, is a safety index and is a measure of the

risk of ruin. 1In the general case, the value of the safety index should be
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-1

“wmees of the distribution using the Cornish-Fisher (Normal
as shown jp K .

auzzj . - 7
Power) expansion as shown iu ... and OJantaken (1971 and ﬁﬁnr il

erger (1972)
Using that result, the value of the safety index is determined as. :

Power) 8Xpansion

U, + FC:t - hgnt 2
o 1t _ 1 ]
= T Ye T Y1(emD (&)
\/na’zt
where; tna
Y1 = skewness factor = — 3/
{ tn o, 1772

By solving the quadratic expression for the positive root of Y., the safety

index at anytime, t, can be determined:

- 20 —~ @3 \\ % — 17/%3 \-1
Y, = [(nazt * e (Uo+(ay ROt + EE;)) - (nazt)z]<3a2> (9)

This model is superior to the first passage time method in that while both
models are effective when ruin is certain (fair and negatively-biased games),
the present model does not breakdown for positively-biased games when ruin is
not certainégz/ Thus evaluating Y. at any time, t, and consulting a normal
probability table to estimate the risk of ruin, €., the probability of
survival in equation (5) can be determined as (l-ey).

However, it is evident that the probability of ruin varies from one
period to the next. Thus, in order to employ equation (5) to determine the
role of the risk of ruin in valuation some further assumptions are needed to
obtain a tractable solution, To do this, one must choose some time or set
of_times which might be considered in the valuation process. Tt is suggested
that investors are interested in determining the maximum expeosure to ruin and

when it occurs. That is one wants to determine that point in time where:



N(t)
d Utdt
0

dt

This suggestion is not unusual, Bond rating agencies claim to look at
Just such a point. Moody's for example states that:

Since ratings involve a judgment about
the future, on the one hand, and since
they are used by investors as a means
of protection on the other hand, the
effort is made when assigning a rating
to look at the 'worst' potentialities

in the 'visible' future rather than
solely at the past record and the status
of the presentll/

Thus, such an assumption about the valuation process seems appropriate, 12/

Determining the probability of ruin at the riskiest point is consistent
with maximizing ¢ with respect to t. Using equation (9), taking the deriva-
tive of the safety index with respect to t and setting the derivative to

13/

zero gives the time of maximum exposure to ruin as; —

2
Yenob

t =
P ey -re)y?

(10)
Determining the time to the most dangerous point is important if the
probability of survival at the riskiest point is used to adjust the
earnings variable in each period. If this point occurs at some distance
from the present, an event that occurs far in the future and is not
heavily weighted would be used to adjust earlier earnings thus

understating the quality of the expected earnings stream.

Substituting this result into equation (%) gives the probability of

ruin at the riskiest point or the maximum exposure to ruin:



. 12U, (o -FC) + 204 (e ~FC) an
€rp 3ﬁu% + 20, (e, -FC)

From this equation, the maximum probability of ruin, or minimum probability

€rp>
of survival, (l-erp), is determined. It is suggested that since investors not
only assess the risk of ruin based on stability of the income stream and re-
serves available to avert ruin but also that they attempt Co assess the maxi-
mum exposure to ruin, equation (11) should closely approximate investors'
ex ante perceptions of the risk of ruin. The extent to which +hat is true is
an empirical question to be investigated later.

In equation (5), therefore, the probability of survival in each period

can be approximated by (l-e. ). That is, Pr{M = t-1) = (l-erp) for all t.

rp
Since for a particular firm, (1_€rp) is a constant, equation (5) reduces to:
E(X) (1-T) (L-e, )

Viiem - TB = > (12)

Thus, it is proposed that this model can be used to describe the valuation
of 2 firm and to determine the way the market perceives the risk of ruin in
making its valuation decision.

It also satisfies the criticisms leveled at the MM model concerning the
implications for capital structure decisions in that it ne longer is bene-
ficial to issue unlimited debt as the original MM model would. While the
firm receives benefits of the tax deductibility feature of interest, addi-
tional debt can increase the risk of ruin thereby offsetting these benefits,

MM provided an ad hoc condition for determining the amount of debt in the
capital structure by allowing debt up to a limit set by institutional factors.

With this model, however, the impact of debt issuance can be determined
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depending on the level of available reserves and the stability of the income
stream.

Now that the valuation model has been determined, it is necessary to in-
vestigate the risk of ruin in the valuation process. The model developed in
this section will be used to investigate the way the market views the risk of
ruin in the valuation process. However, equation (12) will not be used di-
rectly for the empirical testing. 1In testing their model, MM had to introduce
a scale factor based on asset size because the error terms of the regression
were heteroscedastic. To avoid a similar problem, the log form of equation

(12) will be used:

log(vfirm_TB) = - log p + a.log(E(X) (1-T)) + b-log(lqarp) + v (13)

where: a and b are constant coefficients

Vv = residual

The coefficient a can be interpreted as a measure of the relationship be-
tween the market determination of the expected value of the earnings distribution
and the measure used to estimate the expected value based on past data. In
such a fashion, it can be interpreted as the growth possibility for the firm
as viewed by the investors as defined by MM. If investors view the firm as
static (no growth or contraction) the value of a will be one. Values other
than one indicate that investors view the firm as having investment possibilities
greater than or less than the cost of capital depending on the direction of
deviation from one.éé/ Likewise, the value of coefficient b indicates the role

of the risk of ruin in valuation as perceived by investors. Thus, equation (14)

is used for the empirical investigation pursued here.
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For the purposes of thisg study, a group of firms which would be expected
to be relatively safe, electric utilities, are analyzed as well as a group of
firms which would be considered riskier. Each group is analyzed as of
December 31, 1971. There is no reason te expect any bias due to a particular

date or set of dates.

RISK OF RUIN AND THE VALUATION OF ELECTRIC UTILITIES

First to be considered is a group of electric utilities similar to that
used by MM (1966). Equation (13) must be modified, however. Gordon (1967)
observed that since regulatory agencies set returns to equity, there is no
beneficial effect of the tax-deductibility of interest. Thus, a post-tax model
. 15/ . . . , .
1s needed.— fThe valuation of a firm in a regulated industry is therefore:
E(X)(l—sr )
V = -——.—_L

firm 0 {14)

Thus, equation (13) reduces to
= - + L3 v —_
log(Vfirm) logp a*log(E{X}) + b-log(l Erp) + v (15)

and is the form used in the estimation.

In defining the expected value of the earnings distribution, E(X), MM in
their 1966 study had to estimate the expected earnings using two stage least
squares with its attendent problems of multicollinearity. Here, however, the
expected value of the earnings distribution per period will be assessed as

determined for use in equation (7):
E(X) = no - FC

In this case, however, fixed costs, FC, do not include financing costs.

Since similar terms appear in both independent variables, it will be
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critically important to analyze for multicollinearity.

Of all the variables, the probability of survival is the most complicated.
As previously described, it is not the probability of survival which is cal-
culated, but rather its complement, the probability or risk of ruin. Beard
et _al (1969) demonstrates a method of measuring the risk of ruin based on the
expected number of payments or bills received by the firm in a period of
time, 5, the first three moments of the variable profit per bill distribution
about the origin, the expected net income for a period, and the initial
reserves available to the firm. For electric utilities the distribution of
variable profit per bill for a class of service is first determined from a
distribution of KWHR/bill for that class of service and applying the rate
schedule appropriate for that class. This distribution is adjusted for the
variable cost per bill for a class. The distributions for the classes of
service are then combined to get the moments of the firm's distribution al,
a2, a3 (the mean and the second and third moments about the origin). Expected
net income is determined to be net operating income after interest but ex-
c¢luding preferred and common stock dividends. Finally, the initial reserves,
UO' are calculated according to the method outline in Beard et al (1969,
P. 52-53) and Bierman et al (1975).

The value of the firm is defined as the market value of the firm's
securities, i.e., the debt, preferred stock and common stock. Each of these
quantities is determined as of December 31, 1971.

The value of the common and preferred stock is found by maltiplving the

number of shares of stock outstanding by the market price. an average of
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December and January weekly closing prices is used to remove purely short-
. , , 16/
term randomness in Price quotations.—
The market value of debt is similarly determined by taking the book value
of each series of debt and multiplying by the market brice, expressed as a
percentage of $100. The quotations of market value were also obtained from

17
Moody's Public Utility Manual.—é/

It can be seen that the measurement for the firm is probably subject to
error. There is no reason, however, to believe that these errors are not
purely random and will give a systematic bias to the estimates.

Firms in the sample were chosen from a listing of class & and B utilities
required to report to the Federal Power Commission and obtain at least 90% of
their revenues from electric services. Firms were chosen on a wide geographical
basis, representing each region of the country, and encompassing a large range
of sizes so as to not introduce any bias due to size or location.

Table 1 presents a listing of the firms, the safety index and probability
of survival at the time of maximum exposure to ruin as well as the time to
this maximum exposure for the firms in the sample.ég/ Since most firms ex-
hibit essentially no risk of ruin using this method, it is necessary to use
a dummy variable for analyzing the role of the risk of ruin in the valuation
of electric utilities. The dummy variable to be used is the safety index
which does provide a measure of the risk of ruin for the firm. The regression

model is as follows:

logV - logp + a log(E(X)) + b log(Y€ ) o+ v,

p

firm -
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The results of the regression are shown with the corresponding t-statistics:

= - 2.7 + 1. E(X)) + 0.0 Y
Log (V. ) 081 01 loy (E(X)) 1 log( .. )
(6.10) (38.6) (0.40) P

The model explains the value of the firm very well with the standard error of
the regression only 0.67% of the mean. Before reviewing the results of the
regression, the error terms must be checked for homoscedasticity. Using the
technique of Glejser (1969), the residuals were found to be homoscedastic,
normally distributed, and uncorrelated with the independent variables
verifying that there is no remaining systematic unexplained variation, These
results also show that virtually all of the variation in the dependent variable
is explained by the independent variables, leaving essentially no unexplained
variation. Likewise an-analysis of the correlation matrix reveals insignificant
multicollinearity.

Examining each of the coefficients shows that the value of a and the
constant are significantly different from zero at the 1 percent significance
level. They hypothesis that a is egqual to one cannot be rejected at the 1
percent level of significance. Although the coefficient b has a positive
value, the hypothesis that it is equal to zero cannot be rejected at the 1
percent significance level. The hypothesis that the constant term is zero
can also be rejected at the 1 percent confidence level. The value of the
antilog of the constant term is 6.67 percent and can be taken as an estimate
of the default-free cost of capital for the electric utility industry. Since
the risk of ruin does not enter the valuation process, 5 is also an estimate

of the overall cost of capital.
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The results of the preceding analysis lead to several interesting con-
clusions. One of the most important findings is that all of the wvariation in
value except for a very small amount of random disturbance is explained by
variation in current net operating income as suggested by MM. For regqulated
utiltities, there is no other systematic influence on the valuation of these
securities. Besides supporting the MM hypothesis such a result also supports
the requirement that the market for the securities of regulated utilities be
an efficient market.ig/

These results also demonstrate that several important effects result from
the regulatory process. One is to eliminate from the market as of the date in-
vestigated any perceived risk of ruin, contrary to the beliefs of regulatory and
security evaluation authorities. Furthermore, finding the coefficient of the
log(E(X)) term.equal to one shows that investors view regulated utilities as
static with stationary earnings distributions as previously discussed. This result
verifies evidence of Gordon's that investors do not see growth in the industry
resulting from projects returning more than the cost of capital.ag/

The regression performed here also resulted in an earnings capitalization
rate of 6.67 percent. This value falls within the bounds expected. The lower
bound would be the prevailing level of long-term Treasury securities which the

market looks at as being default free. According to the Bond Market Monthly

Review published by Salomon Brothers, the yield on representative long-term
Treasury securities outstanding on December 31, 1971, was 6.00 percent. In-
vestors required a very small risk premium of only 67 basis points (.67 percent)
to compensate for earnings fluctuations as well as the fact that electric

utility securities are not as easily marketable as Treasury securities.
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' The upper bound is a function of regulation. If the Yegulatory commissions
do not allow more than a set return on rate base, which is nearly the same as
total assets, then no investor would capitalize earnings of the industry higher
than that number. The average return on rate based earned by the firms in the
sample for 1971 is 7.3 percent%id; Thus, the cost of capital would be less

than or equal to 7.3 percent adjusting slightly downward for differences
between rate base and total assets. For example, if the rate base were 90
bercent of total assets, the two returns (7.3 percent vs. 6.7 percent) would

be the same. This result implies that requlatory commissions need set rates
such that the return on total investment is slightly above the Prevailing

rate on long-term Treasury securities to insure that the electric utilities

can raise capital.
RISK OF RUIN AND THE VALUATION OF RISKY FIRMS

Since electric utilities exhibit virtually no risk of ruin, it is not
surprising that the risk of ruin does not enter into the valuation process.
Although the results are consistent with the model developed here, they do not
verify the usefullness of such an approach. Thus, a sample of more risky firms
is needed.

A group of firms in such areas as airlines, oil . drilling, and the like
were assembled to analyze the impact of the risk of ruin on valuation. Unlike
electric utilities, however, these firms do not publish nor even collect the
necessary data to estimate the moments of the variable profit distribution
using the method outlined in the previous section. Another method of estimat-
ing this distribution is therefore needed.

Before estimating the moments of the variable profit distribution, it is
necessary to obtain measures of the variable profits for each firm using a method

developed by Girod et al (1972). First, using ten year's data from the COMPUSTAT
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Quarterly Tapes, dollar sales for four adjacent quarters are plotted against
profits before interest and taxes for the same quarters. A simple linear re-
gression is used to fit a least=-squares line through the intersecting points.
The slope of the line obtained reﬁresents the average variable profit rate for
the firm; i.e., the incremental profit contribution expressed as a Percentage
of sales. The point intersecting the vertical axis can be taken as an estimate
of average fixed operating costs.gg/

Because there are only four observations for each regression, the results
are strongly influenced by the position of each observation——particularly by
the fourth quarter when a certain amount of "window dressing" is practiced.

To correct the data to a more normal long-term level, the logarithms of the
intercepts for each regression are plotted. & least-squares line is fit
to obtain the long-run growth function of fixed costs. These fixed costs are

23/

then added to actual profit before interest and taxes to obtain variable profit.Z=

Once the observations of variable profits on a quarterly basis are ob-
tained, the model generating the series must be determined S0 as to obtain the
moments of the variable profit distribution. The sample autocorrelations for
each firm are first examined to determine the appropriate model for that series.gﬂf’
The criterion of model selection followed in this study has been the representation
of each series in the most parsimonious form that is consistent with its stoch-
astic structure. Parameters included in the models are those for which estimates
are significant or which are required to eliminate serial correlation in the
residuals. Thus, the procedure has not been to minimize the variance of

. . . . 2
prediction errors but to obtain the simplest adequate representation. The X
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value for the appropriate degrees of freedom is determined at the 5% level of
significance under the null hypothesis of zero serial correlations in the
residuals of the model. The values of the Q statistie support the hypothesis
that the individual series have been reduced to white noise series in each
case.géf

In this manner, the distribution of variable profits is obtained. The
mean, ®1, can be determined from the Parameters of the fitted model and the
other moments are a function of the moments of the residual distribution.

Box and Jenkins (1970, ch. 3) demonstrate how to obtain the moments of the
process' distribution from the model parameters and the moments of the
residuals, Once these moments are generated, equation {(11) can be used

to determine the risk of ruin for a given firm at the rigkiest point for that
firm.gé/ Table 2 gives the safety index, probability of survival, and time to
the riskiest point for the firms in the sample. Again, the riskiest point for
virtually all of the sample is close to the present.

In a similar manner, the expected value of the earnings distribution is
determined by fitting a suitable model te the time series of earnings before
interest and taxes so as to obtain a white noise series.al/ The parameters
of the fitted model are also used to obtain the expected value of the earnings
distribution, E(X). It is expected that this method not only more closely
approximates the formation of expectations in the market but also avoids the
multicollinearity Problem in the two stage least squares method which plagued MM.

The value of the firm is determined in a similar fashion to that described
for electric utilities. &g before, there is no reason to believe that any

measurement errors are not purely random.
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The results of the regression are shown with the corresponding t-statistics:

log(V., =-TB) = - 0.576 + 0.664 log(E(X(1-T})) + 2.07 log(l-c )
Elrm (5.98) (2.2) 23

The model explains the value of the firm well, although not as well as the
utility sample, with a coefficient of determination of 0.67.

Since this group of firms is not a homogencus industry, such a result is not
surprising. Again, using Glejser's test (1969) the residuals were found to
be homoscedastic, normally distributed, with no serial correlation.
Likewise an analysis of the correlation matrix reveals insignificant multi-
collinearity.%g/

Examing each of the coefficients shows that the value of a is significantly
less than one but greater than zero. If this group of firms were an industry, in-
vestors would view it as a contracting industry; i.e. one in which the long-run
expected earnings are less than the expected value of the current earnings
distributicon. Such a result is not surprising given the high risk nature of
the group (in fact two members of the sample have disappeared as separate
entities since 1971).

More importantly, the coefficient b is significantly different from zero,
unlike that obtained for the electric utility sample. While the estimated
value of b is somewhat higher than the predicted value of 1, it is not sig-
nificantly different from 1 at the 95% confidence level. This result suggests
that not only is the risk of ruin measure developed here an adequate measure
of the ex ante risk of ruin perceived in the market but alsoc the risk of ruin
at the riskiest point is a useful proxy to the actual risk of ruin determined

.. 2
by market part1c1pants.—2/
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Finally, the value of the antilog of the constant term is 0.56 which can
be taken as an estimate of p. This number is quite a bit higher than for
electric utilities but seems reasonable. The average B (the usual capital
asset pricing model measure of market risk) for the electric utilities in
this sample as of December 31, 1971, was 0.31 while the average B for the
sample of risky firms as of the same date was 2.07. Thus, the Ffirms in the
risky sample not only have higher risk of ruin but also higher market risk
which would correspond to the higher g observed.

The results obtained here lead to several interesting conclusions.

One of the most important findings is that even with a set of risky firms,

the variation in value is explained by variations in the expected net operating
income adjusted for the probability of survival, as suggested by MM.QQ/

Since not all of the total variation in value is explained, some unsystematic
variation is associated with each firm. However, it is shown that there ap-
pears to be no other systematic influence on value.

Another conclusion of the analysis is that, while the MM hypothesis is
supported, the market is not indifferent to the levels of fixed charges.ji/ Thus,
the value of two firms with identical fixed operating costs can be influenced
by the debt/equity ratio beyond the point where the fixed charges associated
with certain levels of debt lead to a significant risk of ruin as discussed by
Wrightsman and Horrigan (1975).52/ It can, therefore, be seen that although
the MM theoretical analysis is sound, they indeed chose the sample well for
their empirical work. However, using the mecdification shown here, their
analysis still is useful in describing the valuation process of the firm when

there is nonnegligible risk of ruin.



- 23 -

SUMMARY AND CONCLUSIONS

This paper has investigated the role of the risk of ruin in the wvaluation
process. A modification of the MM valuation model is developed which incor-
porates the risk of ruin directly in the model. This risk of ruin is determined
using collective risk theory where it is a function not only of fixed charges
from debt issues but also the stability of the income stream and the reserves
available to prevent ruin. Using this model it is possible to investigate
investors' perceptions of the risk of ruin in the valuation of a firm's
securities. An analysis of electric utilities in 1971 determined that in-
vestors did not anticipate any risk of ruin in the firms and as a result
valued the securities of electric utilities based only on net operating income,
as MM suggested, as well as to suggest that criticism of the MM empirical work
for failing to take default risk into account is not warranted.

An analysis of a group of risky firms, on the other hand, shows that
investors systematically take the risk of ruin into account when the risk of
ruin is significant. However, even in the presence of significant default risk,
the MM valuation proposition can obtain when adjusted for this risk of ruin.

Finally, the method of estimating the risk of ruin used here is found
to be a useful measure of the risk of ruin as determined by market participants.
Obtaining such a measure allows further research into the role of various
financial management decisions on security valuation through the impact on the

risk of ruin.
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lGordOn (1965) , for example, criticized the method of introducing growth
in the MM model and suggested that there is no tax benefit from debt for
electric utilities. He also asserted that MM used the wrong estimate of
expected earnings as the independent variable.

2Stiglitz (1969), for example, examined the MM model and determined that
for an investor to replicate the battern of returns from a firm when the
possibility of ruin exists, the individual must negotiate a loan on the
same basis as a firm, i.e., limited liability using stock as collateral.
Tinsley (1972) and Borch {1968) have also discussed the role the risk of
ruin plays in valuation.

3MM'S arbitrage procedure necessitated the assumption of homogeneous risk
classes. Hamada (1969) demonstrates that the MM procedure holds without
the assumption of homogeneous risk classes or arbitrage process. Instead
a switching operating involving stocks with the same market price of

risk is utilized.

In the literature two terms, bankruptcy and ruin, are used interchange-
ably. Bankruptcy implies reorganization of the firm under the guidance
of judicial proceedings and in accordance with Federal bankruptcy laws.
In certain cases the firm is not reorganized by a court; instead, the
current investors merely do not participate in any earnings of the firm,
thereby ruining the current investors but maintaining the existence of
the firm. The stream of earnings to current investors can be interrupted
from added costs of reorganization due to financial distress even though
the judiciary may not be involved. In this paper the term ruin is used
to signify any truncation of the infinite series for whatever reason.
Bankruptcy is reserved for those situations in which legal bankruptcy is
inveolved. Thus, bankruptey is an extreme form of ruin, but ruin can occur
without declaration of bankruptcy. One way ruin can occur is if the firm
defaults on interest payments causing an interruption of the earnings
Stream to the security holders (Higgins and Schall(1975) provide an in-
depth discussion of this concept of bankruptcy).

5
See, for example, V.S. Bawa (1272),

6 This result differs from that developed by Scott (1976) who suggests
that the risk of ruin enters the valuation process essentially as a de-
fault premium added to the default-free rate of interest. The approach
used here appears preferable as no assumptions of institutional response
to ruin are needed.
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7See Parzen (1962, p. 118-121) and Gerber (1974) for discussion and
proof of this proposition.

8Seal( 1969, p. 114-115) has shown that the distribution of first times
to ruin is asymptotically Normal. He also provides an example of the
determination of the "risk of ruin" at some point of time. This de-
termination requires a finite variance, however. With an infinite
variance, the result is indeterminate. Likewise, such hypothesis
testing as a test of the equality of &everal means, as described in
any mathematical statistics text, cannot be accomplished. This test

is for comparing distributions of first times to ruin to determine
whether they are the same and cannot be done with an infinite wvariance.

9The moments of the wvariable profit distribution are derived in Beard
et al { 1969, p. 22-23)

lOIt has been demonstrated in Gerber (1964) that this result obtains

whether or not an upper barrier is present azs long as the barrier, if
present, is moving.

llMoody's (1872). This does not imply that Moody's or other rating
agencies would necessarily be considering the same point as the stochastic
process. In establishing bond ratings other factors enter in a non-
uniform way such as differences in perceived marketability. Such a
consideration is not included in the stochastic process.

12
Another reason for preferring the risk of ruin at the riskiest point

is that it can be shown that the value of Y at discrete points is a
function of firm size. The risk of ruin atthe riskiest point, however,
is independent of firm size and depends only on the distribution of
variable profit Beard et al (1969, pp. 149-151)

l3It is easily shown that the relevant second-order conditions are also

satisfied.

lA‘Such a testing method was suggest by MM (1966, o. 348) . They were
unable to use such a procedure because of the way growth is introduced
into their model. Defining growth as done here allows the use of this
method for removing heteroscedasticity as well as using the regression
model to determine whether or not growth is perceived to exist by
investors.

5Because of the unique aspects of utility regulation, Gordon (1967} claims
regulated industries receive no tax benefits from debt and thus the after-
tax earning, should be the independent variable and value of the firm the
dependent variable. For if XT is too large, the rate structures are ad-
justed to reduce XT enough to result in the "proper" or fair rate of
return.

After some discussion between Elton and Gruber (1971) (1972) and Gordon
and McCallum (1972}, it was decided that the post-tax model is correct
when the following view of requlation is true:
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. ..that regulators have a rate of return
they believe is appropriate for the firm
and that they adjust prices, so that ex-
pected long-run earnings after tax but
before interest yield this rate. The
regulators do not adjust (these prices)
to eliminate period to period variations
in earnings whether these changes are
caused by changes in exogenous variables
or management actions. (Elton and Gruber
( 1972, p. 1151) ).

For the purposes of this paper, the post-tax argument, as suggested by
Gordon will be adopted.

16 . . . . .
If a particular series of quotations was not available, the price was

established on the basis of the effective yield of other stocks for the
same firm of a similar series. For example, assume three series of pre-
ferred stock with stated vields of 3%, 4%, and 5% were issued by a firm,
all of which had a par value of $100. If the 3% series had a price of
$37.50 per share and the 5% series had a price of $62.50, this would
suggest an effective vield of 8%. If the price of the 4% was not avail-
able, it would be assumed to be $50 a share.

7Values of all debt issues were available for most firms. In those in-
stances where the price of a particular issue was not available, the
market value was estimated on the basis of yields reported by Moody's
for comparably rated issued of equal maturity. Book value was used for
notes payable since they are maturing within one year.

8 . . s . . . .
Examination of the time to maximum exposure indicates that for most firms,
this time is near enough to the present so as to not bias the results.

19Either the switching method of Hamada or the arbitrage method of MM
previously discussed require an efficient market for the securities in-
volved. An extensive discussion of the characteristics and evidence of
efficient markets can be found in Fama {1970).

2
OGordon (1967, p. 1277 ).
21 R
Federal Power Commission (1971, pp. 745-47 ).

2 .

It should be noted that these fixed costs do not represent a shut-down
minimum level but rather the continuing fixed costs (including the fixed
portion of semivariable costs) incurred during normal operating conditions.
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23 . . . .

Using this methodology, Girod et _al (1972) demonstrate the ability to esti-
mate the variable profit structure for General Motors and Ford within 0.1 per
cent which is sufficient for the purposes of this study.

2 \ R
4Autocorrelation functions and fitted models used here are too volumnious
to be included but are available from the author.

5Positive drift processes are submartingale in that they are a white noise
series around a positive mean. A white noise series is a random sequence
which is independent, normally distributed with zero mean and constant
variance. See Box and Jenkins (1970, c¢h. 3) for a discussion of the
properties of linear stationary models. The Q-statistic is explained in
Box and Jenkins (1970, chapter 8).

26

It should be noted that since the report of gquarterly earnings are filed
at somewhat fixed intervals the Poizson assumption is only approximately
met. However, there is negligible impact on the estimation procedure.

27 , . . .
See Griffin (1975) for a comprehensive treatment of this proposition.

8A correlation analysis of the use of NCI (1971) versus the expected value

of the earnings distribution, E(X), as determined here shows that value is
much more highly correlated with E(X) than NOI (1971) (.982 for E(X) versus .429
for NOI(1971)). This result suggests that the methodology used in con-
structing E (X) is closer to that used by the market than assuming that net
operating income follows a random walk as would be assumed using NOI (1971).

29Correlation analysis also shows that the risk of ruin at the riskiest
point is highly correlated with another measure of risk, the firms B as

determined from the CAFPM.

Such a result tends to also uphold the position that there is a systematic
component to the risk of ruin rather than having it considered as purely
non-systematic risk as is usually assumed.

30 , e

Recently Milne (1975) has clarified the Stiglitz conflict with MM to show
that operating under the same assumptions, the Stiglitz arguments correspond
to those of MM.

31While these results conflict with the recent assertion by Miller (1976) that
bankruptcy has no impact on valuation, they do suggest that the effect of bankruptcy
probability is not a major determinant as previous writers have asserted.

32The capital structure can be related to the firms ¢characteristics through
equation (11). The optimal debt to equity ratio will that level of interest
which results in Erp essentially zerc as viewed by the market. While the
specification of a decision rule for optimal capital structure is beyond the
scope of this paper, it offers a promising path for future research.
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