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I. Introduction

There are three major approaches in the analysis of risk and return relation-
ships in the bond market. One approach is risk structure analysis in which
returns on bonds of different qualities are plotted over time and their yield
spreads are compared and examined. A second approach is to calculate interest
rate equations in which the dependent variable is the interest rate and the
independent variables are the risk of the bond, the expected inflation rate and
other determinants of the interest rate.

A third approach, which is the purpose of this study, is to apply the capital
market theory and the capital asset pricing model to the bond market. That
is, according to the capital market theory and the capital asset pricing model,
the bond with a greater total risk or systematic risk should have a higher
expected return. In this paper, we test the above hypotheses using eleven

types of bonds and loans. In section II, the capital market theory and the

"~ % The author is Professor of Economics and Finance at Western Carolina University, Cullo-
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(1) For the first approach, see Melton [14]. For the second approach, there are numerous ar-
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capital asset pricing model are stated for the bond market, and the methods of

measuring the bond holding period return and its risks are discussed. The in-

flation systematic risk hypothesis is also explained. In section III, the data and

the calculation of the expected return and the market portfolio return are dis-

cussed. In section IV, the empirical results are presented. Finally, in section

V, a summary and conclusions are presented.

In

II. The Hypotheses

most empirical studies, the capital market model and the capital asset

pricing model have been tested largely for the stock market.® The above two

models are usually expressed in the following equations:®®

For a portfolio,

E(R,)=Rp+ -ERn) =R (R';) —Re ,

P (1)
E(Ry)=Rp+[E(Rn) ~Rr)Bs; 2

for an individual security,

ER)=Rp+ EQ%L’"_RL(,

i» '

E(R)=Rpr+[E(R,)~Relps, @

@

)

@

ticles on the Fisherian equation where the expected inflation rate is included as an indepen-
dent variable, but few studies include the risk of the bond yield. Roley [19], Roley and
Troll (20) include both the variance of the bond yield and the expected inflation rate. They
found that both the variance and the expected inflation rate are significant. Levi and Makin
(12) and Melvin (15] include the expected inflation rate (the Livingston survey data) and
its standard deviation. Levi and Makin found the standard deviation to be statistically
significant, but Melvin did not. For theoretical rationale of including the risk variable, see
Tobin [28). For the third approach, see footnote (2).
For the basic literature for the capital market theory and the capital asset pricing model,
see Markowitz [13), Sharpe (22,23). For a brief survey of empirical results of the CAPM,
see Tinic and West [27, pp. 308-321].
In general, Equation (1) represents the capital market line hypothesis, and Equation (2)’
is the security market line hypothesis. Equation (2)’ is derived from Equation (1). See
Tinic and West [27, pp. 273-308], and Copeland and Weston (6, pp. 175-200].
In Black [2) model, the risk free rate Rz is replaced by the expected return on the “zero
beta” portfolio, E(Rz):

ER)=ERz)+[E(Rm)—E(R2))pi.
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where E(R;)=the expected return on the portfolio p, Rr=the risk free rate,
E(R,)=the expected return on the market portfolio m, sm=the total risk of
the market portfolio m or the standard deviation of the return on the market
portfolio, g,=the total risk of the portfolio p or the standard deviation of the
portfolio return, B,=the systematic risk of the portfolio p, E(R:)=the expected
return on security 7, oi=the total risk of security 7, 8: =the systematic risk of
security 1.

In general, Equation (1) represents the capital market theory or the capital
market line (CML) hypothesis, and Equation (2)’ represents the capital asset
pricing model or the security market line (SML) hypothesis. However, in this
paper, we assume that the CML and SML hypotheses apply to both a portfolio
and an individual security.®

In essence, the capital market line hypothesis (Equations (1) and (1)")
states that the expected return is a linear positive function of total risk, and
the security market line hypothesis (Equations (2) and (2)’) states that the
expected return is a linear positive function of systematic risk. To fest the
above hypotheses, we need the returns on the market portfolio, returns on in-
dividual securities or returns on portfolios. The returns are usually calculated
as the holding period returns.

For the stock market, the holding period return is calculated by

(5) The difference between Equations (1)’ and (2)’ can be shown as follows:
The return characteristic equation is given by

Ri=a+fiRn+e. (a)
Then

V(R:)=B2V(Rm)+V(e), b

0i= VBEVRm) + V(e). ©
However, if V{e)=0,

0i=fiOm, (d)

0/ Om=fi. (e

Thus, Equation (1)’ reduces to Equation (2)’, if V(e)=0.
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where D.=the dividend payment received during period ¢, P:-i1=the stock price
at the beginning of the period, P:=the stock price at the end of the period.

The expected holding period return can be calculated by
E(D)+E(P) —Piy

P,

ER)= @

In most empirical studies, expected values are calculated as the simple ave-

rage of the past values. For instance, the expected holding period return is

given by'®
E(R) :;R,_i/n. (5)

Similarly, the bond holding period return can be calculated by

L+ P—P
Re=—"p",
I,  P—P,
el - + T ', 6
P O ©

where I,=the fixed coupon interest payment received during period ¢, Pi1=
the bond price at the beginning of the period, P:=the bond price at the end
of the period, I,/P,_1=the interest rate return on the bond.

Thus, the expected bond holding period return is given by

ERy=Ey Bl @

Where only interest rate data are available, the capital gain return can be
calculated by -assuming that the bond is a perpetual bond (Consol). In this

case, the price of the bond is equal to P,=I,/i,, Thus, the rate of change in

bond prices can be calculated by

(6) In most empirical studies on the capital asset pricing model, the simple average of the past
returns are usually regarded as the expected return. However, for various distributed lag
models and expectation models, see Pindyck and Rubinfeld {17) and Lahiri (10].

(7) This method is used in Roley [19, p. 18] to calculate the bond holding period return. The
equation P=1I/i is explained in most finance textbooks. The present value of the bond is

— 1 1 1 P,

Po= 1| e e | @

where Py= the present or the market value of the bond, I=the fixed coupon interest pay-
ment, Pn=the fixed maturity price of the bond.
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where i,=the nominal current interest rate at time ¢, and I.=I, a constant.

Thus, assuming I'=$1 and I,/P,_,—i,, Equation (6) can be rewritten as

Rt:it_;["}‘ }f:l”llj . (9)

1t

And the expected bond holding period return is

E(R)=i,+ "’]{(gi’) ; (10)

However, most statistical data are provided in the following form as the cur-
rent yield:

I,/P,=i,, an
where #=the nominal interest rate or the current yield, P,=the current price
of bond or the average price of the bond during the period. To comply with

this definition, Equation (6) can be rewritten as

_ I  P—P.,
Rt"P’;‘_!"_'—*P’t—‘- (12)

Substituting Equation (11) into (12), we obtain

Ry=i4 A== (13)

1

Note that Equation (9) requires that I= § |, or Pi=1/i, but Equation (13)

o 1 1 1
e B S ) —— b
Let A= Yagr Ve (b)
PR S S
Then AUFO=1b gyt 4 e ©
Subtracting (¢) from (b),
U T S
A( l> 14 (l‘l'i)n ’
1 _ 1
A= TSy @
»CO —7,]; 1 —_ w,l,,,r, >
As n—oo, A S~ since L 0 (e)
Pou_
Also, a0 ®
Thus, Equation (a) can be rewritten as
Py=1I/i. (&)

Let I=$1, and {=0.16, 0.14, 0.12, 0.10,.. Then the bond price series is $6.25, 7.143,
8.333,... If I=§2, then the bond price series is $12.50, 14.286, 16.667, 20,... In either
series, the rates of change in bond prices are 14.29%, 16.66%, 20.00%,... except the
rounding errors.
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requires only the assumption that Pi=1I/i.
And the expected holding period return is

ER)=E@)+ 1B (14)

LS

In the capital market model and the capital asset pricing model, the total risk
is measured by the standard deviation of the return, and the systematic risk is
measured by the slope coefficient of the regression equation in which the de-
pendent variable is the holding period return on a security or a portfolio, and
the independent variable is the holding period return on the market portfolio.
In a similar way, the “inflation systematic risk” can be derived for the bond
market.

Assume that the major determinant of the nominal interest rate or the bond
holding period return is the expected inflation rate, so that

Ri=a+bp*+e, (15)

where R,=the bond holding period return, p*=the expected inflation rate in
goods market, and e=the error term.® Then the variance of the bond holding

period return is

V(R)=b2V(p*)+ V(o). (16)
If V(e)=0, then
O‘i:bidﬁ*. (17>

Since the expected inflation rate is the same for all types of bonds, but &;
can differ_between bonds, it can be used as a measure of the inflation risk of
a bond. Alternatively, the elasticity of interest rate with respect to the infla-
tion rate can be used as the inflation risk. It can be defined as

0t ¥
S R 18
Bt =" (18)

(8) The TFisher [7] equation assumes that the coefficient &; should be equal to 1.0 for all types
of bonds. However, empirical studies show that the coefficient is generally smaller than 1.0,
and varies with bond types. Sce a4, Br,fr values in Appendix Tables 1-3. For empirical
studies on the Fisherian equations, see, for example, Gibson (8,9], Lahiri [10], Carr [5],
Levi and Makin (11,12), Carlson (4], Melvin (15), Peek [16), and Wilcox [29].
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III. Estimation of Return and Risk Variables

In order to test the risk and return relationships, two approaches are possible:
the micro approach and the macro approach. In the micro approach, individual
security returns are used, while in the macro approach, the group security
returns may be used. In this paper, only the macro approach is tested. That
is, only Equations (1) and (2) are tested as a pilot study.

For the above purpose, we have selected the following bonds and loans
(bond portfolios):

(1) U.S. Treasury bills (3 month, new issues),

(2) U.S. Treasury bills (6 month, new issues),

(3) U.S. Treasury bonds (3 years, constant maturities),

(4) U.S. Treasury bonds (10 years, constant maturities),
(5) Corporate bonds (Moody’s AAA),

(6) Corporate bonds (Moody’s BBB),

(7) High grade municipal bonds (Standard and Poor’s),

(8) Prime commercial paper (4-6 months),

(9) Prime rate charged by banks,

(10) Discount rate (Federal Reserve Bank of New York),
(11) Federal funds rate.

The sample consists of annual data for the period 1959~81. @ With the
above data, the following variables are calculated:

We have calculated three definitions of the holding period return:

R,=i,, the current interest rate,

Ry=iy_ + =170 [Equation (9)], (19

1
Ra:i,+i‘1%ii[Equation asl.

The expected return of a bond is assumed to be the average of the holding

(9) The data are obtained from U.S. Council of Economic Advisers, Econcmic Report of the
President, 1982, p. 310.
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period return series of the bond:

E(R)=3R\/n,
E(R)=3Ry/, 20)
E(Ry)=Y:R/n,

where n=the number of observations. In this study, n=22. 1

There are three measures of the bond market portfolio return:

Ru=XRi/k,

Ri=3'R/k, @D

Riy=3"Ri/k,
where k=the number of debt securities or the bond and loans. In this study,
k=11. In other words, the bond market portfolio return is assumed to be a
simple average of returns on all types of bonds and loans included in the
model.

There are two definitions of the stock market portfolio return:

R=D,/P,+A4P,/P;_,,

R/=D,/P,+4P,/P,, @)
where D./P,=the dividend yield, 4P./P, ,~=the rate of change in stock price
(Standard and Poot’s 500 stock price index) where P.-; is the stock price of
the preceding period, 4P./P:=the rate of change in stock price where P; is
the stock price of the current period. Since D,/P.., is not available, we have
used D,/P, for the two definitions. Thus, R’ measure is not consistent because
it is calculated by adding two variables with different time dimensions. How-
ever, we test the R, variable only for experimental purposes.

There are three measures of the systematic risk in the bond market:

Ry=a+BnRs +e,

Ry=a+ fsRss e, (23)

Ry=a+ BsRpste.

There are six measures of the systematic risk with respect to the stock

(10) There are 23 observations for the period 1959~81. However, the first observations are lost
due to the lagged variables.
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market portfolio return:

1:a+,351Rs+e, R1:a+ﬂs'1R:’+e,
RZ:a+,B52Rs +e, R2=a+,83,:st’ +e, (24)
R3:a+,353Rs+e, R3:a+‘85/3R5,'{"6,

Also, we have calculated three measures of inflation systematic risk:
Ri=a+pnp(A) +e,
Ry=a+ Brop(R) +e, (25)
Ry=a+Brap(L) +e,
where P(A)=the actual inflation rate or the expected inflation rate with per-
fect foresight, p(R)=the expected inflation rate predicted by the method of
regression equation, p(L)=the expected inflation rate predicted by the Living-
ston survey data which are published twice a year in June and December in
the Philadelphia Inquirer. The regression equation used for the predicted infla-
tion rate is given below:

Pp(R);=0. 6168-1. 3284p,,— 1. 1183p;-5-+0. 7845p;_3, (26)
(2.02)% (7.200% (—3.80)% (3.75)%

R=0.9334, R?=0.8510, DW=2.3626, S=1.4679, F=42.87, h=—1.865,
where P,=the actual inflation rate during period . The ¢ ratios are listed in
the parentheses below the regression coefficients.

Estimates of the above parameter values are summarized in Appendix Tables
1-3. Table 1 is the results when the holding period return is defined as the
current interest rate. Table 2 is the results when the holding period return is
defined by Equation (9). Table 3 is the results when the holding period return
is defined by Equation (13). For instance, in Table 1, the expected return
(average return) of the 3 month Treasury bill is 5.8501% for the period
1960~81, and its standard deviation (total risk) is 2.9435%. Its systematic
risk with regard to the bond market portfolio return is 1.0344. However, its
systematic risk with regard to the stock market portfolio return (R:) is
—0.0134, and its systematic risk with regard to the stock market portfolio
return (Rs) is —0.0134. The last three columns show the systematic risks

with regard to the actual inflation rate, the expected inflation rate by the
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regression method and the expected inflation rate by the Livingston survey

data: 0. 6915, 0. 6985, and 0.9022. *V
IV. Regression Results

The next step, which is the major purpose of this study, is to calculate the
following regression equations to determine whether there are significant rela-
tionships between the return and risk variables in the bond market:

E(R)=a+bo;+e;,

E(R)=a+bpBsi+e,

ER;)=a+bfsi+e,

E(R;)=a+bp/i+e, @7

E(R)=a+bfai+te,

E(R)=a-+bBri+e;,

E(R)=a+bBi+e;,
where E(R:;)=the expected return of the bond (definition i), ¢i=the standard
deviation of the holding period return i as a measure of the total risk, Bi=
the systematic risk beta with respect to the bond market portfolio return, ei=
the error term, i=1,2,3.

Using the data presented in Appendix Tables 1-3, we have calculated reg-
ression equations by the OLS regression method, and the results are summa-
rized in Appendix Tables 4-6. We observe the following points:

(a) As to the capital market theory, we note that the standard deviation
(total risk) is not significant in Table 1 (Equation 1), but it is significant and
has a positive sign in Table 2. However, in Table 3, it is significant and has
a negative sign. In effect, the regression results support the capital market
line hypothesis only when the holding period return is defined in a conven-
tional way (Equation (9)).

(b) As to the capital asset pricing model, the bond portfolio with a high

“(i1) The systematic risk beta values are obtained by the OLS regression method. Instead of show-
ing all the regression equations, we show only the slope coefficients in Appendix Tables 1-3.
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systematic risk with regard to the bond market portfolio return should have a
high expected return. However, the regression results do not support this
hypothesis. That is, in Tables 4 and 5 (Equation 2), g is not significant,
and in Table 6, it is significant but has a negative sign.v

(¢) The bond systematic risk may be calculated with regard to the stock
market portfolio return. The systematic risks s and g are not significant in
Table 4 (Equations 3 and 4), but they are both significant and have positive
signs in Table 5. In Table 6, they are also significant, but have negative
signs. That is, the regression results support the capital asset pricing model,
only when the bond holding period return is calculated by Equation (9), and
when the bond systematic risk beta is calculated with regard to the stock
market portfolio return.

(d) Regression Equations 5-7 of Tables 4-6 are regression results when the
expected bond returns are regressed on three types of inflation rate. In Table
4, the systematic risk with respect to the actual inflation rate (8a) is not
significant, but the other systematic risks fr and f. are significant and have
positive signs. In Table 5, all the three betas, f,, r and 5, have positive
signs and are significant. In Table 6, all the three betas are again significant,
but they have all negative signs. In effect, the inflation systematic risk hypo-
thesis is supported when the holding period return is defined as the current
interest rate and by Equation (9).

The regression results presented in Appendix Table 5 are mostly consistent
with the capital market theory and the capital asset pricing model. However,
on this evidence alone, we cannot conclude that the above hypotheses, namely,
the capital market theory and the capital asset pricing model are definitely
supported. The major reason is that the capital market theory argues that the
total risk should be the only significant factor, and the capital asset pricing
model argues that the systematic risk should be the only significant factor in
explaining the variations in the expected return on risky assets. Thus, if other

factors are significant in explaining the variations in the expected return on
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risky assets, then we will be unable to conclude that the above two hypotheses
are supported.

To see if other variables can be significant in explaining the variations in
the expected returns on the bond portfolios, the following models are tested:

E(R)=F(a;, D:, T:, M., e, (18)
ER)=F(B;, D;, T;, M,  ¢,), (19

where E(R:)=the expected return on bond i or bond portfolio 7, s=the stan-
dard deviation as a measure of total risk, g=the systematic risk beta, D=the
risk of default index number (The index numbers are assigned in ascending
order of default risk, 1 through 11.), T=tax status dummy variable (A num-
ber 1 is assigned if the interest income and capital gains are taxable, and a
number zero is assigned if they are not taxable.), M=the maturity of the
bond or the bond portfolio index number (The index numbers are assigned in
ascending order, 1 through 11.), e=the error term.“®

The index numbers assigned above are arbitrary in the sense that they are
based on a subjective judgement, and not on any objective data, though many
people may agree with the ranking. Thus, the statistical results should be in-
terpreted as experimental and tentative, and not as conclusive.

The OLS regression results are summarized in Appendix Tables 7-9. We
note the following points:

() In Table 9 (Equation 1), the total risk (¢) is not significant, but the
default risk is significant. In Table 8, the total risk, default risk, and tax

(12) To support the capital asset pricing model, the following criteria should be met by the
empirical results: (1) The relationship should be linear in beta. (2) Beta should be the only
factor, and other factors such as dividend yield, price-earnings ratio, firm size, beta squared
included in regression equations, should have no explanatory power. (3) The expected
return on a risky asset should be greater than the risk free rate over a long period of time.
See Copeland and Weston (6, p. 207].

(13) The following rank numbers are assigned to the bond portfolios:

Bond Number 1 2 3 4 5 6 7 8 9 10 11
Risk of default 1 2 3 4 10 1 7 8 9 5 6
Maturity 3 5 7 8 10 1 9 4 6 2 1
Tax status 1 1 1 1 1 1 0 1 1 0 1
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status are all significant and have positive signs. In Table 9, again the above
three variables are significant, but the total risk has a negative sign. These
results suggest that the default risk is also a significant variable in explaining
the variations in the expected returns on the bond portfolios. Thus, the capital
market theory is not supported. ¥

(b) As to the capital asset pricing model, in Equation 2 of Table 7, none
of the four independent variables is significant at the 5% level. However, in
Equations 3 and 4, all the four independent variables are significant. In Table
8, the systematic risk p and the default risk are significant in Equation 2,
but none of the four independent variables is significant in Equations 3 and 4.
In Table 9, the systematic risks 8, and B. are significant in Equations 2 and
3, but they have negative signs. Thus, the above regression results do not
support the capital asset pricing model that the systematic risk beta should be
the only significant factor in explaining the variations in the expected return
on the bond portfolios.

(¢) As to the inflation systematic risk, in Table 7 (Equations 5,6, and 7),
Bs, Pr, and B, are all significant and have positive signs, but the other inde-
pendent variables are not significant. However, in Tables 8 and 9, none of the
inflation systematic risks is significant, though tax status and maturity are
significant in some equations. Thus, the inflation systematic risk hypothesis is
supported only when the bond holding period return is defined as the current
interest rate.

In the regression equations presented in Appendix Tables 7-9, there are four
independent variables. To see if there exists multicollinearity among the inde-
pendent variables, simple correlation coefficients are examined. Though there is
no significant correlation among the three additional variables, some significant
correlations are found between maturity and the total risk, and between matu-

rity and the systematic risk betas. Thus, removing the maturity variable, we

(14) The simple correlation coefficients are 0. 00 between default risk and tax status, 0.509 be-
tween default risk and maturity, and 0. 0745 between tax status and maturity. None of the
above correlation coefficients is significant at the 5% level. The critical r is 0. 602.
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have calculated additional regression equations which are presented in Appendix
Tables 10-12. We note the following points:

(a) In Table 10 (Equations 1-4), the total risk and the systematic risks are
not significant, but the default risk is significant.

(b) In Table 11 (Equations 1-4), the total risk, the systematic risks, the
default risk and the tax status are all significant and have positive signs.

(¢c) In Table 12 (Equations 1-4), the total risk, the systematic risks, the
default risk, and the tax status are all significant, but the total risk and the
systematic risks have negative signs.

(d) As to the inflation systematic risk hypothesis, the actual inflation syste-
matic risk $, is not significant in Tables 10-12, but the other two expected
inflation systematic risk are still significant.

In effect, the above regression results are also not consistent with the capital
market theory and the capital asset pricing model. What the statistical results
show is that the total risk or the systematic risk can be one of the many sig-
nificant factors in explaining the variations in the expected return on risky
assets. In other words, the total risk or the systematic risk does not necessarily
reflect the other factors such as the risk of default, maturity structure,and the
tax status. Thus, these factors should be regarded as independent factors in

portfolio decision making.

V. Summary and Conclusions

The major objective of this study was to test the capital market theory and
the capital asset pricing model in the bond market. According to the capital
market theory or the capital market line hypothesis, the expected return on
a portfolio should be a linear positive function of the total risk (standard
deviation) of the portfolio. According to the capital asset pricing model or
the security market line hypothesis, the expected return on a portfolio should

be a linear positive function of its systematic risk beta. In other words, the
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differences in the expected return on the bond portfolio should be explained
solely by the differences in the total risk or in the systematic risk of the bond
portfolio.

To test the above hypotheses, 11 bond portfolios are selected, and then 3
measures of the holding period return are calculated. Corresponding to each
measure, one measure of the total risk, and 3 measures of the systematic risk
beta are calculated. Based on these variables, a large number of regression
equations are calculated. The regression results show the following:

(a) The total risk and the systematic risk are in general significant variables
in explaining the variations in the expected return on the bond portfolio.
However, the R* is generally very low in regression equations where the
independent variable is only the total risk or the systematic risk. When the
default risk and the tax status variables are included in the regression
equations, the R* is significantly increased, and these two additional independent
variables are found to be also significant (see Appendix Table 11). These
results do not support the capital market theory or the capital asset pricing
model according to which the total risk or the systematic risk should be the
only significant factor in explaining the variations in the expected return on
risky assets.?®

(b) As a supplementary study, we have also tested the inflation systematic
risk hypothesis that a bond portfolio with a high inflation systematic risk
should have a high expected return. The statistical results show that the
actual inflation systematic risk is not significant, but the expected inflation

systematic risk is indeed significant.“®

(15) The results of this study is consistent with the hypothesis that the market determined risk
variables, i.e., the total risk and the systematic risk are inadequate in predicting corporate
bankruptcies and bond ratings. See Reilly and Joehnik [18), Brigham and Crum [3), Ah-
rony, Jones, and Swamy [1), and Shin [24]). The effects of expected inflation on the no-
minal interest rate are discussed in separate papers, Shin (25, 26).

(16) However, these conclusions may be regarded as tentative and experimental because the
sample size was rather small.
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