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CHAPTER I 

INTRODUCTION 

A number of researchers have published articles in the past three decades that 

have attempted to examine and explain promised yields on bonds that possess some 

probability of default. Some of the more widely cited articles include those by 

Hickman (1958), Fraine and Mills (1961), Fisher (1959), Black and Scholes (1973), 

Silvers (1973), Pye (1974), Bierman and Hass (1975), and Yawitz (1977). Most 

theories suggest that this risky bond yield is a function of the expected probability of 

default on the risky bonds, the expected rate of recovery in the event of default and the 

risk-free rate of interest. One of the most widely cited theoretical models used to 

explain risky bond yields is the model proposed by Yawitz (1977). This model assumes 

that the marginal investor is risk neutral, so that the expected retum required by 

investors in risky bonds is equal to the risk-free rate of interest. A similar model, 

proposed by Pye (1974), also assumes that the risky bond yield is a function of the 

expected probability of default, the expected rate of recovery in the event of default, 

and the risk-free rate of interest. However, Pye assumes that investors in risky bonds 

are risk averse, so that the expected retum required by investors in risky bonds must 

exceed the risk-free rate by a premium to compensate investors for taking on an 

investment with an uncertain retum. Pye suggests that this premium is simply added to 

the risk-free rate. A model proposed by Wu (1991) also suggests that investors in risky 



bonds are risk averse so that expected yields on risky bonds should exceed those on 

risk-free bonds by a premium. However, Wu models this premium as a multiplicative 

function of the level of the risk-free rate of interest, so that the risk-free rate is 

multiplied by a factor greater than one to arrive at the appropriate expected retum from 

investing in a risky bond. 

The issue of whether the expected retum on risky bonds includes a premium 

above and beyond the risk-free rate of interest has implications for proper functioning 

of financial markets. Market participants may be tempted to interpret the reported 

spread between realized retums on high yield debt and those on risk-free securities as 

evidence that the high yield bonds provide a risk/retum trade-off which is superior to 

that of risk-free bonds, even though high yield bonds may provide no better risk/retum 

trade-off that any other investment, including riskless securities, once we account for 

any risk premiums that may be present in the risk bond yield. Such a conclusion might 

lead these market participants to invest more money in risky bonds than is otherwise 

justified by the tme risk/retum trade-off. The result would be an inefficient allocation 

of financial resources in the economy, in favor of the risky investments. Market 

participants might reach the same conclusion by ignoring the possibiUty that the 

expected retums on risky bonds should include a premium to compensate investors for 

being risk averse. If we assume that expected retums on risky bonds do include a 

premium to compensate investors for being risk averse, then it becomes important to 

identify factors that affect the magnitude of this premium. For example, if investors 



assume that the size of the premium is unrelated to the magnitude of the risk-free rate 

they will interpret fluctuations in the premium only in relationship to the uncertainty in 

the retum. If premiums are actually related to the magnitude of the risk-free rate, such 

an interpretation may lead to a mistaken belief that the market is over-pricing or under-

pricing the uncertainty in risky retums, which could also lead to a mis-allocation of 

financial resources. 

While there has been no empirical work published that directly compares the 

ability of the proposed models to explain the relationship between risky and risk-free 

yields, there has been some research related to this issue. Both Fons (1987) and Kim 

(1987) have conducted empirical investigations based on the model proposed by 

Yawitz. Their findings suggest that the Yawitz model significantly underestimates 

observed default premiums. These findings are consistent with those of other studies 

such as Altman and Nammacher (1985), Altman (1987), Altman (1989), Blume and 

Keim (1991), and Altman (1991), which conclude that, over time, on average, the 

realized retum from an investment in the high yield bond market tends to exceed the 

realized retums from an investment in the treasury bond market. 

Most of these findings appear to support the models suggested by either Pye or 

Wu. However, such findings do not provide sufficient information to accurately 

determine whether pricing in the risky bond market is better described by risk neutrality 

or risk aversion. In order to make this determination it is necessary to make a 

comparison between two bond series that differ only with respect to the probability of 



default and the expected recovery rate in the event of default. To do this an appropriate 

statistical methodology must be selected for testing the relationship between the two 

series. Based on this methodology a procedure must be defined for identifying the data 

that should be used for the test. In order to construct an appropriate series for such a 

test, the data must be carefully screened to control for biases related to differences in 

such things as maturity, call protection, callability, marketability, and various 

differences in the indenture agreements of the bonds. After this careful screening has 

taken place, an appropriate methodology must be developed for compiling the data into 

a useful series. 

The main purpose of this study is to compare the expected yields on bonds that 

are similar in all respects except their default risk, in an attempt to determine whether a 

relationship exists; and if so, whether the relationship between these yields is best 

explained by the Yawitz model, the Pye model or the Wu model. If the marginal 

investors in risky bonds are risk neutral and the bond market is efficient in the sense 

that promised risky bond yields are grossed up for default risk so that the expected 

retum equals the investors required retum, then the realized retum on two bond 

portfolios that differ only with respect to default risk should equal the risk-free rate, on 

average. This result would be consistent with the model proposed by Yawitz (1977). 

Conversely, if the marginal investor in risky bond markets is risk averse and bond 

markets are efficient, then the realized retum on two bond portfolios that differ only 

with respect to default risk must, on average, vary by a premium to compensate risk 



averse investors in risky bonds for the uncertainty of the investment. If this additional 

risk premium is unrelated to the level of the risk-free rate then the results would be 

consistent with the model proposed by Pye (1974). If this premium varies 

proportionally with the level of the risk-free rate then the results would be consistent 

with the model suggested by Wu (1991). If the study provides evidence suggesting the 

presence of an additional risk premium, additional tests will be conducted to determine 

whether the premium is stable over time. 

The remainder of this chapter is divided into three parts. The first part provides 

a review of the literature related to the subject. The second part states the objectives 

and hypotheses of the research. The third part describes the plan of the study. 

A Literature Review 

This literature review is divided into five sections. The first section consists of 

early studies of default loss rates. These studies compare promised and realized yields 

for bonds of different risk classes to determine if losses due to default are significant 

and if they vary across risk classes. In general, these studies conclude that losses due 

to default are significant, and tend to increase as the riskiness of the bond increases. 

Based on these findings, a number of researchers have attempted to identify the factors 

that are important in determining the promised yield on risky bonds. The second 

section consists of a survey of proposed theoretical models for explaining the 

relationship between promised yields on bonds with different default risk 



characteristics. The third section discusses empirical tests based on the theoretical 

models discussed in the second section. These studies help to identify some of the 

important factors that contribute to differences between the observed promised yields 

on bonds with different default characteristics. The fourth section discusses the findings 

of recent studies that attempt to describe the realized retums on bonds of different 

default risk classes. These studies generally conclude that there are differences 

between the realized retums of bonds with varying default characteristics. While these 

studies do not directly test any theoretical models, they do provide insights into the 

difficulties that are encountered when attempting to compare promised yields on bonds 

with different default risk characteristics. Section five consists of a discussion of 

previous studies of the relationship between the default characteristics of a bond and its 

promised yields, and a statement of the focus of this study. 

Studies of Default Loss Rates 

The promised yield on a bond is its ex ante yield at a given point in time. It 

represents the retum that the investor will receive if the bond is held until maturity and 

all the coupon and principal payments promised in the indenture agreement are received 

on time and in full. Measures of the promised yield of a coupon bearing bond also 

include an assumption about the rate at which intermediate cash flows will be 

reinvested, know as the reinvestment rate assumption. A bond's realized yield to 

maturity is its ex post yield over its lifetime. The discrepancy between these two yields 



for risky bonds (ignoring the reinvestment rate assumption) arises because buyers 

realize that there is some probability that the bond will default. A bond is considered in 

default if the cash flows paid to investors are less than the cash flows promised in the 

indenture agreement, and/or these cash flows are received at a later date than they were 

promised in the indenture agreement. The discrepancy between the promised and 

realized yield on a defaulted bond is sometimes referred to as the default loss rate of a 

bond. 

The Hickman Study. Hickman (1958) is credited with conducting one of the 

earliest studies of default loss rates. He constmcted a series of promised yields and a 

series of realized yields on a portfolio of bonds with credit ratings ranging from AAA 

to BBB for the period 1900-1943. He found that there was no significant difference 

between the means of these two series over the entire period. Based on these findings, 

Hickman concluded that the default loss rate on corporate bonds over this period was 

not statistically significant. 

The Fraine and Mills Study. Fraine and Mills (1961) noted two methodological 

problems related to the way the realized yield series for the Hickman study was 

constmcted, which could have biased the results of the study in favor of the reported 

findings. First, the realized yield on bonds that were called during the study was based 

on their call price, which is always above par. Bonds are ordinarily called only when 

their market price is above the call price. Therefore, treating the call price of these 

bonds as their liquidating value will tend to bias the realized retums up from what it 
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would have been if the bonds had not been called and had been held till maturity. 

While this treatment may have represented the actual realized yield during this period, it 

tends to offset any default loss effects. Second, Hickman set the liquidating value of 

bonds that had not defaulted, had not been called, and had not matured before the end 

of the study as the market price of the bond at the end of the study. Due to interest 

rate controls that were instituted during World War II, almost all market interest rates 

were lower at the end of 1943 than they were during the period of the smdy. If the 

level of market interest rates is lower at the end of the period than at the time the bonds 

were assumed to be purchased, the price of the bond may increase, so that this estimate 

of liquidating value would include a capital gain due to changes in money market 

conditions. This capital gain on surviving bonds would offset some of the losses on 

bonds that defaulted, and would therefore mask some of the effects of default losses on 

the realized yield of the portfolio. 

Fraine and Mills attempted to correct for these biases in the Hickman study. 

They used Hickman's data, and adjusted it roughly for the biases suggested above. 

Bonds that were called during the period, and with a realized yield above their 

promised or contracted yield, were treated as though they had been redeemed at a price 

justified by their promised or contractual yield, and assuming they would not have 

defaulted . Bonds with time left until maturity at the end of the study, and with realized 

yields above their promised or contractual yields, were assigned liquidating values 

based on promised or contractual yields, rather than market yields. After these 
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adjustments in the realized yield calculations were made, the results indicated that 

default losses actually ranged from 0.1% for the highest rated bonds to 3.9% for the 

lowest rated bonds. The study does not provide a measure of the significance of these 

rate differences. 

Theoretical Models of the Promised Yield on Risky Bonds 

It seems clear from the work cited above, as well the work of Altman and 

Nammacher (1985), Altman (1991) and others to be discussed later, that there is a 

significant difference between the average promised and realized yields of a portfolio of 

risky corporate bonds, particularly bonds from the junk bond market. A number of 

researchers have attempted to explain the relationship between these two yields. Most 

of these explanations are founded on the assumption that the promised yield is 

determined by incorporating some premium into the risk-free interest rate to 

compensate investors for the risk of default. The various theories diverge when 

identifying what information is relevant in determining this default premium, and how 

this information should be incorporated into a yield. 

Early Models of the Default Premium. In an early article, Lawrence Fisher 

(1959) suggested that the default premium on a risky bond is defined as "the difference 

between the market yield on a bond and the corresponding pure rate of interest. The 

pure rate of interest may be measured using the interest rate on any bond that does not 

possess significant risk of default" (p.217). Fisher suggested using the yield on a 



treasury security or AAA rated corporate bond as a proxy for the pure rate of interest. 

He was very clear in pointing out that investors must formulate expectations about the 

likelihood of default on a particular bond as well as the magnitude of losses in the 

event of default, and use those to determine the magnitude of the risk premium. Fisher 

identified three variables that he believed contributed to the likelihood of default of 

companies. These are the variability of the firms earnings, the length of time since the 

firm last missed a payment on a bond, and the firm's capital stmcture. By including 

these three variables in a regression model he was attempting to proxy for the expected 

probability of default on the bonds. A fourth variable was included to capture 

difference in marketability between the bonds studied. By including this variable, 

Fisher could proxy for the differences in liquidity between the various bonds. Fisher 

did not adjust for possible differences in the value of the bonds in default. Using a 

cross-sectional regression analysis, Fisher found that about 75 percent of the variation 

in the logarithm of the default premium could be explained by variations in logarithms 

of these four variables. 

Option Pricing Theories of the Default Premium. Black and Scholes (1973) 

suggested an altemative approach to explaining the default premium of risky bonds. 

They argued that, under certain restrictive assumptions, the bondholders of any 

corporation that issues both bonds and common stock can be viewed as having sold a 

call option to the stockholders. This call option grants the stockholders the option of 

repurchasing the assets of the firm at the end of the period by repaying the debt 
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obligation, or not repurchasing the assets, in which case the assets become the property 

of the bondholders. Merton (1974) expanded upon this notion by presenting a 

mathematical model of the value of the default premium, defined as the difference 

between the risky rate of interest and the risk-free rate, for a company that issues one 

class of debt, which was pure discount, and one class of equity. Using this model, 

Merton showed that the default premium is a function of only two variables, the 

volatility of the firms operations, and the ratio of the present value (discounted at the 

risk-free rate) of the promised bond payment to the current value of the firm, which is 

also referred to as the market debt ratio of the firm. The default premium is an 

increasing function of both of these variables. Given his set of assumptions, Merton 

shows that the default premium is a decreasing function of the risk-free rate. That is, as 

the risk-free rate rises, the default premium will fall, holding all other things constant. 

A Certainty Equivalent Theory of the Default Premium. At about the same 

time that the Black and Scholes article was published, Silvers (1973) published an 

article offering another model of the default premium. He noted that most models for 

pricing risky bonds begin with a discounted cash flow approach and then set out to 

determine the appropriate discount rate (Yt). According to Silvers, this formulation 

implies that investors must solve for Yt by adding a default premium to the risk-free 

rate, in order to determine the bonds value. He argues that investors may not calculate 

Yj by adding premiums to the risk-free rate. Instead, they may simply determine what 

cash flow they would accept with certainty in order to be indifferent between this 
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certain cash flow and the uncertain cash flow offered on the risky bond. Investors 

would then adjust the risky cash flow by a certainty equivalent coefficient (At) to 

reduce it to the acceptable certain cash flow. In this framework, the investor will 

simultaneously incorporate both risk assessment in terms of the expected default loss 

rate, and risk aversion, in terms of the investor's reaction to the stochastic nature of 

this expectation, into his valuation of the bond. Unfortunately, the value of A* is 

unobservable, and no proxies for this value are available, so it must be inferred from 

observed yield spreads. As a result, the model is circular in nature. We can always find 

a value of A^ that satisfies the above equation, but we can never prove that this value 

represents investors certainty equivalent coefficient, except by definition. 

Expected Value Theories of the Default Premium. In an interesting article 

published shortly after the Silvers article, Pye (1974) provided a derivation of the 

relationship between the default loss rate on a risky bond and its promised yield. The 

promised yield is the highest retum that the buyer can hope to receive on his security if 

he holds it to maturity. If the buyer of the bond feels that there is some chance of 

default on the bond then, on average, the buyer must expect to earn less than the 

promised yield on the bond. The yield the buyer expects to receives if no default 

occurs must be averaged in with this lower remm anticipated in the event of default. 

The resulting average is the investor's expected retum on the bond. Pye asserted that, 

due to the fact that investors are risk averse, they will require an expected retum on 

their risky bond investment equal to the risk-free rate plus a risk premium to 
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compensate them for uncertainty about what they will receive as their realized retum. 

Following this logic, Pye provides a derivation of the formula for the promised yield on 

a bond possessing defauh risk. The following notation will be used throughout the 

remainder of this section. 

Let Y = the promised retum on a bond possessing default risk. 

rf = the yield on a default risk-free bond. 

7C = the premium required for taking on an uncertain investment, 

expressed as a percentage of the original investment. 

a = the expected probability of a bond defaulting in any given period. 

X = the expected loss rate if the bond defaults. 

T = the period the bond matures. 

c = the dollar value of the coupon. 

P|. = the dollar value of the bond at the end of period t, assuming 

any coupons to be received at the end of period t have already 

been distributed and assuming the bond did not default prior to 

the end of period t. 

It is important to understand the stochastic nature of both the probability of default and 

the loss rate in the event of default. These concepts can be addressed either for 

individual bonds or portfohos of bonds with similar default characteristics. The 

advantage of considering a portfolio of bonds is that there is a more direct translation 

of expected default rates into actual default rates for a portfolio of bonds than for an 
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individual bond, since any individual bond in the portfolio is either in default or not in 

default at any given point in time. 

Assume that you are an investor trying to assess the default risk of a portfolio 

of bonds at a point in time. You might look at the financial condition of the companies 

that issued the bonds and the business environment within which those companies 

operate, because you know these factors are related to default risk. From this, you 

would estimate the ability of each company to meet its bond obligations under current 

business conditions. You would then engage in some sensitivity analysis to determine 

the conditions under which each company would be unable to meet the obligations set 

forth in the respective bond covenants. You might also estimate a value of the bonds in 

the event that they do default. You must then estimate a probability of occurrence for 

each set of conditions you have hypothesized. This might typically be specified as a 

range, e.g., one to three percent. Your aggregation of these estimates of the likelihood 

of the events leading to default would represent your expectations of the probability of 

default for the portfolio. The aggregation of the loss rates for the various scenarios 

would represent your expected loss rate in default. In reality both the probability of 

default and the loss rate in default for the portfolio are represented by probability 

distributions. In such cases some measure of central tendency, such as mean or median 

is often used to represent the distribution. Therefore, both a and >. can be viewed as 

expected in the sense that they are predictive and in the sense that they are only 

measures of the central tendency of a variable that is stochastic in namre. 
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Using the definitions set forth above, Pye argues that the expected retum on the 

risky bond should be equal to the risk-free rate (rf) plus some risk premium (n) to 

compensate investors for taking on an uncertain retum. The Pye model is derived 

based on the determining the one period yield from a risky bond. The following 

derivation represents a modified version of the Pye model which is provided to aid in 

the expansion of this model to a multi-period setting. The one period yield for an 

investment in a portfolio of risky bonds, assuming no default occurs, also known as the 

one period promised yield (1 + Y), equals the coupon rate plus the end of period price 

divided by the original price, or : 

1 + Y =(c + P t+ i ) /P t (1.1) 

Given that a is the expected probability of default, or the proportion of bonds in a 

portfolio that are expected to default, the promised retum on the portion of the 

portfolio that does not default must be weighted by the proportion of these bonds to 

the overall portfolio, or 1 - a. The yield from the portion of the portfolio that does 

default is equal to the resulting market value of the investments in default (V^.^^), 

divided by their original price, or : 

(Vt+l)/Pt. (1-2) 

The loss rate on the bonds in default (k) is defined as the original price of the 

investments minus the resulting market value of the investments in default 

(V^^j), divided by their original price, or : 
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^ = (P t -Vt+ i ) /P , (1.3) 

which is can be restated as: 

^ = l - [ ( V t + i ) / P t ] . (1-4) 

Thus, the yield from the investments if they do default can be defined in terms of the 

loss rate on the bonds in default as follows: 

^ = l - [ ( V t + i ) / P t ] 

?^+[(Vt+i)/Pt] = l 

[ (Vt+i ) /P t ] = l-X, (1.5) 

or one minus the loss rate in the event of default. 

As an example, say that the bond is originally priced at $100, and has a value of 

$40 after it defaults. Using equation 1.2 the yield on the investment in the event of 

default would be calculated as $40 / $100 or 40%. Using equation 1.3 the loss rate in 

the event of default {X ) would be calculated as ($100 - $40)/ $100, or 60%. Using 

equation 1.5, the yield on the investment in the event of default would be calculated as 

1 - A, or 1- 60% = 40%. 

This 1-A, yield on the investments in the event of default occurs for proportion 

a of the portfolio. Combining the yields for the two possible outcomes, one for bonds 

that do not default and the other for the bonds that do default, weighted by their 

expected probability of occurrence in the portfolio, and subtracting 1 for the original 

investment, results in an expected yield at the end of period one equal to : 
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E(r) = [(l-a)( 1+Y) + a(l-;i) ] - 1. (1.6) 

By expanding the right hand side of the equation, it is possible to demonstrate that it is 

exactly equal to the equation set forth by Pye: 

[(l-a)( 1+Y) + a(l-?i) ] - 1 = [ 1+Y - a - a*Y] + [a -X* a] - 1 

= Y - a * Y + l -1 - a + a-X* a 

= (l-a)*Y->.*a. (1.7) 

Recall that the promised and realized retums on a portfolio will be exactly equal 

provided that there are no defaults and the proceeds from the portfolio in any period 

are reinvested according to the reinvestment rate assumption. Since this relationship is 

embodied in the expected retum model it must be preserved in a multi-period 

derivation of such a model. Thus, the Pye model can be expanded into a multi-period 

setting by assuming that all proceeds from any bonds in the portfolio in a period must 

be reinvested into the portfolio in subsequent periods, until the bond matures. To aid in 

the mathematical expression of this expansion, a numerical subscript will be used to 

indicate the period to which the variable refers. For example, a i , will be used to 

indicate the probability of default in period one, and a2 will be used to indicate the 

probability of default in period two. For remms, two numerical subscripts will be used. 

The first will indicate the number of periods for which the retum is calculated. The 

second will indicate the first period for which the calculated retum applies. Thus E(r2,i) 

will be used to indicate the annualized expected retum for two periods calculated from 
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the beginning of period one, while E(ri,2) will be used to indicate the annualized 

expected retum for one period calculated from the beginning of period two. 

Continuing the logic used for the one period derivation of the model, the 

expected yield from period one would be : 

1 + E(ru) = (l-ai)( 1 +Y) + ai(l-A.i). (1.8) 

When incorporating this into a two-period yield calculation, we would not subtract the 

original investment since all proceeds from period one are to be reinvested in period 

two. If the same proportion of the portfolio defaults in period two as defaulted in 

period one, the retum from investments in this portion of the portfolio will be equal to 

the proceeds invested from period one multiplied by one minus the default loss rate 

from period two. The period two proceeds from the remainder of the portfolio will be 

the promised yield. The yield on the portion of the portfolio that defaulted must be 

weighted by the proportion of the portfolio that defaulted, and the yield on the portion 

of the portfolio that did not default would be weighted by the proportion of the 

portfolio that did not default. The resulting weighted average yields must then be 

annualized so that: 

E(r2.i) = [(1 + E(ri.i))*(l-a2)*( 1 +Y) + (1 + E(ru))*a2*(l-?i2)]''' - 1 . (1.9) 

Applying the distributive law, the equation can be rearranged as: 

E(r2.i) = [(1 + E(ru))*{(l-a2)*( 1 +Y) + ai.il-Xi)}]"^ - 1 . (1.10) 

Which simplifies further to : 

E(r2.i) = [(l +E(r,.,))*(l +E(r,.2))]'''-1. (l-H) 
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If we further assume that there is no dependence between the probability of default and 

the loss rate in the event of default, the equation can be further simplified by 

substituting the geometric average of a and X for the two periods in place of the actual 

values. These averages will be denoted as a* and X*. With this simplification the 

expected retum for the two periods would be identical, as denoted by E(r*), so that 

equation 1.11 can be written as : 

E(r2,) = [(l+E(r0)*(l+E(r.))]^' ' -1, 

E(r2.i) = [(l+E(r*))']^^'-1, 

E(r2,i) = ( l+E(r*))-1, 

E(r2.i)= E(rO, (1.12) 

That is, the multi-period annualized rate is exactly equal to the periodic rate calculated 

using geometric averages for a and X. Thus the multi-period version of the Pye model 

becomes: 

E(r*) = [(l-a*)( 1+Y) + a.{\-X.) ] - 1. (1.13) 

This is identical to the single period model with the exception of using geometric 

averages for the probability of default and the retum in default. 

In an efficient market the expected remm (E(r)) must be equal to the market 

determined required retum, on average. As already mentioned, Pye assumes that the 

required retum is equal to the risk-free rate plus a constant for uncertainty, which can 

be represented as: 

E(r) = rf + 7C. (1.14) 
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Combining equation 1.14 with the Pye model of the expected return from equation 1.7 

results in the relationship : 

rf + 7c =( l -a) ( l+Y) + a(l-:i). (1.15) 

The relationship between the required one period yield on a risky bond, Y, and the 

required retum on a risk-free bond, given expectations about default loss can be 

simplified by rearranging equation 1.15 so that Y is on the left hand side: 

rf + 7c =((l-a)*Y)-aX 

rf + 7t + a>. = ((l-a)*Y) 

(rf + 7C + a^) / (1-a) = Y or 

Y = (rf+7c+a>.)/(l - a ) . (1.16) 

Equation 1.16 specifies the relationship between the required yield on a risky bond, Y, 

and the required retum on a risk-free bond, rf, given expectations about default loss. 

One point is interesting to note with regard to this model. The model suggests 

that the difference between yields on risky and riskless bonds can be dichotomized into 

a premium for default risk and a premium related to risk aversion. The model can be 

rewritten to specify the risk-free rate, the risk premium and the default premium 

separately. We know that rf is the risk-free rate and n is the risk premium, so the 

default premium is defined as the remaining yield not explained by these other two 

factors. Recall from equation 1.16 that 
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Y = (rf + 7r+a>.)/(l-a). 

Therefore, the default premium must be this yield minus the risk-free rate and risk 

premium, or 

Default premium = [(rf + n +aX) / (1 - a)] - rf - TU 

= {[rf/(l - a)] - rf} + {[71/(1 - a)] - 71} + a:̂  / (l - a) 

={[rf/(l-a)]-[(rf(l-a))/(l-a)]} + 

{[71/(1 - a)] - [(71(1 - a)) /(I - a)] } + a>, / (1 - a) 

= [(rf-rf + rfa)/(l - a)] + [(7C - 7C + 7ta)/(l -a)] + 

a> . / ( l - a ) 

= [rf(x/(l - a)] + [7ca /(I - a)] + a>. / (1 - a) 

= (rfa + Tca + aX) / (1 - a) 

= (rf + 7C +A,)*[oc/(l -a)]. (1.17) 

Therefore the promised yield formula can be restated as : 

Y= rf + 7C + {{Tf + K +X)*[aJil-a)]}. (1.18) 

i i i 
risk-free risk default premium 

rate premium 

Given equations 1.16 and 1.18 it is possible to calculate the promised yield direcdy, or 

to calculate its various components and then sum them to get the promised yield. For 
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example, let rf = 5%, 7C = 2%, a = 10%, and X = 50%. Using equation 1.16 the 

promised yield on the bond can be calculated as (5% + 2% + 10%*50%)/(1 - 10%) 

which equals 13.33%. Alternatively, the promised yield can be calculated as the sum of 

the risk-free rate, the risk premium, and the default premium. The default premium 

would be (5% +2% +50%)*(10%/(1-10%) which equals 6.33%. Thus the promised 

yield should equal 5% + 2% + 6.33% or 13.33%. 

Recall that Fisher defined the default premium as the difference between the 

yield on a risky versus a riskless bond. Based on the example above, the Fisher 

definition would result in a 2% overestimate of the default premium. Thus, Pye would 

disagree with Fisher's definition of the default premium, arguing that this premium 

explains only a portion of the difference between yields on risky versus riskless bonds. 

To avoid confiision in the remainder of this discussion, the default premium will be 

defined as the portion of the retum on a risky bond related to default risk, consistent 

with the definition used by Pye. The difference between the yield on a risky bond versus 

a riskless bond, which is the way the default premium is traditionally defined, will be 

called the default yield spread. 

Pye uses this model to reassess the data from the Hickman study, dichotomizing 

the promised yield on the risky bond portfolio into a default premium, a risk premium, 

and a risk-free retum. He uses the default loss information provided in the Hickman 

article, in conjunction with his proposed model to determine the size of the default 

premium. He then compares this to the observed spread between risky bond yields and 
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bond yields on treasury securities. Pye assumes that any excess in the observed spread 

not justified by his calculation of the default premium is a risk premium required by 

market participants to compensate them for taking on an uncertain investment. He 

suggests that this risk premium varies as investor's uncertainty and risk aversion vary. 

Pye concludes that yield spreads in the 1920's and 1930's were largely attributed to 

high default rates and not large risk premiums. He also looks at the yield spread over 

later periods, and concludes that the yield spreads during the 1950's and 1960's were 

attributed primarily to large risk premiums, since subsequent default rates were very 

low for risky bonds issued during this time. 

Bierman and Hass (1975) developed a model similar to that suggested by Pye, 

but under the assumptions that: (1) investors are risk neutral; (2) the bond of interest is 

a pure discount instmment; and (3) no payments are received on bonds in default. 

Using a similar approach to Pye, they argue that "investors should require interest rate 

adjustments on debt subject to default sufficient to give them an expected present value 

equal to the present value associated with the investment of their funds in default-free 

securities" (p. 757). Based on this argument they show that the relationship between 

the required yield on a bond possessing default risk and the required yield on a riskless 

bond can be determined as : 

Y = ( ( l+rf ) / ( l -a) ) - l . (1.19) 

This model can be shown to be a simple version of the Pye model under the 

assumptions given above. The only significant difference is that this model calculates 
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the required retum on a bond possessing default risk, as a function of the probability of 

default and the risk-free rate, whereas the Pye model would need to explicitly input a 

value of the risk premium equal to 0 and would need to exphcitly recognize that the 

assumed loss in the event of default is 100 percent. 

Yawitz (1977) expanded on the Bierman and Hass model by (1) allowing for 

some recovery of value in default; and (2) developing the model for a coupon paying 

bond. The result is a model of the relationship between interest rates on riskless bonds 

and risky bonds that more completely reflects the default loss possibilities of the bond, 

given that investors are risk neutral. This model is expressed as : 

Y = [(1 + rf)/(l-a) + (a*|i)] - 1. (1.20) 

While this model seems to be fairly close to the Pye model, except that it 

assumes risk neutrality, there is an important difference. In the Pye model, X is used to 

reflect the capital loss in default as a percentage of the par value of the bond. Here |i is 

used to reflect the percentage of principal plus the current coupon that is received in 

default. This is necessary because the derivation of the promised yield on a risky bond 

is calculated as a function of the yield on a riskless bond plus the retum of the original 

investment. It may be tempting to assume that |i = 1 - >., but this is not the case. For 

example, suppose that a bond currently sells at par and that you expect to receive 40% 

of this value in default. The value of >- = 1-.40 or 0.60. The value of \i cannot be 

determined from this information. We must also know the coupon rate in order to 

determine [i. Say that the bond was selling at par and the coupon rate was 7%. Then 
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|LI = 40/107 = .37383. While this difference seems trivial, it is not. In the above 

example, if the bond is selling at par, this implies that the coupon rate equals the 

required retum on the bond. But we can't determine the coupon rate that would satisfy 

this condition without first determining the required retum. Therefore, the Yawitz 

formula can give us the required retum of a bond that is already available in the market, 

and therefore has an established coupon rate, but cannot be used to directly calculate 

the appropriate coupon rate of a bond possessing default risk, such that the bond will 

sell at par. Instead this rate must be derived through an iterative process that 

converges on the appropriate coupon rate that satisfies the equation. On the other 

hand, the inputs of the Pye formula are available before the bond is issued, and 

therefore can be used to determine the required yield and hence the coupon rate 

necessary for the bond to sell at par. 

While the two models may seem somewhat different, their implications are 

similar. If we assume risk neutrality in the Pye model, so that 7i=0, the model reduces 

to : 

Y = (rf+a>.) / ( l -a) . (1.21) 

If we assume that: rf = 5%, the probability of default (a) = 10% and the loss rate in 

default {X) = 60% then the required retum on this risky bond becomes : 
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Y = (rf+aX)/(l-a) 

Y = (.05+.10*.60)/(l-.10) 

Y = (.05 +.06) / (.90) 

Y = 0.12222. 

The same result follows when we input this information into the Yawitz model. 

However, we must first solve for |X. This can be done based on our knowledge that, in 

order for the bond to have sold at par before default, its coupon rate must equal its 

required retum so that the coupon rate plus par value of the bond before default must 

equal $112.22. Furthermore, since the loss rate on the bond in default was 60%, its 

price in default, given that it sold at par before defaulting, equals $40. Since |LI = price 

in default / par value plus coupon, \i must equal 40/112.22 or .35643565. 

Recall that the Yawitz model is : 

Y = [(l+rf)/( l-a) + ( a* | i ) ] - l . (1.22) 

Given the information from the previous example plus the appropriate value of |i this 

can be solved as follows: 

Y = [(l + .05)/(l-.10) + (.10*.35643565)]-l (1.23) 

Y = [(1.05)/(.90) + (.035643565)] - 1 

Y = [(1.05)/(.935643565)]-l 

Y = [(1.12222)1-1 

Y = 0.12222. 
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Since the time of these ground-breaking articles, there have been two attempts 

to further extend the Bierman and Hass, and Yawitz models. The first extension came 

in an article by Yawitz, Maloney and Ederington (1985), in which they showed that the 

default stmcture is not independent of tax consequences. In particular, they showed 

that, since most tax differences between treasury securities and other bonds apply only 

to the coupon payment, the ratio of the required yield on a bond whose coupons are tax 

exempt to the required yield on a bond whose coupons are taxable does not equal 1- T. 

This is most relevant when considering municipal bonds. 

The second extension came in an article by Wu (1991). He relaxed the 

assumption that investors in risky corporate bonds are risk neutral, as did Pye (1974). 

However, Wu used a slightly different approach, based on the model presented by 

Yawitz, Maloney and Ederington (1985). He suggested that, since the certainty 

equivalent retum for any asset must equal the appropriate risk-free rate, the certainty 

equivalent retum on a risky municipal bond must be determined by finding the expected 

retum on that bond, and then adjusting it downward by a certainty coefficient between 

0 and 1, so that it equals the risk-free rate. Using a simulation approach , Wu calculated 

the bias in the estimation of the default rate based on the yield spread between a risky 

and risk-free municipal bonds using the Yawitz, Maloney, and Ederington model, 

therefore ignoring this certainty equivalent coefficient. His results suggest that using a 

risk-neutral model such as the one suggested by Yawitz, Maloney and Ederington to 
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estimate default probabilities from default yield spreads may tend to over-estimate the 

probability of default incorporated into the yield spread. This result can be generalized 

to all risky bonds. He also demonstrates that risk aversion, coupled with differential 

tax treatment of corporate and municipal bonds, may lead to a clientele effect. 

Empirical Test of Models of the Promised Yield on Risky Bonds 

With the exception of the work of Fisher (1959), most of the early empirical 

research in the area of risky bond yields was related to the issue of whether these yields 

were a function of the maturity of the investment. It was not until theoretical models of 

pricing in the risky bond market emerged that more rigorous empirical testing could be 

conducted. 

Test of the Certainty Equivalent Model. One of the first articles to empirically 

test an explicit model of promised yields on risky bonds was conducted by Silvers 

(1973). He provided a comprehensive examination of the certainty equivalent 

coefficient implied by observed default yield spreads, as suggested by his theoretical 

model. Silvers analyzed four separate data sets, representing each of four risk classes 

of bonds ranging from AAA to BBB. He estimated the annual certainty equivalent 

coefficients for 5, 15 and 30 year maturities in each risk class over the period 1952-

1964. The estimation was made by transforming the original model using an Almon 

lag approach, and then estimating the coefficients using a multiple linear regression 

methodology. Additional variables were included to control for differences in 
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marketability, callability and capital gains potential. The results suggest that this 

certainty equivalent coefficient decreased significantly prior to the 1957-1958 

recession, as would be expected if either expected default probabilities increased or risk 

aversion increased or both. The record for other recessions is mixed. The parameter 

for marketability was non-significant, but the parameter for callability was highly 

significant. All in all. Silvers' results support the general predictions of the model. 

However, because the model did not specify the information which is incorporated into 

the certainty equivalent coefficient it is not possible to determine the cause of the 

observed fluctuations in this coefficient. It is only possible to observe these 

fluctuations. 

Tests of Models of the Cyclical Nature of the Default Spread. In 1975 Jaffee 

provided an empirical examination of the cyclical nature of the default yield spreads 

over time. He hypothesized that, after controlling for the "stickiness" in bond ratings 

over the short mn, the remaining variations must be due to fluctuations in supply and 

demand for bonds of different risk classes. Jaffee developed a model to assess the 

impact of various economic variables on the yield spread. He identified two categories 

of variables. The first category of variables was intended to capture changes in the 

default yield spread due to changes in the default risk of a class of bonds that results 

from changes in the business climate, but not changes reflected by a rating change by 

the bond rating agencies. This is what Jaffee meant by "stickiness" in the S&P ratings. 

The second category of variables was intended to capture fluctuations in the supply and 
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demand of the bonds in the marketplace. The analysis was conducted using the spread 

between the yield on a portfolio of BBB rated corporate bonds and the yield on a 

portfolio of corporate bonds rated AAA, AA and A, respectively, as the dependent 

variable. A similar analysis was conducted using municipal bonds, as well. The results 

indicate that the business cycle variables are important determinants of the spread in 

both categories. However, the supply and demand effects are significant only in the 

municipal bond sector. These results are not surprising, given the strong influence of 

financial institutions in the municipal bond market. 

This study was followed by two more studies on the cyclical nature of the 

default yield spread. Cook and Hendershott (1978) provided a rigorous treatment of 

cyclical variations in the U.S. govemment security versus corporate bond default yield 

spread. They first adjusted the spread for differences in tax treatment, and changes in 

maturity of the govemment bond index. Then they regressed the spread against 

business cycle factors and supply and demand factors, in a way similar to that of Jaffee. 

Their results suggest that the majority of the default yield spread can be explained by 

the tax and maturity adjustments and the default and call risk factors. Supply and 

demand factors were not found to be significant, a result that is consistent with the 

findings of Jaffee. Benson, Kidwell, Koch and Rogowski (1981) provided a rigorous 

treatment of cyclical variations in the U.S. govemment versus municipal bond default 

spread. Like Jaffee they included variables to adjust for changes in default risk and 

changes in bank demand for municipal bonds. They found that both of these variables 
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are important determinants of changes the municipal bond default spread. This finding 

is also consistent with the findings of Jaffee. 

Tests Based on Mathematical Models of Pricing in the Risky Bond Market. 

Fons (1987) also looked at variations in the default yield spread over time. However, 

his work differs from previous studies in three important ways. First, the Fons study is 

based on a mathematical model of the relationship between default rates and default 

yield spreads. Second, he used the default yield spread as ati explanatory variable, 

rather than trying to explain it. The assumption is that, if default yield spreads are based 

on expected future default rates, then they should provide good predictions of actual 

default rates. He compared the default rates predicted by his model to actual default 

rates, in one of the first tests of the predictive ability of an explicit mathematical model 

of default yield spreads. 

The model for this empirical analysis was based on the work of Yawitz (1977). 

Fons assumed that all market participants are in agreement as to the probability of 

default for a particular issue, and that all issues in a particular rating category have the 

same likelihood of default. This allowed him to use information about a portfolio of 

bonds of the same rating category as though it reflects the default probability of each 

bond in the portfolio. Fons made no adjustment for possible risk aversion in the 

speculative grade bond market, since his analysis of the cross-sectional variance of 

default probabilities of the sample suggested that the effect of risk aversion on 

estimates of default probabilities would be negligible. 
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Fons divided the corporate bond sector into two broad risk categories of 

corporate bonds, investment grade bonds and speculative grade or non-rated bonds. 

Since most defaults occur in the speculative or non-rated sector, the study focused on 

this category, using only bonds rated BBB- or below, or non rated issues. Only bonds 

with at least $25 million in principal outstanding were include in the series, to avoid 

problems related to trading in thin markets. And only bonds with at least ten years to 

maturity were used to avoid problems associated with crisis at mamrity. To determine 

the proportion of bonds defaulting in a period, Fons identified the market value of 

speculative or non-rated bonds in the market and then determined the market value of 

bonds from this sample that actually defaulted over the period of interest. He calculated 

the actual default rate for all bonds in the risk class of interest by dividing the market 

value of bonds that default by the market value of the original portfolio. This estimate 

of the actual default rate is biased upwards because only the market value of non-

convertible debt was considered in the original sample, but the market value of both 

convertible and non-convertible debt was used in calculating the market value of 

defaulting issues. Since the yield series used by Fons captured only the default rate, 

and did not reflect the possibility of recovering some portion of the investment in the 

event of default, the model included a separate parameter to adjust for this recovery 

rate. 

The yield of a portfolio of AAA rated corporate bonds was subtracted from the 

yield of this portfolio of bonds to determine the default spread. AAA rated corporate 

32 



bonds were used rather than treasury securities to determine this spread due to the 

significant difference in marketability between corporate and treasury securities, as well 

as the lack of call features on treasury bonds. Furthermore, treasury security income is 

not subject to state and local taxes in the same way that corporate security income is. 

While the yield on the AAA rated bond portfolio does not represent the tme default 

free rate, it was assumed to be very close, since no major defaults had occurred in this 

category in the fifteen years prior to this study. 

The results of the Fons study are interesting. The scatter plots and regression 

analysis of the predicted default rate over time versus the smoothed actual default rate 

over time suggest that there is a strong relationship between the two series. In fact, it 

almost appears as though they vary by a constant, with the predicted rate consistently 

overestimating the actual smoothed rate. However, when the two rates were compared 

using a regression methodology, only the constant term was significant. Recall that the 

error in calculating the actual default rate should bias this estimate upwards, so that the 

observed spread between these two series actually underestimates the difference 

between the tme default rate and the implied default rate. The predicted default rate 

was smoothed and another regression was mn. The results indicated that the smoothed 

actual default rate does a better job of explaining variations in this smoothed predicted 

default rate than it does of explaining variations in the unsmoothed predicted default 

rate. This was interpreted as suggesting that there is some relationship between default 

rates and the magnitude of the default yield spreads, but that the model used in this 
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study consistently overestimated the actual default rate. Such a finding may also be 

interpreted as suggesting that the expected retum on speculative grade corporate debt 

is significantly greater than the retum on AAA rated corporate debt. These findings 

may be due to mis-specification of the model, such as would result from assuming that 

investors in risky bonds are risk neutral, if they are actually risk averse. This error 

might also be the result of biases in the data, such as ignoring the differences in 

callability or the differential impact of special tax treatment on high versus low coupon 

bonds. Altematively, the results may be the result of market inefficiencies in the pricing 

of risky bonds or a systematic bias in market predictions of future default rates, or 

some combination of all these explanations. 

The work of Fons (1987) was extended by Kim (1987). He compared the 

ability of three models of the relationship between default yield spreads and default 

rates and a naive model, to predict the default rate and the loss adjusted default rate on 

lower rated corporate bonds over the period 1972-1987. Specifically, he compared the 

Mean Square Errors and R-squares of prediction models based on each version of the 

models used. His results suggest that the implied default rate, as estimated by Fons, 

significantly outperforms the other two models in predicting actual default rates and 

actual loss adjusted default rates over relatively short time horizons (about 15 months). 

However, there is no significant difference in the ability of the three models to predict 

either the actual default rate or the actual loss adjusted default rate for longer time 

horizons. All three models outperform the naive model. It is unclear which default 
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rate, the actual default rate or the loss adjusted default rate, is best predicted by the 

default yield spreads. The primary contribution of this work seems to be that it offers a 

test of the ability of various models of the relationship between the default yield spread 

and the default rate to predict various measures of the default rate over a broad 

spectmm of short term investment horizons. 

Studies of Realized Retums on Risky versus Risk-free Bonds 

Much of the recent empirical work related to the risky bond market has 

concentrated on estimating the default risk of the relatively young "junk bond" market 

and interpreting the impact of default on the realized retums of bonds in this market. 

One reason for the recent interest in this high yield bond market is the enormous 

growth of the market since the mid-1970's. 

Early Descriptive Studies of the Junk Bond Market. Altman and Nammacher 

(1985) provide a perspective on the growth in the junk bond market. They note that 

the market value of outstanding high yield debt grew from less than ten billion dollars 

in 1978 to almost forty-two billion dollars in mid-1984, representing a change from 3.8 

percent of the total corporate debt market in 1978 to 11.2 percent of this market in 

1984. They were concemed with changes in the default characteristics of these bonds 

as the market grew. Using the par value of low rated outstanding public debt as a base, 

they determined the par value of defaulted low rated outstanding public non-convertible 

debt and use the ratio of these two as a measure of the average default rate. Their 
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findings indicate that this rate averages about 1.52 percent over the period of the study, 

which is below the fifteen year average for the period from 1970-1984. The interesting 

thing is that, while the percentage of companies defaulting actually fell over the period, 

the dollar value of each default increased. Altman and Nammacher went on to estimate 

the loss in the event of default by looking at the market value of the defaulting debt one 

month after default. They found that on average the loss of wealth associated with 

selling a bond one month after it defaults, assuming that it was originally purchased at 

par, is 59 percent. That is, the bonds tended to sell at 41 percent of par one month 

after default. Based on this finding they then estimated the retum from holding a 

diversified portfolio of high yield bonds over the 1974-1984 period. Their calculations 

suggest that the investor in such a portfolio would lose between 95.8 and 100.3 basis 

points on his par value every year of the investment. Even taking these losses into 

account, the retum on such a portfolio would have exceeded the retum on a portfolio 

of govemment debt by an annual compound retum of 580 basis points, suggesting that 

the high yield portfolio would significantly outperform the govemment portfolio on a 

realized retum basis. 

Altman (1987) continued his description of this new market. By 1986 it had 

grown in size to approximately 90 billion dollars, and represented 22 percent of total 

straight corporate debt issues. Of particular interest in this study is the finding that only 

about 30 percent of the high yield market was comprised of "fallen angels," companies 

that were once investment grade but whose credit quality has deteriorated. The 
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remaining 70 percent are original issue junk bonds, that is, bonds that were rated as 

speculative grade at the time they were issued. The 1986 default rate rose to 3.39 

percent and the capital loss upon liquidation one month after default rose to 64.5 

percent. Combining this information, Altman calculated that the default loss rate for 

1986 had risen to 2.241 percent, up from the 1.52 percent average for 1974-1984. The 

realized retum on a portfolio of these high yield bonds over the period 1978-1986 

would have outperformed a portfolio of govemment issues by 159 basis points on a 

geometric average basis. However, they would not have outperformed the govemment 

bond portfolio in the 1984-1986 period. This was partly attributed to the sharp 

increase in default losses in 1986, which drove down realized retums for that year. 

However the superior performance of govemment bonds in this period is also due to 

the significant decline in interest rates during that period, which drove govemment debt 

prices up, thus increasing the realized retum these bonds would have eamed if 

liquidated at the end of each year. While high yield debt prices also rose during this 

period of declining interest rates, the percentage increase in price for the index of these 

bonds was lower than that of the govemment bond index used, primarily because the 

duration of the govemment index was over two years greater than the duration of the 

high yield bond index used. Thus, the spread would be expected to erode as interest 

rates drop, ceteris paribus, due to duration differences in the two bond indexes. 

Studies Using a Mortality Aging Approach to Estimate Default Rates. Altman 

(1989) noted that his previous measures of default rates were fairly cmde, since they 
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did not take into consideration the fact that the base population used to measure default 

rates had changed every year. Furthermore, the population could have been diminished 

by a number of other factors such as calls, sinking funds and maturity. Therefore, he 

refined his default rate estimation technique, using a mortality approach. Quite simply 

this means that he would track one population over an extended period and determine 

the default rate of that population, over different time horizons. This would be 

repeated with a new population in each year. He also broke the sample down into finer 

risk classifications so that he could analyze bonds in each rating class separately, rather 

than lumping them together into one "junk bond" class. The results of this analysis 

suggest that there is some difference in default occurrences by class. In particular, 

default rates are higher and tend to occur earlier in the life of the bond as we move 

from the AAA rated bonds down to the CCC rated issues. Furthermore, the results 

suggest that default rates seem to increase the longer the bond is in the market. The 

results also suggest that the cmde measures used in prior research may underestimate 

the actual default rate slightly. Losses after default are not found to be correlated with 

either the maturity of the debt or the original rating of the debt. 

The mortality approach used by Altman allows a more accurate assessment of 

the spread between cumulative realized retums from investing in a portfolio of risky 

bonds and the cumulative realized retum from investing in a portfolio of treasury 

securities for a given investment horizon. It is interesting to note that, once the analysis 

was refined to distinguish between the various causes for changes in the market value 
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of the portfolio from the beginning to the end of the period, additional assumptions 

had to be employed in order to properly compare the realized retums on these 

portfolios. In particular, Altman had to make assumptions about how to treat 

intermediate cash flows that arise from each of the events that terminate a bond 

agreement, namely default, call, purchase via sinking fund, or maturity. He assumed 

that all cash flows were reinvested at the prevailing market rate for bonds of the risk 

class that the bond was in at the beginning of the period. Furthermore, Altman 

assumed that no capital gains or losses were realized over the measurement period, 

presumably to control for the effect of changes in the level of interest rates over the 

period on the price, and hence realized retum, of the portfolio. No adjustment was 

made for differential tax treatment of treasury versus corporate bonds, or for 

differences in marketability between treasury and corporate bonds. Altman's findings 

suggest that all risky bonds tend to provide a premium over treasury bonds, after 

adjusting for default losses. On a 10-year cumulative basis, this premium ranged from 

12.45 percent on AAA rated bonds to 44.67 percent on B rated bonds. These results 

are interpreted as providing further confirmation that corporate bonds provide 

significant premiums above treasury securities even after adjusting for default losses. 

However, it is not clear whether these premiums are the result of market inefficiencies, 

the value of features in the indenture agreement such as call provisions or sinking fund 

provisions, risk aversion by investors in the corporate bond market, biases in the data, 
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or, in this instance, assumptions about the reinvestment of intermediate cash flows, or 

treatment of capital gains and losses. 

Asquith, MuUins, and Wolff (1989) provided one of the first studies to 

concentrate specifically on original issue high yield bonds. Using an aging analysis 

similar to the mortality approach used by Altman (1989), the authors analyzed all 

original issue public high yield corporate bond issues between January 1, 1977 and 

December 31, 1986. They found results similar to those of Altman (1989) in that the 

measured default rates exceeded those of earlier studies, and tended to increase the 

longer the bond was in the market. They did not calculate realized retums or spreads 

above treasury securities in this paper. Instead, they noted that prior calculations of 

realized retums for risky bond portfolios contain biases that may tend to overstate the 

realized retum on high yield bonds. Specifically, the hypothetical cash-out terminal 

value for the portfolio is almost always assumed to be the par value. This assumption 

does not allow for the fact that bonds that have not defaulted often times are upgraded 

to a better credit rating as they age. Therefore, the premium above par may be justified 

as a retum related to default risk and not just fluctuations in the level of all interest 

rates. 

Blume and Keim (1991) were troubled by the findings of Altman (1989) and 

Asquith, Mullins and Wolff (1989), that default rates tend to increase the longer a bond 

is in the market. They adjusted the findings of Asquith et al. for the changes in overall 

default rates due to changes in economic conditions. After controlling for this market-
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wide trend in default rates, they found that there was no significant relationship 

between the maturity of a bond and its default rate. The seeming trend was simply the 

result of worsening economic conditions in the early 1980's, which caused default rates 

to increase for all classes of bonds. 

More Recent Descriptive Studies of the Junk bond Market. Altman (1991) 

followed up with yet another update of the high yield bond market. He found that, 

from the beginning of 1990 through the first half of 1991, the default rate on high yield 

issues had increased above that experienced over the prior 12 years, regardless of 

whether it is measured using the traditional method of dividing the total value of bonds 

defaulting by total value of bonds outstanding at the beginning of the period, or using 

the mortality approach already discussed. The recovery rate on defaulted issues also 

declined from 40.5 percent on average in 1987 to about 16.5 percent in mid-1991. 

Despite these changes, the realized retum on high yield debt was up from the prior 12-

year average, due in part to higher yield spreads during the Persian Gulf War. 

In a subsequent piece, Altman (1992) tried to put the last decade of research on 

the high yield bond market into perspective. He noted that the decline in new issues of 

"junk" in 1989 signaled the first year of declines in the size of this market. 

Fluctuations in default rates, default loss rates and yields led to lower yields in the junk 

market, so that in 1989, investment grade bonds (BBB-rated bonds) became the highest 

retum sector for the first time in the entire decade of the 1980's. Then in 1991 and 

early 1992 there was a dramatic tum-around. The realized retum on high yield bonds 
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soared, and new issues outpaced retiring issues by 7 bilhon dollars. Altman is quick to 

point out that this should not be interpreted as indicating that the high yield market is 

back on track. Rather, he suggested that it be interpreted as proof that the high yield 

market is a very young market, which is not very well understood. Its starts and stops 

and tumarounds are all evidence of its complexity. Altman also took time to discuss 

some of the controversies that have arisen in the past decade of research on the high 

yield bond market. On the subject of using a mortality approach versus a traditional 

approach to measure default rates, Altman argued that the mortality approach gives 

more useful information, but that the traditional approach reports the information that 

the market is accustomed to interpreting regarding default rates. He made a special 

effort to argue against the recent idea that default rates are a function of the age of the 

bond studied. He claimed that his own 1989 study provided only weak evidence in 

support of this idea, at best, and was not designed to test this hypothesis. He argues 

that the Asquith et al. (1989) study was also not properly designed to test this 

hypothesis. Furthermore, Altman points out that the Asquith, et al study found an 

increase only in cumulative default rates as the number of years in the market increases, 

not in the average annual default rate. This is not particularly surprising given that 

there is more opportunity for default the longer the bond is in the market. A close 

inspection of the Asquith data suggests no systematic pattem in annual default rates 

over the period of the study. Altman provides similar data that suggest no pattem in 

default rates or loss rates related to the time they are in the market. Other studies 
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designed specifically to test this phenomenon, which has come to be known as rating 

drift, such as Altman and Kao (1991) and Lucas and Lonski (1991) have found very 

little evidence to suggest that there is any relationship between the age of a bond and its 

likelihood of default. Furthermore, the explanation of bond ratings from Moody's bond 

guide indicates that the bonds rating is a measure of the financial risk to the investor of 

investing in the bond, but does not indicate that the ratings should be interpreted 

differently across maturity. Altman (1992) claims that representatives from Moody's 

and S&P whose livelihood relies on their ability to correctly assign bond ratings, argue 

that a bond's age has no systematic effect on its creditworthiness. 

Discussion and Focus of the Study 

With the exception of the Hickman (1958) smdy, the studies of the magnitude 

of default losses and their effect on realized retum seem to reach a common conclusion. 

Losses from default are real and they do affect realized retums. The question arises, 

"How are investors compensated for potential for loss due to default?" A number of 

theoretical models have been proposed to explain how the promised yield must be 

determined in order to insure that investors are properly compensated for the risk of 

investing in a bond with some probability of default. The model proposed by Yawitz 

(1977) suggests that investors require an expected retum equal to the risk-free retum, 

in order to willingly invest in a risky bond. Models such as those proposed by Pye 

(1974) and Wu (1991) suggests that investors require an expected retum greater than 
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the risk-free retum in order to willingly invest in a risky bond. An additional premium 

above the risk-free retum is necessary to compensate these investors for taking on an 

uncertain investment. 

Empirical researchers have done very little to resolve the issue of which model 

better describes pricing in the risky bond market. Studies by Fons (1987) and Kim 

(1987) suggest that the Yawitz model can be used to explain some of the relationship 

between the promised yield on a portfolio of risky bonds and the observed default 

characteristics of that portfolio. However, the default rate implied by analyzing the 

risky bond portfolio's promised yield using the Yawitz model tends to significantly 

exceed the actual default rate. More recent studies, such as those by Altman (1987, 

1989, 1991, 1992), have compared the realized retums on high yield bonds to those on 

treasury bonds under a variety of assumptions. The results seem to suggest that the 

high yield bond market has a tendency to provide realized retums that exceed those of 

the treasury market on average. 

Based on these findings it is tempting to conclude that the excess realized 

retums represent a risk premium. This would imply that investors in the high yield 

bond market are risk averse, so that models such as those suggested by Pye (1974) or 

Wu (1991) would better describe pricing in the risky bond market than the risk neutral 

models of Bierman and Haas (1975), Yawitz (1977), and Yawitz, Maloney, and 

Ederington (1985). However, such a conclusion is premamre. A careful analysis, 

taking into consideration a number of factors, is necessary to make such a 
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determination. In order to properly compare models of pricing in the risky bond 

market, it is necessary to constmct two promised retum series, one for risky bonds and 

the other for a risk-free security. The bonds used to constmct these two series must 

differ only with respect to their default characteristics. Specifically, the bonds must be 

of approximately the same maturity, and have similar call protection, sinking fund 

features, exchange features and tax features. Furthermore, there can be no significant 

liquidity or marketability differences between the bonds in the two series. From the 

promised retum series for the risky bond portfolio, a third series must be created, to 

capture the realized retum on the risky bond portfolio. While this would appear to be a 

simple matter, there are some special considerations. An appropriate measure of the 

expected default rate and expected recovery rate in default must be determined. 

Furthermore, it is necessary to make some assumptions about how to treat intermediate 

cash flows from the bonds during the life of the investment. Care must be taken to 

insure that these assumptions do not create biases in the series. Finally, due to the 

possibility that the required data series may be auto-correlated and/or non-stationary, it 

may be necessary to use something other than the standard regression techniques to 

avoid problems in testing the hypotheses of interest. 

The focus of this study is primarily empirical in nature. Competing models for 

explaining the relationship between promised yields on risky bonds and promised yields 

on risk-free bonds have been proposed. To date, no attempt has been made to 

determine which model better explains this relationship. In this study I will develop an 
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appropriate research methodology for testing altemative models of the relationship 

between promised yields in the risky and risk-free bond markets. I will use this 

methodology to determine whether the relationship between these two promised yields 

is better described by the assumption that investors in the risky bond market are risk 

neutral and therefore require no additional compensation for the uncertainty inherent in 

their investment, or by the assumption that these investors are risk averse. Two models 

for evaluating the possibility that investors in risky bond markets are risk averse will be 

considered. In one model, investors will be assumed to require a constant percentage 

retum to compensate them for the uncertainty in their investment. In the other model, 

investors will be assumed to require a retum that is a function of the interest rate on a 

comparable risk-free security in order to compensate them for their risk. 

If the results of this primary analysis reveal that investors do require a premium 

to compensate them for the uncertainty of their investment, a secondary analysis will be 

conducted to determine whether this risk premium varies significantly over time. The 

results of this secondary analysis have implications for the design of future research 

studies of pricing in risky bond markets. Specifically, if the risk premium does not 

appear to vary significantly over time, a time series analysis of the relationship between 

risky and risk-free bond yields using techniques such as cointegration would be 

desirable. However if the risk premium does vary over time, a determination must first 

be made as to whether it is stationary or non-stationary over time before such a time 

series technique should be employed. 
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Objectives and Hypotheses of the Study 

In the past three decades the relationship between the promised yield on a bond 

possessing some probability of default and the promised yield on a bond with no risk of 

default has been the subject of a number of articles, both theoretical and empirical. 

Most models of this relationship start with the basic premise that the marginal investor 

can formulate an opinion regarding the yield that he or she would be wiUing to accept 

on average, for holding a bond that possesses some risk of default. The models then 

assume that this investor will determine the acceptable promised yield on a risky bond 

based on knowledge that an investor can receive the promised yield from a bond only if 

the bond does not default before it matures or is sold. If the bond does default prior to 

this time, the cash flows the investor receives will result in a realized yield that is less 

than the promised yield. Thus, to make a determination regarding the acceptable 

promised yield for the bond, investors must be able to formulate an opinion regarding 

the expected probability of default of the bond and the expected cash flows from the 

bond in the event of default. All of this information must be integrated into a model 

that allows the investor to determine the promised yield he or she must demand in 

order to realize the yield that he or she requires, on average. 

The objective of this study is to compare altemative models of the relationship 

between promised yields on risky bonds and promised yields on risk-free bonds, in 

order to determine which of these models better describes the relationship between 

47 



these two yields. As noted earlier, one of the early models of this relationship was 

provided by Pye (1974). He argued that the promised yield (Y) on a risky bond was 

comprised of the risk-free rate (rf), a constant risk premium to compensate investors 

for taking on an uncertain investment (7c), and a default premium. The default premium 

was intended to compensate investors for losses related to default risk. As indicated in 

equation 1.17, this premium is a function of the risk-free rate, the risk premium, the 

expected probability that the bond will default or the expected proportion of the 

portfolio that is likely to default (a) and the expected loss of principal that might occur 

as a result of the bond or bonds defaulting. Loss of principal is incorporated via a loss 

rate (X). The model is as follows: 

Y = (rf + 7C + a>.) / (1 - a). (1.24) 

The expected retum from investing in a risky bond is determined as a weighted average 

of the promised yield, weighted by the probability that the bond will not default, and 

the recovery rate in default, weighted by the probability that the bond will default. 

Using the Pye model, the expected retum from investing in a risky bond is: 

Y ( l - a ) - a > . = rf+7i: where 7C>0. (1.25) 

Yawitz (1977) proposed a similar model to the one suggested by Pye, except 

that he assumes that investors in the risky bond market are risk neutral. Therefore, 

using the notation of the Pye model, the Yawitz model can be written as: 

Y = (rf+a>.)/( l-a) . (1.26) 
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Using the assumptions of the Yawitz model, the expected retum from investing in a 

risky bond is: 

Y ( l - a ) - a > . = rf. (1.27) 

An altemative way of incorporating the belief that investors in the risky bond market 

are risk averse into such a model, similar to that suggested by Kidwell and Trzcinka 

(1979) and Wu (1991), is to assume that the risk premium is multiplicative. That is, 

rather than adding a premium to the risk-free rate to compensate for risk aversion, the 

risk-free rate is multiplied by a coefficient greater than one to gross up the required 

yield to a level that will compensate the investor for taking on an uncertain investment. 

Such a model would look like this: 

Y = ((rf*(|)) + aA,) / ( l -a ) , where7C>1. (1.28) 

Using the formulation of the risk premium suggested by Wu and Kidwell and Trzcinka. 

the expected retum from investing in a risky bond is: 

Y(\-a)-aX = Tf*(^. (1.29) 

Note in all three cases that the left hand side of the equation, which represents a 

calculation of the expected retum, is identical. The difference among the three models 

arises from the different assumptions about how investors will determine the realized 

retum that they would be willing to accept, on average. Considering these 

formulations of the altemative models for explaining the relationship between the 

promised yield on risky bonds and the promised yield on risk-free bonds, it is possible 

to determine whether any of these models is superior to the others in explaining the 
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relationship. The three models can be characterized as special cases of a regression 

model such as this: 

Y( l -a ) -aA< = po + pi*rf. (1.30) 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Yawitz then, in equilibrium, the expected yield should equal the risk-

free rate, on average. There should be no excess premium, either in constant form or 

as a function of the risk-free rate. This hypothesis, which will be called Hi, can be 

operationalized as follows: 

Hi: Po=Oand|3i = 1. 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Pye then, in equilibrium, the expected yield should equal the risk-free 

rate plus a premium which is constant across all bonds of the same risk class within a 

cohort, on average. The premium is assumed to be constant, but is not assumed to be a 

function of the level of the risk-free rate. This hypothesis, which will be called H2, can 

be operationalized as follows: 

H2: po>Oandpi = 1. 

If the expected yield exceeds the risk-free rate by a premium, and this premium 

is a function of the level of the risk-free rate, in a way similar to the risk premium 

suggested by Kidwell and Trzcinka, or Wu, then, in equilibrium, the expected yield 

should equal the risk-free rate multiplied by some coefficient greater than 1, on 
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average. There should be no excess premium in constant form. This hypothesis, which 

will be called H3, can be operationalized as follows: 

H3: po=Oandp i> l . 

In the event that the results of the hypotheses tests support either of the models 

including a risk premium, additional testing will be conducted to determine whether the 

parameter indicating this premium is stable over time. 

Plan of the Study 

The remainder of the study is divided into three chapters. The second chapter 

describes the data and research methodology used in testing the hypotheses of interest. 

The third chapter contains the complete empirical findings of the smdy. The final 

chapter presents conclusions drawn from the research as well as suggestions for further 

research. 
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CHAPTER n 

DATA AND RESEARCH METHODOLOGY 

Introduction 

The central purpose of this study is to analyze the relationship between promised 

yields on bonds that possess some probability of default, and bonds that are riskless with 

regard to default, to determine which of three proposed theoretical models best explains 

the relationship between these two yields. The basic hypothesis to be tested is that the 

promised yield on bonds possessing some probability of default is a function of the yield on 

bonds that possess virtually no default risk, the expected probability of default, the 

expected cash flows upon default of the risky corporate bonds, and possibly a risk premium 

to compensate risk averse investors for the uncertainty inherent in risky corporate bond 

investments. 

As discussed in the previous chapter, the three models proposed to explain the 

yield on risky corporate bonds can be characterized as special cases of a general 

regression model such as the model in equation 1.30: 

Y ( l - a ) - a > . = po + pi*rf. 

This model will be referred to as the Ml model. 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Yawitz then, in equilibrium, the expected yield should equal the risk-
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free rate, on average. There should be no excess premium, either in constant form or 

as a function of the risk-free rate. This hypothesis can be operationalized as follows: 

Hi: Po=Oandpi = l. 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Pye then, in equilibrium, the expected yield should equal the risk-free 

rate plus a premium which is constant for all bonds of the same risk class at a given 

point in time, on average. The premium is not assumed to be a function of the level of 

the risk-free rate. Presumably this premium would be positive. This hypothesis can be 

operationalized as follows: 

H2: Po>Oandpi = l. 

If the expected yield exceeds the risk-free rate by a premium, and this premium 

is a function of the level of the risk-free rate, in a way similar to the risk premium 

suggested by Kidwell and Trzcinka, or Wu, then, in equilibrium, the expected yield 

should equal the risk-free rate multiplied by some coefficient. Presumably the 

coefficient is greater than 1. There should be no additive premium. This hypothesis 

can be operationalized as follows: 

H3: po=Oandp i> l . 

The three altemative specifications of the general model in equation 1.30 must be 

compared to each other in order to determine which specification best explains the 

relationship between the promised yield on risky versus riskless bonds. In each 

comparison one specification of the model may be identified as the assumed tme 
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specification, meaning that it will be assumed to be the specification that best explains the 

relationship. Each of the other specifications of the general model will be treated as the 

altemative specification, and will be evaluated as to whether it provides significantly more 

explanatory power than the assumed tme specification of the model. This approach will 

result in the following six separate comparisons of altemate specifications of the general 

model in equation 1.30: 

1. Assume the Yawitz model as the tme specification, and evaluate the Pye model 

as the altemative specification. 

2. Assume the Yawitz model as the tme specification, and evaluate the Wu model 

as the altemative specification. 

3. Assume the Pye model as the tme specification, and evaluate the Yawitz model 

as the altemative specification. 

4. Assume the Pye model as the tme specification, and evaluate the Wu model as 

the altemative specification. 

5. Assume the Wu model as the tme specification, and evaluate the Yawitz model 

as the altemative specification, and 

6. Assume the Wu model as the tme specification, and evaluate the Pye model as 

the altemative specification. 

The differing nature of these comparisons requires that different statistical tests be used to 

evaluate the various comparisons. 
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The evaluation of these six comparisons will be conducted separately on three sets 

of data, representing three different investment periods, or cohorts. The first set of data 

represents bond investment opportunities available as of January 1982. The second set of 

data represents bond investment opportunities available as of January 1986. The final set of 

data represents bond investment opportunities available as of January 1990. This 

separation of data over time is necessary in order to investigate changes in the parameters 

associated with the risk premium over time. 

Recall that for each observation in the data set, information must be included for 

both a risky corporate bond and a comparable risk-free bond. The bonds that are used for 

this data must be matched carefully so that they are similar in all respects that might affect 

yield, except default risk. Because bonds yields can be affected by so many different 

characteristics of the bond, a data collection methodology must be developed to insure that 

the bonds being compared in each observation differ only with respect to default risk. 

In addition, altemative ways of measuring the expected default risk have been 

proposed. One method involves using the actual default experience over a given period of 

time as the proxy for the expected default risk of the bond over that time period. The other 

suggests that information beyond the period of time of the study should also be 

incorporated into the analysis, and can be captured by including pricing information for the 

bond as of the end of the study in the analysis. The existence of these competing methods 

for measuring default risk leads to a need to conduct the full analysis, including the six 

comparisons of altemative specifications, for each of three separate data sets representing 
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different investment periods from 1982 to 1990, using two different models. The first 

model, which will be referred to as the Ml model, assumes that investors use their 

expectations of default in the first three years after the bond is purchased, as the basis for 

pricing the default risk of the bond. The model, which will be referred to as the M2 model, 

assumes that investors use their expectations of default over the entire remaining life of the 

bond as the basis for pricing the default risk of the bond. Because the information 

necessary to evaluate this second model is not available for all bonds in the sample, only a 

subset of the data from the original sample can be used to evaluate this second model. 

This chapter is divided into three major sections. The first section describes the 

issues involved in collecting data on risky and riskless bonds that differ only with respect to 

their default risk, and provides a description of the methodology used to constmct the data 

sets used for this analysis. The second section discusses the research design used to 

evaluate the relationship between yields on risky versus riskless bonds. The final section 

provides a complete description of the data used in this analysis. 

Data Methodology 

Homogeneity Requirements. 

In order to examine the relationship between the promised yield on a portfolio of 

risky corporate bonds and the yield on a portfolio of risk-free bonds using the models 

proposed in chapter two, two portfolios of bonds must be constmcted for each cohort. All 

bonds within a particular portfolio must have similar characteristics with regard to their 
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expected default rate and expected recovery rate upon default. This will be referred to as 

the "Within Portfolio" homogeneity requirement. 

Differences in maturity, marketability, tax treatment, sinking ftind provisions, 

option features included in the indenture agreement for such things as exchangeability, 

convertibility, callability, or put protection, and the various other features that can be 

included in the indenture agreement, as well as differences in the bond yields imposed by 

the marketplace, can result in promised yield differences between bonds with differing 

default risk characteristics that are unrelated to differences in the probability of default or 

the recovery rate upon default of the bonds. The risky and risk-free bonds which are 

matched in each observation must be alike in all respects except their expected probability 

of default and expected recovery rate upon default. This requirement will be referred to as 

the "Between Portfolio" homogeneity requirement. In its strictest interpretation, this 

requirement would dictate that the bonds which are matched must be exactly identical with 

respect to every characteristic that might affect the bonds price except their expected 

probability of default and expected recovery rate upon default. 

Theoretically, this strict interpretation of the "Between Portfolio" homogeneity 

requirement is the only way to be certain that any observed yield differences between the 

two bonds is due to differences in default risk between the bonds in the pairs. In contrast 

to the theoretical argument for strict "Between Portfolio" homogeneity, is the empirical 

argument that too strict an interpretation of tiiis requirement may result in a small enough 

sample size, which may bring into question the value of using an OLS regression 
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methodology to generate statistics for hypothesis testing. The many complexities of bond 

markets make it virtually impossible to find a significant number of bond pairs that are alike 

with respect to all other characteristics except those related to default risk. Therefore, 

when pairing based on these characteristics is not practical, statistical methods must be 

employed to control for the effects of differences in characteristics which may affect the 

yield on the bonds being compared. 

"Within Portfolio" Homogeneity 

In this study it will be assumed that bonds that possess the same rating by Moody's 

Bond Rating service at a specified point in time are perceived by investors to have the same 

expected probability of default and the same expected payoff in the event of default at that 

point in time. This is consistent with the explanation of ratings that in Moody's Bond 

Record, which states that at the time of publication, bonds of the same rating are believed 

to possess similar financial risk to principal and interest. This assumption allows for the 

possibility that bonds rated in a particular class at one point in time may have different 

expected probabilities of default and payoffs in default than bonds rated in that same class 

at a different point in time. Therefore, a portfolio of bonds possessing "Within Portfolio" 

homogeneity with regard to investors' perceptions of default risk will be assumed to be a 

portfolio of bonds that possess identical bond ratings, as they are reported in Moody's 

Bond Record, at a given point in time. 
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Proxies for the Riskless Rate of Interest. The typical proxy for a riskless bond is a 

Treasury security. However, there are striking differences between Treasury securities and 

all corporate securities, which would prevent a close match between these two classes of 

securities. For example, coupon payments from Treasury securities are not subject to state 

and local taxes, while coupon payments from corporate bonds may be subject to these 

taxes. Also, the Treasury bond market is the most liquid market in the world, with liquidity 

well above that of even the investment grade corporate bond market. The Treasury is no 

longer issuing bonds with call features, and Treasury bonds do not include exchange 

features and sinking fund provisions. Risky corporate bonds, particularly speculative grade 

corporate bonds, tend to possess one or more of these features. In addition, investors in 

Treasury bonds are often limited in the degree of risk they can take on, and so do not 

invest in speculative grade securities. This, coupled with the Treasury's absolute control 

over the supply of Treasury bonds, could result in some segmentation between the 

Treasury market and the risky corporate bond market. 

Investment grade corporate bonds are subject to the same tax requirements as 

speculative grade corporate bonds, and while their liquidity is still typically above that of a 

speculative grade corporate bond, they are not nearly so liquid as a Treasury bond. 

Indenture agreements tend to differ between investment grade and speculative grade 

corporate bond markets, with more sinking fund provisions and exchange features included 

for speculative grade corporate bonds, presumably to bolster their marketability. Bonds in 

both markets tend to possess call features. Finally, while some investors are limited to 
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investment in only investment grade corporate bonds, many pension and mutual funds 

invest across all risk classes in the corporate bond sector, and the supply of these bonds is 

not tightly regulated, as is tme in the case of Treasury bonds. This reduces the likelihood 

of significant segmentation effects between the risk classes in the corporate bond market. 

Therefore, if the primary concem is to adhere as closely as possible to the "Between 

Portfolio" homogeneity requirement, the appropriate proxy for the riskless bond is an 

investment grade corporate bond, in particular a AAA rated bond. 

It should be noted that high quality investment grade corporate bonds, such as 

AAA rated bonds, still possesses some slight default risk. Furthermore, Fabozzi and 

Thurston (1986) have determined that there is a significant yield spread between Treasury 

bonds and AAA rated bonds, related to differences in tax treatment between the bonds. A 

similar yield spread should also be present in the risky corporate bond yield. The additional 

premium above the risk-free rate which is embodied in the risky corporate bond rate would 

result in an overestimate of the risk premium in speculative grade corporate bond yields, 

and thus, would bias in favor finding a risk premium, if the Treasury bond rate were used 

as the proxy for the risk-free rate. This bias would be reduced, but not necessarily 

eliminated, by using the AAA bond yield as the proxy for the risk-free rate. 

Issues involving bias and the possibility of measurement error with regard to 

proxies for the risk-free rate have important implications in this research. The model upon 

which this research is founded assumes that investors are basing their estimates of the 

promised yield for risky corporate bonds on a risk-free rate for a bond that is exactly like 
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the risky corporate bond in all respects except default risk. Call this risk-free rate Z. 

Since such an investment vehicle does not exist, a suitable proxy must be chosen, which 

will be called X. Because it is only a proxy, X can differ from Z by a random error term, 

which will be called e. Therefore, X= Z + e. When the parameters for the risk-free rate are 

evaluated, they are interpreted under the assumption that there is no error between the tme 

risk-free rate and the proxy used. That is, the parameter is interpreted as though P = OyJ 

Gzz has been estimated, when in fact p* = (5yJ (Ozz+CJee) has been estimated. The larger the 

measurement error, the greater the downward bias in estimates of p will be. Since the test 

of the existence of a multiplicative risk premium is based on whether the parameter 

associated with the risk-free rate is significantly greater than one, large errors in measuring 

the risk-free rate would bias against finding a multiplicative premium. 

A possible solution to the dilemma of selecting a Treasury bond versus a AAA 

rated corporate bond as an appropriate proxy for the risk-free rate is to separate the proxy 

for the risk-free rate into two components. The first component is the interest rate on a 

Treasury bond matching the maturity of the risky corporate bond of interest, which will be 

labeled rf. The second component is the yield spread between the rate on the selected 

Treasury bond and the rate on a AAA bond that is similar to the risky corporate bond in all 

respects except default risk, which will be denoted AAA-rf. 

Values of the AAA-rf variable include variations in yields related to such things as 

call features and sinking fund provisions for the AAA rated bond. These affects should be 

removed from the variable prior to its inclusion in the general model. As a result, a 

61 



modified version of the AAA-rf variable will actually be included in the model. This 

variable will be derived by removing any unwanted variations from the AAA-rf variable, 

using the following regression: 

AAA-rf = b^ + bx * X + e, (2.1) 

where : b^ = the average value of the AAA-rf spread, 

bx = the vector of parameter estimates associated with any control variables 

included in the regression, 

X = the vector of control variables included in the regression to adjust the 

yield spread for such things as call features or sinking fund provisions of the 

AAA rated bond, 

e = the variation not explained by the control variables. 

From this regression, the modified AAA-rf, which will be denoted as AAA-rf*, will be 

calculated as: 

AAA-rf* = AAA-rf - (b^ *X) 

AAA-rf* = (b^ + bx * X + e )- (b^ *X) 

AAA-rf* = b^ + e. (2.2) 

Use of this modified variable rather than the raw variable insures that the proxy is adjusted 

for any unwanted variations which can be eliminated. This should significantly reduce the 

amount of unwanted variation in this proxy. Thus, the general model can be restated as: 

Y(l - a) - tti = Po + Pi * rf + p2(AAA- rf*). (2.3) 
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The advantage to including the yield on the Treasury bond and the yield spread of a 

AAA rated bond over the Treasury bond yield in the general model is that any 

measurement error related to mismatching the AAA rated bond and the risky corporate 

bond will result in downward bias of estimates of p2, minimizing the effect of measurement 

error on estimates of Pi, In addition, any premiums for default risk of the AAA rated bond 

or institutional differences between AAA and risky corporate bonds, as well as tax 

differences between Treasury and corporate bonds, will be reflected in the estimates of the 

p2 parameter, reducing bias in the estimates of the pi parameter. The sign of the P2 

parameter can be expected to be positive if it is primarily capturing the tax differences 

between the corporate and treasury market, or default risk premiums embedded in the 

AAA bond rate. This parameter may be either positive or negative if it is primarily 

capturing unspecified factors that influence the corporate bond market differently than the 

Treasury bond market, or influence the AAA rated bond market differently that the B rated 

bond market. 

Keep in mind that the pi parameter estimate is still the parameter of interest in 

terms of testing the hypotheses of the study. Significance of estimates of the p2 parameter 

merely reflects the significance of factors such as the tax differential between the risky 

corporate bond and the Treasury bond, adjusted for the tax differential in the AAA versus 

the Treasury bond, or the failure to property control for other factors that affect all 

corporate bond yields similarly. This parameter may be adjusted downwards for any bias 
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related to measurement error in the proxy for the risk-free rate which is captured by 

including the AAA-rf yield in the model. 

Proxies for the Risky Rate of Interest In this study bonds with a risk class rating of 

B, as determined by Moody's bond guide, will be used for the risky corporate bond 

portfolio. This allows the use of bonds that are rated low enough in the speculative grades 

to have a significant probability of default, without selecting bonds that are so risky that 

there are only limited observations in the early years of the junk bond market. This 

approach represents a departure from previous studies, which typically include all 

speculative grade corporate bonds in the same portfolio and assume they possess the same 

degree of default risk. Once again, this treatment is intended to minimize the amount of 

measurement error in the risky rate, as well as measurement error in the proxies for the 

expected probability of default and the expected recovery rate upon default. While 

measurement error in the risky rate would not affect the parameter estimates, it would 

drive down the R^ of the regression, implying that the model explains only a small portion 

of the total variation between the risky rates, when it may in fact explain much of this 

variation. Measurement error in the expected probability of default and the expected 

recovery rate upon default could affect the results of the study by over or under 

estimating the expected retum on the risky bond, thus biasing parameter estimates related 

to the risk premium. 

Proxies for the Expected Probability of Default and the Expected Recovery Rate 

Upon Default. Having decided how bonds will be grouped into portfolios, it is necessary 
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to determine appropriate proxies for the expected probability of default and the expected 

recovery rate upon default. Unfortunately, no information on such expectations is 

available. Therefore, some assumptions must be made in order to identify acceptable 

proxies for this information. One common assumption is that, in a market where prices are 

driven by information, investors will not intentionally bias their expectations about future 

events. If this is tme, then actual default rates and actual cash flows upon default should 

serve as an unbiased estimate of investors expectations about this information. Such an 

approach is not new. Eugene Fama (1975) used a similar approach by proxying the 

expected inflation rate with the actual change in the Consumer Price Index. Based on the 

rationale used by Fama (1975), it is assumed that these variables follow a fair game model, 

so that, on average, the marginal investor's expectations about the probabilities of default 

and recovery rates upon default of risky corporate bonds equals the actual values of these 

variables. To this end it is assumed that all securities in a particular risk class, as defined by 

Moody's Bond Record, share the same financial risk to principal and interest, so that the 

probability of default for any bond k in risk class j can be determined by observing the 

proportion of bonds in risk class j that default in a given period. Mathematically, this can be 

expressed as follows: 

65 



e ^, a ttk = a j + e k a , (2.4) 

where :ak* = the marginal investors expected probability of default for 

security k 

OCĵ  = the actual probability of default for securities in risk class j . 

Cka = the error in the marginal investor's expectations of the probability 

of default of k, distributed N(0,aeka). 

It is also assumed that the expected potential loss rate upon default for any bond k in risk 

class j is equal to the average potential loss rate observed on bonds in risk class j that 

actually default. Mathematically, this can be expressed as follows: 

V = Xf + Ckx . (2.5) 

where -.X^ = the marginal investors expected loss rate in default for 

security k 

X,ĵ  = the average potential loss rate in default for securities in risk class j that 

actually default 

Ckx = the error in the marginal investors expected loss rate in default 

of security k, distributed N(0,aekx). 

Recall that the expected recovery rate upon default is defined as 1-^. 

Both the actual expectation of default and the actual expectation of the recovery 

rate in the event of default are unobservable variables, even after the fact, because the 

actual rate which is observed may not be typical of the distribution of expected rates. 

While researchers can measure the realized default rate and recovery rate on a portfolio at 
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the end of a particular time horizon, this is only one realization of all the possibilities for 

default that could have occurred. One way to look at this is to consider the risk of default 

to be a distribution of possible outcomes with a probabihty associated with each outcome. 

The actual default that occurs is only one observation from this distribution. Other 

outcomes were possible prior to the point in time where the final outcomes were known 

with certainty. In fact, it is this uncertainty regarding which of the possible outcomes will 

be realized that is the justification for models which assume that the risky corporate bond 

rate includes a risk premium to compensate investors for the uncertainty of their 

investment. 

The use of actual outcomes as proxies for expectations does not imply that 

investors have perfect foresight. There may still be mis-estimates on the part of investors 

regarding expected versus actual default risk. However, there is no reason to believe that 

investors systematically mis-estimate the probability of default and the recovery rate upon 

default. While it is tme that investors may overreact or under-react to certain possibilities 

for default, there is no reason to believe that they consistently do so. However, because 

some of the possible outcomes that investors include in their evaluation are both highly 

improbable and likely to have extreme effects on the recovery rate of the investment, they 

are almost certain to not occur in any single realization of actual defaults, but can have an 

impact on valuation of the bond. As an example, envision the economic impact on certain 

bonds if the state of Califomia, or the country of Japan, were ravaged by earthquakes and 

floods. While this event is highly unlikely, there is virtually no hope for investors in bonds 
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backed by assets in these regions to recover their investment in the bonds if the event 

occurs. However, since the valuation of this event is weighted by the probability of its 

occurrence, and the lowest recovery value that can be realized on any bond is zero, the 

impact of such an event on the required retum of the bond is minimal. The failure to 

capture this small finite probability of an event with a recovery rate of zero in the proxy for 

expected default rates and expected recovery rates will result in a small upward bias in any 

estimated risk premium. 

It is important to distinguish between measurement error in a proxy for default risk 

and the fact that expectations embody uncertainty. Theories that suggest we should expect 

to see a risk premium incorporated into yields on risky corporate bonds are based on 

uncertainty in estimating default characteristics and not measurement error in 

approximating these estimates. While it is tme that not all expectations about the fumre 

become reality, so that the use of actual outcomes regarding default as a proxy for 

expectations about default are still only a gross approximation of the tme expectations, 

they are the only proxy available. 

On a related issue, some researchers, including Van Home (1990), believe that the 

tme default risk of a bond cannot be determined until it has weathered a deep depression. 

Based on this notion, it has been suggested that using actual default performance as a 

proxy for expected default performance fails to capture the tme default risk of the class of 

bonds being investigated. While this may be tme, it is not the tme default risk of the bond 

that is required in order to assess the models used in this study. Rather, it is the expected 
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default risk. This risk is contextual in nature. That is, while the tme creditworthiness of a 

bond issuer can only be tested in a deep depression, the probability of the bond defaulting 

in a deep depression is only relevant to investors expectations of the probability of default 

for a bond if they expect to weather a deep depression during the holding period for the 

bond. If investors do not expect to weather a deep depression during the holding period 

for the bond, its potential performance in a deep depression is irrelevant to their 

expectations. Thus, the fact that the proxies for expected probability of default and 

expected recovery rate in default are not drawn from historical information that includes a 

period of deep depression does not necessarily disqualify them as reasonable estimates of 

investors expectations. 

The notion of using actual outcomes as proxies for expectations may seem 

reasonable for expectations about the near future, but as this information is used as a proxy 

for expectations over longer time periods, the relationship may become less reliable. It is 

not that the expectations are more biased, but rather that the range of possible outcomes 

becomes larger the further into the future we try to apply this rationale, thus increasing the 

potential variations between the actual and expected values of the information for any 

given realization of the possible outcomes. This is exemphfied in the work of Kim (1987), 

who found that the relationship between risky corporate bond yields, which were assumed 

to reflect expectations about default and recovery in defaults, and actual default rates, 

deteriorates beyond about twenty-four to thirty-six months. If this is tme, the best 

estimates of expectations may come from actual performance in the first three years after 
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the portfolio is constmcted. These findings can be incorporated into the research design by 

using actual default rates and recovery rates upon default over the three years following the 

assumed investment date as proxies for expected probability of default and expected 

recovery rate upon default. 

Previous research related to pricing of risky corporate bonds has tried to capture 

additional default expectations that have not yet occurred at the end of the research period 

by incorporating the market price of the bond at the end of the research period into the 

yield calculation. The idea is that this price reflects investors' expectations about defaults 

that may occur after the research period ends. This approach has been criticized in the 

literature for two reasons. First, the price at the end of the period may also reflect changes 

in the general level of interest rates independent of any expectations regarding default risk. 

Second, this price may include information about default that was not available at the 

beginning of the research period, thus contaminating the data used to proxy for the 

information set available to investors at the beginning of the holding period. 

Despite these criticisms, it is necessary to incorporate this methodology into the 

analysis so that results from this analysis may be interpreted in the context of previous 

research. To provide this link to previous studies, a modified version of the general model 

must be developed, which includes a variable to proxy for expectations about default 

beyond the three year research period for each cohort. The proxy variable will be 

calculated as the difference between the promised yield on the particular B rated bond three 

years after the assumed investment date for the cohort, and the promised yield on a 
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Treasury bond of similar maturity, three years after the assumed investment date for the 

cohort, and will be labeled B3 - RF3. The difference between these two yields is used, 

rather than the risky bond yield alone, in order to control for fluctuations in the general 

level of interest rates over the three year research period, assuming that these fluctuations 

impact both rates equally. This modified model will be referred to as the M2 model and 

can be represented mathematically as: 

Y(l - a) - a^ = Po + pi * rf + p2*(AAA- rf)* + P3 *(B3 - RF3). (2.6) 

The p3 parameter should be expected to be positive, since positive values of this spread 

should lead to an increase in the required yield on the risky bond, thus driving up the 

expected retum on the bond over the three year horizon. Analyses using this M2 model 

require some special considerations regarding the observations that can be included in the 

sample used to test the model. These considerations and their impact on the stmcture of 

the research study will be addressed in more detail in the "Research Methodology" section 

of this chapter. 

Measurement of Proxies for Expected Probability of Default and Expected 

Recovery Rate upon Default. The previous discussions have led to a definition of the 

bonds that will be included in the risky and riskless bond portfolios, and a general notion 

that the expected probability of default and the expected recovery rate upon default can be 

proxied by the realized values for these rates over a three year horizon. However, as 

discussed in the literature review, the default rate on a portfolio of bonds can be defined in 
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more than one way, so it is still necessary to define the appropriate measurement of these 

values. 

Altman (1989) points out that "the appropriate measure of default risk and the 

accuracy of its measurement are critical in the pricing of debt instmments, in the 

measurement of their performance, and in the assessment of market efficiency" (p. 909). 

He claims that traditional measures of default risk, like those used by Fons and Kim, fail to 

consider the characteristics of a surviving portfolio of bonds from one period to the next 

and also fail to address the question of the probability of default of a specific portfolio of 

bonds, based on the specific attributes of the bonds at the time they are included in the 

portfolio. The traditional measure is calculated by determining the par value of defaulted 

bonds in a range of risk classes over several periods of time and dividing this by the par 

value of all debt outstanding in the range of risk classes at the beginning of the period. An 

example may help to clarify Altman's criticisms. 

Assume that a researcher uses the traditional method of calculating default rates 

and wishes to calculate the default rate for a portfolio of B rated bonds over a ten year 

period. The researcher would look at all B rated bonds in year one, calculate the par value 

of defaulted bonds for that year and divide it by the par value of bonds outstanding for that 

portfolio at the beginning of the year. He would move to year two and calculate the par 

value of defaulted bonds for that year and divide it by the par value of bonds outstanding 

for that portfolio at the beginning of that year. He would then do the same for each of the 

remaining eight years. The average of these calculated default rates would be used as the 
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ten year default rate on B rated bonds. The question arises, which portfoho of B rated 

bonds is this the default rate for? Because some bonds are retired or mature and others 

change rating classes, the default rates for years two through ten are not based on the same 

portfolio of bonds as the default rate for year one. This is what Altman means when he 

says the traditional measures fail to consider the characteristics of the surviving portfolio of 

bonds from one period to the next. A second question related to the traditional method of 

calculating default rates, which is closely related to the first, is this. Is the information used 

for calculation of these default rates the same information that an individual investor in a 

particular bond would want to use to evaluate this bond? Altman would argue that the 

investor doesn't care about how bonds that are currently rated BBB or CCC but move into 

a B rating in subsequent years are doing. He or she only cares how bonds that are 

currently rated B will perform over the next ten years. The information in the traditional 

measure can't answer this question. This is what Altman means by the criticism that the 

traditional measure fails to address the question of the probability of default of a specific 

portfolio of bonds, based on the specific attributes of the bonds at the time they are 

included in the portfolio. 

As indicated in the literature review, Altman proposes an altemative measure of the 

probability of default based on an aging analysis of the bond portfoho, that is intended to 

correct for these inefficiencies in the traditional measures. The same aging approach will 

be used in this analysis. Therefore, the default rates and recovery rates upon default will be 
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measured based on the size of the original investment portfolio, to prevent the 

measurement biases incorporated into earlier studies. 

The average annual value for the default rate will be calculated using the geometric 

averages of the market value of defaulted issues for each of the first three years after the 

date for which the bond yield data were collected, divided by the market value of all bonds 

outstanding in the portfolio at the date for which the bond yield data were taken. The use 

of a geometric average is specified in the derivation of the Pye model in a multi-period 

setting. The weighting scheme based on the market value of bonds outstanding is based on 

the assumption that bond investors must diversify their portfolios. The diversification 

implied by this methodology is that each investor holds a representative portion of the 

market portfolio in the risky corporate bonds being analyzed. This calculation is also 

consistent with the method used by Fons (1987). 

For the recovery rate upon default a simple average of the market prices of the 

bond from one to three months after the default occurs, divided by the par value of the 

bonds, will be used as the recovery rate for each year. This allows time for the bond price 

to settle into a range dictated by informed investment, and is consistent with the 

methodology employed by Altman (1987) when he was determining recovery rates on 

portfolios of high yield bonds. Annualized recovery rates will be calculated using a 

geometric average, again as dictated by the derivation of the Pye model in a multi-period 

setting. 
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"Between Portfoho" Homogeneity 

Having defined the bonds to be included in both the riskless and risky corporate 

bond portfolios, and the proper measurement of the relevant interest rates and default 

characteristics, it is now time to focus on the characteristics of bonds other than default 

risk, which can effect their promised yield. Because each observation in the data set must 

include information on both a AAA rated bond and a comparable B rated bond, the 

influence of other factors which affect yield must be controlled in order to properly 

interpret the results of the analysis in the context of the pricing of default risk. 

Issues Related to Informational Efficiency. A major determinant of the pricing 

relationship between bonds, regardless of risk class, is the degree to which the bond 

markets in which the bonds trade are informationally efficient so that all available 

information is fully reflected in the prices of the bonds being analyzed. Informational 

efficiency of markets is more likely to occur in markets where information is less costly, 

according to Comell and Roll (1981). The ratings and information provided by Moody's 

or Standard and Poor's can be obtained free of charge at most public libraries, making the 

market for rated bonds a good candidate for informational efficiency. Information on 

seasoned issues is more readily available than information on initial public offerings, 

because these issues have a price history. The degree of informational efficiency is also 

influenced by the length of time since the last trade in the issue, since old prices are likely 

to reflect old information. Thus, bonds that have traded recently are more likely to be 

priced in an informationally efficient way than bonds that have not traded for some time. 
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All of this implies that the appropriate source for gathering information for this study 

should be from a set of rated bonds that are not initial public offerings and have been 

traded on the open market recently. Since pricing of private placements tends to include 

factors that are not widely publicized, and bonds traded on exchanges are watched more 

closely than other bonds, it is also advisable to only gather information on bonds that are 

traded on organized exchanges. 

Issues Related to Call Features. The potential for a bond to be called prior to 

maturity is usually related to the probability that the bond's market price exceeds the 

established call price, either due to changes in the general level of interest rates, or due to 

changes in the required retum on the specific bond, possibly related to changes in the 

riskiness of the bonds. Bonds that are callable typically require higher retums to 

compensate investors for the potentially shorter maturity of the investment, and the 

negative convexity effect on the price yield relationship. The magnitude of this premium 

can be influenced by the size of the coupon payment, the current price of the bond and a 

number of other factors. The relationship is complex enough to warrant its own 

investigation and so explicit modeling is beyond the scope of this paper. To control for 

possible biases related to callability differences, bonds will be matched based on their call 

protection, grouped as bonds with no call features, bonds with call features that are not 

currently callable, and bonds with call features that are currently callable. 

An additional variable to proxy for the value of the call for the B rated bond is 

included in all models. This variable has a value of zero for bonds that are not callable. 
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For callable bonds the value is calculated as the difference between the call price and the 

market price for each bond. That is: 

CVg = (Pc.B-Pm.B), (2.7) 

where : CVg = the value of the proxy for the call value of the B rated bond 

Pc.B = the call price for the risky corporate bond, and 

Pm.B = the market price for the risky corporate bond. 

The general model must be expanded to include the new variable CVB. The resulting Ml 

model is: 

Y ( l - a ) - a > . = 

Po + pi * rf + p2*(AAA- rf*) + P4* CVg . (2.8) 

The resulting M2 model is: 

Y ( l - a ) - a > . = 

po + Pi * rf + p2*(AAA- rf*) + P3 *(B3 - RF3) + P4* CV^ . (2.9) 

The AAA-rf* regression equation must also be extended to include a variable to 

control for the effects of call on the yield spread between the AAA rated bond and the risk-

free rate. This variable will be calculated as: 

^^AAA ~ (Pc,AAA - PIUAAA), (2.10) 

where: CV^j^ = the value of the proxy for the call value of the AAA rated bond 

PcAAA = the call price for the riskless bond, and 

Pm.AAA = the market price for the riskless bond. 
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Thus the new equation for estimating AAA-rf becomes: 

AAA-Rf = \ + \ * CVAAA + e. (2.11) 

The spread between call price and market price for a bond is a proxy for the 

likelihood of the bond being called prior to maturity. In general, as the market price 

approaches the call price the probabihty that there will be price movement which will cause 

the market price to exceed the call price increases. At the point where the market price 

exceeds the call price the issuing company is more likely to find it desirable to exercise 

their option to call the bond. Therefore, a large positive value for this spread suggests a 

lower probability that the bond will be called prior to maturity, ceteris paribus. A small or 

negative spread suggests a greater probability that the bond will be called prior to maturity, 

ceteris paribus. Investors in low risk bonds typically consider the risk of call to be 

detrimental, as it reduces the likelihood that they will receive all of the cash flows from the 

bond that they would be entitled to if it was held to maturity. Thus, investors in low risk 

bonds demand a higher yield for investing in bonds with a greater probability of being 

called. Therefore the b̂ ^ parameter should be expected to be negative. 

Investors in high risk bonds may also consider this call risk to be detrimental, as it 

reduces the likelihood that they will receive all of the cash flows from the bond that they 

would be entitled to if it was held to maturity. Altematively, if investors in high risk bonds 

are concemed about crisis at maturity they may find increased value in a bond that is very 

likely to be called prior to maturity, as the early and orderiy retirement of the bonds may 

put less financial strain on the issuer than having to retire the bonds all at once, or at an 
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unfavorable time. Thus, the yield demanded by investors in high risk bonds with call 

features may be higher or lower than the yield on a comparable bond with no call feature, 

depending on whether the investor is more concemed about receiving the fiill cash flows 

from the bond prior to call, or the possibihty of crisis at maturity. Therefore we might 

expect the p4 parameter associated with this variable to be positive if investors are more 

concemed about receiving the full cash flows from the bond prior to call, or negative if 

investors are more concemed about the possibihty of crisis at maturity. No additional 

variables will need to be supplied for bonds that are currently callable versus those that will 

become callable in the future, since the bonds will be matched based on this facet of the call 

feature. 

This pairing and the use of the proxy variable is a cmde way of controlling for the 

effects of call features. The approach does not take into consideration the impact of 

changes in the general level of interest rates over time, and the multi-coUinearity this 

change is likely to introduce between the variables if data are analyzed using a time-series 

design for the analysis. However, this approach should not present significant problems if 

a cross-sectional design for the analysis is employed. Furthermore, the approach represents 

a substantial improvement over prior research, which has tended to ignore the problem 

altogether. 

Issues Related to Sinking Funds. Bonds with indenture agreements containing 

provisions for sinking funds can be viewed in a similar way to bonds with indenture 

agreements that contain call features. The sinking fund provision requires the issuer to 
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retire bonds from the issue prior to maturity at either a specified price, or the market price 

if this is lower. Two yield effects are associated with this feature, according to Van Home 

(1990). The first is the delivery option effect, which works to the benefit of the issuers, by 

allowing them the ability to retire bonds that have coupon yields above the required market 

yield before maturity. Because this works to the detriment of investors, yields on bonds 

with sinking fund provisions are higher, to compensate the investors for this risk. The 

second effect is an amortization effect related to the default risk of the bond. By retiring 

some bonds in the issue early, the issuer reduces the amount of principal it must pay when 

the bonds mature, thus reducing the likelihood of crisis at maturity. This works to the 

benefit of investors in risky corporate bonds, and so yields are lower on risky corporate 

bonds with a sinking fund provision because of this effect. Empirical evidence by Ho and 

Lee (1985) suggests that premiums associated with the amortization effect appears to be 

stronger that the delivery option effect, but that neither of these sinking fund effects are 

statistically significant. This implies that pairing of risky and risk-free bonds based on the 

existence of sinking fund provisions may not be necessary. However, since the central 

conclusion by Ho and Lee ignores the riskiness of the bonds included in the analysis, they 

may simply be aggregating the two effects within one portfolio. If this is tme, we would 

expect the delivery option effect to be stronger for riskless bonds, driving up their required 

retum to compensate for the risk of having to sell the bond prior to maturity, while there 

would be virtually no amortization effect. We would also expect the amortization effect to 
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be strongest in riskier bonds, driving down their required retum due to reduced fear of 

crisis at maturity, while the delivery option effect would be expected to be small. 

Because of the very different impact of sinking fund provisions on risky versus 

riskless bond yields there is no way to control for the effect of these provisions by simply 

pairing the observations. Therefore, an additional variable must be incorporated into the 

model to capture this effect. Since a bond either does or does not have a sinking fund 

provision, the use of a dummy variables to capture the presence of a sinking fund provision 

is proposed. The dummy variable, Di, will be set to zero if the risky bond has no sinking 

fund provision and will be set to one if the risky bond does have a sinking fund provision. 

The expanded general model. Ml, would appear as: 

Y( l - a ) - aA ,= 

po + pi * rf + p2*(AAA- rf*) + P4* CVg + Ps* Dj (2.12) 

The resulting M2 model is: 

Y ( l - a ) - a ^ = 

po + pi * rf + p2*(AAA- rf*) + p3 *(B3 - RF3) + p4* CVg + Ps* Dj (2.13) 

Estimates of ps should be expected to be negative, indicating that the risky corporate bond 

yield, and hence the expected remm on the risky corporate bond, should be reduced due to 

the reduced risk of crisis at maturity for this risky corporate bond with a sinking fund 

option. 

The AAA-rf* regression equation must also be extended to include a variable to 

capture the existence of a sinking fund provision for the AAA rated bond, in order to 
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control for the effects of this provision on the yield spread between the AAA rated bond 

and the risk-free rate. Another dummy variable, D2, will be set to zero if the AAA rated 

corporate bond has no sinking fund provision and will be set to one if the AAA rated 

corporate bond does have a sinking fund provision. Thus, the new equation becomes: 

AAA-Rf = b^ + bb * CVAAA + bc*D2 + e. (2.14) 

Estimates of be should be expected to be negative, indicating that the risk-free bond yield 

includes an excess premium to compensate for the delivery option effect of a bond with a 

sinking fund option, which should be removed before using this yield to estimate the yield 

on a comparable risky corporate bond. Because it is not clear whether Moody's ratings 

control for sinking fund amortization effects when determining the credit risk of a 

particular bond issue the estimate of b^ may also tum out to be insignificant or positive. 

Issues Related to Other Provisions of the Indenture Agreement. The various other 

features included in indenture agreements for bonds pose difficult problems when trying to 

match bonds for this analysis. Bonds that are exchangeable or convertible may be valued 

based on the cash flows of the security for which they can be traded, thus distorting the 

comparison of yields across risk classes. Put options tend to work in the favor of 

investors, giving them the ability to minimize their losses if the company begins to perform 

poorly. This results in lower required yields on bonds that provide this option than on 

bonds that do not contain this option, and so further distorts the relationship between 

yields on bonds of different risk classes. Since bonds that contain these features are a 

relatively small subset of all corporate bonds outstanding, and the exact nature of the 
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feature would be difficult to match in a different security, bonds containing exchangeable, 

convertible, or put option features have been excluded from the sample to reduce the 

amount of randomness introduced into the analysis. 

Issues Related to Time to Maturity. A commonly overlooked facet of the 

homogeneity requirement when comparing yields on risky versus riskless bonds is the 

requirement that the bonds have the same length of time remaining until maturity. There 

are generally three considerations regarding the time to maturity of the bonds to be 

included in the portfoho. The first is primarily theoretical. In order to be certain that we 

are comparing data on bonds that are homogeneous in all respects except default risk, the 

bonds being compared must be of very nearly the same time to maturity. Otherwise, it is 

difficult to dichotomize any observed premiums between those related to default risk and 

those related to term stmcture effects. Most research on default risk has ignored this 

consideration, or at best has opted to compare bond portfolios with similar average time to 

maturity, within a few years. Depending on the shape of the yield curve, the time to 

maturity of the portfolio, differences in the maturity of the portfolios, and differences in the 

distribution of times to maturity of the bonds used to constmct these portfolios, there can 

be dramatic differences in the promised yields on the portfolios, completely independent of 

differences in the default risk of the bonds. This maturity effect is fiirther exacerbated by 

the fact that many risky corporate bonds possess call features, so that the effective time to 

maturity when the bond is priced may be significantly shorter than its actual time to 

maturity due to the risk of call. In this study, bonds will be grouped based on time to 
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maturity such that bonds that mature in the same six month period, beginning with January 

of each year will be treated as having the same time to maturity. Risky corporate bonds 

and riskless bonds will be paired based on the requirement that they be in the same time to 

maturity group. This should minimize yield differences related to time to maturity for 

bonds with longer times to maturity. However, for bonds with very short times to 

maturity, the six month window may be too wide to result in homogeneity of the bonds in 

the group with respect to yield. 

The second maturity consideration also involves these bonds with very short times 

to maturity. As bonds near maturity, their duration falls, ceteris paribus. That is, the effect 

of a given change in yield on the price of the bond diminishes. Since we are inferring yield 

from price, the duration relationship must be viewed in reverse. It takes less of a pricing 

error to result in the same yield error, or altematively, the same size pricing error has a 

larger impact on estimates of the yield. Therefore, bonds with very short times to maturity 

are likely to contain a larger error in estimates of the yield than bonds with longer times to 

maturity. To reduce the effects of errors in estimating yields on bonds with short times to 

maturity, and also reduce the problems with non-homogeneity of short term bonds with 

regard to time to maturity, only bonds with a time to maturity greater than one year will be 

included in the analysis. The one year criterion is intended to be long enough to eliminate 

from the sample those bonds for which the effect of errors in price on yield calculations is 

so great that it would result in significant measurement error, but short enough so as not to 

exclude bonds unnecessarily, thus significantly reducing the sample size. By eliminating the 
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bonds with very short times to maturity the effects of crisis at maturity on estimates of the 

expected probability of default and expected recovery rate upon default is also reduced. 

The third maturity consideration is related to the ratings drift research cited 

previously. If bonds with different times to maturity have different average annual default 

rates and recovery rates in default, then this research must distinguish between the time to 

maturity of bonds when calculating expected default rates and recovery rates in default. 

While there has been no direct research related to the relationship between expected or 

actual default rates or recovery rates and time till maturity, the rating drift research is 

relevant, since it addresses the question of what happens to a bonds rating over time. 

Altman (1992) suggests that there is no relationship between the length of time a bond is in 

the market and its average default rate or recovery rate. He goes on to say that there is no 

reason, other than fluctuations in economic conditions, to expect actual default rates on 

bonds of differing maturities to vary over time if the mortality aging approach suggested in 

his paper is used. He explains that findings of a relationship between maturity and default 

are a direct result of biases in the measurement of the default rate. If this rate is calculated 

as the percentage of bonds defaulting to bonds remaining after a period of time, there will 

be fewer bonds left in the portfolio over time, due to previous defaults and calls. Thus, 

even though the same proportion of the original portfolio defaults every year, on average, 

this represents an increasing proportion of the remaining portfolio because this portfolio is 

reduced every year. Such inadequacies in the default rate calculations have led 
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representatives from Moody's and S&P to assure investors that they do not perceive any 

difference in creditworthiness between similarly rated bonds of different times to maturity. 

A final comment is in order regarding the maturity issue. There may be some 

concem that variations in the yield on both risky and risk-free bonds related to differences 

in time to maturity might be mistaken for a risk premium that increases as the risk-free rate 

increases. Since the analysis is conducted based on a comparison of the risk-free yield 

versus the expected yield on a risky corporate bond, and the bonds paired in each 

observation in the analysis are of similar time to maturity, any term premium that might 

exist should already exist in both yields. Thus, any differences between the two yields 

should not be interpreted as resulting from a term premium. 

However, to control for the possibility that there is an effect related to time to 

maturity even after pairing the risky and risk-free bonds based on maturity, a variable 

labeled MAT, representing the time to maturity in years, will be include in general model. 

The expanded Ml model would appear as: 

Y ( l - a ) - a ^ = 

po + pi * rf + P2*(AAA- rf*) + p4* CVg + Ps* Dj + p6* MAT. (2.15) 

The resulting M2 model is: 

Y(l - a) - aA, = po + pi * rf + P2*(AAA- rf*) + 

p3 *(B3 - RF3) + p4* CVg + Ps* Dj + p6* MAT. (2.16) 

The p6 parameter associated with this variable will be insignificant if there is no effect 

related to maturity beyond that already controlled by the pairing of observations. If there is 
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an additional affect, the p6 parameter will probably be positive, reflecting some additional 

term premium that increases as maturity increases. 

This variable should also be included in the regression used to cleanse the AAA-rf* 

variable. Therefore, a variable representing the time to maturity in years, for each 

observation will be include in this regression as follows: 

AAA-Rf = b^ + bb * CVAAA + bc*D2 + bd*MAT + e. (2.17) 

The bd parameter may be positive or zero depending on whether any additional effect is 

identified, and assuming that any term premium that is identified will increase as a function 

of maturity. 

Issues Related to Marketability. One characteristic of the "Between Portfolio" 

homogeneity requirement is related less to specific indenture agreement features of the 

bond and related more to differences in the marketplace in which the bonds trade. This 

characteristic is marketability. Marketability is one of the more closely scmtinized 

homogeneity requirements in past studies. In one of the earliest empirical studies to 

investigate the relationship between promised yields on risky versus riskless bonds, Fisher 

(1959) notes that investors will demand a premium for investing in markets where a single 

investor's actions can have an impact on the price of a particular security. Unfortunately, 

this definition of marketability is difficult to operationalize, so Fisher settled on the market 

value of all publicly traded bonds the firm has outstanding as a proxy for marketability. 

The logic of this choice is sunmiarized as follows: other things being equal, the smaller the 

amount of bonds outstanding, the less frequendy the bonds should be expected to change 
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hands. The less often the bonds change hands, the thinner the market. The thinner the 

market the more uncertain is the market price. This uncertainty in the market price can 

result in additional measurement error in the rate the price is calculated from. As a result, 

additional hquidity premiums are usually required by investors to trade in extremely thin 

markets. 

Since the time of Fisher's introduction of this proxy, a number of researchers, 

including Fons and Kim, have introduced it into their work. The usual implementation 

takes the form of excluding bonds with market values outstanding that are below a certain 

level, often 25 million dollars. The rationale is that the marketability of bonds with market 

value outstanding that is above a threshold can all be viewed as unaffected by the actions of 

a single investor. While this logic makes sense, it is unclear why 25 million dollars has 

been accepted as the appropriate threshold or why the market value of debt outstanding is 

used instead of the par value outstanding. Since the logic is based on the number of bonds 

outstanding and hence available to trade, the par value outstanding would provide a more 

accurate assessment of this than the market value. Also, since the logic for using value of 

debt outstanding as a proxy for marketability is based on the relationship between bonds 

outstanding and trading frequency, it is the ease of trading for the bonds in the particular 

issue that is of importance, so only the par value of bonds outstanding for the particular 

issue should be considered in this proxy. In this study, the influence of liquidity, proxied by 

the par value of bonds outstanding, on the promised yield for risky corporate bonds will be 

accounted for in two ways. 
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First, a visual inspection of the par value versus yield relationship will be 

conducted. Bonds will be paired based on their call features, sinking fund provisions and 

whether or not they are listed on an organized exchange. This pairing is designed to 

control for interest rate differentials between similar bonds that can affect the bonds yield. 

The interest rate of a Treasury bond of like maturity is then deducted from the yield on this 

bond. This treatment is designed to control for variations in the interest rates of the bonds 

due to maturity differences. Finally, this difference between the yield on the risky 

corporate bond and the yield on a Treasury bond of comparable maturity is plotted on the 

vertical axis and the par value of debt outstanding for the bond is plotted on the horizontal 

axis. If there is a relationship between liquidity, proxied here by par value outstanding, 

and the promised yield on these bonds, some systematic pattem should be observed in 

these plots. Examples of such pattems include a plot that appears to be upward sloping, 

downward sloping, curved or kinked. If consistent evidence of a relationship between par 

value outstanding and yield is indicated, additional regressions will be performed to 

determine whether a threshold par value outstanding exists at which liquidity premiums 

tend to change, and if so, die value of this threshold. If a threshold value exists, it will be 

used as the basis for determining which bonds will be considered of high versus low 

liquidity for purposes of the study. Bonds will then be paired based on this ranking. If no 

threshold value can be identified, no pairing based on the par value outstanding will be 

conducted. 
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Second, a variable measuring the par value outstanding of the risky corporate bond, 

labeled PARB, will be included in the final regression model in order the capture any 

relationship that is not obvious from the visual inspection. The expanded Ml model, would 

appear as: 

Y(l - a) - aA, =po + pi * rf + p2*(AAA- rf*) + p4* CVg + 

P5*Di + p6* MAT + PT* PARB. (2.18) 

The resulting M2 model is: 

Y(l - a) - aA, = po + pi * rf + P2*(AAA- rf*) + P3 *(B3 - RF3) + P4* CVg + ps* Dj 

+ P6* MAT + P7* PARB. (2.19) 

The parameter associated with this new variable would be expected to be negative if any 

effect is detected, indicating that the yield drops as the par value of debt outstanding 

increases, and, by assumption, the marketability of the bond improves. 

Again, a similar control variable, labeled PARAAA, must be included in the 

regression used to cleanse the AAA-rf* variable of any unwanted variation. The equation 

would be expanded to include this variable as follows: 

AAA-Rf = b^ + b^ * CVAAA + bc*D2 + bd*MAT + be*PARAAA + e. (2.20) 

The parameter associated with this variable would also be expected to be negative. 

The issues of whether the bond has traded recently and whether it trades on an 

organized exchange, which have already been discussed, are also important in assessing the 

marketability of the bond. Recall that bonds will only be included in the sample if they 
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have traded within the last month. Bonds will be paired based on whether or not they trade 

on an organized exchange. 

Research Methodology 

Cross-sectional versus Time Series Design Issues. 

To address the research question proposed by this study it is necessary to compare 

expected yields on risky corporate bonds to promised yields on similar virtually riskless 

bonds. At first inspection it would seem appropriate simply to constmct a time series of 

the two yields of interest and compare them using an OLS regression technique. However, 

closer consideration reveals that this approach may not be satisfactory given the namre of 

the data and the research question under investigation. The problem arises due to the 

nature of interest rate time series. Granger (1986) notes that there is some evidence that 

the level of the risk-free rate is non-stationary over time. Using a version of the option 

pricing model, Ambarish and Subrahmanyam (1991) have demonstrated that, even if the 

risk-free rate is stationary, the expected yield on a risky corporate bond will be non-

stationary, due to the effect that changes in the value of the underlying assets will have on 

the value to the issuer of the option to default on the bonds. According to Damell and 

Evans (1990), if both the dependent and independent variables in an OLS regression 

analysis are non-stationary, but are cointegrated, the parameter estimates using OLS are 

still consistent, but the asymptotic theory does not result in standard values for evaluating 

significance tests. This possibility does not represent a significant stumbling block, since it 
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is possible to simply conduct the analysis using the modified significance tables developed 

by Dickey and Fuller (1979). The problem arises if a risk premium does exist and is also 

non-stationary. As Damell and Evans (1990) explain, if auxihary hypotheses, such as the 

ones in this analysis regarding the nature of the risk premium, are not adequately modeled, 

the significance test may inadvertently fail to reject the hypothesis that no relationship 

exists between the dependent and independent variables. Engle, Lilien, and Robins (1987) 

note that "as the degree of uncertainty in asset retums varies over time, the compensation 

required by risk averse economic agents for holding these assets, must also vary over time" 

(p. 391). Thus, it is very likely that, if a risk premium exists, it will vary over time. If this 

variation of the risk premium over time is non-stationary, additional modehng of the risk 

premium must be done, or time series analysis may be unable to determine the tme 

relationship between yields on risky versus riskless bonds. 

Given the problems associated with using time series data to address this research 

question, it is recommended that cross-sectional data be used. The cross-sectional data 

should provide sufficient variation to conduct a covariance analysis provided that the 

observations differ by maturity and the term stmcture is not flat. However, some variation 

over time is necessary in the data in order to test the secondary hypothesis of stability of 

the risk premium over time, given that one is found to exist. This means that the analysis 

must be conducted on blocks of cross sectional data collected at different points in time. 
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General Data Stmcture 

Based on the previous discussions, data have been organized along two dimensions. 

The first is the aggregation of bond information by cohorts. Cohort will be defined by the 

date that the bond is assumed to be purchased. For purposes of this study all bonds will be 

assumed to have been purchased in January of the relevant year. The cohorts for the study 

are January 1982, January 1986, and January 1990. 

The second dimension is the matching of individual bonds by certain homogeneity 

requirements in order to create a single observation with all of the variables required for 

this analysis. Recall that each observation must contain information from a Treasury bond, 

a AAA rated bond and a B rated bond. The bonds must be matched carefully along this 

second dimension to prevent the introduction of unwanted noise into the data set. To carry 

out this matching, first all AAA rated bonds and all B rated bonds are matched. This 

matching is performed based on the following criteria: 

Cohort - Bonds must be from the same cohort, as defined above. 

Maturity - Bonds must mature in the same period. This is determined by 

assigning a value to the bond equal to the year in which it mamres, 

and another value which is equal to 1 if the bond mamres in the first 

six month of the year and a 2 if it matures in the second six months 

of the year. If the bonds are identical with respect to both of these 

values then they are treated as maturing in the same period. 

Call Feature -Bonds must be in a similar status with regard to call features. 
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Bonds are assigned a number based on their status with regard to 

call features. If the bond is not callable the number is set equal to 1. 

If the bond can be called at a future date, but is not currently 

callable, then the number is set equal to 2. If the bond is currently 

eligible to be called then the number is set to 3. Bonds are treated 

as being in the same call status if they have the same number 

assigned to them. 

Exchange Listing - Bonds must be of the same Exchange listing status. Bonds are 

assigned a value of Y is they are listed on an organized exchange, 

and a value of N if they are not. Bonds must have the same value of 

this variable to be considered of the same Exchange listing status. 

The AAA and B rated bonds must be alike with respect to all of these criteria in 

order to be paired together in a single observation. Otherwise they are not included in the 

final data set at all. Note that there may be more than one possible combination of bonds. 

That is, there may be two B rated bonds with identical values for all of these criteria, and 

two AAA rated bonds that also have identical values for all of these criteria. Rather than 

arbitrarily assign each B rated bond to one AAA rated bond, all possible combinations are 

created. In the above example, the pairing would result in four observations. 

After these pairs are created, the observation is matched with a Treasury bond that 

is in the same cohort and matures in the same period, based on the descriptions of these 

criteria provided above. In this instance, if there are multiple Treasury bonds which could 

94 



match a single observation comprised of information for both a AAA rated bond and a B 

rated bond, the average yield of the multiple Treasury bonds is the yield used in the 

observation. 

The results of aggregation along the dimensions of cohort and homogeneity will 

result in three cross-sectional block of data. Within each block the observations will vary 

by maturity, call feature status and exchange listing status, as defined above, but not 

cohort. Between cross-sectional blocks the observations will differ by cohort. There is no 

relationship between the observations included in one cross-sectional block and those 

included in another cross-sectional block. 

Data Considerations Related to (BT^- RF3) Variable 

Recall that this entire analysis must be conducted once using the Ml model and 

again using the M2 model. This analysis of the M2 model is required in order to determine 

the impact of including the variable to capture default expectations beyond the period of 

the study, labeled (B3 - RF3), in the model. Because some of the B rated bonds in the 

original sample will have matured or been retired by calls and sinking funds during the 

three year research period, no pricing information is available three years after the cohort 

investment date for these bonds. Therefore, the observations for which no pricing 

information is available three years after the cohort investment date must be excluded from 

the sample when conducting the analysis on the M2 model. Inclusion of this variable in 

the model requires that we also exclude defaulted issues from the analysis to avoid double 
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counting the effects of default on the parameter estimates. This double counting would 

occur because the model would include information on these defaults in the dependent 

variable which is calculated using the expected default rate and the expected recovery rate 

in default, and the information would also be included in the price of these bonds after 

default in the (B3 - RF3) variable. To avoid confusion, the full sample used in the analysis 

of the Ml model will be referred to as the SI sample. The reduced sample necessitated by 

the inclusion of the new variable, B3 - RF3 , will be referred to as S2. 

Data Considerations Related to the Bond Pairing Methodology 

The methodology described for pairing AAA rated bonds with B rated bonds may 

allow for outliers to exert undue influence on the results of the analysis, if they are over-

represented in the sample. Furthermore, this type of matching could result in a violation of 

the OLS regression assumption regarding the independence of error terms. Either of these 

effects would bring into question the conclusions of the study. 

To determine the effect of the use of this methodology on the conclusions of the 

study, a third sample, which will be referred to as the S3 sample, must be created and 

analyzed. In this sample, bonds in each rating class will be combined into small portfolios, 

based on the specified matching criteria and weighted by the market value of bonds 

outstanding for each bond. The small portfolios of AAA rated bonds will then be paired 

with similar portfohos of B rated bonds, based on the same specified matching criteria. 

Then the primary and secondary analyses will be conducted on this sample. 
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If the results from the analysis of this S3 sample are similar to the results from 

analyzing the S1 sample, this can be viewed as evidence that the matching procedure used 

for developing the SI sample did not significantly affect the conclusions of the study. 

Altematively, if there are marked differences between the results from analyzing the S3 

sample, versus results from analyzing the SI sample, this can be viewed as evidence that 

the matching procedure used did affect the conclusions of the study. In this instance, the 

conclusions from the analysis using the S3 sample should be reported as the conclusions 

reported for the study. 

Description of Statistical Approach 

The three altemative specifications of the general model in equation 1.30 must be 

compared to each other in order to determine which specification best explains the 

relationship between the promised yield on risky versus riskless bonds. In each 

comparison one specification of the model may be identified as the assumed tme 

specification, meaning that it will be assumed to be the specification that best explains the 

relationship. Each of the other specifications of the general model will be treated as the 

altemative specification, and will be evaluated as to whether it provides significantly more 

explanatory power than the assumed tme specification of the model. This approach will 

result in the following six separate comparisons of altemate specifications of the general 

model in equation 1.30: 
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1. Assume the Yawitz model as the tme specification, and evaluate the Pye model 

as the altemative specification. 

2. Assume the Yawitz model as the tme specification, and evaluate the Wu model 

as the altemative specification. 

3. Assume the Pye model as the tme specification, and evaluate the Yawitz model 

as the altemative specification. 

4. Assume the Pye model as the tme specification, and evaluate the Wu model as 

the altemative specification. 

5. Assume the Wu model as the tme specification, and evaluate the Yawitz model 

as the altemative specification, and 

6. Assume the Wu model as the tme specification, and evaluate the Pye model as 

the altemative specification. 

The null hypothesis to be evaluated in these comparisons is that there is no 

difference between the explanatory power of the assumed tme specification of the model 

and the altemative specification of the model. Tests of such comparisons are typically one

sided tests with an altemative hypothesis that the altemative specification of the model 

provides significantly more explanatory power than the assumed tme specification of the 

model. The basic notion is that, if the altemative specification of the model cannot provide 

significantly more explanatory power than the assumed tme specification of the model, 

then it should not be considered as the best specification of the model. 
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The partial F-test. The partial F-test is ideal for situations where one specification 

of the model is nested within another specification of model. This occurs when one model 

can be formulated by placing restrictions on parameters in the other model. Perhaps an 

example using the model proposed in equation 2.18 will help clarify when such a situation 

exists. Recall from equation 2.18 that: 

Y(l - a) - a>. =po + pi * rf + P2*(AAA- rf*) + P4* CVg +ps* Dj + p6* MAT 

+ PT* PARB. 

Using this model, recall that the Yawitz specification of the model assumes that po 

= 0 and pi = 1. Altematively, the Pye specification of the model assumes that po 

> 0 and Pi = 1. The Yawitz specification of the model can be viewed as nested within the 

Pye specification of the model, because all of the variables included in the Yawitz 

specification of the model are also included in the Pye specification of the model. 

However, the Pye specification of the model is not nested within the Yawitz specification 

of the model, because the intercept term in the Pye specification of the model, included to 

capture a risk premium, is not included in the Yawitz specification of the model. 

Because the Yawitz specification of the model is nested within the Pye specification 

of the model, a partial F-test can be conducted. That is, parameter estimates for the Pye 

specification of the model will be calculated using the following model: 

Y(l - a) - a>. =po + rf + p2*(AAA- rf*) + p4* CVg + ps* D^ 

+ p6* MAT + p7* PARB. (2.21) 
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and parameter estimates for the Yawitz specification of the model will be calculated using 

the following model: 

Y(l - a) - a>. = rf + P2*(AAA- rf*) + P4* CVg + Ps* Dj 

+ p6* MAT + p7* PARB. (2.22) 

Using the error sum of squares from the model estimations, an F-statistic will be 

calculated such that the error sum of squares from the Yawitz model minus the error sum 

of squares from the Pye, divided by one (the number of parameters restricted in between 

the two models), will be used in the numerator, and the error sum of squares from the Pye 

model, divided by its degrees of freedom, will be used in the denominator. Significant 

values of this F-test statistic would be interpreted as evidence that the model with the 

smaller error sum of squares provides significantly more explanatory power than the model 

with the largest error sum of squares. Insignificant values of the F-test statistic suggest 

that there is no significant difference in explanatory power between the two specifications 

of the model. 

The Yawitz specification of the model can be also be viewed as nested within the 

Wu specification of the model, because all of the variables included in the Yawitz 

specification of the model, are also included in the Wu specification of the model. 

Therefore, a partial F-test can be used to evaluate the relative explanatory power of these 

two models as well. Parameter estimates for the Wu specification of the model will be 

calculated using the following model: 
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Y(l - a) - a>- = pi * rf + p2*(AAA- rf*) + p4* CVg + Ps* Dj 

+ p6* MAT + p7* PARB, (2.23) 

and parameter estimates for the Yawitz specification of the model will be calculated using 

the model in equation 2.22. Using the error sum of squares from the model estimations, 

and the approach discussed above, one more F-statistics will be calculated. As discussed 

above, significant values of this F-test statistic would be interpreted as evidence that the 

Wu model provides significantly more explanatory power than the Yawitz model. 

Insignificant values of the F-test statistic suggest that there is no significant difference in 

explanatory power between the two specifications of the model 

Because the Yawitz model is a special case of both the Pye and Wu models, it can 

be demonstrated mathematically that the Yawitz model will never have more explanatory 

power than either of the other two models. Thus no formal test of the hypotheses that the 

Yawitz model provides more explanatory power that either the Pye or Wu models is 

provided. Also, because the Pye and Wu specifications of the general model are not 

nested altemative specifications, comparisons using the approach previously described are 

not feasible. Therefore, an altemative test is proposed for evaluating the relative 

explanatory power of these two specifications of the general model. 

The J-test. The comparison which assumes the Pye model as the tme specification, 

and the Wu model as the altemative specification, as well as the comparison which 

assumes the Wu model as the tme specification, and the Pye model as the altemative 

specification, are comparisons of non-nested linear regression models. Two models are 
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said to be non-nested when neither model can be formulated by placing restrictions on 

parameters in the other model. In tiiis instance the Pye specification of the general model is 

a linear regression model that includes a variable to capture an additive risk premium. This 

variable is not present in the Wu specification of the model, so the Pye model could not be 

stated as a special case of the Wu model. Altematively, the Wu specification of the 

general model is a linear regression model that includes a variable to capture a 

multiplicative risk premium. This variable is not present in the Pye specification of the 

model, so the Wu model could not be stated as a special case of the Pye model. 

A relatively straightforward method of determining which of two linear non

nested regression models better explains the relationship under investigation is the J-test, 

proposed by Davidson and MacKinnon (1981). Using this test, an artificial regression that 

includes all of the parameters from an assumed tme model, which will be referred to as 

model A, are included in a regression along with the predicted values from an altemative 

model, which will be referred to as model B, as in the following equation: 
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Y = (l-a)*X*p + a*Z'y, 

where : Y = a vector of observations on the dependent variable, 

X*p = the vector of variables in the assumed tme model. A, and 

their associated parameters, 

Z'y= the vector of predicted values from the altemative model, B, 

and 

a = a parameter to be estimated which determines the weight that 

X*P and Z'y will have in the artificial regression. 

Under the null hypothesis that model A is in fact the correct specification of the 

model, a would equal zero. The J-test statistic would be computed as the t-test statistic 

on a. In order to determine whether or not to reject this null hypothesis this J-test statistic 

would be compared to an asymptotic t-distribution. Rejection of the null hypothesis is 

equivalent to rejection of model A as the best model for explaining the relationship under 

investigation. Alternatively, a failure to reject the null hypothesis is a equivalent to failure 

to disprove that model A is in fact the model that best explains the relationship under 

investigation. Rejection of the null hypothesis does not imply that model B provides more 

explanatory power than model A, just as a failure to reject the null hypothesis does not 

imply that model A provides more explanatory power than model B. In a simation where 

we are comparing only two models, the test must be conducted a second time with the 

roles of the two models reversed, in order to make such determinations. That is, model B 

would have to be treated as the assumed tme model, and model A would have to be 
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treated as the altemative model. Another J-test would have to be conducted using this new 

arrangement, and the t-test statistic for the new a would have to be evaluated. Because we 

would actually be performing two hypothesis tests the set of possible conclusions would be 

as follows: 

1. We can reject die null hypothesis in one instance but not the other. 

2. We cannot reject the null hypothesis in either instance. 

3. We can reject the null hypothesis in both instances. 

The first outcome is the only outcome that would support one model over the 

other. In this instance we would conclude that the assumed tme model for which the null 

hypotiiesis is not rejected, is the better model. The second outcome indicates that the data 

do not provide evidence to reject either model as the tme model. This may be viewed as 

evidence that the distinction between the two models being compared is more subtie than 

can be detected in the data used for the analysis. The third outcome provides evidence that 

neither of the models being compared is the tme model. Both the second and third 

outcomes are said to be non-definitive results because they do not clearly indicate a single 

model as the better model. However there is a distinction between the information from 

these last two results. The second result, where neither a parameter was significant, 

provides no information on how the analysis might be improved to provide a definitive 

result. However, MacKinnon (1983) suggests that in instances where both a parameters 

are significant, as in the third outcome, the sign of the a parameter in each model may 

provide some additional insight into the nature of the tme model. Knowledge of the signs 
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of the a parameters it will indicate whether the tme model represents a combination of the 

two proposed models, or something different altogether, consistent with the discussions 

related to the Cox tests in Fisher and McAleer (1979). As Fisher and McAleer (1979) 

explain, if the sign of the a parameter is positive, the actual tme model is likely to contain 

the variables from the altemative tme model as well as some additional variables from the 

assumed tme model. Conversely, if the sign of the a parameter is negative, the tme model 

is not likely to include all of the variables from the altemative model, but may include 

variables from the assumed tme model as well as some other variables. Thus, in a 

comparison of two models, if the j-test statistic is significant and positive in both test, this 

may be interpreted as evidence that a model combining all of the parameters from the two 

models is a good candidate for the tme model. If only one of the statistics is significantly 

positive, while the other is significantiy negative, this may be interpreted as evidence that 

the altemative model in the instance where the statistic is positive is a good foundation for 

the actual tme model, but some variables from the assumed tme model are good candidates 

for improving this model. If both statistics are significantly negative, this may be 

interpreted as evidence that the tme model may not include all of the variables in either of 

the models being compared, and is likely to include variables not in either of the models 

being compared. 

While the J-test is relatively straightforward in terms of implementation and 

interpretation, the conclusions derived from this test may not always be reliable. A number 

of researchers, including Davidson and MacKinnon (1982), MacKinnon (1983), Godfrey 
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and Pesaran (1983) and Godfrey et al. (1988) have noted that under certain conditions the 

test statistic may have above nominal size, so that it may indicate rejection the null 

hypothesis of a=0 when in fact the null hypothesis is tme, with greater probability than is 

consistent with the probability predicted by the asymptotic t-distribution. Davidson and 

MacKinnon (1982) discuss the fact that the numerator of the test statistic for the J-test is 

positive for small sample sizes and is only equal to zero asymptotically. Therefore, the 

statistic may be inappropriately large for small sample sizes, so that the p-value indicated 

by comparing the j-test statistic to an asymptotic t-distribution is actually less than the tme 

p-value. Consistent with the findings of Davidson and MacKiimon (1982) and MacKirmon 

(1983), Godfrey and Pesaran (1983) demonstrate via Monte Carlo simulation that even in 

situations where sample sizes are as large as 60 observations the J-test statistic can exhibit 

above nominal size. Their evidence suggests that the tme p-value may be 15-25% larger 

than the value indicated by the j-test statistic, so that, for example, a p-value of .05 derived 

using the J-test statistic may actually be associated with a probability of Type I error 

ranging from .05 to .0625. Using econometric methods, Godfrey and Pesaran (1983) carry 

this analysis further, suggesting tiiat the j-test statistic may have above nominal size under 

other conditions independent of sample size. They demonstrate mathematically that the 

statistic may under-estimate Type I errors if the assumed tme model is of relatively poor 

fit. They do not conduct any simulations regarding the impact of various level of fit on the 

Type I error rate, so no information on what level of R-square constimtes "poor fit" is 

provided. In addition to these factors, Godfrey and Pesaran (1983) indicate tiiat the 
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statistic may under-estimate Type I errors when there are more regressors in the altemative 

model than in the assumed tme model, or when there is low or moderate collinearity 

between the variables included in the models being compared. Collinearity here is 

characterized by the number of regressors that the two models have in common. 

For the two models compared in this analysis the number of regressors in each 

model being compared is equal. Furthermore, the parameter to capture an additive versus 

a multiplicative risk premium is the only unique regressor between the Pye and Wu models. 

Thus, the last two conditions that could result in abnormally large test statistics do not 

apply in this analysis.' However, it is certainly possible that the sample size for some of the 

analysis will be below 60 observations, and that the assumed tme model may not provide 

very good fit. In these instances, if the J-test statistic suggests that we should fail to reject 

the null hypothesis, this can be viewed as a conclusive result. Altematively, if the J-test 

statistic is large enough to suggest that we should reject the null hypothesis and either the 

sample size is small or the fit of the assumed tme model is poor, there is reason to be 

suspicious of whether this is a valid rejection or a false rejection related to biases in the J-

test statistic. 

Consistent with the methodology of the J-test, the analysis will begin by estimating 

parameters for the general model: 

^This conclusion is based on communications with Mitchell Want, Asst. Prof. 
Dept. of Math and Statistics at the Univ. of Missouri, RoUa, whose unpublished 
dissertation suggests that, in general, comparisons of linear non-nested models where 
there is only one non-overlapping regressor between the two models are not likely to 
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Y(l - a) - aX, =Po + pi * rf + p2*(AAA- rf*) + p4* CVg + ps* Dj 

+ Pe* MAT + p7* PARB. 

as presented in equation 2.18, based on the assumption that the hypotheses embodied by 

each specification of the model are tme. Thus, for the Pye specification of the model the 

equation will be estimated by forcing Pi = 1 to prevent the regression from estimating any 

premium as a function of the risk-free rate. For the model suggested by Kidwell and 

Trczinka, and Wu the equation will be estimated by forcing po = 0 to prevent the 

regression from estimating a constant premium. 

The statistic for the J-test is formulated as the statistic for an asymptotic t-test 

calculated on the regression coefficient associated with a variable representing the 

predicted values of the altemative specification of a model when it is included in a 

regression equation with all of the variables in the assumed tme specification of die model. 

The vector of predicted values to be included in the regression are calculated by estimating 

a regression using the model designated as the altemative specification of the model, and 

then calculating the predicted values for each observation in the sample based on the 

estimation of this model. 

As an example, say that the Pye model is determined to be the altemative 

specification of the model, and the Wu model is the assumed tme model. A regression 

would be estimated using the Pye specification of the model and predicted values of the 

result in under-estimates of the tme Type I error rate, assuming that the other three 
conditions discussed above are not problematic. 
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dependent variable would be calculated. These predicted values are represented by the 

variable PYEp. We would include these values in the Wu model, as follows: 

Y( 1 - a) - aX, =po + Pi * rf + p2*(AAA- rf*) + p4* CVg + 

ps* Dj + p6* MAT + p7* PARB + p8*PYEp. (2.24) 

This is the formulation of the regression to determine the J-test statistic with the Pye 

specification of the model as the altemative model and the Wu specification of the model as 

the assumed tme model. An asymptotic t-test statistic is calculated on the pg parameter. 

To determine whether the Pye specification of the model provides significantly more 

explanatory power than the Wu specification of the model, the p-value associated with the 

t-statistic for the pg parameter would be obtained. If this p-value is less than or equal to 

the threshold significance value, .05 in this study, then the test supports the hypothesis that 

the Pye specification of the model provides significantly more explanatory power than the 

Wu specification of the model. If this p-value is greater than the threshold significance 

value then the test fails to support the hypothesis that the Pye specification of the model 

provides significantiy more explanatory power than the Wu specification of the model. 

A similar test would be conducted using the Wu specification of the model as the 

altemative specification and the Pye specification of the model as the assumed tme model 

specification. This equation would appear as: 

Y(l - a) - aX, =po + rf + p2*(AAA- rf*) + p4* CVg + 

ps* Dj + P6* MAT + P7* PARB + p9*WUp. (2.25) 
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This is the formulation of die regression to determine the J-test statistic with the Wu 

specification of the model as the alternative model and the Pye specification of the model 

as the assumed tme model. Here the asymptotic t-test statistic is calculated for the p9 

parameter. To determine whether the Wu specification of the model provides significantiy 

more explanatory power than the Pye specification of the model, the p-value associated 

with the asymptotic t-statistic for the p9 parameter would be obtained by comparison to a 

standard normal distribution. If this p-value is less than or equal to the threshold 

significance value, .05 in this study, then the test supports the hypothesis that the Wu 

specification of the model provides significantly more explanatory power than the Pye 

specification of the model. If this p-value is greater than the threshold significance value 

then the test fails to support the hypothesis that the Pye specification of the model provides 

significantiy more explanatory power than the Wu specification of the model. 

As indicated previously, when comparing the performance of these two models, 

several combination of results for the models are possible. First, it is possible a will not be 

found to be significant in either model. This suggests that there is no information in the 

Pye model which would significantiy improve the explanatory power of the Wu model, and 

visa versa. This may indicate that the differences between the two models are so subtie 

that the data used to compare them does not contain information to distinguish between the 

two models. 

Second, it is possible that a will be found to be significant in one model but not the 

other. As an example, assume that when the Pye model is the assumed tme specification of 
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the model and the Wu model is the altemative specification, the parameter associated with 

the J-test statistic is significantiy different from zero, but when the Wu model is the 

assumed tme specification of the model and the Pye model is the altemative model, the 

parameter associated with the J-test statistic is not significantly different from zero. In this 

instance we would conclude that die Wu model is the model that better describes the 

relationship under investigation. Altematively, assume that the Wu model is die assumed 

tme specification of the model and the Pye model is the altemative specification, the 

parameter associated with the J-test statistic is significantiy different from zero, but when 

the Pye model is the assumed tme specification of the model and the Wu model is the 

altemative model, the parameter associated with the J-test statistic is not significantly 

different from zero. In this instance we would conclude that the Pye model is the model 

that better describes the relationship under investigation. 

Finally, it is possible that a will be found to be significant in both formulations of 

the test. Depending on the sign of a, different conclusions can be drawn. If a is positive 

in one instance but negative in the other, this can be interpreted as evidence that the actual 

tme model is likely to be a combination of the parameters in the altemative model from the 

formulation of the test where a is positive, as well as some of the parameters from the 

assimied tme model from this same formulation of the test. If a is positive in both 

instances, this can be interpreted as evidence that the actual tme model is likely to be a 

combination of all of the parameters in both of the models being compared. If a is negative 

in both instances, this can be interpreted as evidence that the actual tme model is likely to 
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include variables not currentiy included in either of the models under consideration. Any of 

these results provide useful information for future research. 

Table 2.1 provides a summary of the comparisons to be made in this analysis and 

the statistical tests used to evaluate these comparisons. 

Table 2.1. Evaluation Criteria for Comparison of Model Specification 

Assumed True model 
Yawitz 
Yawitz 

Pye 
Pye 
Wu 
Wu 

Alternative Model 
Pye 
Wu 

Yawitz 
Wu 

Yawitz 
Pye 

Evaluation Criteria 
Partial F-Test 
Partial F-Test 

No Test 
J-Test 

No Test 
J-Test 

Interpretation of Findings 

The analysis of results for each cross-sectional block will be reviewed to determine 

which model, if any is supported by the analysis. If the findings suggest that there is no 

significant difference between the explanatory power of the Yawitz model and the 

explanatory power of the other two models across all cohorts, the results will be 

interpreted as finding no evidence of a risk premium in the yields on risky corporate bonds. 

If the findings suggest that there is a significant difference between the explanatory power 

of either model including a risk premium and the explanatory power of the other two 

models across all cohorts, the results will be interpreted as finding evidence of a risk 

premium in risky corporate bonds as well as indicating which model best explains die yield 

on risky corporate bonds. If no single model is supported but all of the results indicate the 

presence of a risk premium in some form, the results will be interpreted as evidence of a 
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risk premium, but no clear evidence of which of the two models including a parameter to 

capture a risk premium is the model which best explains the yield on risky corporate bonds. 

Testing of the Secondary Hypothesis 

If evidence of a risk premium is found in the analysis, an additional analysis will be 

conducted on the combined data from all time periods, using a standard OLS regression 

methodology. However, in this second analysis dummy variables will be inserted into the 

model to control for variations in the observed risk premium over time. The Pye model 

would be expanded as follows: 

Yil-a)-aX = 

po + rf + P2*(AAA- rf*) + p4* CVg + ps* D^+ p6* MAT + p7* PARB + 

Pio *Ci + pii*Ci*(AAA- rf*) + Pi2*Ci* CVg + Pi3*Ci* D^+ Pi4*Ci* MAT + 

Pis*Ci* P A R B + Pi6 *C2+ pi7*C2*(AAA- rf*) + pi8*C2* CVg + pii9*C2* D^+ p2o*C2* 

MAT + p2i*C2* PARB. (2-26) 

The Wu model would be expanded as follows: 
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Y ( l - a ) - a > . = 

pi *rf + p2*(AAA- rf*) + p4* CVg + ps* D^+ p6* MAT + p7* PARB + 

pio *Ci*rf + Pii*Ci*(AAA- rf*) + pi2*Ci* CVg + pi3*Ci* D^+ pi4*Ci* MAT + 

Pis*Ci* P A R B + PI6 *C2*rf + Pi7*C2*(AAA- rf*) + Pi8*C2* CVg + Pii9*C2* Di+ P2o*C2* 

MAT + p2i*C2* PARB. (2.27) 

In each model Ci will be set to one if the observation comes from the cross-

sectional block for data collected based on a January 1986 investment date, and will be set 

to zero otherwise. C2 will be set to one if the observation comes from the cross-sectional 

block for data collected based on a January 1990 investment date, and will be set to zero 

otherwise. No dummy variable is needed for observations collected based on a January 

1982 investment date, since a value of 0 for both Ci and C2 implies that the observation 

must be from data collected based on a January 1982 investment date. Significant values 

for any parameter estimates for variables incorporating the Ci or C2 dummy variables 

provides evidence that the parameter varies significantiy over the three time periods. 

In equation 2.26, the Pio*Ci and pi6*C2 terms are included to model the possibihty 

that the additive risk premium assumed in the Pye model varies over time. Significant 

values for either pio or pi6 imply tiiat this additive risk premium varies significantiy over 

time. Either value may be positive or negative, depending on whether the level of the 

additive risk premium has increased or decreased from the 1982 cohort period to the 

cohort period associated with the particular variable. 
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In equation 2.27, the Pio*Ci*rf and Pi6*C2*rf terms are included to model the 

possibility that the multiplicative premium assumed in the Wu model varies over time. 

Significant values for eitiier pio or pi6 imply that tiiis multiplicative risk premium varies 

significantiy over time. Either value may be positive or negative, depending on whether tiie 

level of the multiplicative risk premium has increased or decreased from the 1982 cohort 

period to the cohort period associated with the particular variable. 

Data Descriptions 

This section describes the data used in the study, including the information that was 

collected, where it was collected, and how it was used to arrive at the information needed 

to conduct this analysis. 

All bond information was collected from the Moody's Bond Guide for cohorts 

representing investments starting in January 1982, 1986 and 1990. Bonds hsted in the 

Corporate bond section of the guide were used for corporate bond information and bonds 

listed in the U.S. Govemment Obligations section as Treasury notes or Treasury bonds 

were used for the Treasury bond information. Only corporate bonds with a AAA or B 

rating were selected, and then only if they had a current price listed, were straight debt with 

no exchange, put option or reset features, and paid in U.S. dollars. Bonds were excluded 

from the sample if they had less than one year to maturity. 

For each AAA and B rated bond in the sample, information was collected 

regarding: 
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1. whether or not it was listed on an exchange, 

2. the Moody's credit rating as of the beginning of its respective cohort, 

3. the current price, 

4. the maturity date, 

5. the coupon rate, 

6. the timing of coupon payments, 

7. whether or not it was callable, 

8. the call price, if callable 

9. the call date if callable, but has not been called, 

10. whether or not the indenture agreement includes a sinking fund feature, and 

11. the par value of outstanding debt on this bond issue. 

Using the current price as the investment amount, the coupon rates and timing of 

coupons to determine future cash flows, and the par value as the maturity value, intemal 

rate of retum calculations were performed to determine the yield to maturity as of the time 

of the cohort, for both the AAA and B bonds. This calculation assumes a 365-day year, 

and that interest is paid at the end of each coupon period. 

The difference between the current yield to maturity and Treasury rate of bonds of 

similar maturity as of the beginning of the cohort period was also calculated for each AAA 

bond. 

A call calculation representing the call price minus the current market price was 

calculated for each AAA and B rated bond. For each class of bonds a Boolean variable 
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was created to capture whether or not the bond indenture agreement included a sinking 

fund provision. The variable was set to a value of one if the agreement included such a 

provision, and was set to zero otherwise. The current par and market value of debt 

outstanding was also calculated for both the AAA and B rated bonds. For bonds with 

AAA ratings the current interest rate for a Treasury bond of similar maturity was also 

collected. 

For all B rated bonds that defaulted in the three years after the cohort date, the date 

of default and average price the first three months following the month of default were 

collected. This allows time for the bond price to settle into a range dictated by informed 

investment, and is consistent with the methodology employed by Altman (1987) when he 

was determining recovery rates on portfolios of high yield bonds. The price three years 

after the assumed investment date in the bond was collected for all B rated bonds that had 

not defaulted, matured or been otherwise retired. The yield on a Treasury security of 

similar maturity to the B rated bond, but three years after the assumed investment date in 

the B rated bond, was also collected for each observation. 

For the B rated bonds an annual default rate and annual loss rate were calculated. 

The annual default rate was calculated by summing the market values of all B rated bonds 

in tiie original sample that defaulted in a particular year, and dividing this by tiie total 

market value of all B rated bonds in the sample that were trading as of tiie beginning of the 

cohort for which the calculation is made. For example, in tiie 1982 cohort, the market 

value of B rated bonds that defaulted during the 1982 year was 24.89 million dollars, and 
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the market value of all B rated bonds in the sample as of the beginning of the 1982 cohort 

was 3,408.46 million dollars. The ratio of these two numbers yields .007302, or a .7302% 

default rate for that year. Similar calculations were made for bonds in the sample that 

defaulted in 1983 and 1984., but using the market value of debt outstanding for 1983 as 

the denominator. Then a geometric average of the values of the default rates from these 

three years was calculated to arrive at the value of alpha, which is the annualized average 

default rate for the cohort over the three-year period. 

An annual loss rate was determined by calculating the difference between the par 

value of the bond and its average market value from one to three months after it defaults, 

and then taking the average of these loss rates for each of the three years for which a 

default rate was calculated. For example, using the bonds that defaulted in the 1982 

cohort, the average of the market prices for each of the two bond issues that default in 

1982 were $480 and $383.30. Therefore the loss rate for each bond is 52% and 61.6667% 

, respectively. The 1982 loss rate for B rated bonds from the 1982 cohort is the average of 

these two amounts, or 56.8333% The calculated values are provided in Table 2.2 below. 
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Table 2.2. Calculated Cohort Default Rates & Loss Rates. 

Yearl 
Year 2 
Year 3 
Geom. Avg. 

1982 
Default 

Rate 
0.007302 
0.002768 

-

0.003352 

Loss Rate 

0.568333 
0.569375 

* 

0.568854 

1986 
Default 

Rate 
0.065730 
0.000251 
0.008354 
0.023318 

Loss Rate 

0.700114 
0.756667 
0.836042 
0.763396 

1990 
Default 

Rate 
0.020355 
0.020695 
0.018413 
0.019820 

Loss Rate 

0.831174 
0.692917 
0.513214 
0.664697 

* Denotes that no Loss Rate was calculated because no defaults were observed. In this 
instance the annualize loss rate for the three years is actually calculated as the two year 
geometric average for years 1 and 2. 

The recovery rate upon default is calculated as 1 minus the loss rate. 

Based on the discussion related to marketability issues in tiie data methodology 

section of this chapter, a visual analysis was conducted using the scatter plots in Figures A-

1 through A-6 to determine whether or not a consistent relationship exists between the 

premium above the risk-free rate on the AAA and B rated bonds in the sample, and the par 

value of outstanding debt on the bonds. The difference between yield on the corporate 

bond and the yield on a Treasury bond of comparable maturity is used in tiiese charts in 

order to control for yield differences related to maturity. The bond information in each 

chart is for bonds with similar characteristics witii regard to call feanires, sinking fund 

provisions, and listing on an organized exchange. This grouping is intended to remove 

unwanted variation in yields related to factors otiier than tiie par value outstanding of the 

bonds in each issue. The notation in the legend of each figure represents the key used to 

group observations. Each character in tiie key identifies tiie value of a particular 

characteristic used in the grouping. Specifically, the first character is used to identify the 
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call status of tiie bonds in die group. A value of 1 means that the bonds do not contain call 

provisions, a value of 2 means that the bonds contain call provisions, but that they will not 

have gone into effect at the time of the given cohort investment date, and a value of 3 

means that the bonds do possess a call provision, and were currently callable as of the time 

of the given cohort investment date. The second character is used to identify whether the 

bonds in the group possess a sinking fund provision. A value of Y for the second character 

means that the bonds in the group do possess a sinking fund provision, while a value of N 

for the second character means that the bonds in the group do not possess a sinking fund 

provision. The third character is used to identify whether the bonds in the group are listed 

on an exchange. A value of Y for the third character means that the bonds in the group are 

listed on an exchange, while a value of N for the third character means that the bonds in the 

group are not listed on an exchange. 

Any systematic pattem in these scatter plots, such as an upward or downward 

slope, or a curved or kinked line, suggests the possibility of a relationship between the level 

of yields on the bonds in the sample, and the par value of outstanding debt on the bonds. 

The scatter plots presented the Appendix provide no evidence of a systematic 

relationship between the level of yields on the AAA and B-rated bonds in the sample, and 

the par value of outstanding debt on the bonds. However, in instances where the bonds are 

not listed on an exchange there do seem to be some examples where the variation in 

required yield is greater with lower dollar amounts of debt outstanding. Because no 

systematic pattem was observed, tiie AAA and B-rated bonds were not paired based on the 
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dollar amount outstanding at par when they were being matched. Variables representing^ 

the par value of debt outstanding for both the AAA and B-rated bonds were included as 

control variables in die analysis, just in case some imperceptible relationship did exist. 

Once all of the elements for classification of data were identified the B-rated bond 

information and the AAA-rated bond information was merged based on the call 

classification, exchange status, and maturity of the bonds. Bonds were considered to be of 

the same maturity if they matured in the same six month period of a year mnning from 

January to June and July to December. As noted, no matching based on par value 

outstanding was done, as none was deemed necessary, and no matching based on sinking 

fund features was done since the effects of sinking fiind features was determined to be 

modeled better by dummy variables than matching. Table 2.3 provides information on 

sample sizes for each rating class in each cohort year, as well as the number of observations 

which result from matching of these observations. This information is reported for the full 

sample representing all possible combinations of the AAA rated bonds and the B rated 

bonds, and is denoted as the S1 sample. The same information is reported for the sample 

resulting from identifying those B rated bonds for which pricing information was available 

three years after the cohort investment date, and all possible combinations of these bonds 

with the AAA rate bonds. This sample is denoted as the S2 sample. 
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Table 2.3. Sample Size Information by Cohort Year 

AAA Bond Obs. 

B Bond Obs. 

Combined Obs. 

1982 

SI 

482 

159 

150 

S2 

482 

118 

118 

S3 

451 

85 

47 

1986 

SI 

231 

180 

132 

S2 

231 

95 

73 

S3 

123 

112 

64 

1990 

SI 

333 

375 

328 

S2 

333 

198 

190 

S3 

154 

154 

89 

Recall that there may be more than one possible combination of AAA and B rated 

bonds. That is, there may be two B rated bonds with identical values for all of these 

criteria, and two AAA rated bonds that also have identical values for all of these criteria. 

Rather than arbitrarily assigning each B rated bond to one AAA rated bond, all possible 

combinations are created. This could potentially result in more combined observations 

than are available for either the AAA rated bond observations or the B rated bond 

observations separately. 

Because this pairing could allow outliers to have undue influence over the results of 

the regression analysis, and may violate the OLS assumption regarding independence of 

error terms, a third sample, called the S3 sample was also constmcted. In this sample, 

bonds in each rating class were combined into small portfolios, based on the matching 

criteria discussed, and weighted by the market value of bonds outstanding for each bond. 

These small portfolios from each rating class are then combined, based on the matching 

criteria discussed, and the primary analysis is conducted on this sample, as well. If the 

results are similar to the results from analyzing die SI sample, tiiis can be viewed as 

evidence that the matching procedure used for developing the SI sample did not result in 

an undue influence of outiiers on tiie results of tiie analysis. Altematively, if the results 
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from the analysis of the S3 sample are markedly different from the results from analyzin<y 

the SI sample, this suggests that the pairing methodology may have affected the 

conclusions of the study. In this event the results from analyzing the S3 sample will be 

used as the basis for any conclusions from the study. 

Overall, the number of observations in the three samples are adequate to satisfy the 

assumptions for employing a OLS regression methodology. However, die dramatic 

difference in the number of combined observations from the S1 sample versus the other 

two samples may result in marked differences in the values of OLS parameter estimates 

from analyses on each of the samples. 
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CHAPTER m 

EMPIRICAL RESULTS 

As noted in the previous sections, the central purpose of this study is to analyze the 

relationship between promised yields on bonds that possess some probability of default, 

and bonds that are riskless with regard to default, to determine which of three proposed 

theoretical models best explains the relationship between these two yields. The basic 

hypothesis to be tested is that the promised yield on bonds possessing some probability of 

default is a ftinction of the yield on bonds that possess virtually no default risk, the 

expected probability of default, the expected cash flows upon default of the risky corporate 

bonds, and possibly a risk premium to compensate risk averse investors for the uncertainty 

inherent in risky corporate bond investments. Because evidence of a risk premium was 

found in the primary analysis, an additional analysis was conducted on the combined data 

from all time periods, to determine whether the risk premium is stable over time. 

Results of Primary Analysis Using SI Sample 

As discussed in the previous chapter, the three models proposed to explain the 

yield on risky corporate bonds can be characterized as special cases of a general 

regression model such as the model in equation 1.30: 
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Y ( l - a ) - a > . = Po + pi*rf, 

where : Y = the promised yield on a risky bond 

rf = the risk-free rate 

a = the expected probability that the bond will default or the 

expected proportion of the portfolio that is likely to default, and 

X = the expected loss of principal that might occur as a result of the 

bond or bonds defaulting. 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Yawitz then, in equilibrium, the expected yield should equal the risk-

free rate, on average. There should be no excess premium, either in constant form or 

as a function of the risk-free rate. Based on this theory the model to be estimated 

would be of the form: 

Y ( l - a ) - a > . = rf. (3.1) 

If the relationship between the promised yield and the risk-free rate is similar to 

that suggested by Pye then, in equilibrium, the expected yield should equal the risk-free 

rate plus a positive premium (po) which is constant for all bonds of the same risk class 

at a given point in time, on average. The premium is not assumed to be a function of 

the level of the risk-free rate. Based on this theory the model to be estimated would be 

of the form: 

Y ( l - a ) - a X = p o + rf. (3-2) 

The po parameter would represent the additive risk premium. 
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If tiie expected yield exceeds the risk-free rate by a premium, and tiiis premium 

is a function of the level of the risk-free rate, in a way similar to the risk premium 

suggested by Kidwell and Trzcinka, or Wu, then, in equilibrium, the expected yield 

should equal the risk-free rate multiplied by some coefficient which is greater than one 

(pi). There should be no additive premium. Based on this theory the model to be 

estimated would be of the form: 

Y ( l - a ) - a ; i = pi*rf. (3.3) 

The pi parameter would represent the multiplicative risk premium. 

These three altemative specifications of a general model are compared in order to 

determine which specification best explains the relationship between the promised yield on 

risky versus riskless bonds. This approach will result in the following six separate 

comparisons of altemate specifications of the general model: 

1. Assume the Yawitz model as the tme specification, and evaluate the Pye model 

as the altemative specification. 

2. Assume the Yawitz model as the tme specification, and evaluate the Wu model 

as the altemative specification. 

3. Assume the Pye model as the tme specification, and evaluate the Yawitz model 

as the altemative specification. 

4. Assume the Pye model as the tme specification, and evaluate the Wu model as 

the altemative specification. 
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5. Assume the Wu model as the tme specification, and evaluate the Yawitz model 

as the altemative specification, and 

6. Assume the Wu model as the tme specification, and evaluate tiie Pye model as 

the altemative specification. 

The differing nature of these comparisons requires that different statistical tests be 

used to evaluate the various comparisons. For comparisons between the Yawitz model and 

either the Pye or Wu models, a partial F-test is used to evaluate the explanatory power of 

each of these altemative models over the Yawitz model. A significant value for the F-

statistic is interpreted as evidence that the altemative model under investigation provides 

significantly more explanatory power than the Yawitz model. 

Comparisons of the Wu model versus the Pye model are evaluated using tiie J-test 

proposed by Davidson and MacKinnon (1981). The statistic for the J-test is formulated as 

the t-test statistic calculated for the regression coefficient associated with a variable 

representing the predicted values of the altemative specification of a model when it is 

included in a regression equation with all of the variables in the assumed tme specification 

of the model. The vector of predicted values to be included in tiie regression are calculated 

by estimating a regression using the model designated as the alternative specification of the 

model, and then calculating the predicted values for each observation in the sample based 

on the estimation of this model. 

The comparisons to be performed and the relevant test for each comparison are 

summarized in Table 3.1. 
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Table 3.1. Primary analysis comparisons and tests. 

Assumed True Model 
Yawitz 
Yawitz 

Pye 
Pye 
Wu 
Wu 

Alternative Model 
Pye 
Wu 

Yawitz 
Wu 

Yawitz 
Pye 

Evaluation Criteria 
Partial F-Test 
Partial F-Test 

No Test 
J-Test 

No Test 
J-Test 

The evaluation of the comparisons will be conducted separately on three sets of 

data, representing three different investment periods, or cohorts. The first set of data 

represents bond investment opportunities available as of January 1982. The second set of 

data represents bond investment opportunities available as of January 1986. The final set of 

data represents bond investment opportunities available as of January 1990. This 

separation of data over time is useful in order to investigate changes in the parameters 

associated with the risk premium over time. 

Recall that for each observation in the data set, information must be included for 

both a risky corporate bond and a comparable risk-free bond. Whenever possible, the 

bonds that are include in tiiis analysis have been carefully matched so that they are similar 

in all respects that might affect yield, except default risk. Because tiie effects of some 

characteristics of bonds cannot be controlled properly by simple matching of bonds, 

additional variables have been added to the general model to control for these other effects. 

The resulting model, which is labeled the Ml model, is: 
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Y(l - a) - a^ =Po + pi * rf + P2*(AAA- rf*) + P4* CVg + 

Ps*Dj + P6* MAT + P7* PARB (34) 

Where : Y = the yield on a B rated bond, 

rf = the yield on a Treasury security of similar maturity to the B rated 

bond, 

AAA-rf*= the difference between the yield on a AAA rated bond of similar 

maturity, call status, and exchange status as the B rated bond, minus 

the yield an a Treasury security of similar maturity as the B rated 

bond, cleansed of variations related to call features, sinking fund 

provisions, marketability and maturity, 

CVg = if the B rated bond is callable, the call value of the bond minus its 

market value, otherwise 0, 

D J = a dummy variable set to a value of 1 if the B rated bond includes a 

sinking fund provision, otherwise 0, 

MAT = the number of years until maturity for the B rated bond, and 

PARg = the par value of debt outstanding on the specific issue for the B 

rated bond. 

The regression equation estimated to derive the AAA-rf* variable, which represents 

the spread between the yield on a AAA rated bond and the yield on treasury security 

comparable maturity, purged of unwanted variation related to call features, sinking fund 

provisions, marketabihty and maturity is: 
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AAA-Rf =\ + \ * CVAAA + bc*D2 + bd*MAT + be*PARAAA + e (3.5) 

Where : AAA-rf = the difference between the yield on a AAA rated bond of similar 

maturity, call status, and exchange status as tiie B rated bond, minus 

the yield on a Treasury security of similar maturity as the B rated 

bond, 

CV^ = if the AAA rated bond is callable, the call value of tiie bond minus 

its market value, otherwise 0, 

D2 = a dummy variable set to a value of 1 if the AAA rated bond 

includes a sinking fund provision, otherwise 0, 

MAT = the number of years until maturity for the AAA rated bond, and 

PAR^ = the par value of debt outstanding on the specific issue for the AAA 

rated bond. 

Recall that the purpose of estimating the regression for equation 3.5 is to control 

for the effects of call risk, sinking fund features, maturity differences, and marketability 

differences in the AAA-rf variable before introducing this variable into the analysis of B -

rated bonds. Therefore, the estimated value of AAA-rf*, which is purged of these effects 

should be the estimated value of AAA-rf less variations related to these factors. Thus, the 

AAA-rf* variable is calculated as : 
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AAA-rf* = AAA-rf- bb' * CVAAA + bc'*D2 + bd'*MAT + be'*PARAAA 

AAA-rf* = (b^' + bb' * CVAAA + bc'*D2 + bd'*MAT + be'*PARAAA + e) -

bb' * CVAAA + bc'*D2 + bd'*MAT + be'*PARAAA 

AAA-rf* = ba' + e, (3.6) 

where ba', bb', be', bd', and be' are the estimates of ba, bb, be, bd, and be, respectively, 

from the OLS regression estimated above. This would be theoretically equivalent to using 

AAA-rf values for AAA rated bonds that include no provisions for call features or sinking 

funds, and have no premium for term to maturity or Hquidity. 

Based on the information discussed, including the models to be compared, the 

statistical tests required to evaluate these comparisons, the stmcture of the data, and the 

control variables, a comprehensive strategy for proceeding with the analysis was 

developed. For each cohort of data, six regression equations were estimated. The first 

equation estimated was based on equation 3.5, followed by estimates of the Pye, Yawitz, 

and Wil models, as described in equations 3.7, 3.8 and 3.10, respectively. The last two 

estimates are of the two models describes in equations 3.12 and 3.13, which represent the 

equations for applying the J-test to the comparison of the Pye model and the Wu model. 

This analysis, including the estimation of all six regression equations, was conducted one 

time for each of the three cohorts of data collected, resulting in a total of eighteen 

regression estimates. The determination of which model better explains tiie relationship 

between risky and risk-free bond yields was based on results of analyses from all three 

cohorts. 
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The first equation to be estimated is for the model of the AAA-rf variable 

represented in equation 3.5. This equation must be estimated for each cohort, resulting in 

three sets of parameter estimates. The intercept term and residuals from the estimation of 

the equation are necessary to calculate the AAA-rf* variable for inclusion in the general 

model. The parameter estimates for equation 3.5 are presented in Table 3.2. 

Table 3.2. Parameter estimates for the AAA-rf equation. 

Intercept 

Call Value 

Sinking Fund Provision 

Par Value Outstanding 

Years to Maturity 

R-Square 

b-value 
p-value 
b-value 

p-value 
b-value 
p-value 
b-value 

p-value 
b-value 
p-value 

1982 
0.01170 
0.00010 

(0.00016) 

0.00680 
0.00209 
0.17070 

(0.00003) 
0.00010 
0.00064 
0.00010 
0.21400 

1986 
0.01420 
0.00010 
0.00017 
0.03340 

(0.00286) 
0.12130 

(0.00003) 
0.03490 

(0.00011) 
0.57240 
0.15320 

1990 
0.00883 
0.00010 

(0.00025) 
0.00010 

(0.00067) 
0.35130 

(0.00001) 
0.00130 
0.00017 
0.01780 
0.10670 

Most of the parameter estimates presented in Table 3.2 are consistent in sign and 

significance with the expectations discussed in the previous chapter. Parameters are 

considered significant if the p-value associated with the parameter is less than or equal to 

0.05. The intercept values are in the 88 basis point to 142 basis point range and are 

significant in all cases, supporting previous findings of a significant small positive spread 

between the Treasury rate and the AAA bond rate. The parameters associated with the 

variable to proxy for call risk of the AAA rated bonds are significant and negative for the 
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1982 and 1990 cohorts. Recall that this proxy variable is calculated as the difference 

between the call price and the market price of the given bond. Therefore, larger values of 

this variable correspond to less likehhood that the bond would be called. Thus, a negative 

value of the parameter associated with this variable implies that yields are lower for bonds 

with a high value of the variable, or a lower risk of call. The fact that the parameter 

associated with this variable is significant suggests that investors in low risk bonds during 

this period are concemed with the possibility that the bonds may be called prior to 

maturity. The value of the parameter associated with the variable to proxy for call risk for 

the 1986 cohort is significant and positive. This is not consistent with theory regarding the 

valuation of the call feature in low risk bonds. 

The parameters associated with the sinking fund provision are insignificant in all 

three cohorts, suggesting that this feature does not affect valuation of low risk bonds 

significantly. The parameters associated with the par value of bonds outstanding are 

significant and negative for all cohorts, suggesting that yield does decline as the par value 

of debt outstanding rises. This is consistent with the hypothesis that this variable would be 

a good proxy for the marketability of the bonds. The parameters associated with years to 

maturity are significant and positive for the 1982 and 1990 cohorts, suggesting that there 

may be some term premium in the AAA rated bond yields, above and beyond tiiat in the 

Treasury bond yields. The parameter for this variable is insignificant for the 1986 cohort. 

Overall, these parameter estimates are consistent witii expectations, lending 

support to the belief that this approach effectively models variations in tiie AAA-rf 
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variable. Based on these results, the information from estimating equation 3.5 was used to 

calculate AAA-rf* for each cohort, using equation 3.6. 

Next, parameters for three additional equations were estimated for each of the three 

cohorts. The first equation is a representation of the Pye specification of the relationship 

between yields on risky and risk-free bonds and is expressed mathematically as: 

Y(l - a) - a>. =po + rf + p2*(AAA- rf*) + p4* CVg + 

ps*Di + P6* MAT + p7* PARB. (3.7) 

Note that there is no parameter associated with rf, the variable representing the Treasury 

rate. This is because the Pye specification of tiie model only allows for an additive 

premium for risk, measured by the intercept term, po. The estimation of this equation 

serves two purposes. First, because the Yawitz model can be expressed as: 

Y(l - a) - a>- = rf + P2*(AAA- rf*) + p4* CVg + 

Ps*Di + p6* MAT + p7* PARB, (3.8) 

a partial F-test of the hypothesis that po = 0, was estimated from equation 3.7, to evaluate 

whether the Pye model provides significantly more explanatory power that the Yawitz 

model. The second purpose of estimating equation 3.7 was to provide predicted values to 

be used for comparisons of the Pye model to the Wu model, using the J-test. The variable 

representing the predicted values estimated from equation 3.7 is labeled PYE, where: 

PYE = bo + rf + b2*(AAA- rf*) + b4* CVg + bs* Dj + 

be* MAT + b7* PARB. (3.9) 
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in tills equation bi is the estimated value of pi for each variable. 

A similar approach was taken for the Wu model, using the equation: 

Y(l - a) - a>- = pi*rf + P2*(AAA- rf*) + p4* CVg + 

ps*Di + p6* MAT + p7* PARB. (3.10) 

Note that there is no intercept term in this equation, because the Wu model does not allow 

for an additive risk premium. However, there is a parameter, pi, associated with the 

Treasury bond rate. This parameter is intended to capture any multiplicative risk premium 

that may exist. Once again, the estimation of this equation was used as the basis for 

calculating a partial F-test statistic. This time the hypothesis tested using this statistic is 

that pi = 1, which would make this equation equivalent to the equation for the Yawitz 

model, as represented in equation 3.8. The predicted values from this equation were also 

used in the comparisons of the Wu model to the Pye model using the J-test. The variable 

to represent these predicted values is labeled WU, where: 

WU = bi*rf + b2*(AAA- rf*) + b4* CVg + 

b5*Di + be* MAT + b7* PARB. (3.11) 

The third regression equation estimated is based on the Yawitz model, using 

equation 3.8. The information from this regression is not relevant to any hypothesis 

testing, but is provided as a point of comparison when evaluating the parameter estimates 

for control variables, which are also provided for the regressions estimates from the Pye 

and Wu models. The parameter estimates from these regressions for the 1982, 1986 and 

1990 cohorts are provided in Tables 3.3, 3.4 and 3.5, respectively. 
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Table 3.3. Parameter estimates for the Ml model -1982 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) ** 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.71597 
0.00030 
0.00032 
0.00020 
0.02937 
0.00010 

(0.00038) 
0.18810 

(0.00014) 
0.11850 
0.02049 

Pye 
0.01618 
0.03790 
1.00000 

-

0.58249 
0.00450 
0.00028 
0.00140 
0.01818 
0.01330 

(0.00046) 
0.11570 

(0.00017) 
0.04830 
0.02026 

Wu 
-

-

1.10091 
0.03240 
0.60669 
0.00300 
0.00028 
0.00100 
0.01944 
0.00830 

(0.00044) 
0.13470 

(0.00017) 
0.05580 
0.02032 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.4. Parameter estimates for the Ml model -1986 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.57401 
0.00020 
0.00049 
0.00010 
0.01440 
0.00570 

(0.00032) 
0.40210 
0.00004 
0.21140 
0.01829 

Pye 
0.01853 
0.00080 
1.00000 

-

0.22604 
0.19960 
0.00043 
0.00030 
0.00490 
0.38550 

(0.00046) 
0.21450 
0.00000 
0.91170 
0.01756 

Wu 
-

-

1.21949 
0.00040 
0.23937 
0.17100 
0.00043 
0.00030 
0.00478 
0.40060 

(0.00061) 
0.11050 
0.00000 
0.93720 
0.01757 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, mamrity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.5. Parameter estimates for the Ml model -1990 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

1.12970 
0.00010 
0.00269 
0.00010 
0.00354 
0.31610 

(0.00074) 
0.05840 
0.00004 
0.00040 
0.03085 

Pye 
0.04432 
0.00010 
1.00000 

-

(0.30440) 
0.26670 
0.00251 
0.00010 

(0.01157) 
0.00100 

(0.00211) 
0.00010 
0.00002 
0.06160 
0.02715 

Wu 
-

-

1.55839 
0.00010 

(0.30775) 
0.26150 
0.00251 
0.00010 

(0.01160) 
0.00090 

(0.00217) 
0.00010 
0.00002 
0.06320 
0.02716 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 

differences from this spread based on equations 3.5 and 3.6. 

Once again, parameters were considered to be significant if the p-value 

associated with the parameter was less than or equal to .05. Recall that for the Pye 

model, evidence of an intercept greater than zero can be viewed as evidence of the 

existence of a risk premium. For the Wu model, evidence of a coefficient on the risk-

free rate that is greater than one can be viewed as evidence of a risk premium. For the 

Pye model, the intercept is significantiy greater than zero in all three cohorts. For the 

Wu model die parameter estimate associated witii tiie risk-free rate is significantiy 

greater than 1.00 in all three cohorts. This finding supports the notion that the risk 
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premium is an important variable in explaining the relationship between yields on risky 

and risk-free bonds. The interpretation of the parameters associated with the risk 

premium depends on which model the parameter estimate comes from. For the 1982 

cohort the estimated risk premium would be 1.6177%, based on the Pye model or 

.100912 times the risk-free rate, based on the Wu model. Given that the average 

treasury rate was 13.96% for the 1982 cohort sample, die estimates from the Wu 

model would suggest an average premium of 1.40996%. For the 1986 cohort the 

estimated risk premium would be 1.8526%, based on the Pye model or .2194 times 

the risk-free rate, based on the Wu model. Given that the average treasury rate was 

9.181% for the 1986 cohort sample, the estimates from the Wu model would suggest 

an average premium of 2.01331 %. For the 1990 cohort the estimated risk premium 

would be 4.432%, based on the Pye model or .55839 times the risk-free rate, based 

on the Wu model. Given that the average treasury rate was 8.036% for the 1990 cohort 

sample, the estimates from the Wu model would suggest an average premium of 

4.48735%. 

The yield premium on the AAA-rated bond yield above the yield on a Treasury 

bond of comparable maturity was included to capture any measurement error that 

results from matching a B rated bond to a AAA rated bond rather than a risk-free bond, 

as required by the general model. Significant values for the parameters associated with 

this variable may indicate that the additional variables added to the model to control for 

such things as call features, sinking fund provisions, term premiums and marketability. 
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did not explain all of the factors that could contribute to variation in expected yields for 

AAA and B rated bonds. The significance of this coefficient may also reflect tiie 

additional premium added to the corporate bond due to tax differences between this 

bond and the Treasury bond. If this the case, the parameters would be expected to be 

positive, and would be larger prior to the 1986 tax law change, which reduced the tax 

rate on capital gains. The parameters associated with this variable are significant for all 

three models in the 1982 cohort, but are only significant for the Yawitz model in the 

1986 and 1990 cohorts. One possible explanation for this result is that the variable is 

proxying for tax differences between the risky bond market and the Treasury bond 

market,^ as well as for a multiplicative risk premium when such a premium is not 

explicitly modeled in the regression. This would also be consistent with the 

observation that, even in the 1982 cohort, the parameter associated with this variable in 

the Yawitz model is larger than in either of the other two models. 

The parameters associated with the variable to proxy for the call risk of the B-

rated bond is statistically significant and positive in all three cohorts. The fact that the 

parameters are positive suggests that investors in the high yield market are concemed 

with call risk and that they are more concemed with tmncation of their cash flows as a 

result of having the bond called, tiian they are witii tiie possibihty of crisis at maturity 

for the risky bond. Recall that the risk of crisis at maturity would be reduced if some of 

^ Interest income from Treasury securities is subject to federal income tax but is 
exempt from state and local income taxes. However, capital gains from tiie sale of 
Treasury securities may be fully taxed. 
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the bonds were called early, thus reducing the total principal that must be delivered to 

bondholders upon maturity of the bond. Perhaps investors beheve that any company 

that is sound enough to pay for early retirement of its bonds via a call, is probably 

sound enough financially so that they can consider the risk of crisis at maturity to be 

minimal. 

The parameters associated with the sinking fund provision of the B-rated bond 

are statistically significant and positive for all three models, in the 1982 cohort. The 

parameter is statistically significant and positive in only the Yawitz model in the 1986 

cohort, and is statistically significant but negative for the Pye and Wu models, in the 

1990 cohort. These mixed results may be related to changes in investors valuation of 

amortization risk versus the risk of crisis at mamrity in these bonds. Altematively, it 

may reflect the fact that most of the bonds that comprised the high yield bond market in 

1982 were fallen angels. These are bonds that were previously rated as investment 

grade, but have subsequently been downgraded to speculative grade. The companies 

who issue these bonds may have weathered hard times but still have some capital that 

may be sold off in the event of default. This improves the likelihood that investors in 

these bonds will recover some of their investment if the bonds default. The speculative 

grade bond market has changed over time so that, by 1990 most of the bonds in this 

class were considered "new junk." This means that the bonds were rated in the 

speculative grades when tiiey were issued. Typically, the companies tiiat issue these 

bonds used them for leveraged buyouts, acquisition refinancing, or re-capitalization, so 
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that tiiey may not backed by capital that can be resold upon default, thus reducing the 

amount that an investor could reasonably expect to recover in the event of default. ^ 

This change in the recovery profile can be seen in Table 2.2 of Chapter II, by the 

increase in tiie loss rate upon default from 1982 to 1990. It is plausible that investors 

in the high yield bond market noted this trend and thus placed greater value on having 

their investment retumed to them prior to maturity, rather than face the risk of crisis at 

maturity. 

The parameter estimates for the variable capturing time to maturity are 

statistically significant only in the 1990 cohort and only in Pye and Wu models witiiin 

this cohort. In those models the parameter is negative, suggesting that the promised 

yield is lower for high risk bonds with a greater length of time to maturity. This result 

may be spurious, or it may be related to investors fears regarding crisis at maturity. 

The longer the time until maturity, the longer a company has to recover from a poor 

financial situation before it must pay out a large sum of money to retire its debt. If 

investors are concemed about crisis at mamrity they may pay a premium for bonds that 

will not mature for a long period of time, thus providing more time for the company's 

financial condition to improve, before the bonds mature. 

A final variable was included in the model to capture any effects related to par 

value of debt outstanding for the B-rated bonds. The parameter associated with this 

variable is only statistically significant for the Pye model in the 1982 cohort and the 

^ For a full discussion of the changes in die nature of the junk bond market see 
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Yawitz model in the 1990 cohort. The lack of consistency in the significance of this 

parameter suggests that there is no clear relationship between the yield on a B rated 

bond and the par value of debt outstanding for that bond. This result lends support to 

the conclusion drawn from earlier visual inspections of scatter plots, which could not 

identify any pattem to suggest a relationship between par value outstanding of the 

bonds and their promised yield. 

In general, the statistical significance and sign of the parameter estimates are 

consistent with their hypothesized values. This suggests that the variables included in the 

model to control for variations in the yield of the B rated bonds that are unrelated to 

default risk, are appropriately specified. 

A summary of the partial F-tests conducted on these regressions to evaluate the 

explanatory power of the Pye and Wu models over the Yawitz model are presented in 

Table 3.6. In instances where the error sum of squares from the altemative model was less 

that the error sum of squares from the assumed tme model, no F-statistic is calculated so 

none is provided. In these tables a significant p-value for a given comparison indicates that 

the altemative model provides significant explanatory power over the assumed tme model. 

P-values are considered significant if they are less than or equal to .05. 

Altman (1987) and Altman (1991). 
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Table 3.6. Partial F-Test results using the Ml model. 

Assumed 
True 

Model 

Yawitz 
Yawitz 

Alternative 
model 

Pye 
Wu 

1982 
F-Stat. 

4.3918 

3.4629 

p-value 

0.0379 
0.0648 

1986 
F-Stat. 

11.8947 
11.6274 

p-value 

0.0008 
0.0009 

1990 
F-Stat. 

94.9595 
95.2423 

p-value 

0.0001 

0.0001 

As the information in Table 3.6 indicates, the Pye and Wu models, which include a 

parameter to capture a risk premium, consistently outperforms the Yawitz model, which 

does not contain a parameter to capture a risk premium, in explaining the relationship 

between yields on a portfoho of risky bonds and yields on portfolio of riskless bonds. The 

only exception is that the Wu model does not statistically outperform the Yawitz model in 

the 1982 cohort, at the 0.95 confidence level, but does so at the 0.90 confidence level. 

Given that the Pye and Wu specifications provide statistically more explanatory 

power than the Yawitz specification of tiie model, two final equations were estimated in 

order to determine which of these two models provides the better explanation of the 

relationship between yields on a portfolio of risky bonds and yields on portfolio of riskless 

bonds. The first equation estimated was : 

Y(l - a) - a?i =po + Pi * rf + p2*(AAA- rf*) + p4* CVg + 

ps* Di + Pe* MAT + p7* PARB + p8*PYE. (3.12) 

The t-statistic on the pg parameter from this equation is the J-test statistic, used to 

evaluate whether the Pye specification of the model provides significant explanatory power 
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over the Wu specification of the model. A significant value for this parameter suggests that 

the Pye specification of the model provides significant explanatory power over the Wu 

specification of the model. The significance of the J- test statistic can be evaluated by 

comparison to an asymptotic normal distribution. 

The second equation estimated was: 

Y(l - a) - a>. =Po + pi * rf + p2*(AAA- rf*) + p4* CVg + 

Ps* Dj + p6* MAT + P7* PARB + P9*WU. (3.13) 

In this instance the t-statistic on the P9 parameter from this equation is the J-test statistic, 

used to evaluate whether the Wu specification of the model provides significant 

explanatory power over the Pye specification of tiie model. A significant value for tiiis 

parameter suggests that the Wu specification of the model provides significant explanatory 

power over the Pye specification of the model. 

The J-test results from these regressions are presented in Table 3.7. A p-value less 

than or equal to .05 in this table will be interpreted as evidence that the altemative model 

provides significant explanatory power over the assumed tme model. 

Table 3.7. J-Test results using the Ml model. 

Assumed 
True 

Model 

Wu 
Pye 

Alternative 
model 

Pye 
Wu 

1982 
Param. 

Estimate 

14.4943 
(1.3941) 

p-value 

0.0071 

0.0118 

1986 
Param. 

Estimate 

2.2160 

(0.2218) 

p-value 

0.5560 

0.7458 

1990 
Param. 

Estimate 

(12.5036) 
4.8332 

p-value 

0.2527 

0.2168 
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The results of these comparisons are interesting. For the 1982 cohort, a is 

significantiy different from zero in both models. Because the sample sizes for this analysis 

are so large, and the p-values are so small, there is no reason to suspect that this a false 

rejection of the null hypothesis. Note that the a parameter is significantiy positive when the 

Wu model is the assumed tme model and the Pye models is the altemative model, and is 

significantly negative when the Pye model is the assumed tme model, and the Wu model is 

the altemative model. These results should be interpreted as evidence that neither model is 

the best model for explaining the relationship between risky and risk-free bond yields 

during the 1982 cohort, but a model that includes all of the information in the Pye model as 

well as some additional information in the Wu model might provide more explanatory 

power than either of the models being compared. It is interesting that the situation 

changes for the 1986 and 1990 cohorts. In these two cohorts neither model significantiy 

outperforms the other in explaining the relationship between yields on risky and riskless 

bonds. 

When the results from these J-tests are viewed in conjunction with the results from 

the partial F-tests and the parameter estimates associated with a risk premium, a general 

conclusion can be drawn. The general conclusion of this analysis is tiiat risky bond yields 

do appear to contain an additional premium consistent with the definition of a risk 

premium. However, the analysis is unable to determine whether the premium is more 

appropriately modeled as being added to the risk-free yield or as being a positive function 

of the risk-free yield. 
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Results of Primary Analysis Using S2 Sample 

Recall that there are two altemative methods for incorporating default information 

into the general model. The first method assumes that investors' expectations of default 

risk can be proxied by actual default risk in the first three years after the bond is assumed 

to be purchased. This method was employed in the analysis using the Ml model, as 

described previously. An altemative approach is to use this information, as well as a 

variable capturing the value of the bond at the end of the three year period for which actual 

default information was collected. The additional variable is intended to capmre any 

information regarding investors' expectations of default risk in the longer term, that is, 

beyond the three years after the bond is assumed to be purchased. To evaluate the effect of 

utilizing one method over the other, the analysis, including the estimation of all eighteen 

regression equations described above, was conducted again, using a modified model which 

includes a parameter to capture the value of the bond at the end of the three year period for 

which actual default information was gathered. The variable is labeled B3 - RF3. The 

modified model, which will be referred to as tiie M2 model can be expressed as: 

Y(l - a) - a^ = Po + Pi * rf + p2*(AAA- rf*) + pa *(B3 - RF3) + p4* CVg + ps* D^ 

+ p6* MAT + p7* PARB. (3.14) 

The calculation of the B3 - RF3 variable used in this second analysis requires 

information which is not available for all bonds in the sample. Specifically, the yield three 

years after the assumed investment date is not available for those B rated bonds in die 

sample that have defaulted, have mattired, or have been otherwise retired, prior to tiiis 
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point in time. Therefore, bonds for which this information is not available must be 

excluded from the original sample before conducting the second analysis. The sample 

representing all of the observations collected for the study, which was used in the previous 

analysis, is referred to as the S1 sample. The sample representing observations for which 

information to calculate the B3 - RF3 variable was available, will be referred to as the S2 

sample. The fact that this second analysis is conducted on a different sample than the first 

analysis poses a problem in interpreting any differences in results from the two analyses. 

Difference between the general conclusions from the two analyses may be attributable to 

either the inclusion of the additional variable to capture default risk beyond the three-year 

horizon, or the change in the sample used to conduct this second analysis, or both. 

Additional analyses using the Ml model and the S2 sample were conducted to determine 

whether differences between the analysis of the SI sample using the Ml model and the 

analysis of die S 2 sample using the M2 model are tiie result of changes in the model or 

changes in the sample under investigation. The results of this analysis are presented after 

the analysis using the M2 model and die S2 sample. 

As part of the analysis of the M2 model using the S2 sample, the estimates of AAA-

rf* must be recalculated due to the change in the underiying sample. The parameter 

estimates from estimating tiie regression equation for AAA-rf are presented in Table 3.8. 
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Table 3.8. Parameter estimates from the AAA-rf regression using the S2 sample. 

Intercept 

Call Value 

Sinking Fund Provision 

Par Value Outstanding 

Years to Maturity 

R-Square 

b-value 

p-value 

b-value 

p-value 

b-value 

p-value 
b-value 

p-value 
b-value 
p-value 

1982 
0.00666 

0.02300 
(0.00012) 

0.05490 

0.00058 
0.71750 

(0.00003) 
0.00010 
0.00086 
0.00010 
0.28200 

1986 
0.01124 

0.00030 
0.00021 

0.00320 

(0.00089) 

0.56730 
(0.00001) 

0.21630 
(0.00024) 

0.18290 
0.26620 

1990 
0.01010 

0.00010 
(0.00025) 

0.00010 

(0.00050) 

0.44610 
(0.00001) 

0.00010 
0.00003 
0.66360 
0.21420 

A comparison of the parameter estimates from this regression to parameter 

estimates from the previous analysis, as reported in Table 3.2, indicates that there are no 

notable differences between the predictions from the two analyses. The actual point values 

of the parameter estimates vary from one analysis to the other, but the parameter estimates 

display a similar pattem across cohorts. All the parameters are of the same sign in both 

analyses. However, the parameter associated witii the variable measuring par value 

outstanding for the 1986 cohort is statistically significant in the analysis using the SI 

sample, but is insignificant in the analysis using the S2 sample. Also, the parameter 

associated with the variable measuring years to mamrity for the 1990 cohort is significant 

in tiie analysis using tiie SI sample, but is insignificant in tiie analysis using the S2 sample. 

Both of these results could be due to the reduced sample size from the first to the second 

analysis. 
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After deriving the information to calculate the AAA-rf* variable to be used in die 

second analysis, modified equations, which include the new variable to proxy for default 

risk in the longer term, were estimated. Thus, for the Yawitz specification of the M2 

model the following equation was estimated: 

Y(l - a) - a>. = rf + P2*(AAA- rf*) + p3 *(B3 - RF3) + p4* CVg + ps* Dj 

+ p6* MAT + p7* PARB. (3.15) 

For the Pye model the equation was estimated: 

Y(l - a) - a?i = Po + rf + p2*(AAA- rf*) + p3 *(B3 - RF3) + P4* CVg + ps* Dj 

+ Pe* MAT + P7* PARB. (3.16) 

For the Wu model the equation was estimated: 

Y(l - a) - a^i = pi *rf + p2*(AAA- rf*) + p3 *(B3 - RF3) + p4* CVg + ps* Dj 

+ Pe* MAT + p7* PARB. (3.17) 

The B3 - RF3 term represents die proxy for long-term default risk, calculated as the 

difference between the yield on a given B rated bond three years after the cohort period, 

and the yield on treasury security of similar mamrity. The parameter estimates from these 

regressions for the 1982, 1986 and 1990 cohorts are presented in Tables 3.9, 3.10, and 

3.11, respectively. 
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Table 3.9. Parameter estimates for M2 model - 1982 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) 
* * 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Proxy for Long-term Default Risk 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 

p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.65015 

0.00040 
0.00042 
0.00010 
0.00562 
0.28000 
0.00036 
0.15320 

(0.00009) 
0.22780 
0.22664 
0.01230 
0.01523 

Pye 
0.03358 
0.00010 
1.00000 

-

0.52903 

0.00210 
0.00031 
0.00010 

(0.01137) 
0.06600 
0.00020 
0.41080 

(0.00015) 
0.02900 
0.04715 
0.60830 
0.01410 

Wu 
-

-

1.20679 
0.00010 
0.56173 

0.00140 
0.00033 
0.00010 

(0.00093) 
0.14050 
0.00025 
0.29250 

(0.00014) 
0.04270 
0.06639 
0.48090 
0.01438 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.10. Parameter estimates for M2 model - 1986 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) 
* * 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Proxy for Long-term Default Risk 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 

p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.20895 

0.39070 
0.00026 
0.04260 
0.01830 
0.00520 

(0.00029) 
0.48090 
0.00002 
0.38050 
0.06325 
0.00010 
0.01283 

Pye 
(0.00021) 

0.98730 
1.00000 

-

0.21187 

0.49010 
0.00026 
0.04880 
0.01845 
0.10650 

(0.00029) 
0.48430 
0.00023 
0.49180 
0.06328 
0.00010 
0.01293 

Wu 
-

-

0.98478 
1.00000 
0.22739 

0.45400 
0.00026 
0.04730 
0.01926 
0.09180 

(0.00028) 
0.50080 
0.00025 
0.45710 
0.06343 
0.00010 
0.01293 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.11. Parameter estimates for M2 model - 1990 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) 
* * 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Proxy for Long-term Default Risk 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 

p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

1.88435 

0.00010 
0.00228 
0.00010 
0.00307 
0.54150 

(0.00175) 
0.00070 
0.00004 
0.02400 
0.06417 
0.00010 
0.03056 

Pye 
0.05537 
0.00010 
1.00000 

-

(0.57160) 

0.30430 
0.00230 
0.00010 

(0.00987) 
0.04690 

(0.00302) 
0.00010 
0.00001 
0.51650 
0.03688 
0.01290 
0.02750 

Wu 
-

-

1.69290 
0.00010 

(0.55688) 

0.31610 
0.00230 
0.00010 

(0.00990) 
0.04640 

(0.00308) 
0.00010 
0.00001 
0.51330 
0.03679 
0.01320 
0.02751 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of tiiis spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 

differences from this spread based on equations 3.5 and 3.6. 

The primary considerations in evaluating these parameters from the modified model 

are, whether the additional variable contribute significantly to the model, and, whether the 

inclusion of this variable significantly changes the results of the analysis of these three 

models. The issue of whether the new variable contributes significantiy to tiie explanatory 

power of the model can be addressed by noting the significance of the parameter associated 

with this variable in Tables 3.9, 3.10 and 3.11. While the parameters associated with the 

variable to proxy for long-term default risk, B3 - RF3, are statistically significant across all 
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models in the 1986 and 1990 cohorts, they are only statistically significant for tiie Yawitz 

model in the 1982 cohort. 

The issue of whether the inclusion of this variable changes the results of the analysis 

can be addressed by comparing the parameter estimates and test results from this analysis, 

to the parameter estimates and test results from the analysis using the Ml model, as 

reported in Tables 3.3 through 3.7. Comparison of parameter estimates from the two 

models indicate that they are remarkably similar in sign and statistical significance. 

However, the two parameters associated with a risk premium in the 1986 cohort have 

changed. Specifically, for the 1986 cohort, the intercept term in the Pye model is not 

statistically different from zero and the parameter associated with the risk-free rate in the 

Wu model is not statistically different from one. Both of these results suggest that there is 

no risk premium for bonds in the 1986 cohort. One possible cause of tiiis is that there may 

be severe multi-collinearity between the variable to proxy for long-term default risk, B3 -

RF3, and the variables to proxy for the risk premium. To investigate this possibility, 

variance inflation factors for the new variable and the variables to capture a risk premium 

were collected. A variance inflation factor greater than 10 is generally interpreted as 

evidence of severe multi-collinearity. These are presented in Table 3.12. 
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Table 3.12. Variance inflation factors for the M2 model. 

Model 
Pye 

Wu 

Variable 
Intercept 
Proxy for Long-Term Default Risk 

Risk-free Rate 
Proxy for Long-Term Default Risk 

Variance Inflation Factor 
1982 

1.03 

31.79 
10.20 

1986 

1.03 

82.08 
12.09 

1990 

1.10 
1.70 
1.89 

This information suggests that, in the estimation of the Wu model, there is severe 

multi-collinearity between the risk-free rate and the variable to proxy for long-term default 

risk, for the 1982 and 1986 cohorts, but not for the 1990 cohort. Thus, it is possible that 

the observed value of the parameter associated with the risk-free rate in the 1986 cohort, 

using the M2 model is distorted due to severe multi-collinearity between this variable and 

the variable to proxy for long-term default. 

There is no multi-collinearity problem between die risk-free rate and the variable to 

proxy for long-term default risk in the estimates of the Pye model, because the parameter 

associated with the risk-free rate is restricted to a value of one, and so is not estimated. 

There is also no problem with multi-collinearity between the intercept term and tiie variable 

to proxy for long-term default risk in the estimates of the Pye model, because the intercept 

term does not vary. Thus, die severe multi-collinearity may explain tiie change in tiie 

parameter associated witii die risk-free rate, for the Wu model in the 1986 cohort, but does 

not explain the change in the intercept value from the Pye model in die 1986 cohort. This 

latter finding may be related to a change in the underlying sample used for this second 

analysis. 
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Another notable difference between parameter estimates from the analysis of the 

M2 model versus the Ml model is that, all of the parameters associated with tiie variable to 

proxy for the value of a sinking fund provision in die 1982 cohort are statistically 

insignificant in tiiis analysis of the M2 model, but are statistically significant in die analysis 

using the Ml model. This may also be the related to die fact that the analysis of the M2 

model is conducted on a different sample than the analysis of the Ml model. 

The partial F-test and J-test results from the analysis of die M2 model must also be 

evaluated to determine whether the use of the modified model changes any of the general 

conclusions of the study. Partial F-tests were conducted based on these regressions, in 

order to determine whether the Pye or Wu specifications of this model provide significant 

explanatory power over the Yawitz specification of the model. The results from these tests 

are reported in Table 3.13. 

Table 3.13. Partial F-Test results using the M2 model. 

Assumed 
True 

Model 

Yawitz 
Yawitz 

Alternative 
model 

Pye 
Wu 

1982 
F-Stat. 

19.8476 
14.7151 

p-value 

0.0001 
0.0002 

1986 
F-Stat. 

0.0003 
0.0107 

p-value 

0.9873 
0.9179 

1990 
F-Stat. 

42.5398 
42.3763 

p-value 

0.0001 
0.0001 

Two differences between the results of these tests for the analysis of the Ml model 

versus the analysis of the M2 model are apparent from looking at the partial F-test statistics 

in Table 3.13. First, tiie partial F-test statistic for the Wu model as the altemative model 

and the Yawitz model as the assumed tme model, for the 1982 cohort, is statistically 
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significant at tiie 0.95 confidence level in die analysis of die M2, but is only statistically 

significant at tiie 0.90 confidence level in die analysis of the Ml model. Second, the partial 

F-test results comparing the explanatory power of the Pye model versus the Yawitz model 

and die Wu model versus the Yawitz model in the 1986 cohort from the analysis of the Ml 

model suggest that both the Pye and Wu models provide statistically significant explanatory 

power beyond that of die Yawitz model. These statistics from the analysis of the M2 

model indicate that neither the Pye or Wu models provide statistically significant 

explanatory power beyond the Yawitz model, in the 1986 cohort. 

Predicted values from the estimation of equations 3.16 and 3.17 were also saved to 

be used in the calculation of a J-test. The equations used to estimate the J-test statistics for 

comparing the explanatory power of the Pye specification of the model and the Wu 

specification of the model must also be modified to include the variable to capture the 

value of the bond at the end of the three year period for which actual default information 

was gathered. Thus, the equation for evaluating whether the Pye specification of the model 

provides significantiy more explanatory power than the Wu specification of the model will 

be: 

Y(l - a) - a>- = pi* rf + p2*(AAA- rf*) + p3 *(B3 - RF3) + P4* CVg + Ps* Dj 

+ Pe* MAT + p7* PARB + p9* PYE. (3.18) 

The equation for evaluating whetiier the Wu specification of the model provides 

significantiy more explanatory power than the Pye specification of tiie model will be: 
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Y(l - a) - a;i = po+ rf + p2*(AAA- rf*) + p3 *(B3 - RF3) + p4* CVg + ps* Dj 

+ p6* MAT + p7* PARB + pio* WU. (3.19) 

The J-test results from estimating these regressions are presented in Table 3.14. 

Table 3.14. J-Test results using the M2 model. 

Assumed 
True 

Model 

Wu 
Pye 

Alternative 
model 

Pye 
Wu 

1982 
Param. 

Estimate 

10.0819 
(1.7832) 

p-value 

0.0001 
0.0001 

1986 
Param. 

Estimate 

(2.5559) 
* 

p-value 

0.2235 
* 

1990 
Param. 

Estimate 

(4.1787) 

11.1929 

p-value 

0.4249 
0.3811 

* There is no value available here because there was perfect collinearity between the 
predicted values from the Pye model and the variables from the Wu model. 

The conclusions from the J-test statistics from the analysis of the M2 model, presented in 

Table 3.14, are identical to those from the analysis of the Ml model, presented in Table 

3.7. Once again, for the 1982 cohort, a is significantly different from zero for both models. 

Again, the sample sizes for this analysis are large, and the p-values are small, so there is no 

reason to suspect that this a false rejection of the null hypothesis. Also, the a parameter is 

significantiy positive when the Wu model is the assumed tme model and the Pye models is 

the altemative model, and is significantiy negative when the Pye model is the assumed tme 

model, and the Wu model is the altemative model. As in the analysis of the Ml model, 

these results should be interpreted as evidence that neither model is the best model for 

explaining die relationship between risky and risk-free bond yields during die 1982 cohort, 

but a model that includes all of the information in the Pye model as well as some additional 

information in the Wu model might provide more explanatory power tiian either of the 
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models being compared. For the 1986 cohort using the Wu model as die assumed tme 

model and the Pye model as the altemative, a is once again insignificant, and 1990 

cohorts. No value for a can be reported in the 1986 cohort when the Pye model is the 

assumed tme model and the Wu model is the altemative model, because there is perfect 

collinearity between the predicted values from the Wu model and the variables in the Pye 

model. This can be treated as the extreme instance of a being insignificant. Again, both 

values of a are insignificant for the 1990 cohort. Thus, for the 1986 and 1990 cohorts using 

the M2 general model, neither the Pye or Wu model significantiy outperforms the otiier in 

explaining the relationship between yields on risky and riskless bonds. 

If the inclusion of the variable to proxy for long-term default risk causes the 

parameter values associated with the risk premium to become statistically insignificant, 

then it is possible that the statistical significance of these parameters in the analysis of the 

Ml model using the S1 sample is not evidence of a risk premium, but rather is evidence 

that the proxy for expected default risk does not fully capture investors expectations 

regarding this risk. However, it is possible that the differences in parameter estimates may 

be attributed to the change in the underlying sample used for the analysis of the M2 model, 

which used the S2 sample, and not the inclusion of an additional variable in this analysis. 

This possibility is more likely given tiiat the most dramatic differences between the two sets 

of results are observed in the 1986 cohort, which is also the cohort with the smallest 

number of observations available for analysis. Recall from Table 2.3 that there are only 73 

observations in this cohort for the S2 sample. 
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To assess the possibility that changes in parameter values are related to changes in 

the sample used in the analysis of the M2 model, this analysis was conducted a third time 

using tiie Ml model, which does not include a variable to proxy for long-term default, but 

using the reduced S2 sample. If the observed changes in parameter values from the 

analysis of the Ml model using the SI sample to the analysis of the M2 model using the S2 

sample are also reflected in this analysis of the Ml model using die S2 sample, the changes 

can be attributed to a change in the underlying sample used in the analysis and not to the 

inclusion of the variable to proxy for long-term default risk in die model. If these observed 

changes in parameter values are not reflected in this analysis, the change can be attributed 

to the inclusion of the variable, to proxy for long-term default risk. The parameter 

estimates from the analysis of the Ml model using the S2 sample are provided in Tables 

3.15,3.16 and 3.17. The parameter estimates from this analysis of the Ml model using the 

S2 sample are almost identical to those from the second analysis, using the M2 model and 

the S2 sample. The only notable exception is that the value of the parameter associated 

with the risk-free rate in the Wu model for the 1986 cohort is statistically greater than one 

(1.00) in this analysis, but is not statistically different than one in the analysis of the M2 

model using the S2 sample. The difference in the value of this parameter estimate for the 

analysis of tiie M2 model using the S2 sample versus the analysis of the Ml model using 

the M2 sample, must be due to the inclusion of die variable to proxy for long-term default 

risk in the model, and is probably related to die multi-collinearity between tiiis new variable 

and the risk-free rate in the 1986 cohort. 
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Table 3.15. Parameter estimates from regressions using the Ml model and the S2 sample 
1982 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) ** 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.71866 
0.00010 
0.00044 
0.00010 
0.01127 
0.02030 
0.00052 
0.04240 

(0.00007) 
0.35510 
0.01559 

Pye 
0.03529 
0.00010 
1.00000 

-

0.53439 
0.00180 
0.00031 
0.00010 

(0.01128) 
0.06710 
0.00021 
0.36500 

(0.00015) 
0.02850 
0.01405 

Wu 
-

-

1.22376 
0.00010 
0.57057 
0.00110 
0.00033 
0.00010 

(0.00916) 
0.14410 
0.00028 
0.23780 

(0.00014) 
0.04220 
0.01435 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

** AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund feamres, mamrity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.16. Parameter estimates from regressions using the Ml model and die S2 sample 
1986 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

CaU Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.53481 
0.05180 
0.00035 
0.01520 
0.01798 
0.01710 

(0.00034) 
0.46920 
0.00004 
0.21930 
0.01489 

Pye 
0.00829 
0.57910 
1.00000 

-

0.41149 
0.24420 
0.00033 
0.02590 
0.01204 
0.35650 

(0.00034) 
0.47100 
0.00002 
0.55080 
0.01497 

Wu 
-

-

1.07838 
0.32212 
0.43518 
0.21330 
0.00034 
0.02550 
0.01304 
0.31800 

(0.00038) 
0.43320 
0.00026 
0.51030 
0.01498 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fiind features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.17. Parameter estimates from regressions using the Ml model and die S2 sample 
1990 cohort. 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

CaU Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

2.38743 
0.00010 
0.00245 
0.00010 
0.00529 
0.31050 

(0.00205) 
0.00010 
0.00004 
0.02110 
0.03189 

Pye 
0.06145 
0.00010 
1.00000 

-

(0.57570) 
0.30800 
0.00240 
0.00010 

(0.01011) 
0.04470 

(0.00332) 
0.00010 
0.00001 
0.59580 
0.02791 

Wu 
-

-

1.76923 
0.00010 

(0.56102) 
0.31960 
0.00240 
0.00010 

(0.01016) 
0.04390 

(0.00338) 
0.00010 
0.00001 
0.59250 
0.02792 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, mamrity and marketability 

differences from this spread based on equations 3.5 and 3.6. 

The results from the analysis of the Ml model using the S2 sample confirm tiiat the lack of 

statistical significance in the intercept term from the Pye model in the 1986 cohort, as well 

as the lack of statistical significance in the parameters associated with the variable to 

capttire the existence of a sinking fund provision, in the 1982 cohort, can be attributed to 

changes in the composition of the sample used to test the M2 model, and not the inclusion 

of the variable to proxy for long-term default risk variable. 
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To determine whether the differences in conclusions from die analysis of tiie Ml 

model using die S1 sample versus the analysis of die M2 model using die S2 sample are 

due to the inclusion of the variable to proxy for long-term default risk or to the change in 

the sample used to test the model, the partial F-test statistics and J-test statistics from this 

analysis, using tiie original Ml model and the reduced sample, S2, must be reviewed. 

These results are presented in Tables 3.18 and 3.19. 

Table 3.18. Partial F-test results from analyses using Ml niodel and the S2 sample. 

Assumed 
True 

Model 

Yawitz 
Yawitz 

Alternative 
model 

Pye 
Wu 

1982 
F-Stat. 

27.3229 
21.5776 

p-value 

0.0001 
0.0001 

1986 
F-Stat. 

0.3108 
0.2152 

p-value 

0.5791 
0.6442 

1990 
F-Stat. 

55.3699 
55.2449 

p-value 

0.0001 
0.0001 

Table 3.19. J-Test results using the Ml model and the S2 sample. 

Assumed 
True 

Model 

Wu 
Pye 

Alternative 
model 

Pye 
Wu 

1982 
Param. 

Estimate 

9.5274 
(1.7271) 

p-value 

0.0001 
0.0001 

1986 
Param. 

Estimate 

33.5645 
(2.8496) 

p-value 

0.1861 
0.1982 

1990 
Param. 

Estimate 

6.8899 
(2.5632) 

p-value 

0.5533 
0.6123 

These results are consistent with those from the analysis of the M2 model using die 

S2 sample, confirming the possibility that the differences in test results are related to the 

difference in the samples used for the two analyses. As noted, the difference in results 

between the analysis using die Ml model and the M2 model, is the difference in 
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conclusions for the 1986 cohort. If the results from die analysis using the Ml model are 

used, there is overwhelming evidence of the existence of a risk premium in risky bond 

yields. If the results from the analysis using the M2 model are used, die evidence of a risk 

premium is mixed. There is clear evidence in favor of a risk premium for the 1982 and 

1990 cohorts, but clear evidence against a risk premium for the 1986 cohort. Given that 

these somewhat mixed results from the analysis of the M2 model can be explained by the 

sample differences between the two analyses, the general conclusions of the smdy will not 

be modified from those stated for the analysis of the Ml model using the S1 sample. That 

is, for the study, the results of the primary analysis should be interpreted as clear evidence 

of the existence of a risk premium in risky bond yields. Neither the analysis using the Ml 

model, or the analysis using the M2 model, were able to determine whether the Pye model 

or the Wu model best explains the risk premium in risky bond yields. Therefore, the study 

cannot claim to have identified any one model as the best model for explaining the 

relationship between yields on risky and risk-free bonds. 

The evidence regarding the importance of including a variable to proxy for long-

term default risk is also mixed. The parameters associated with tiiis variable are 

statistically significant in all three models for the 1986 and 1990 cohort. However, for the 

1982 cohort, this parameter is only statistically significant for the Yawitz model. 

Furtiiermore, the variable is highly correlated witii the risk-free rate in the 1982 and 1986 

cohort, bringing into question the validity of parameter estimates associated with these 

variables. Also, because of the definition of the variable, it is necessary to exclude many B-
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rated bonds from the sample, tiius reducing the amount of data available for die analysis 

and possibly biasing the selection criteria for inclusion in tiie analysis based on information 

that would not be available at the beginning of the cohort period. Given all of these 

considerations, the Ml model appears to be adequate for this analysis, so all remaining 

analyses will be conducted based on die use of the Ml model. 

Results of Primary Analysis Using S3 Sample 

Recall that the pairing methodology employed in creating tiie SI sample could 

allow outiiers to have undue influence over the results of the regression analysis, and may 

violate the OLS assumption regarding independence of error terms. To determine the 

degree to which the pairing methodology affects the conclusions of the analysis, a third 

sample, called the S3 sample must also be analyzed. In this sample, bonds in each rating 

class were combined into small portfohos, based on the matching criteria discussed 

previously, and weighted by the market value of bonds outstanding for each bond. These 

small portfolios from each rating class were then combined, based on the matching criteria 

discussed previously, and the primary analysis was conducted on this sample. Based on the 

finding that the differences between analyses using the Ml model and the M2 model are 

largely the result of the composition of the sample being investigated, and not the addition 

of die B3-RF3 variable, this analysis of the S3 sample was conducted using the Ml model. 

Again, die first equation to be estimated is for die model of the AAA-rf variable 

represented in equation 3.5. The intercept term and residuals from the estimation of the 
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equation are necessary to calculate the AAA-rf* variable for inclusion in tiie general model. 

The parameter estimates for equation 3.5, calculated using die S3 sample are presented in 

Table 3.20. 

Table 3.20. Parameter estimates for the AAA-rf equation using the Ml model and the S3 
sample. 

Intercept 

CaU Value 

Sinking Fund Provision 

Par Value Outstanding 

Years to Maturity 

R-Square 

b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

1982 
0.01400 
0.00010 

(0.00008) 
0.00010 
0.00033 
0.61260 

(0.00001) 
0.00010 
0.00018 
0.00010 
0.09120 

1986 
0.01613 
0.00010 
0.00002 
0.79400 

(0.00100) 
0.58630 

(0.00003) 
0.00990 

(0.00013) 
0.32970 
0.04610 

1990 
0.00086 
0.00010 

(0.00029) 
0.00010 
0.00041 
0.53940 

(0.00000) 
0.00060 
0.00017 
0.00010 
0.24530 

Most of the parameter estimates presented in Table 3.20 are consistent in sign and 

significance with the expectations discussed in the chapter two, and are also consistent with 

the estimates from the analysis of die S1 sample using the Ml model. Parameters are 

considered significant if the p-value associated widi the parameter is less than or equal to 

.05. The intercept values are in the 8 basis point to 161 basis point range and are 

significant in all cases, supporting previous findings of a significant small positive spread 

between die Treasury rate and the AAA bond rate. The parameters associated with the 

variable to proxy for call risk of the AAA rated bonds are significant and negative for tiie 

1982 and 1990 cohorts. Recall that tiiis proxy variable is calculated as the difference 
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between die call price and the market price of the given bond. Therefore, larger values of 

this variable correspond to less likehhood that the bond would be called. Thus, a negative 

value of the parameter associated with this variable implies tiiat yields are lower for bonds 

with a high value of the variable, or a lower risk of call. The fact that the parameter 

associated with this variable is significant suggests that investors in low risk bonds during 

this period are concemed with the possibihty that the bonds may be called prior to 

maturity. The value of the parameter associated with the variable to proxy for call risk for 

the 1986 cohort is not significantly different from zero. 

The parameters associated with the sinking fund provision are insignificant in all 

three cohorts, suggesting that this feature does not affect valuation of low risk bonds 

significantly. The parameters associated with the par value of bonds outstanding are 

significant and negative for all cohorts, suggesting that yield does decline as the par value 

of debt outstanding rises. This is consistent with the hypothesis that this variable would be 

a good proxy for the marketability of the bonds. The parameters associated with years to 

maturity are significant and positive for the 1982 and 1990 cohorts, suggesting that there 

may be some term premium in the AAA rated bond yields, above and beyond tiiat in the 

Treasury bond yields. The parameter for this variable is insignificant for the 1986 cohort. 

Overall, tiiese parameter estimates are consistent with expectations, lending 

support to the belief that this approach effectively models variations in die AAA-rf 

variable. Based on these results, the information from estimating equation 3.5 was used to 

168 



calculate AAA-rf* for each cohort, using equation 3.6, as discussed in the analysis of the 

SI sample using the Ml model. 

Next, parameters for equations 3.7, 3.8 and 3.10 were estimated for each of the 

three cohorts, using the S3 sample. Recall that these equations are: 

Y(l - a) - a>- =Po + rf + p2*(AAA- rf*) + p4* CVg + 

ps*Di + p6* MAT + P7* PARB, (3.7) 

Y(l - a) - a^ = rf + p2*(AAA- rf*) + P4* CVg + 

ps*Di + p6* MAT + P7* PARB, (3.8) 

and 

Yil-a)-aX = Pi*rf + P2*(AAA- rf*) + P4* CVg + 

ps*Di + p6* MAT + p7* PARB. (3.10) 

The parameter estimates from these regressions using the S3 sample for the 1982, 1986 

and 1990 cohorts are provided in Tables 3.21, 3.22 and 3.23, respectively. 
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Table 3.21. Parameter estimates for the Ml model using the S3 Sample - 1982 cohort 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed) ** 

CaU Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.56135 
0.25100 
0.00019 
0.28730 
0.03619 
0.00110 

(0.00007) 
0.89140 

(0.00029) 
0.09510 
0.02088 

Pye 
0.00745 
0.61060 
1.00000 

-

0.41419 
0.46570 
0.00017 
0.35220 
0.03169 
0.02530 

(0.00009) 
0.86860 

(0.00031) 
0.08580 
0.02107 

Wu 
-

-

1.03591 
0.36344 
0.46283 
0.41510 
0.00018 
0.33090 
0.03312 
0.01970 

(0.00008) 
0.88270 

(0.00030) 
0.09200 
0.02110 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.22. Parameter estimates for tiie Ml model using the S3 Sample -1986 cohort 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

CaU Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.33419 
0.08510 
0.00069 
0.00030 
0.01292 
0.05910 

(0.00032) 
0.49490 
0.00006 
0.05470 
0.01776 

Pye 
0.02125 
0.00180 
1.00000 

-

0.05439 
0.78280 
0.00055 
0.00220 
0.00424 
0.53330 

(0.00057) 
0.19640 
0.00000 
0.90800 
0.01646 

Wu 
-

-

1.25050 
0.00091 
0.07628 
0.69510 
0.00055 
0.00260 
0.00402 
0.55650 

(0.00072) 
0.11060 
0.00000 
0.92900 
0.01646 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 
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Table 3.23. Parameter estimates for the Ml model using the S3 Sample - 1990 cohort 

Intercept 

Risk-free Rate 

AAA Rate - Risk-free Rate(Cleansed)** 

CaU Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Root MSE 

b-value 
p-value 
b-value 
p-value* 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 
b-value 
p-value 

Yawitz 
-

-

1.00000 
-

0.92088 
0.05010 
0.00245 
0.00010 
0.00391 
0.56690 

(0.00052) 
0.43650 
0.00006 
0.01070 
0.03104 

Pye 
0.04947 
0.00010 
1.00000 

-

(0.67346) 
0.11720 
0.00221 
0.00010 

(0.00977) 
0.08870 

(0.00191) 
0.00100 
0.00001 
0.47180 
0.02442 

Wu 
-

-

1.62311 
0.00090 

(0.67507) 
0.11600 
0.00222 
0.00010 

(0.00984) 
0.08610 

(0.00197) 
0.00070 
0.00001 
0.47760 
0.02390 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 

Once again, parameters were considered to be significant if the p-value 

associated with the parameter was less than or equal to .05. Recall that for the Pye 

model, evidence of an intercept greater than zero can be viewed as evidence of the 

existence of a risk premium. For the Wu model, evidence of a coefficient on the risk-

free rate that is greater than one can be viewed as evidence of a risk premium. For the 

Pye model, the intercept is significantly different from zero in the 1986 and 1990 

cohorts, but is not significantiy different from zero in die 1982 cohort. For the Wu 
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model the parameter estimate associated with die risk-free rate is significantiy greater 

than 1.00 in the 1986 and 1990 cohorts, but is not significantly different from 1.00 in 

the 1982 cohort. This finding is different than that of the analysis using die S1 sample 

and the Ml model. While these findings still support the notion that the risk premium 

is an important variable in explaining die relationship between yields on risky and risk-

free bonds, tiiey suggest that the premium was not consistently incorporated into the 

expected retum on B rated bonds during the 1982 cohort. This may be a reflection of 

the relative immaturity of the high yield bond market at the time of this cohort. More 

significant is the fact that this analysis using the S3 sample was unable find evidence of 

a risk premium for the 1982 cohort, while the analysis using the SI sample found 

evidence of a risk premium in the 1982 cohort. This may be interpreted as evidence 

that the pairing methodology used in the development of the SI sample has affected the 

results of the analysis. Therefore, for the remainder of this smdy, conclusions will be 

based on results from this analysis, using the S3 sample. 

For those cohorts for which a risk premium is indicated, the interpretation of 

the parameters associated with the risk premium depends on which model the 

parameter estimate comes from. For the 1986 cohort the estimated risk premium would 

be 2.125%, based on die Pye model or .2505 times the risk-free rate, based on the Wu 

model. Given tiiat the average treasury rate was 9.181% for the 1986 cohort sample, 

the estimates from the Wu model would suggest an average premium of 2.2998%. 

For the 1990 cohort the estimated risk premium would be 4.495%, based on the Pye 
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model or .62311 times the risk-free rate, based on the Wu model. Given tiiat the 

average treasury rate was 8.036% for the 1990 cohort sample, the estimates from tiie 

Wu model would suggest an average premium of 5.0073%. 

Recall tiiat the yield premium in the AAA-rated bond above a Treasury bond of 

comparable mattirity was included to capture any measurement error tiiat results from 

matching a B rated bond to a AAA rated bond rather than a risk-free bond, as required 

by the general model. Significant values for the parameters associated witii this 

variable may indicate that the additional variables added to the model to control for 

such tilings as call features, sinking fund provisions, term premiums and marketability, 

did not explain all of the factors that could contribute to variation in expected yields for 

AAA and B rated bonds. The significance of this coefficient may also reflect the 

additional premium added to die corporate bond due to tax differences between this 

bond and the Treasury bond. If this the case, the parameters would be expected to be 

positive, and would be larger prior to the 1986 tax law change, which reduced the tax 

rate on capital gains. The parameters associated with this variable are insignificant for 

all three models in the 1982 cohort, and are only marginally significant for the Yawitz 

model in the 1986 and 1990 cohorts. Again, this result for the 1982 cohort is quite 

different than that from the analysis of the SI sample, which found tiiat this variable 

was significant for all three models in the 1982 cohort. 

The parameters associated with the variable to proxy for the call risk of the B-

rated bond is statistically significant and positive in the 1986 and 1990 cohorts, but is 
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not significant for any model in the 1982 cohort. The fact tiiat tiie parameters are 

positive suggests that investors in the high yield market are concemed with call risk and 

that they are more concemed with tmncation of their cash flows as a result of having 

the bond called, than they are with the possibility of crisis at maturity for the risky 

bond. Recall that the risk of crisis at maturity would be reduced if some of the bonds 

were called early, thus reducing the total principal that must be delivered to 

bondholders upon maturity of the bond. Perhaps investors beheve tiiat any company 

that is sound enough to pay for early retirement of its bonds via a call, is probably 

sound enough financially so that they can consider the risk of crisis at maturity to be 

minimal. Again, the lack of significance for this variable in the 1982 cohort may be 

related to the relative immaturity of the high yield bond market during this period. 

The parameters associated with the sinking fund provision of the B-rated bond 

are statistically significant and positive for all three models, in the 1982 cohort. The 

parameter is statistically significant at only the 0.90 confidence level and positive in 

only the Yawitz model in the 1986 cohort, and is statistically significant at only die 

0.90 confidence level, but negative for the Pye and Wu models, in the 1990 cohort. 

These mixed results may be related to changes in investors valuation of amortization 

risk versus tiie risk of crisis at maturity in these bonds. Alternatively, it may reflect die 

fact that most of the bonds that comprised the high yield bond market in 1982 were 

fallen angels. These are bonds that were previously rated as investment grade, but have 

subsequently been downgraded to speculative grade. The companies who issue these 
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bonds may have weathered hard times but still have some capital diat may be sold off in 

the event of default. This improves the likelihood that investors in these bonds will 

recover some of tiieir investment if the bonds default. The speculative grade bond 

market has changed over tune so that, by 1990 most of the bonds in this class were 

considered "new junk." This means that the bonds were rated in the speculative 

grades when they were issued. Typically, the companies that issue these bonds used 

them for leveraged buyouts, acquisition refinancing, or re-capitalization, so that they 

may not backed by capital that can be resold upon default, thus reducing the amount 

that an investor could reasonably expect to recover in the event of default. "* This 

change in the recovery profile can be seen in Table 2.2 of Chapter H, by the increase in 

the loss rate upon default from 1982 to 1990. It is plausible that investors in the high 

yield bond market noted this trend and thus placed greater value on having their 

investment retumed to them prior to maturity, rather than face the risk of crisis at 

maturity. 

As in the case of the analysis using the SI sample, the parameter estimates for 

the variable capturing time to maturity are statistically significant only in tiie 1990 

cohort and only in Pye and Wu models within this cohort. In those models the 

parameter is negative, suggesting that the promised yield is lower for high risk bonds 

witii a greater lengtii of time to maturity. This result may be spurious, or it may be 

related to investors fears regarding crisis at maturity. The longer the time until 

^ For a full discussion of die changes in the namre of the junk bond market, see 
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ig 

mattirity, the longer a company has to recover from a poor financial situation before it 

must pay out a large sum of money to retire its debt. If investors are concemed about 

crisis at mattirity they may pay a premium for bonds that will not mature for a Ion< 

period of time, thus providing more time for the company's financial condition to 

improve, before the bonds mature. 

A final variable was included in die model to capture any effects related to par 

value of debt outstanding for the B-rated bonds. The parameter associated widi this 

variable is only statistically significant at the .95 confidence level for die Yawitz model 

in the 1990 cohort. It is statistically significant at tiie .90 confidence level for the 

Yawitz model in 1986 and for all three models in the 1982 cohort. The lack of 

consistency in die significance of this parameter suggests that there is no clear 

relationship between the yield on a B rated bond and the par value of debt outstanding 

for that bond. This result lends support to die conclusion drawn from earlier visual 

inspections of scatter plots, which could not identify any pattem to suggest a 

relationship between par value outstanding of the bonds and dieir promised yield. 

In general, the statistical significance and sign of the parameter estimates for the 

control variables are consistent with their hypothesized values. This suggests that the 

variables included in the model to control for variations in tiie yield of the B rated bonds 

that are unrelated to default risk, are appropriately specified. A comparison of the results 

of this analysis using the Ml model and the S3 sample, versus the analysis using the Ml 

Altman (1987) and Altman (1991). 
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model and the SI sample indicates that the pairing methodology used to develop die SI 

sample may resulted in finding statistically significant parameter estimates in instances 

where the effect being measured may not have acttially been statistically significant. 

The most notable example of this is the fact that the analysis of die S1 sample using the Ml 

model found evidence of a risk premium in die 1982 cohort, while diis analysis using the 

S3 sample and the Ml model found no evidence of a risk premium in die 1982 cohort. 

A summary of the partial F-tests conducted on these regressions to evaluate the 

explanatory power of the Pye and Wu models over the Yawitz model are presented in 

Table 3.24. As before, in instances where the error sum of squares from the altemative 

model was less that the error sum of squares from the assumed tme model, no F-statistic is 

calculated so none is provided. In these tables a significant p-value for a given comparison 

indicates that the altemative model provides significant explanatory power over the 

assumed tme model. P-values are considered significant if they are less than or equal to 

.05. 

Table 3.24. Partial F-Test results using the Ml model and the S3 sample 

Assumed 
True 

Model 

Yawitz 
Yawitz 

Alternative 
model 

Pye 
Wu 

1982 
F-Stat. 

0.2633 
0.1237 

p-value 

0.6106 
0.7269 

1986 
F-Stat. 

10.7316 
10.7063 

p-value 

0.0018 
0.0018 

1990 
F-Stat. 

52.7243 
52.9580 

p-value 

0.0001 
0.0001 

As the information in Table 3.24 indicates, the Pye and Wu models, which include a 

parameter to capture a risk premium, outperforms the Yawitz model, which does not 
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contain a parameter to capttire a risk premium, in explaining the relationship between yields 

on a portfolio of risky bonds and yields on portfolio of riskless bonds, for die 1986 and 

1990 cohorts. Neither model outperforms the Yawitz model for the 1982 cohort. This is 

not surprising given tiiat Table 3.21 provides no evidence of a risk premium in the 1982 

cohort. 

Given that the Pye and Wu specifications provide statistically more explanatory 

power than the Yawitz specification of the model in two of the three cohorts, equations 

3.12 and 3.13 were estimated again using the S3 sample, in order to determine whether 

either of these two models provides a better explanation of the relationship between yields 

on a portfolio of risky bonds and yields on portfolio of riskless bonds, using the S3 

sample. Recall that equations 3.12 and 3.13 are : 

Y(l - a) - a^ =po + pi * rf + P2*(AAA- rf*) + p4* CVg + 

ps*Di + p6* MAT + p7* PARB + P8*PYE (3.12) 

and 

Y(l - a) - a>. =po + pi * rf + P2*(AAA- rf*) + p4* CVg + 

P5*Di + p6* MAT + P7* PARB + p9*WU. (3.13) 

The J-test results from these regressions are presented in Table 3.25. A p-value 

less than or equal to .05 in this table will be interpreted as evidence diat the altemative 

model provides significant explanatory power over die assumed tme model. 
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Table 3.25. J-Test results for analyses using die Ml model and the S3 sample 

Assumed 
True 

Model 

Wu 
Pye 

Alternative 
model 

Pye 
Wu 

1982 
Param. 

Estimate 

48.1499 
(2.3886) 

p-value 

0.0443 
0.0480 

1986 
Param. 

Estimate 

0.7225 
0.0558 

p-value 

0.8759 
0.9520 

1990 
Param. 

Estimate 

(16.5912) 
6.7444 

p-value 

0.2862 
0.2584 

The results of these comparisons are consistent with those from die analysis of the 

SI sample using the Ml model. For the 1982 cohort, a is significantiy different from zero 

in both models. However, there are only 47 observations in the sample for this cohort, and 

the p-values are very close to the threshold significance level of .05. Therefore, there is 

some reason to question whether or not this a false rejection of the null hypothesis. Once 

again, for the 1982 cohort the a parameter is significantiy positive when the Wu model is 

the assumed tme model and the Pye models is the altemative model, and is significantly 

negative when the Pye model is the assumed tme model, and the Wu model is the 

altemative model. As discussed previously, these results should be interpreted as evidence 

that neither model is the best model for explaining the relationship between risky and risk-

free bond yields during the 1982 cohort, but a model that includes all of the information in 

the Pye model as well as some additional information in die Wu model might provide more 

explanatory power than either of the models being compared. As in the analysis of the Ml 

model using the SI sample, a is not significantly different from zero for eidier formulation 

of the J-test in the 1986 and 1990 cohorts. This suggests that neither the Pye nor the Wu 
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model significantly outperforms die otiier in explaining the relationship between yields on 

risky and riskless bonds in these cohorts. 

The comparison of results from the analysis of the Ml model using die SI sample 

versus results of the analysis of the Ml model using the S3 sample suggest diat, while there 

are notable differences in die sign and significance of parameter estimates for the three 

models across the three cohorts, from one analysis to the other, die results of hypotiiesis 

tests are basically the same. When the results from the F-tests and J-tests are viewed for all 

of the analyses discussed in tiiis study, a general conclusion can be drawn. The general 

conclusion of this study is that risky bond yields do appear to contain an additional 

premium consistent with tiie definition of a risk premium. However, there is some 

evidence that this premium may not have been present in the early years of die high yield 

bond market. Furthermore, the analysis is unable to determine whether the premium is 

more appropriately modeled as being added to the risk-free yield or as being a positive 

function of the risk-free yield. In addition, there is some evidence that a better model of 

the relationship between risky and risk-free bond yields may include both an additive and a 

multiplicative risk premium. This finding may indicate the need for additional theoretical 

development regarding the components of the risk premium. 

Secondary Analysis Results 

The prior discussion represents a summary of the primary analysis of this 

dissertation. The goal of this analysis is to determine the model which best explains the 
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relationship between yields on risky and risk-free bonds. Because the general 

conclusions from this primary analysis suggest that die relationship includes a risk 

premium, at least for the 1986 and 1990 cohorts, a secondary analysis was conducted 

to determine whether the risk premium is stable over time. In this instance stability is 

defined as non-varying over time. For an additive risk premium, stabihty means that 

the actual magnitude of the premium does not vary, statistically, over time. For a 

multiplicative risk premium, stability means that the ratio of die premium to the risk-

free rate does not vary, statistically, over time. The findings from this secondary 

analysis have implications for the design of future research into pricing of risky bonds. 

Because the models proposed here imply that changes in the risk-free rate, the default 

rate or the recovery rate upon default will result in changes in the risky bond rate, 

cointegration may be a desirable methodology for conducting research into these 

relationships. However, as Damell and Evans (1990) point out, if auxihary hypotheses 

(such as the existence and nature of a risk premium) are non-stationary and are not 

properly modeled, the significance tests related to cointegration analysis may 

inadvertentiy fail to reject the hypotheses that no relationship exists between tiie 

dependent and independent variables. 

Therefore, if the results from this secondary analysis suggest diat die risk premium 

does not vary, statistically, over time, then future research can be conducted using 

techniques such as cointegration to analyze the responsiveness of risky bond yield to 

changes in die level of the relevant risk-free rate over time. Such an analysis may provide a 
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more direct test of the implications of the two models under investigation and could 

provided support for one model over the other, which is a determination diat tiiis analysis 

was unable to make. However, if the results from this secondary analysis suggest that the 

risk premium does vary over time, then additional research must be conducted to determine 

whether the premium varies in a stationary or non-stationary way. If the premium varies in 

a stationary way, the cointegration analysis previously discussed could still be conducted. 

If the premium varies in a non-stationary way, additional work would be required in order 

to model the factors which contribute to die non-stationary portion of the variation over 

time, before cointegration techniques could provide reliable results. 

The secondary analysis was conducted by evaluating two regression equations 

based on the Ml model and the S3 sample. One equation was specified in accordance with 

the Pye specification of the general model. The other was specified in accordance with the 

Wu specification of the general model. For this analysis, the general model was expanded 

to incorporate information for all three cohorts into a single model. Dummy variables were 

used to identify which cohort an observation is from. The dummy variables are labeled C| 

and C2. For observations from the 1982 cohort Cj = 0 and C2 = 0. For observations from 

the 1986 cohort Cj = 1 and C2 = 0. For observations from the 1990 cohort Cj = 0 and C2 

= 1. The equation estimated for the Pye specification of die Ml model is: 

183 



Y(l - a) - a;i =po + rf + p2*(AAA- rf*) + p4* CVg + ps* 0^+ p^* MAT + p7* PARB 

+ pio*Ci + Ci *pii*(AAA- rf*) + Ci *pi2* CVg + C, *pi3* 0^+ Ci *pi4* MAT 

+ Ci *pis* PARB + pi6*C2 + C2 *pi7*(AAA- rf*) + C2 *pi8* CVg + C2 *pi9* D^+ C^ 

*p2o* MAT + C2 *P2i* PARB . 3̂ ̂ ^^ 

In this equation, parameters po through p7 represent the level of the parameter for 

observations in the 1982 cohort. Parameters pio through pis represent the change in 

the level of the parameter from 1982 to 1986. Parameters pi6 through P21 represent the 

change in the level of the parameter from 1982 to 1990. 

The parameters of primary interest are the parameters associated with the risk 

premium, in this case the parameters associated with the Cl and C2 variables. A significant 

value for either of these parameters indicates that the risk premium for the given cohort is 

significantiy different that the risk premium in the 1982 cohort, dius supporting the 

hypothesis that the risk premium is not stable over time. The equation to be estimated for 

the Wu specification of the Ml model is: 

Y(l - a) - a>, =Pi rf + p2*(AAA- rf*) + p4* CVg + ps* Di+ Pg* MAT + p7* PARB 

+ p22*Ci *rf+Ci *pii*(AAA- rf*) + Ci *pi2* CVg + Ci *pi3* Di+ C, *pi4* MAT 

+ Cl *pis* PARB + p23*C2 *rf + C2 *pi7*(AAA- rf*) + C2 *Pi8* CVg + C2 *pi9* Di+ 

C2 *p2o* MAT + C2 *p2i* PARB. (3.21) 

The interpretation of parameters is similar to that in equation 3.20. Again, the 

parameters of primary interest are the parameters associated with the risk premium, in 
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this instance, the parameters associated with the C1 *rf and C2*rf variables A 

significant value for either of these parameters indicates that die risk premium for die 

given cohort is significantiy different that the risk premium in the 1982 cohort, tiius 

supporting the hypothesis that the risk premium is not stable over time. The parameter 

estimates for these two equations are presented in Table 3.26. 

As the information in Table 3.26 indicates, the risk premium does not change, 

statistically, from the 1982 cohort to the 1986 cohort, but does change, statistically, 

from the 1982 cohort to the 1990 cohort. If the Pye model is assumed to be die 

correct model, the additive risk premium rises by 4.2017% from 1982 to 1990. If the 

Wu model is assumed to be the correct model, the multiplicative risk premium rises by 

58.7201% of the risk-free rate from 1982 to 1990. Note that this last conclusion does 

not necessarily imply that the average level of the risk premium increased over this 

period. It could be the case that the multiplicative risk premium rises at a slower rate 

than the risk-free rate falls, so that the average level of the risk premium could still be 

lower in 1990 than in 1982. In fact, even though the level of the risk-free rate dropped 

dramatically from 1982 to 1990, the average level of die risk premium did rise over this 

time. These results provide clear evidence that the risk premium was not stable from 

the 1982 cohort to the 1990 cohort, regardless of whedier it is defined as an additive 

premium or a multiplicative premium. 
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Table 3.26. Parameter estimates from the secondary analysis using die Ml model and 
the S3 sample. 

Intercept 

Risk-free Rate 

AAA rate - Risk-free rate ( Cleansed) 

Call Value 

Sinking Fund Provision 

Years to Maturity 

Par Value Outstanding 

Intercept times Cl Dummy 

Risk-free Rate times Cl Dummy 

AAA rate - Risk-free rate ( Cleansed) times Cl Dummy 

Call Value times Cl Dummy 

Sinking Fund Provision times Cl Dummy 

Years to Maturity times Cl Dummy 

Par Value Outstanding times Cl Dummy 

Intercept times C2 Dummy 

Risk-free Rate times C2 Dummy 

AAA rate - Risk-free rate ( Cleansed) times C2 Dummy 

b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 

Pye 

0.007454 
0.6141 

1.000000 

0.414189 
0.4714 

0.000174 
0.3556 

0.031689 
0.0235 

-0.000090 
0.8700 

-0.000305 
0.0848 

0.013793 
0.4182 

0.000000 

-0.359804 
0.5675 

0.000378 
0.1979 

-0.027453 
0.0963 

-0.000479 
0.5433 

0.000309 
0.0909 

0.042017 
0.0090 

0.000000 

-1.087652 
0.1138 

Wu 

0.000000 

1.035546 
0.3646 

0.462829 
0.4180 

0.000181 
0.3332 

0.033116 
0.0178 

-0.000080 
0.8838 

-0.000299 
0.0906 

0.000000 

0.214591 
0.1369 

-0.386552 
0.5359 

0.000364 
0.2155 

-0.029101 
0.0780 

-0.000643 
0.4208 

0.000302 
0.0980 

0.000000 

0.587201 
0.0001 

-1.137896 
0.0966 
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Table 3.26. Continued 
Call Value times C2 Dummy 

Sinking Fund Provision times C2 Dummy 

Years to Maturity times C2 Dummy 

Par Value Outstanding times C2 Dummy 

b value 
p-value 
b value 
p-value 
b value 
p-value 
b value 
p-value 

0.002040 
0.0001 

-0.041455 
0.0054 

-0.001821 
0.0141 

0.000318 
0.0735 

0.002035 
0.0001 

-0.042960 
0.0039 

-0.001894 
0.0108 

0.000311 
0.0788 

*The p-value on the parameter associated with the risk-free rate is for a t-test of whether 
the parameter is greater than 1.0. 

**AAA rate - Risk-free rate (cleansed) indicates that this is the value of this spread after 
removing the effects of call provisions, sinking fund features, maturity and marketability 
differences from this spread based on equations 3.5 and 3.6. 

*** The p-values on the parameters associated with the risk-free rate times the Cl Dummy, 
and the risk-free rate times the C2 Dummy, are for a t-test of whether the parameter is 
greater than 0. 

In general, none of the parameters associated with control variables in the Ml 

model changes in a statistically significant way from 1982 to 1986, at the 0.95 

confidence level. However all of the parameters associated with control variables in 

the Ml model changes in a statistically significant way from 1982 to 1990, with the 

exception of the parameter associated with die par value of debt outstanding, which is 

intended to proxy for the hquidity of the bond issue. 

Given all of the evidence from this analysis, the general conclusions of the 

secondary analysis are diat the risk premium incorporated into risky bond yields to 

compensate investors for the uncertainty of their investment appears to vary from one 

cohort to the next. This is tme regardless of whether this premium is modeled as a 
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premium that is added to die risk-free rate or one that is a ftinction of die level of die 

risk-free rate. 
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CHAPTER IV 

CONCLUSIONS 

The bond market for risky debt has interested researchers since as early as 

1958. With die tremendous growth in this market since the early 1980's, particularly 

the high yield segment of the market, there has been a renewed interest in developing 

theories to explain pricing in this market. The most widely cited of these theories, 

proposed by Yawitz (1977), assumes that investors in these markets are risk neutral, 

and thus require no additional expected retum above that on a risk-free security for 

investing in these markets. This model has been the basis of research by both Fons 

(1987) and Kim (1987) regarding the importance and proper specification of default 

risk information in determining pricing in risky bond markets. In both of these studies 

the results indicate the presence of a premium that is not explained by the Yawitz 

model. 

One possible explanation for this premium is that investors in tiiese markets are 

risk averse and thus require a premium to compensate them for the uncertainty inherent 

in investing in risky bond markets. Altemative theories to the one proposed by Yawitz, 

which include parameters to model a risk premium, have been developed. Pye (1974) 

suggests that there is a risk premium in risky bond yields and diat diis premium is added 

to the risk-free rate to determine the expected rettim an investor would require for 

investing in a risky bond. Wu (1991), and Kidwell and Trzcinka (1979) also suggest 
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that there is risk premium in risky bond yields, but beheve diat it is a multiphcative 

function of the risk-free rate. To date there have been no sttidies conducted to address 

the issue of which of these theories best describes pricing in risky bond markets. 

Any investigation of the relationship between promised yields on risky bonds 

and promised yields on virtually risk-free bonds requires that, whenever possible, bonds 

from the two risk classes should be paired such that they are homogeneous with respect 

to all other characteristics except their default risk. Characteristics that cannot be 

properly controlled by pairing the bonds should be modeled so that the effect of these 

characteristics on yields does not confound the results of the analysis. Differences 

between contractual features, differences in liquidity, and variations in regulations 

regarding taxation, and who may buy and sell in bond markets further complicate the 

analysis of these markets. These additional complications make it very difficult to 

isolate the portion of the expected yield on a risky bond that may represent a risk 

premium. In previous studies, where the primary purpose of the research was not 

related to identifying a risk premium, one or more of these complicating factors have 

been ignored or have not been treated carefully, thus preventing us from using the 

results of these studies to address the issue of the existence and nature of a risk 

premium in the risky bond markets. 

This dissertation compares the ability of three theoretical models to explain the 

relationship between promised yields on B rated corporate bonds versus promised 

yields on tt-easury bonds, controlling for differences in mattirity, marketability, call 
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provisions, sinking fund feattires, listing on an organized exchange, and overall 

economic conditions, as well as differences between the Treasury and Corporate debt 

markets. Data for the study are separated into three separate cohorts. Inclusion in a 

cohort is determined by the date on which the bond is assumed to have been purchased, 

to minimize differences related to changing market conditions within any one cohort. 

The three cohorts in this analysis have assumed investment dates of January 1982, 

January 1986, and January 1990. The primary focus of the dissertation is to determine 

empirically whether the relationship between promised yields on risk bonds and 

promised yields on risk-free bonds embodies a risk premium, and if so, what the 

functional specification of this risk premium is in relationship to the risk-free rate. 

Given evidence of the existence of a risk premium, a secondary investigation is 

conducted to evaluate fluctuations in this risk premium over time. 

Both the primary and secondary investigations employ a rigorous methodology 

designed to control carefully for the various differences between individual risky and 

riskless bond pairs used in the analysis. Whenever possible, risky and risk-free bonds 

with similar characteristics, such that tiie characteristic would affect the value of the 

risky and risk-free bonds in similar ways, are paired. In cases where the value of the 

characteristic may be different for the risky versus the risk-free bond, the characteristics 

are modeled in the analysis. Analyses across multiple cohorts are used to provide a 

more rigorous test of the models than comparisons across a single sample, and also to 

allow analysis of hypotheses related to variations in parameter values over time. 
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The remainder of this chapter will be divided into four sections. The first 

section will summarize die major empirical findings of die analysis. The second section 

will relate the general conclusions of the study, based on the findings. The diird section 

will discuss the limitations of the study. The final section will provide a context from 

which to view these conclusions and implications for future research based on the 

findings of this study. 

Summary of Findings 

The findings of this study can be grouped into three categories. The first 

category includes empirical findings used to evaluate the primary research question of 

which of three models better explains the relationship between promised yields on risky 

bonds and yields on risk-free bonds. The second category includes empirical findings 

used to evaluate the secondary research question or whether the risk premium in risky 

bond yields varies over time. The third category includes empirical findings related to 

the proper design of studies of this nature. 

Three separate pieces of information are required to present complete picture of 

the findings as they relate to the primary research question of which of three models 

better explains the relationship between promised yields on risky bonds and yields on 

risk-free bonds. The first is information on tiie significance of parameter estimates 

related to a risk premium, die second is information on tiie results of F-tests used to 

compare models that include a risk premium to the model which does not include a risk 
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premium, and die tiiird is information on the results of J-tests used to compare the 

explanatory power of die two models which include risk premium. Based on the 

results from analysis of the S3 sample using the Ml model, die parameters to proxy for 

a risk premium in the Pye and Wu models were found to be statistically significant at 

the 95% confidence level for both the 1986 and 1990 cohorts. These parameters were 

not found to be statistically significant for the 1982 cohort. One possible reason for 

this difference is the relative immattirity of the high yield bond market in 1982. The 

results from the analysis of the SI sample using die Ml model also suggest that tiiese 

parameters to proxy for a risk premium are statistically significant in the 1986 and 1990 

cohorts, but suggest that the parameters are statistically significant for the 1982 cohort 

as well. 

These same findings are mirrored in the results of F-tests which indicate that 

for the analysis of the S3 sample using the Ml model, both the Pye and Wu models 

provide significantly more explanatory power than the Yawitz model in the 1986 and 

1990 cohorts. There is no difference between the explanatory power of either of these 

models and the Yawitz model for die 1982 cohort in this analysis. In the analysis of the 

SI sample using the Ml model, botii the Pye and Wu models are found to provide 

significantly more explanatory power than the Yawitz model in all three cohorts. 

The J-test results are provided to help determine whedier the Pye model or the 

Wu model does die better job of explaining the relationship between promised yield on 

risky versus risk-free bonds. For the analysis of the S3 sample using the Ml model, the 
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J-test results indicate tiiat there is no distinguishable difference between die explanatory 

power of die two models for the 1986 and 1990 cohorts. While the results for the 

1982 cohort are also inconclusive, they do suggest that a model including both and 

additive and a multiplicative risk premium might provide more explanatory power than 

either of the models under investigation. The analysis of the S1 sample using tiie Ml 

model provide identical results with regard to the J-test. 

The second research question can be addressed using information on the 

significance of parameters related to the change in the risk premium from the 1982 

cohort to each of the subsequent cohorts. Because the primary analysis was unable to 

determine which model including a risk premium would be the best model for 

explaining the relationship between promised yields on risky versus risk-free bonds, the 

secondary analysis was conducted for both the Pye and Wu models. For both models, 

the parameter associated with the change in the risk premium form the 1982 cohort to 

the 1986 cohort was not statistically significant, but die parameter associated with the 

change in the risk premium from the 1982 cohort to the 1990 cohort was statistically 

significant. 

In addition to diese findings related to the primary and secondary research 

questions, tiiere were a number of interesting findings regarding the proper design of 

the research study. The most significant finding relates to die proper development of 

the sample for the analysis. For each observation in each cohort it is necessary to 

match an observation containing information about a B rated bond to an observation 
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containing information about a AAA rated bond. One way to do this is to match these 

bonds on a bond by bond basis based on a set of pairing criteria. This is fine as long as 

there is no more than one bond in each rating class for each given combination of 

pairing criteria. If there is more than one bond in each class for a given set of pairing 

criteria, it is necessary to either randomly select the one bond that will be included in 

the analysis, or create all possible combinations of bonds using the available 

information. The first solution destroys data that could be made available to the 

analysis. These second solution violates the regression assumption of the independence 

of error terms in the regression model. This second solution represents the 

methodology for creating the SI sample. 

An altemative solution to this problem is to combine all of the bonds from each 

rating class with similar characteristics into mini-portfolios, such that there is only one 

mini-portfolio for each combination of pairing criteria. While this addresses die 

problems associated witii bond by bond matching, it significantly reduces die number of 

observations available for the analysis. This mini-portfolio approach represents die 

methodology for creating the S3 sample. 

Because there are two different sampling approaches available, two separate 

analyses were conducted to determine whedier the samphng approach affected the 

results. In fact, a number of parameter estimates changed from die analysis using die 

S1 sample to die analysis using die S3 sample. The most significant finding was diat. 

while the parameters associated widi the risk premium were significant in all three 
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cohorts using the SI sample, they were only significant for the 1986 and 1990 cohorts 

using the S3 sample. In general, analysis of the S3 sample tended to result in fewer 

significant parameters overall, than use of die S1 sample. It is unclear whedier diis is 

the result of a violation of regression assumption when creating tiie SI sample, or the 

small sample sizes generated for the S3 sample. While these parameter estimates 

changed somewhat, the general conclusions of the study are the same regardless of 

which sample is used. 

Another significant finding related to study design is the importance of 

including a variable to proxy for default risk beyond the three-year horizon of the study 

in the model. This was accomplished by creating an M2 model which included such a 

proxy. However, the development of the proxy required information on the value of 

the B rated bonds three years after the cohort date. Because this information is not 

available for all of the bonds in the original sample, a separate sample called the S2 

sample had to be created for this analysis. This S2 sample was created using the same 

methodology for creating the S1 sample, because the use of mini-portfolio 

methodology would have resulted in sample sizes in the 20 to 30 observation range, 

which would not have been adequate for this type of regression analysis. Analysis of 

the M2 model using the S2 sample provide distinctiy different parameter estimates than 

analyses of the Ml model using die SI sample. However, further investigation, by 

analysis of the S2 sample using the Ml model revealed diat die difference in parameter 
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values was primarily driven by changes in the underlying sample, and not die inclusion 

of the additional variable in the model. 

Finally, a handftil of interesting findings related to die control variables used in 

the sttidy are worth noting. First, parameter estimates relating yield to time to maturity 

for the B rated bonds consistently appear as significant and negative. This is counter to 

the usual arguments regarding the term premium which suggest that it is typically 

positive. This is particularly sttiking given that the term premium for risk-free bonds 

during each of these three cohorts was in fact positive. Also, while the parameters 

related to call risk of the risk bond are typically significant and positive across 

analyses suggesting that investors expect additional retums for bearing call risk, the 

parameters related to sinking fund risk are not consistent across analyses. Given the 

similarity of call risk and sinking fiind risk with regard to their effect on the timing of 

investors cash flows, there is good reason to expect investors to price these two risks 

similarly. Finally, contrary to previous research designs, this study did not exclude 

bonds with a value of bonds outstanding below a certain level. Instead all bonds were 

included, and an additional variable was included in the analysis to capture any liquidity 

effect related to the value of bonds outstanding. None of the parameters associated 

with this variable were statistically significant for the B rated bond regressions. This 

suggests that the exclusion of bonds based on this criteria in earlier smdies may not 

have been warranted. 
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Conclusions 

Based on the evidence from the primary analysis, the primary conclusion of this 

study is that the relationship between promised yields on risky bonds and promised 

yields on risk-free bonds includes a risk premium to compensate investors for the 

uncertainty of their investment. This is demonstt-ated by the finding that the 

parameters associated with a risk premium are significant in the majority of analyses 

conducted, as well as the fining that both of the models which include a parameter for a 

risk premium provide significant explanatory information above diat of a model which 

does not include a parameter for risk, in the majority of analyses conducted in this 

sttidy. This is consistent with results from sttidies by Fons (1987) and Kim (1987) as 

well as odiers such as those by Altman (1989) and Altman (1991). This finding 

suggests that models such as the ones proposed by Bierman and Hass, and Yawitz are 

too simplistic for evaluating pricing in the risk bond market. 

Comparisons between the two models which do include a parameter for a risk 

premium were evaluated using the J-test proposed by Davidson an MacKinnon (1981). 

Attempts to identify which of two models that include a risk premium best explains the 

relationship between promised yields of risk versus risk-free bonds were inconclusive. 

In analyses of die 1986 and 1990 cohorts there was no significant difference in the 

explanatory ability of the models including an additive risk premium or a multiplicati\ e 

risk premium. In tiie 1982 cohort each of the models was found to provide additional 

explanatory power above the otiier model. This is also an inconclusive result. 
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However, in this instance the parameter estimates associated widi die J-test suggested 

that a model including information from both models would possibly provide more 

explanatory power than either model separately. 

Comparisons between the 1982 cohort an the 1986 cohort suggest that there is 

no difference between the parameter to capture a risk premium, between cohorts. This 

result is the same regardless of whether the Pye model or die Wu model is evaluated. 

Comparisons between the 1982 and 1990 cohort suggest that there is a significant 

difference between the parameter to capture a risk premium, between cohorts. This 

result is also the same regardless of whether the Pye model or the Wu model is 

evaluated. Thus, the secondary analysis provides evidence of a change in the level of 

the risk premium across all models, but not across all cohorts for all models. 

This result is not surprising, given theoretical arguments by Pye (1974), Engle, 

Lihen, and Robins (1987) and Ambarish and Subrahmanyam (1991) suggesting that 

premiums to compensate for uncertainty could be time varying in nature. Furthermore, 

given that risk premiums in general are determined by the risk aversion of the marginal 

investor and the uncertainty of the perceived uncertainty of the investment, and given 

the possibility that either of these factors could change over time, there is good reason 

to suspect that risk premiums might vary over time. Thus, it is possible that tiie factors 

which contiibute to the time varying nature of this risk premium had not changed 

dramatically from 1982 to 1986, but had change a great deal from 1982 to 1990. This 

difference in results from die 1986 cohort to die 1990 cohort could provide an 
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opportunity to investigate in more detail the factors that determine the magnittide the 

risk premium, and how those factors change over time. 

The fact that the basic conclusions of the sttidy are die same regardless of 

whether die Ml or M2 models are used, and regardless of whether the S1, S2, or S3 

samples are used, provides added robustness to these conclusions. However, die 

insights gained by conducting the analysis under tiiese various scenarios should prove 

valuable in the design of future sttidies of this type. In particular, the choice of the use 

of the bond to bond pairing methodology exemplified in the SI sample, versus the use 

of the mini-portfolio pairing methodology exemplified by the S3 sample does appear to 

affect the results of the analysis. Therefore, because the mini-portfolio methodology is 

theoretically correct for use in regression methodologies, this approach should be used 

in future research of this type. Also, because the inclusion of the additional variable in 

the M2 model to capture default risk beyond the three-year horizon of the study was 

not found to materially alter the conclusions of the study, and greatly reduces the 

amount of data available for an analysis of this type, there is no reason to include it in 

future research. 

Limitations 

The efforts in this research represent a first attempt at addressing a very 

complex subject. The yields on both risky and risk-free bonds are affected by many 

factors. In addition, the relative newness of the high yield bond market limits bodi the 
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availabihty of theory on pricing in this market and the availability of data to test any 

such theories. 

The limitations of this research can be placed into three broad categories. The 

first category includes limitations related to available theory for modeling risky bond 

yields. The second category includes limitations related to data availability. The final 

category includes limitation related to the statistical methodology employed. 

The quality of information from this type of research is heavily influenced by the 

ability to effectively control for factors that affect risky bond yields but are not central 

to the research question. Additional theory for modeling factors that affect risky bond 

yields would improve the specification of the models being tested and possibly allow 

future researchers to determine a single model as the appropriate model for describing 

the relationship between promised yields on risky bonds and yields on risk-free bonds. 

The results of this research indicate a number of possible areas for improving theory. 

First, there is some evidence to suggest that a model that combines an additive and 

multiplicative risk premium might provide more explanatory power than eidier die Pye 

or Wu models. Yet current theories do not support the existence of such a model. 

Additional theoretical development to either justify such a model or mle it out would 

provide a basis or fiirther research along these hnes. Also, die curious findings related 

to the relationship between pricing of call risk versus pricing of sinking hinds might 

provide more insight into pricing of these feattires. This would improve model 

specifications, thus improving the abihty of the model to properly identify and risk 
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premiums. Finally, die finding of a negative term premium in die risky bond market, 

while term premiums in the treasury market are positive suggests diat models of pricinc 

in the risky bond market could be greatly improved by expanding dieory regarding 

term premiums into the risky bond market. 

The high yield bond market did not emerge as an organized market until die 

early 1980's. In its infancy diere were only a handful of risky bonds that were rated by 

the bond rating agencies, and even fewer traded on organized exchanges. No efforts 

have been made to capture more than the very basic information regarding pricing, 

features of the indenture agreement, and volume outstanding for these bonds. This 

scarcity of information affects this research in a number of ways. 

The most obvious affect on the research is the limited number of observations 

available for the risky bond in the 1982 and 1986 cohorts. The smaller sample size may 

have contributed to the finding of no risk premium in the 1982 cohort using the S3 

sample, and the 1986 cohort using the S2 sample. It also influences die reliability of 

findings related to die J-test results, since the test statistic for this test achieves nominal 

size only asymptotically. 

Another limitation of this sttidy related to lack of data is the lack of historical 

information on certain control variables. For example, information on trading volume 

for bonds, which is needed to property contt-ol for differences in liquidity is not 

available beyond about one year after the date of the trade. Therefore, proxies for 

liquidity, such as the par value of debt outstanding must be substittited. Other 
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examples of diis problem include the lack of historical information on expectations 

regarding the probability of default and the expected recovery upon default. 

The difficulty in obtaining reliable historical information on bonds imposes 

limits on the number of cohorts and risk classes that can be evaluated in a smdy. 

Improved accessibility to information on specific bonds would allow an analysis across 

all risk classes and many more cohorts. The more extensive sampling would improve 

the reliability of conclusions based on the analysis. 

This analysis employs the J-test suggested by Davidson and MacKinnon (1981) 

for comparing the explanatory ability of non-nested altemative specifications of a 

model. While this test is relatively easy to implement, subsequent studies have 

determined that conclusion based on this test are only reliable in a fairly restricted set of 

conditions. Specifically the test statistic may underestimate the tme Type I-error when 

sample sizes are small, the assumed tme model is not a good fit for the data, there are 

not an equal number of regressors in the models being compared, and there is not a 

large overlap in the regressors common to both models. Given the fact that research 

on risky bonds is characterized by small sample sizes and relatively poor model fit, any 

such study that employs the J-test must be viewed cautiously. In diis study die J-test 

was unable to provide any definitive results regarding whedier die Pye or Wu model 

provided a better explanation of the relationship under investigation. Therefore, the 

conclusions of the sttidy are not altered by diis weakness of the J-test. However, if the 

sttidy had been able to identify one of die two models as die better model for explaining 
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using 
the data, this conclusion may have been weakened by the fact that it was derived 

the J-test, provided any of the conditions for which the J-test is unreliable were present 

in the analysis. 

Implications For Future Research 

Prior studies of the risky bond market have identified some of the factors that 

affect risky bond yields. However, they have failed to reconcile these findings with 

available theoretical models of pricing in the risky bond market. In particular, prior 

studies have failed to allow for the existence of a risk premium, above and beyond any 

default premium, which may be present in risky bond yields. This study represents the 

first effort to evaluate the relative abilities of three models to explain risky bond yields. 

While the results of this study do not support one single model which best 

explains risk bond yields, they do suggest that the appropriate model should include a 

parameter to model a risk premium to compensate investors for the uncertainty of their 

investment in the risky bond market. Before a definitive model for pricing risky bonds 

can be identified, additional research concentrated in two areas must be conducted. 

First, additional theory must be developed for properly modeling the odier 

factors which might affect yields in risk bonds. Among these factors are such tilings as 

the proper valuation of time to mattirity in the risky bond market, the presence of a 

sinking fund provision or a call option in the indenmre agreement, or the liquidity of die 

bond in the market, or the impact of tt-ading on an organized exchange on die value of 
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a risky bond. Any of these factors can affect the yield on a risky bond. Because the 

risk premium is typically defined as any premium not explained by other factors, 

analyses of a risk premium can be greatiy influenced by proper or improper modeling of 

these factors. Failure to property model these factors can result in a mis-estimation of 

the risk premium for individual bonds, and reducing the likelihood of identifying the 

"tme" specification of a risk premium in an analysis. Once the theory for pricing these 

factors is developed, additional research must be conducted to determine which 

theories best model these factors. 

Additional investigations into the nature of the risk premium in risky bond 

yields must also be conducted. Specifically, information must be gathered on the 

proper specification of the risk premium, the behavior of this premium over time, and 

the factors which influence the level of this premium. The implications of the J-tests 

for the 1982 cohort suggest that a better model of the relationship between promised 

yields on risky bonds and yields on risk-free bonds may include both an additive and a 

multiplicative risk premium. The difference in results regarding the existence and 

nattire of a risk premium from the 1982 cohort to the 1986 and 1990 cohorts may 

provide an ideal opportunity to improve our understanding of the nature of the risk 

premium. The time varying nature of the risk premium is important because it 

influences the research mediodologies available for including risky bond yields in time 

series analysis. Models of the factors which influence the size of the risk premium can 

be used, in conjunction with the methodology employed in this paper, to verify that the 
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risk premium identified in this analysis actually behave in a way consistent with a 

premium intended to compensate investors for the uncertainty of investing in the risky 

bond markets. Information regarding the factors which influence the level of die risk 

premium are also of interest because they may allow researchers to predict changes in 

future risk premiums in the risky bond market, and possibly in other markets where risk 

premiums exist. 

This research effort would be greatiy assisted by die development of a database 

for gadiering a complete history of pricing information on bonds as well as information 

on factors that might affect pricing in bond markets. The difficulty in obtaining 

extensive historical information on bond trades, as well as information on other factors 

relevant to bond pricing, reduces the number of observations for which complete 

information is available, resulting in small sample sizes. The fact that the information is 

not carefully screened, and that information on potentially important factors may be 

unavailable can result in contamination of data which bring into question any but tiie 

most robust findings in any analysis of risky bond markets. 
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SCATTER PLOTS OF YIELD MINUS RISK-FREE RATE 
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