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CHAPTER ONE

Introduction

Adjustable Rate Preferred Stocks (ARPS) first appeared on the market in May
1982. At that time, they were hailed as the panacea for corporate cash managers.
Between 1982 and 1984, firms raised over $9 billion via the ARPS market, which
accounted for approximately 70% of all funds raised via preferred stocks. What
appears to make the ARPS most attractive is that its dividend rate is indexed to
the highest of three current interest rates. The three are the three-month, the ten-
year, and the twenty-year U.S. Treasury interest rates. As a direct result of this
feature, the market price of any individual ARPS should be very stable over time.
This adjustable dividend is particularly important to investors of ARPS at times
when the overall interest rate structure exhibits too much volatility. The reason
is that the interest rate risk is shifted from the ARPS investors to the ARPS is-
suers. In addition, by tying the dividend rate of an ARPS to the highest of three
market interest rates, the ARPS investors are provided with some level of protec-
tion against wide swings on the term structure of interest rates (i.e.; from upward
sloping to downward sloping, and vice versa). Moreover, because the dividend rate
is adjustable, firms are not reluctant to issue the ARPS even at times when the
market interest rates are abnormally high. The reason is that the dividend rate is

not locked at a high rate indefinitely.

Despite their thoughtful design innovation, the ARPS have several faulty fea-
tures. The market price of an ARPS issue is not completely insulated from interest
rate fluctuations. This shortcoming, coupled with the fact that the interest rate
structure had stabilized at a bearable level by the mid 1980s, has compromised
the continual success of ARPS. As a result, the market for new issues of ARPS
completely collapsed by the end of 1986.

Although the issue of new ARPS has declined precipitously, about 50 of the
115 ARPS issued from 1982 to 1986 are still traded in the secondary market. As
of December 31, 1992, there were 39 ARPS listed on the NYSE. In addition, new
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variations of the ARPS have resurfaced periodically. In fact, as recently as June 7,
1994, ConAgra Capital had issued $175 million worth of monthly dividend ARPS.
Therefore, it is important for us to know how to value ARPS. Furthermore, if we
know how to value ARPS, we should also be able to apply the same techniques to
similar financial instruments such as the commodity linked index bonds and the

adjustable rate mortgages with conversion provision.

A survey of the literature shows that there has been no comprehensive study
focused on the subject of ARPS valuation. The only major prior work was a paper
by Winger, Chen, Martin, Petty, and Hayden [23] in 1986. In that paper, the
authors began by describing the nature of ARPS. They proceeded to empirically
investigate the determinants of the spread of each ARPS. The spread, which is set
at the issuing time of the ARPS, is a fixed addition or subtraction to the highest
of the three market interest rates. The authors then analyzed and compared the
performance of ARPS and of ARPS mutual funds with the performance of money
market investments. Their study, however, did not develop any valuation model for

the ARPS.

Their empirical results indicated that the spread was negatively related to the
quality rating, the interest rate level, and the chronological order of issuing date
of the ARPS. Clearly, a lower quality rated ARPS should have a higher yield.
Therefore, the spread was higher for lower quality rated ARPS. Counter-intuitively,
however, a higher spread was also associated with a lower interest rate. The au-
thors provided no explanation for this result. As for their third result, that the
spread of newly issued ARPS decreased over time, the study suggested that the
early ARPS issuers had over-paid dividends by setting a higher spread. As the
ARPS issuers learned from the market over time, the spread on the ARPS became
narrower. This is a common process followed by innovative financial strategies that
are initially characterized as being inefficient in the markets. Over time, the ineffi-
ciencies dissipate due to learning by market participants. Lastly, the authors found
that the holding period volatilities of the ARPS and of the ARPS mutual funds

were higher than that of money market investments while all three investments had
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approximately the same after tax returns. They concluded that the performance
of ARPS and of ARPS mutual funds tended to be inferior to the performance of
money market investments.

This dissertation is organized into five chapters. In the next chapter, a detailed
description of ARPS is provided. An example is used to illustrate the determination
of ARPS quarterly dividend rates. Then the features that are vital to both the
investors and the issuers of ARPS are presented. Factors that influence the market
price of ARPS are also discussed.

In Chapters III and IV, the “benchmark” model and the “option-based” model
are developed to value the ARPS. The benchmark model values ARPS as though
they were fixed rate preferred stocks. The option-based model synthesizes the ex-
pected dividends of the ARPS as a portfolio of options and incorporates the option
on the maximum of three “assets” for valuation purposes. Empirical tests of the
cross-sectional and time-series ARPS implied risk premia show that the rating of
the ARPS, the tax regime, the industry of the ARPS issuer, the level of the risk
free rate, and the volatility of the risk free rate are significant determinants of the
implied risk premia. These determinants, therefore, would also apply to the market
price of the ARPS. Chapter V will compare actual market prices with model prices
derived from both of the aforementioned models using forecast risk premia. The
tests reveal that the option-based model performs slightly better than the bench-

mark model.



CHAPTER TWO
Institutional Aspects of ARPS

I. Description

Like most preferred stocks, ARPS pay dividends on a quarterly basis. Although
many possible dividend cycles exist, three conventional cycles are popular among
the ARPS. These cycles are the January cycle, which begins on the first days of
January, April, July, and October; the February cycle, which begins on the first days
of February, May, August, and November; and the March cycle, which begins on
the first days of March, June, September, and December. Several ARPS, however,
begin their dividend cycle on the fifteenth day of the dividend cycle month, while
a few others choose the twenty-ninth day of the dividend cycle month as the first
day of the dividend period. The dividend payment date for each dividend period is
either the last day of the pertinent dividend period or the first day of the subsequent
dividend period. Unlike the fixed rate preferred stocks, however, the dividend rate
of the ARPS may change for each dividend period. Each new dividend rate will be
determined according to a pre-specified formula which will reflect changing market
conditions. The majority of ARPS follow a standard format. These are the ARPS
which we will address in this study.

The adjustable dividend rate:

The adjustable dividend rate for the dividend period in question, also called
the applicable rate, is the highest of three rates plus a fixed spread that is pre-
determined at the issuing time of the ARPS. The fixed spread could be positive or
negative. The three rates, to be defined later, are the Treasury Bill Rate, the Ten
Year Constant Maturity Rate, and the Twenty Year Constant Maturity Rate. These
three rates, however, do not actually reflect the market conditions immediately
prior to the new dividend period. They do, however, accurately reflect the market
conditions three to four weeks prior to the beginning of the new dividend period.
This is true because all three rates represent averages of ten daily values published

by the Federal Reserve Board three to four weeks earlier.
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To be more precise, the definitions of the three rates are reproduced here as
they appear in most prospectuses:

..., the Treasury Bill Rate for each dividend period will be the arith-
metic average of two most recent weekly per annum market discount rates
for three-month U.S. Treasury bills, as published weekly by the Federal
Reserve Board during the Calendar Period immediately prior to the last
ten calendar days of March, June, September or December, as the case
may be, prior to the dividend period for which the dividend rate on the
Adjustable Rate Preferred Stock is being determined. ..., the Ten Year
Constant Maturity Rate for each dividend period shall be the arithmetic
average of two most recent weekly per annum Ten Year Average Yields,
as published weekly by the Federal Reserve Board during the Calendar
Period immediately prior to the last ten calendar days of March, June,
September or December, as the case may be, prior to the dividend pe-
riod for which the dividend rate on the Adjustable Rate Preferred Stock
is being determined. ..., the Twenty Year Constant Maturity Rate for
each dividend period shall be the arithmetic average of two most recent
weekly per annum Twenty Year Average Yields, as published weekly by
the Federal Reserve Board during the Calendar Period immediately prior
to the last ten calendar days of March, June, September or December, as
the case may be, prior to the dividend period for which the dividend rate
on the Adjustable Rate Preferred Stock is being determined. ..., the term
Calendar Period means a period of fourteen calendar days.!

The Ten Year Average Yield is commonly known as the ten-year constant matu-
rity yield, and the Twenty Year Average Yield is commonly known as twenty-year
constant maturity yield.

The highlight of these definitions is that the three rates are based on two weekly
per annum values which must be published by the Federal Reserve Board during
a fourteen calendar day period immediately prior to the ten calendar day interval
preceding the new dividend period. Because the Federal Reserve Board releases
interest rate statistics for each week only on Monday of the following week, it is
possible for the new dividend rate to be partially based on market data that are

thirty-one days old.

1 These definitions are extracted from the Chemical Bank ARPS prospectus.
Chemical Bank ARPS belongs to the January/April/July/October dividend cycle.
Therefore, March, June, September, and December are the appropriate months to
be applied in the definitions.
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To cover possible breakdowns in the determination of the adjustable dividend
rate, there are contingent plans. For example, if the Federal Reserve Board publishes
only one value rather than two during the fourteen calendar day period, then only
that value will be used. And if any one (or two) of the three rates can not be
determined, then the applicable rate will be the maximum of the remaining two

rates (or one rate) plus the aforementioned fixed spread.

In fact, after 1986, the Federal Reserve Board stopped publishing the twenty-
year constant maturity yield. According to the contingent plans, the issuer of an
ARPS must survey at least three recognized U.S. Government securities dealers for
certain relevant data in order to be able to determine the Twenty Year Constant
Maturity Rate. The relevant data are the daily closing bid yields for the fourteen
calendar day period of each actively traded marketable fixed interest rate security
issued by the U.S. Treasury. These securities must have a maturity between eighteen
and twenty-two years. Special securities and flower bonds are excluded. From the
survey of securities dealers, the Twenty Year Constant Maturity Rate will be the
arithmetic average of all the daily closing bid yields. For example, assume that there
are only three dealers, a regular five business day work week, and six actively traded
marketable fixed interest rate securities issued by the U.S. Treasury that satisfy the
above conditions. This equals 180 daily closing bid yields since each security will
have ten daily closing bid yields from each dealer. Then the Twenty Year Constant
Maturity Rate will be the average of these 180 daily closing bid yields.

This unforeseeable problem has somewhat complicated the process of determin-
ing the new dividend rate. The worst complication is that the Twenty Year Constant
Maturity Rate could be different for ARPS having the same dividend cycle since
each issuer of ARPS could end up surveying a very different group of dealers. A
preliminary examination of the data, however, indicates that the differences are
small, generally within one-tenth of one percent. Another related observation is
that there appears to be an upward bias of about four-tenths of one percent over
the “market” twenty-year yield. If this bias persists and the yield curve is upward

sloping then the issuers of ARPS will suffer slightly from having to pay a higher



dividend rate.

Generally, the three rates are rounded to the nearest five one-hundredths of one
percent by the issuers. In some cases, however, they are rounded to the nearest one-
hundredth of one percent. The actual dividend per share for the dividend period
is computed by dividing the applicable dividend rate by four and multiplying this
quarterly figure by the stated value of the ARPS. Any shorter or longer dividend
period (i.e.; not a regular quarterly dividend period due to action such as early

redemption) will be pro-rated based on 90 days per quarter or 360 days per year.

Collar:

Although the dividend rates of ARPS are intended to change in accordance
with changing market conditions, they can do so only up to a certain limit. The
reason for the limit is that the ARPS come with a collar (i.e.; a floor rate and a
ceiling rate). The collar prohibits the applicable dividend rate from being lower

than the floor rate or higher than the ceiling rate.

The reason for the incorporation of a collar in ARPS is rather interesting.
The first issuer of ARPS was Chemical Bank. Commercial banks, like Chemical
Bank, are regulated by the Federal Reserve Board. The Federal Reserve Board
recognized that Chemical Bank’s financial health could be jeopardized if it were
forced to pay excessively high dividends due to a high interest rate environment.
Therefore, the Federal Reserve Board stipulated that Chemical Bank’s ARPS must
include a ceiling rate. Because the inclusion of a ceiling rate was a negative feature
to investors, Chemical Bank also included a floor rate which in effect guaranteed
ARPS buyers a minimum dividend. Since then, all issuers of ARPS have followed
the same format even though many of them neither belonged to the banking industry
nor subject to Federal Reserve Regulation.

As to how the issuer determines the collar, the process seems to be rather ad
hoc in nature as inferred from prospectuses of ARPS. It appears that the issuer
first applies the adjustment formula to the previous ten years’ market interest rates

assuming no collar. Then from the hypothetical time-series of dividend rates, the
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entity picks a rate near the all time low as the floor rate and chooses a rate near

the all time high as the ceiling rate, thus establishing the ARPS collar.

The initial dividend rate:

The ARPS will begin to accrue dividends, at the initial dividend rate, from the
date of issue until the end of the first regular dividend period.? There is, however,
no indication as to how the initial dividend rate is set by the issuer. It is likely that
the same adjustment formula, which is used to determine the subsequent quarterly
adjustable dividend rate, is being applied to data published prior to the issuing date

in order for the issuer to establish the initial dividend rate.

Cumulative dividend:

All ARPS include a cumulative dividend provision.

Call feature:

ARPS are not callable for the first five years. From year six to year ten the
ARPS can be called, in whole or in part, at the option of the issuers, with 3%
call premium above the stated value. After ten years ARPS are callable without a
premium at their stated value (i.e.; at par). Obviously, if a cumulative dividend has
not been paid, then the issuer can not call back the ARPS. Some issues of ARPS

contain a sinking fund provision, but most issues do not have such a provision.

To illustrate the aforementioned features, Table II-1 shows the dividend rate
history of Chemical Bank ARPS for the period January 1983 through July 1992.
The spread is 0.5% above the maximum of the three rates. For the dividend period
beginning January 1983, the highest of the three rates was 10.56% which came
from either the Ten Year Constant Maturity Rate (column E) or the Twenty Year
Constant Maturity Rate (column F). By adding the 0.5% spread to 10.56% and

2 A regular dividend period means the full three months of the dividend cycle.
Thus, the dividend rate for the first regular dividend period is fixed at the initial
dividend rate. One ARPS even fixed the first four regular dividend periods at the
initial dividend rate.
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rounding the sum to the nearest five one-hundredths of one percent, the applicable
dividend rate became 11.05% (column C).

Throughout this ten year dividend history of Chemical Bank ARPS, the highest
of the three interest rates came from the twenty-year constant maturity with just
two exceptions. Those two exceptions arose in October of 1984 and July of 1986.
For the dividend period of October 1984, the Ten Year Constant Maturity Rate was
12.67%. By adding 0.5% to 12.67% and rounding the sum to the nearest five one-
hundredths of one percent, the applicable dividend rate became 13.15%. Notice that
after January 1987, there were no data on the twenty-year constant matufity yield
published by the Federal Reserve to determine the Twenty Year Constant Maturity
Rate. The yield curve, however, was upward sloping for the period January 1987 to
July 1992 and the dividend rate appeared to be strictly related to the twenty-year
bond. To prove this, suppose the Ten Year Constant Maturity Rate had been the
highest of the three interest rates during this period, then the calculated dividend
rate would have been significantly lower than the actual applicable dividend rate
reported by Moody’s. Therefore, we can conclude that the highest of the three rates
must have come from the twenty-year bonds.

Chemical Bank ARPS has a floor rate of 7.5% and a ceiling rate of 16.25%.
Throughout the ten year dividend history, the applicable dividend rate reached
neither the floor nor the ceiling at any time. In addition, Chemical Bank ARPS
was not callable before May 1, 1987. From May 1, 1987 to April 30, 1992 it was
callable at $51.50, which represented a premium of 3% above the stated value of
$50.00. On or after May 1, 1992 the ARPS was callable at $50.00. In fact, the entire
issue was called on August 25, 1992 at $50.00. The Moody’s rating of Chemical
Bank ARPS was downgraded four times, from a rating of aa2 to a rating of ba2.

Thereafter, it was upgraded twice to a final rating of baa2 before being called.

I1. Who Invests in ARPS

The corporations that seek corporate income tax exclusion associated with div-

idends generally invest in preferred stocks. Prior to the Tax Reform Act of 1986,
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85% of dividend income was exempt from corporate income taxes, while interest
income was fully taxable (the maximum marginal corporate tax rate was 46%). The
Tax Reform Act of 1986 lowered the dividend income exclusion from 85% to 80%,
effective January 1987. The Act simultaneously lowered the maximum marginal
corporate tax rate from 46% to 34%. By January 1988, the dividend income exclu-
sion was further reduced from 80% to 70%, while the maximum marginal corporate
tax rate was maintained at 34%. Because of the dividend income exclusion feature,
preferred stocks were generally sold at yields lower than bonds exhibiting a com-
parable risk. In spite of the lower yield, however, corporations in the highest tax
brackets still preferred dividend income over interest income because of the higher
after-tax yield on dividend income. For example, prior to 1987, a corporation with
a maximum marginal corporate tax rate of 46% would have paid only 6.9% tax on
each additional dollar of preferred stock dividend. If the bond yield had been less
than the dividend yield by a factor of 1.7241 (i.e.; (1-.069)/(1 — .46)) the after-tax
yield on preferred stock dividend would have been higher.

Unfortunately, fixed rate preferred stock prices are not very stable since they
vary inversely with the interest rate. An upward movement in interest rates will
cause investors in such financial instruments to suffer capital losses. This will pose
a great degree of risk to corporations, since they only intend to temporarily “park”
their idle funds in prefezrred stocks. The ARPS, whose dividend rate floated in
tandem with the market interest rates and limited only by their collar, and thereby,
exhibiting greater price stability, seem to overcome the interest rate risk dilemma
inherent in fixed rate preferred stocks. As a consequence, ARPS appear to be a

perfect financial innovation for many corporate cash managers.

I1I. Who Issues ARPS

In general, firms prefer to issue debt rather than equity if they can take ad-
vantage of the interest tax shield. On the other hand, the pre-tax yields paid on
preferred stocks are lower as a result of the dividend income exclusion feature men-

tioned earlier. This would suggest that firms in lower tax brackets, which would not
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be able to use the interest tax shield as effectively as firms in higher tax brackets,
would be the main issuers of preferred stocks. Surprisingly, a survey of the data
showed that the issuers of ARPS were concentrated in two industries: 1) bank-
ing and financial institutions, and 2) public utilities. Of the financial institutions,
life insurance firms are probably the only tax clientele group because historically
these firms have had low corporate income tax rates. As for banks and other fi-
nancial institutions, their major concern would be the management of interest rate
risk. To immunize against the interest rate risk, banks and financial institutions
need to fund their floating rate assets such as corporate loans and adjustable rate
mortgages, with adjustable rate instruments such as ARPS. Therefore, banks and
financial institutions do not mind the tax deficiency of ARPS. Furthermore, ARPS
are considered to be Tier I capital for bank holding companies.?

As for public utilities, there is no sound economic motivation for them to issue
preferred stocks. The only plausible explanation is that such financing does not
hurt the utilities’ balance sheet. The reason is that public utilities are regulated
by state governments to “ensure” that common shareholders receive a fair rate of
return. Thus, the preferred dividend can be viewed as part of the cost which can
be passed on to the consumers via higher billing rates. In addition, the preferred
stocks are considered equity. A firm can lower its cost of debt without dilution on
its common stocks when issuing preferred stocks. For this reason, public utilities
rely heavily on the preferred stock market. Finally, while a default on one coupon
payment of a bond will trigger bankruptcy, an omission of a preferred stock dividend
payment will not cause such undesirable legal consequence. Therefore, if a firm is

very sensitive to financial risk, it will opt for the preferred stock financing rather

3 Normally, only common stocks and noncumulative perpetual preferred stocks
are Tier I capital for banks. But the ARPS is approved by the Federal Reserve as
Tier I capital for bank holding companies with the stipulation that the issuer must
have the Federal Reserve’s approval before calling back the ARPS for it will reduce
the company’s capital base. On the other hand, Auction Rate Preferred Stock is
only consider to be Tier II capital for bank holding companies because its dividend
rate does not just depend on the market interest rates but also depends on the
condition of its issuer. Tier I capital requirement is governed by the F.D.I.C.
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than debt financing.

IV. Factors that Affect ARPS Price

The spread, collar, initial dividend rate, and call feature of an issue of ARPS
will determine the initial price of that issue of ARPS. After the public offering, there
is no guarantee that the price of the ARPS will remain constant in the secondary

market. Several factors will have vital impacts on the ARPS price.

Credit risk:

At the initial issuance, the fixed spread is set to a level that compensates the
credit risk inherent in the issuing firm and reflects the tax advantage associated
with the ARPS. Subsequently, if the quality of the issuer declines, holding other
variables constant, the fixed spread will not provide sufficient compensation for the
higher risk. Hence, the market price of the ARPS will fall. Conversely, an improved
quality of the issuer will result in a higher market price of the ARPS.

Direction of tax law:

The trend in the U.S. tax code for corporations has been toward lower dividend
income exclusion, from 85% to 80%, then to the current 70%. A lower dividend
income exclusion will translate into higher pre-tax required rates of return, result-
ing in lower ARPS prices. Fortunately, the effect of the Tax Reform Act of 1986
was negligible for the year 1987, assuming the ARPS investor was already at the
maximum marginal corporate tax rate, because the Act also lowered the maximum
marginal corporate tax rate from 46% to 34%. In fact, the maximum marginal
corporate tax rate on dividend income was lowered to 6.8% from 6.9%. But the
tax code of 1987 has further reduced the dividend income exclusion from 80% to
70%, effective January 1988, while maintaining the maximum marginal corporate
tax rate at 34%. As a result, the maximum marginal corporate tax rate on divi-
dend income has increased from 6.8% to 10.2%. Thus, the tax statutes will have

significant effects on ARPS prices.
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Volatile interest rates:

Holding other variables fixed, if the applicable dividend rate is fluctuating
within the collar, then the ARPS price will be affected modestly. But if the interest
rates are very volatile, it increases the probability that the dividend rate will be

restricted by the collar, then the ARPS will be riskier.

Thin market:

There are no more than 115 issues of ARPS outstanding in the market at
any one time. As previously mentioned, these issues are all concentrated in two
industries. As for listing, only 62 issues have been listed on the New York Stock
Exchange. Furthermore, the investors in ARPS are mainly corporations. Therefore,
the selection of ARPS is narrow and the trading volume of ARPS is very low. One
way to alleviate the thin market problem is to invest in mutual funds that specialize

in ARPS. Pilgrim and Vanguard are examples of such funds.

Conditions for the ARPS to be called:

ARPS price should not fluctuate too much as long as the resulting dividend rate
is within the boundary of its collar. If the interest rates should decline sufficiently,
such that in the absence of the floor rate restriction, the resulting dividend rate
would have been below the floor rate, then the ARPS price would start to rise.
And if the ARPS price should rise above the call price, then the ARPS should be .
called immediately. This is similar to the case of callable bond in which it should
be called if the interest rate were to decline substantially. The second possible
condition for the ARPS to be called is when the credit rating of the ARPS has
improved substantially. It is impossible to price the value of this callability feature

explicitly, since this call value is a function of nonquantifiable and discrete variables.



Table II-1

Dividend History of Chemical Banking Corp. ARPS

(Original Series)

Stated value = $50.00

Callable from May 1, 1987 to April 30, 1992 at $51.50,

Callable from May 1, 1992 on at $50.00
Adjustment spread = +0.5%

Floor rate = 7.5%

Ceiling rate = 16.25%

(A): Closing price or average bid/ask on the first day of the dividend period.

(B): Moody’s rating.

(C): Annual dividend rate.

(D): Treasury Bill Rate.

(E): Ten Year Constant Maturity Rate.

(F): Twenty Year Constant Maturity Rate.
(G): Source of the highest of the three rates.
(H): Call status.

yymm (A)  (B) (€) (D) (E)

83 01 $61.8750 =aa2 11.05% 7.880% 10.560% 10.560% 10/20yr

83 04 57.0000 =aa2 11.35 8280 10.515
83 07 56.8750 aa2 11.55  8.730 10.790
83 10 573750 aa2 1240  9.106 11.725

84 01 55.3750 aa2 12556  9.030 11.875
8¢ 04 56.5000 aa2 12.90 9.360 12.235
84 07 49.2500 aa2 13.95 9.880 13.450
8 10 52.0000 aa2 13.15 10.495 12.670

8 01 53.2500 aa2 1220 8.355 11.595
8 04 54.5000 aa2 12.60 8.620 11.860
8 07 55.1250 aa2 11.00 7.020 10.060
8 10 56.0000 aa2 11.30 7.185 10.385

8 01 544375 aa2 1045 7.170  9.480
8 04 53.1250 aa2 870 6.690 7.865
8 07 525625 aa2 860 6.355  8.105
8 10 523750 aa2 7.95 5205 @ 7.320

87 01 51.5000 aa2 7.75 5455  7.090
87 04 51.6250 aa2 815 5.600  7.200
87 07 52.2500 a3 920 5.625  8.540
87 10 52.1875 a3 1026 6.630 9.305

(F) (G)
10.845 20yr
11.055 20yr
11.885 20yr
12.070 20yr
12.405 20yr
13.460 20yr
12.570 10yr
11.720 20yr
12.075 20yr
10.495 20yr
10.800 20yr

9.970 20yr

8.200 20yr

7.950 10yr

7.450 20yr

7.260 20yr

—* 20yr
— 20yr

20yr

(H)

no
no

no
no
no
no

no
no
no
no

no
no
no
no

no
no
vyl
yl

14



Table II-1 (Continued)

yymm  (A)  (B) (C) (D) (B (F) (@) (H)

88 01 49.0000 a3 9.85 5.880  9.095 — 20yr yl
88 04 41.5000 baa2 9.30 5.685  8.325 — 20yr yl
88 07 42.0000 baa2 9.75 6.395  8.900 — 20yr yl
88 10 43.6250 baa2 9.70 7.240  8.955 — 20yr yl
89 01 43.5000 baa2 9.75 8.025 9.095 — 20yr yl
89 04 45.0000 baa2Z 9.95 8690 9.310 — 20yr  yl
89 07 43.0000 baa2 9.10 8160 8.270 — 20yr yl
89 10 44.1250 baa2 9.00 7.710  8.150 — 20yr yl
90 01 38.0000 bal 880 7.630 7.830 — 20yr yl
90 04 36.8750 bal 9.55 7.935  8.630 — 20yr  yl
90 07 36.5000 ba2 9.35 7.700  8.450 — 20yr y1
90 10 28.6250 ba2 9.85 7.380  8.845 — 20yr  yl
91 01 29.7500 ba2 9.15 6910  8.065 — 20yr ¥yl
91 04 37.0000 ba2 9.30 5940  8.080 — 20yr yl
91 07 40.7500 ba2 945 5580  8.255 — 20yr yl
91 10 43.2500 ba2 890 5.275  7.755 — 20yr vyl
92 01 44.7500 ba2 8.60 4.240 7.230 — 20yr  yl
92 04 48.8750 baa3 8.90 4.030 7.495 — 20yr yl
92 07 49.7500 baa2 8.70  3.690 7.335 — 20yr y2

Called on August 25, 1992 at $50.00

* Federal Reserve Board stopped publishing the twenty-year constant maturity
yield after January 1987.

no = not callable at this time.

yl = callable at 3% premium.

y2 = callable at par.



16

CHAPTER THREE
The Benchmark Model

I. Introduction

The major focus of this study is the valuation of ARPS. ARPS are difficult
to value because the dividend rate of the ARPS is adjustable. Furthermore, the
adjustment involves some implied option features. One obvious approach to develop
a valuation model is to capture the value of the implied option features in the
expected dividend rates. But a naive valuation model, based on the fixed rate
preferred stock, might also work. The naive valuation model would capture the
implied option features in the risk premium rather than in the expected dividend
rates. The analogy here is akin to a comparison between the risk adjusted discount
rate method and the certainty equivalent method. Both of these methods will yield
the same present value if the adjustments are done correctly. Such a naive fixed rate
valuation model shall be called the benchmark model. Notice that the benchmark
model should capture the implied option features of the ARPS by having a lower
risk premium. In the rest of the dissertation, we will refer to “implied option” as
simply “option.”

The virtue of the benchmark model is its simplicity. Therefore, it is natural
to choose the benchmark model as the base for evaluating other “sophisticated”
valuation models. An option-based model will be presented in the next chapter.
In this chapter, an empirical investigation is conducted on the implied risk premia
of the benchmark model. The major finding is that the rating of the ARPS, the
tax regime, the industry of the ARPS issuer, the level of the risk free rate, and the
volatility of the risk free rate are significant determinants of the risk premium of
the ARPS.

The rest of the chapter is organized as follows. In the next section the bench-
mark model is developed. In section III possible determinants of the risk premium
are discussed. Section IV presents the empirical methodology and the regression

model used in the study. Section V analyzes the results of the empirical findings.
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Finally, section VI provides a summary.

II. The Model

The benchmark model assumes that the latest dividend rate is the best estimate
of all future dividend rates. All of the special features inherent in the ARPS, such
as the option on the maximum of three interest rates, the collar, the callability,
and the tax effect, are presumed to be captured in the risk premium. Thus, the
ARPS will be valued like fixed rate preferred stocks. For the benchmark model to
be valid, however, the risk free rate, the risk premium, and the dividend rate must

be updated every quarter. That is, at the beginning of each dividend period

Divrate | SV
— 4
ARPS = ——0 (3.1)

where Divrate is the per annum dividend rate for the current dividendrperiod, SV
is the stated value of the ARPS, r is the per quarter risk free rate, and RP is the
per quarter risk premium.

If we could observe the risk premium directly in the marketplace, or if we
could infer it from some observable parameters, then we would be able to calcu-
late the benchmark model price easily, and thereby, comparing it with the actual
market price. Unfortunately, the risk premium is not directly observable in the
marketplace. As a result, a direct test of the benchmark model is not possible. To
circumvent this obstacle, we hypothesize that the market is efficient and proceed
to calculate the implied risk premium for each observed ARPS market price. The
implied risk premia will then be regressed on a set of variables that we believe to
be the determinants of the risk premium. If this regression model produces a high
coefficient of determination and theoretically sensible regression coefficients, then it

will indirectly confirm the validity of the benchmark model.

III. Possible Determinants of the Risk Premium

Moody’s rating:
Ex-ante, the default risk of the ARPS, which is firm specific, should be the most

important factor in determining the risk premium. Such risk would most likely be



18

captured by Moody’s preferred stock rating. According to financial theory, a higher

rating should result in a lower risk premium.

Tax regime:

There are three relevant tax regimes associated with the ARPS. Tax regime 82
covers the period from January 1982 to December 1986, the era. prior to the effective
date of the Tax Reform Act of 1986. Tax regime 87 covers the full calendar year
1987. It represents the period in which the Tax Reform Act of 1986 was in effect.
And the tax regime 88 covers the time span from January 1988 to December 1992,*
i.e.; the period in which the tax code of 1987 has been in effect.

The tax law, which is a macro factor, should have the same level of influence
on the risk premium during its regime. Different tax laws, however, should have
different influences on the risk premium. For instance, if the ARPS investors are
not subject to the maximum marginal corporate tax rate, then the tax regime of
1987 should induce a higher premium than the pre-1987 level in order to offset the
lower dividend income exclusion. If this does not occur, the after-tax return on
dividend for 1987 will be lower than the after-tax return on dividend prior to 1987.

On the other hand, if the ARPS investors are subject to the maximum marginal
corporate tax rate, then the tax regime of 1987 should have no net effect on the risk
premium vis-a-vis the pre-1987 level. The reason is that the maximum marginal
corporate tax rate was lowered from 46% to 34% in 1987 so that the maximum
marginal corporate tax rate on dividend income was remained almost constant
from tax regime of 1982 to tax regime of 1987.

Lastly, the tax regime of 1988 should induce a higher premium than the 1987
level, regardless whether the ARPS investors are subject to the maximum marginal
corporate tax rate or not. The reason is that even though the tax code of 1987
reduced the dividend income exclusion from 80% to 70%, effective January 1988,
it left the maximum marginal corporate tax rate untouched at 34%. Notice that

the tax effect could result in an overall negative premium so that a less negative

4 Our data end in December 1992 even though tax regime 88 covers time period
beyond December 1992.
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premium would be equivalent to an increase in the risk premium.

Call Status:

At the beginning of each dividend period, whether the ARPS is callable at par,
callable at a premium, or not callable for the time being, could have an effect on
the risk premium. Ex-ante, it is most likely that the risk premium would be highest
for callable at par, lower for callable at a premium, and still lower for not callable

for the time being,.

Relation to the collar:

If the dividend rate reaches the floor rate or the ceiling rate, the risk premium
could be affected in some way. An examination of the sample data showed that the
dividend rate never reached the ceiling but it did hit the floor many times. Hitting
the floor might increase the risk premium due to the accompanying greater degree
of interest rate and callability risk. .In the option-based model to be introduced in
the next chapter, we would expect the collar effect to be captured explicitly in the
expected dividend. As such, hitting the floor should have a minimal effect on the

risk premium in the option-based model.

Industry:

It is possible that the Moody’s rating is not uniform for all industries. This
is indeed the case for corporate debt. This would imply that there is actually an
indﬁstry effect, whereby, industries command higher of lower risk premia. Thus,
the risk premium could also be a function of the industry to which the issuing firm
of the ARPS belongs. A survey of the sample data showed that the issuers of ARPS
came from three industries: banking and financial, industrial, and utility. There is
no prior knowledge of how the industry effect, if it actually exists, will behave. We

do hope that the empirical results of this study will shed some light on this matter.

Interest rate level and its volatility:

Ball [2] and Golob [8] showed that higher level of inflation caused greater in-

flation uncertainty. From financial theory, it is well established that the volatility

of interest rate is a measure of risk. Thus, the risk premium could also be affected
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by the level of interest rates and the volatility of interest rates. The volatility, in
this case, is defined as the standard deviation of the rate of change of the spot
interest rate over the preceding 52 week period. Ex-ante, a positive relationship
is expected. That is, a higher level of interest rate should cause a higher risk pre;
mium, and a higher volatility of interest rate should also have the same effect. In
the option-based model of next chapter, the interest rates and the volatility of the
interest rates are captured in the expected dividend rates of the ARPS. Thus, we
do not have any theoretical prediction on the effects of the interest rate level and
its volatility on the risk premium.

We have discussed seven factors that we expect to be determinants of the risk
premium. Therefore, the basic regression model for the implied risk premium will
have five categories of qualitative variables and two quantitative variables (interest
rate level, and its volatility). Each category of qualitative variable will consist of
several dummy variables. The complete regression model will be described in the

next section.

IV. The Empirical Methodology

The market prices of ARPS are assumed to be “fair” at all times, with the
possible exception of the first three to six months after the public offering. With this
assumption, we can calculate the implied risk premium embedded in the benchmark
model. Since this model is discrete and based on quarterly dividends, we will only
calculate the implied risk premium of each issue of ARPS on the first day of each
dividend period. The empirical tests will cover the period from January 1983 to
December 1992 since the first ARPS was issued in May 1982. We will incorporate
pooled cross-sectional and time-series data. Each issue of ARPS included in the
sample can have a maximum of 40 quarterly implied risk premia. Most of the

ARPS, however, will have less than the full 40 time-series implied risk premia for a

5 The correlations between the volatility based on 52 weeks and the volatility
based on 26 weeks are 0.71 for the three-month Treasury discount rate, and 0.75
for the thirty-year constant maturity yield. We use the volatility based on 52 weeks
rather than the volatility based on 26 weeks in the benchmark model.
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variety of reasons, including early call back, missing relevant data, or having been

issued after January 1983.

A. Data

From a list of 115 ARPS (see Table III-1) that we have collected from the
Moody’s Bond Record, and -other sources such as the Wall Street Journal and
ARPS mutual fund prospectuses,® 62 ARPS have market prices published in the
NYSE Daily Stock Record. Of these 62 ARPS, we eliminate three ARPS be-
cause they are not rated by Moody’s. Of the remaining 59 ARPS, 29 belong to
the January (January/April/July/October) dividend cycle, 7 belong to the Febru-
ary (February/May/August/November) dividend cycle, 15 belong to the March
(March/June/September/December) dividend cycle, and 8 belong to a mixed bag
of uncommon dividend cycles. We discard those eight ARPS that do not belong
to one of the three conventional dividend cycles and concentrate our study on the
remaining 51 ARPS (see Table III-2). With 51 ARPS over a ten year sampling
period, we have a potential of 2040 pooled observations. After some careful screen-
ing, however, the actual number of observations is reduced to 1571. The screening
criteria for inclusion are that for the corresponding dividend period the ARPS issue
has: 1) Moody’s rating; 2) at least one market price or the bid/ask quote within
the first 3 days of the dividend period;’ 3) no dividend in arrears, that the issuing
firm is not in default or bankruptcy; 4) a reasonable reported dividend rate, and
specifically, within 0.005% deviation, in absolute terms from the prescribed rule.®

fter employing all these screening criteria, we find there is only one observation
with a Moody’s rating of Caa. Therefore, we can drop that observation and reduce
the total to 1570 pooled observations.

In order to minimize possible data errors, the quarterly dividend rate of each

6 Pilgrim and Vanguard ARPS mutual funds.

" The first day is defined as the first business day of the new dividend period in
case the first calendar day of the new dividend period falls on a holiday or weekend.

8 Two observations were dropped due to this criterion.
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issue of ARPS found in Moody’s Bond Record is cross-referenced with Moody’s
Annual Dividend Record, whenever possible. Unfortunately, the Moody’s Bond
Record has a tendency of not updating the new dividend rate in a timely manner.
Occasionally, the Moody’s rating seems to be misprinted, because for a given issue
of ARPS, the previous quarter and the subsequent quarter report the same rating,
while the quarter in between reports a different rating. Meanwhile, the Moody’s
Preferred Stock Rating Change Section does not indicate such a rating change has
occurred. If this type of inconsistency exists, we assume it is a misprint and make

the appropriate correction.

Overall, we have collected 1570 observations of pooled ARPS data. For each
observation, we have the corresponding market price, dividend rate, Moody’s rating,
floor rate, ceiling rate, call status, industry of the issuer, stated value of the ARPS,

and month and year of the dividend period.

B. The Regression Model

In order to determine the implied risk premium using the benchmark model,
we must determine which risk free rate is appropriate. Should we use the short rate
or the long rate? Some researchers would argue that the ARPS are long assets,
requiring that the long rate be used. On the other hand, the ARPS have adjustable
dividends. To reflect the short life feature of each quarter’s dividend rate, the
short rate might be more appropriate. Since we do not know with certainty which
approach is correct, we will try both. We will use the three-month Treasury discount
rate as the short rate, and the thirty-year constant maturity yield as the long rate
to derive two different implied risk premia. For clarification, the benchmark model
that uses the three-month Treasury discount rate will be called the benchmark 3-
month (BM3M) model, and the implied risk premium of this model will be denoted
as RPBM3M. The benchmark model that uses the thirty-year constant maturity
yield will be called the benchmark 30-year (BM30Y) model, and the implied risk
premium of this model will be denoted as RPBM30Y.

With this framework, we collect the weekly average of the three-month Treasury
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discount rates and the thirty-year constant maturity yields from January 1982 to
December 1992. These figures are published in the Federal Reserve Bulletin. If the
first day of the dividend period falls on Friday then we have a perfect match with
that week’s weekly average interest rates.® If the first day of the dividend period
falls on any other day then we must use the latest Friday’s weekly average interest
rates to determine the implied risk premia.

To get the per quarter yields from the three-month Treasury discount rate and
the thirty-year constant maturity yield we use the following two standard conver-
sions:

1
9

_ (3.2)
1- R1/4 . 3_61_0

Lty =

where Ry, is the three-month Treasury discount rate and yi, is the per quarter

yield derived from the three-month Treasury discount rate; and
Y
1 + Y3 = (1 + —;—0')1/2 (3-3)

where Y3 is the thirty-year constant maturity yield and ysq is the per quarter yield
derived from the thirty-year constant maturity yield. The constant maturity yield
is the bond-equivalent yield of a “current coupon” bond.

A special note is that the RPBM3M should not be regressed on the three-month
Treasury discount rate since this would be like regressing a variable to itself. Like-
wise, the RPBM30Y should not Be regressed on the thirty-year constant maturity
yield.

Before setting up the regression model, it would help to know the distribution
of the data. Table IIT-4 displays the summary statistics of the variables. For the
five categories of qualitative variables, the dummy variables that are having the
highest frequency of occurrence within each category are: a rating of baa2, a tax
regime of 1988, a status of noncallability, a dividend rate above the floor rate, and

an issuer in the banking industry. If the sample is random, then the highest joint

% The Federal Reserve Board releases the weekly average statistics on the fol-
lowing Monday. But investors should have a good idea of these weekly averages by
Friday.
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occurrence should also coincide with these five highest frequency of occurrence of
the overall data. Table III-5 displays the joint distributions of the five categories. It
shows that the highest joint occurrence, with 116 observations, is a slightly different
case. The dummy variables of this highest joint occurrence are: a rating of baa2,
a tax regime of 1988, a status of callable at a premium, a dividend rate above the
floor rate, and an issuer in the utility industry. Therefore, we expect certain data
will have a greater impact on our empirical study.

In a regression using dummy variables, the estimated parameters are mean-
ingful only relative to the base case. Therefore, we would like to choose a base
case that can present the result efficiently. A rule of thumb is to choose the middle
dummy variable assuming the category has some logical order. Thus, for the rating
category we choose baa2 since it is approximately located in the middle, and it has
the largest number of observations. For the tax regime category it is most logical
to choose the tax regime of 1987 as the base since it is in the middle. And for the
same reason we pick callable at a premium as the base for the call status category.
As for the collar category the choice of base becomes a toss up. We arbitrarily pick
the case of dividend rate above the floor rate rather than the case of hitting the
floor rate as the base. The industry category is a matter of trial and error. From
several of the preliminary regressions, we find that using the utility industry as the
base is more efficient in explaining the results.

Thus, our general regression model for the implied risk premium of the bench-

mark model is:
RPBM = 1+ B2 AAA+ B3 AAL + B4 AA2 + B5 AA3 + Be Al + 7 A2 + (5 A3
+ 8o BAAL + B0 BAA3 + 811 BA1 + 12 BA2 + 13 BA3 + 514 Bl
+ B15 B3+ B1s TAXREG82 + 1 TAXREG88 + 13 CALLNONE
+ P19 CALLPAR + B0 HITFL 4 351 BANKING
+ B2 INDUSTRIAL + B23 INTRATE + Boy VOLATILITY + €



where
RPBM = the implied risk premium of the benchmark model
(two possible sets)
AAA =1 1if the Moody’s rating is aaa, 0 otherwise
AA1 =1 if the Moody’s rating is aal, 0 otherwise
AA2 =1 if the Moody’s rating is aa2, 0 otherwise
AA3 =1 if the Moody’s rating is aa3, 0 otherwise
Al =1 if the Moody’s rating is al, 0 otherwise
A2 =1 if the Moody’s rating is a2, 0 otherwise
A3 =1 if the Moody’s rating is a3, 0 otherwise
BAA1 =1 if the Moody’s rating is baal, 0 otherwise
BAA3 =1 if the Moody’s rating is baa3, 0 otherwise
BAl =1 if the Moody’s rating is bal, 0 otherwise
BA2 =1 if the Moody’s rating is ba2, 0 otherwise
BA3 =1 if the Moody’s rating is ba3, 0 otherwise
B1 =1 if the Moody’s rating is bl, 0 otherwise
B3 =1 if the Moody’s rating is b3, 0 otherwise
TAXREG82 =1 if the tax regime is before January 1987, 0 otherwise
TAXREG88 =1 if the tax regime is after January 1988, 0 otherwise
CALLNONE =1 if the ARPS is not callable at this time, 0 otherwise
CALLPAR =1 if the ARPS is callable at par, 0 otherwise
HITFL =1 if the dividend rate is equal the floor rate, 0 otherwise
BANKING =1 if the ARPS issuer belongs to the banking industry,
0 otherwise
INDUSTRIAL =1 if the ARPS issuer belongs to the industrial sector,

0 otherwise
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INTRATE = the level of the interest rate (two possible sets)
VOLATILITY = the volatility of the interest rate (two possible sets)
B; = the regression coefficient for variable 4

€ = the error term

Depending on how the implied risk premium of the benchmark model RPBM is
derived, different INTRATE will be used. If RPBM is RPBM3M then INTRATE
is the thirty-year constant maturity yield. If RPBM is RPBM30Y then INTRATE
is the three-month Treasury discount rate. As for the VOLATILITY , there are
two potential volatilities; one from the three-month Treasury discount rate and the
other from the thirty-year constant maturity yield. We will try both volatilities for
each case of the implied risk premium. Thus, we will have a total of four regressions,

two for RPBM3M and two for RPBM30Y.

V. The Results

Table III-7 reports the results of the regression in which the implied risk
premium of the benchmark model RPBM is derived using the thirty-year con-
stant maturity yield, an INTRATFE equal to the three-month Treasury discount
rate, and a VOLATILITY based on the thirty-year constant maturity yield. The
R-square is 0.6080. The F-statistic is 104.24, indicating that the regression struc-
ture is highly significant. This means that our overall regression model explains
the risk premium well. Now if we look at the intercept, which represents our base
case, we see an estimate of —0.00404364 per quarter risk premium with a significant
t-statistic. Note that this risk premium should be lower than an otherwise identical
fixed rate preferred stock in order to capture the option to have the maximum of
three rates. As for the other rating variables, we do see a general trend that higher
rating tends to be associated with lower risk premium with the exception of AA
and B rating groups. We do not have a good explanation for the AA rating group’s
behavior. As for the B rating variable, we believe it could be due to problem rooted

in the small sample, since the B1 rating variable has 14 observations and the B3
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rating variable includes only 7 observations out of a total of 1570 observations. The
t-statistics for the rating variables are all significant at 1% level with the exception
of the BAA1,BAA3, and B3 rating variables. The BAA1 rating variable is not
statistically different from the base case, (BAA2 rating variable). Hence, it does
not present any major problem with interpreting the results. The BAA3 rating
variable’s t-statistic is almost significant and the estimated coefficients have the

expected sign and relative magnitude.

The risk premium of tax regime 87 is 0.00169177 lower than the risk premium
of tax regime 88 and this difference is found to be statistically significant. The risk
premium of tax regime 82 is 0.00045909 lower than, but not significantly different
from, the risk premium of tax regime 87. This shows that the risk premium has
not increased significantly as the dividend income exclusion decreased from 85%
to 80%. The risk premium has increased substantially, however, as the dividend
income exclusion decreased from 80% to 70%. We can infer from this result that
most ARPS investors are at the maximum marginal corporate tax rate, since the
Tax Reform Act of 1986 had little effect on the maximum marginal corporate tax
rate on dividend income. In fact, it was actually lowered from 6.9% to 6.8%. On
the other hand, the tax code of 1987 increased the maximum marginal corporate

tax rate on dividend income to 10.2% effective January 1988.

The categories of call status and relation to the collar have no significant in-
fluence on the risk premium as indicated by the associated t-statistics. As for
the industry effect, the banking industry does command a higher risk premium,
0.00216117 per quarter above the utility industry. This behavior could be attributed
to the tighter regulation of the utility industry by government agencies. Thus, even
though they have the same Moody’s rating, banking industry’s ARPS will require
a higher risk premium than utility industry’s ARPS. The industrial sector is not
statistically different from the utility industry which implies that the industrial sec-
tor is statistically different from the banking industry and, therefore, commands a
lower risk premium (0.00216117 — 0.00016516 = 0.00199601 per quarter). We do

not know the reason for this behavior. It might be due to the small sample size of
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the industrial sector, 58 out of 1570. Lastly, as expected, a higher level of interest
rate causes a higher risk premium, and a greater volatility of interest rate also has
the same effect.

Table ITI-8 reports the results of the regression in which the risk premium of the
benchmark model RPBM is derived using the thirty-year constant maturity yield,
the INTRATE is the three-month Treasury discount rate, and the VOLATILITY
is based on the three-month Treasury discount rate. The R-square of this regression
is 0.6207, which is slightly higher than the R-square from the previous regression.
The estimated coefficients and associated t-statistics are also very similar to those
from the previous regression. The sign of the volatility coefficient is negative, how-
ever, which suggests a more volatile interest rate will result in a lower risk premium.
This is contrary to the intuitive concept that investors demand a greater return
(higher risk premium) when facing greater uncertainty (higher volatility).

Table II1-9 reports the results of the regression in which the risk premium of the
benchmark model RPBM is derived using the three-month Treasury discount rate,
the INTRATE is the thirty-year constant maturity yield, and the VOLATILITY
is based on the three-month Treasury discount rate. The R-square of this regression
is 0.4834, which is substantially lower than the R-square from the first regression.
The low R-square indicates that this regression model is less explanatory than the
first one. The two R-squares are not comparable directly, however, since the two
dependent variables are different. The next best comparison is to examine the
estimated coefficients. Clearly, the relative order of the rating coefficients are not
so smoothly as those from the first regression. Furthermore, the tax regime effect
has vanished completely here. Therefore, we reject this regression model.

Table III-10 reports the results of a regression similar to the previous one with
the exception that VOLATILITY is based on the thirty-year constant maturity
yield. The results are very close to the results shown in Table III-9. Therefore, we
can also reject this regression model.

Just to be sure that our analysis of the regression results is on track, we remove

the two less important categories of call status and relation to the collar from the
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first regression (Table III-7) and regress the restricted model again. Table III-11
reports the result of this restricted regression. The R-square is 0.6063, which is not
much lower than 0.6080, the R-square of Table ITII-7. The estimated coefficients of
the variables are similar to those seen in Table II1-7. Thus, unless we have missed
a significant explanatory variable, we have found a regression model that is capable
of explaining the implied risk premium of the benchmark model well. Consequently,

we believe the benchmark model can be used to value the ARPS.

VI. Conclusions

In this chapter we developed a benchmark model for the ARPS and empirically
tested the model. The benchmark model valued the ARPS like fixed rate preferred
stocks, and assumed that the risk premium was able to capture all the implied option
features embedded in the ARPS. The regression results revealed that the rating of
the ARPS, the tax regime, the industry of the ARPS issuer, the level of the risk free
rate, and the volatility of the risk free rate are the prime determinants of the risk
premium, and therefore, the market price of the ARPS. The empirical results also
suggested that most of the ARPS investors were at the maximum marginal corporate
tax rate. Although the results of the benchmark model were surprisingly good, we
believe a more “sophisticated” option-based model would enable us to capture all
of the option features explicitly in the expected dividends. In this manner, the risk
premium would just reflect the rating, the tax regime, and the call status. In the

next chapter we will explore such a model.
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List of all ARPS
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Aetna Life & Casualty 82 728
Alabama Power class A 83 series 83 921
Allied Corp series F 83 131
Arizona Public Service series Q 83 311
Banc Ohio 1983 series 83 214
Bank of Boston series A 84 3 30
Bank of Boston series B 86 6 20
Bank of Boston series C 8 11 14
Bank of Ireland Holdings 88 10 13
Bank of New England 1982 series 82 12 2
Bank of New England 1984 series 8 913
Bank of New York 83 215
BankAmerica series A 82 10 22
BankAmerica series B 83 214
Banks of Mid-America series A (Liberty National) 83 4 —
Baxter International 86 11 25
Boatmen’s Bancshares series A 82 12 14
Burlington Northern, Inc series D 83 12 13
Capital Holding series F 82 1119
Central Hudson Gas & Electric series A 83 323
Central Louisiana Electric series 1984 8 912
Centrust Capital Corp 84 926
Chase Manhattan Corp series E 82 525
Chemical Banking Corp 82 511
Chemical Banking Corp series B 82 812
Citicorp 2nd series 83 218
Citicorp 3rd series 83 927
Cleveland Electric Illuminating series L 83 11 29
Cleveland Electric llluminating series M 85 11 3
Coast Capital Corp 84 228
Columbia Gas series D 83 719
Comerica series A 83 714
Conneticut Light & Power dep series N 83 10 4
Continental Bank series 1 8 9 7
Continental Bank series 2 89 8 8
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Table ITI-1 (Continued)

Crestar Financial series B (United Virginia)
Decatur Capital Corp

Empire Capital Corp

Enserch series D

Enserch series E

Equitable Bancorp series A
Equitable Bancorp series B
Financial Corp of America series A
First Arkansas Capital Corp

First Atlanta Corp series A

First Bank System series 1983A
First Bank System series 1989B
First Chicago

First Chicago series B

First Chicago series C

First City Bancorp of Texas series A
First City Bancorp of Texas series B
First Fidelity Bancorp series D

First Home Capital Corp

First RepublicBank Corp

First RepublicBank Corp series B

First RepublicBank Corp series C

Firstar Corp series B (First Wisconsin)
Fleet /Norstar Financial (Fleet Financial)
Fleet /Norstar Financial series A (Norstar)

Georgia Power class A 84 series
Georgia Power class A 1st 85 series
Georgia Power class A 2nd 85 series
Gulf States Utilities series A

Gulf States Utilities series B

Hartford National Corp (Shawmut National)
Horizon Bancorp

Houston Lighting & Power series A

Houston Lighting & Power series B

Illinois Power series A

Illinois Power series B
Integrated Resources, Inc
Iowa American Capital Corp

Irving Bank (Bank of NY)

JPS Textile senior exch series A

yy mm dd
86 12 4
86 — —
82 9 2
8 127
82 11 24
83 317
84 731
82 10 27
8 912
89 411
82 10 15
83 217
84 217
82 824
8 410
83 325
8 831
8 329
86 — —
87 527
86 6 6
83 215
8 2 3
84 11 28
8 925
8 12 5
8 & 5
84 124
83 218
8 — —
8 321
8 8 T
83 224
8 424
83 3 8
82 11 18

31
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110
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Table IIT-1 (Continued)

Key Banks series A (Keycorp)

Manufacturers Hanover (Chemical series E)
Manufacturers Hanover series B (Chemical series F)
Marine Midland Bank series A

Morgan JP series A

New York State Electric & Gas series A
Niagara Mohawk Power series A
Niagara Mohawk Power series B
Niagara Mohawk Power series C
Northeast Financial Resources Corp

Northern Indiana Public Service series A
Northern Trust Corp series A

Northwest Bancorp series A (Norwest series A)
Northwest Bancorp series B (Norwest series B)
Ohio Edison class A series B

Orion Capital

PSF'S Finance, Inc

Puget Sound Power & Light series A

Reading & Bates Corp Fifth series

Republic Bank Corp

Republic New York floating rate series A
Republic New York floating rate series B
Sears, Roebuck

Student Loan Marketing series A
Summit Bancorp

Sun Life Group of America series A
Texas Eastern Transmission Corp series A
Texas Utilities Electric series A

Texas Utilities Electric series B

Toledo Edison series A

Toledo Edison series B

Torchmark series A

United Bank of Colorado series A
United Jersey Banks series A

United States Steel Corp (USX Corp)

Washington Water Power series G
Washington Water Power series H
Wells Fargo series A

Western Massachusetts Electric series D

yy mm dd
83 721
82 528
82 722
83 3 2
83 223
83 914
83 119
84 824
8 411
84 814
83 217
84 5 1
82 720
82 730
8 731
86 131
84 419
82 12 14
83 415
84 329
82 514
84 3 7
84 5 2
83 216
83 223
82 10 5
84 516
8 530
85 10 17
8 3 5
83 10 28
83 120
83 4 28
82 825
8 11 6
86 416
83 3 8
83 412

Williams Natural Gas series A (Norwest Central Pipeline) 82

12 10

32
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Table IT1-2

List of ARPS in the Sample and the Number
of Time-Series Observations for each ARPS

1-29: January dividend cycle
30-36: February dividend cycle
37-51: March dividend cycle
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Aetna Life & Casualty

Alabama Power class A 83 series
Central Hudson Gas & Electric series A
Chase Manhattan Corp series E
Chemical Banking Corp

Chemical Banking Corp series B
Cleveland Electric Illuminating series L
Continental Bank series 1

Continental Bank series 2

First Chicago

First Fidelity Bancorp series D
Georgia Power class A 84 series
Georgia Power class A 1st 85 series

Georgia Power class A 2nd 85 series
Irving Bank (Bank of NY)

Manufacturers Hanover (Chemical series E)

Marine Midland Bank series A

Morgan JP series A

New York State Electric & Gas series A
Niagara Mohawk Power series A

Niagara Mohawk Power series C

Northwest Bancorp series A (Norwest series A)

Orion Capital
Reading & Bates Corp Fifth series
Republic New York floating rate series A

Republic New York floating rate series B
Sears, Roebuck

United States Steel Corp (USX Corp)
Wells Fargo series A

Enserch series D

number of
time-series
observations

18
32
36
40
39

39
35
17
13
40

37
30
27
26
30

40
37
38
36
37

29
19
26

6
18

33
12
40
35
40

33
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Table III-2 (Continued)

Enserch series E

First Atlanta Corp series A
Illinois Power series A
Illinois Power series B
Torchmark series A

Williams Natural Gas series A (Norwest Central Pipeline)

Arizona Public Service series Q
Bank of New England 1982 series
BankAmerica series A
BankAmerica series B

Citicorp 2nd series
Citicorp 3rd series
Columbia Gas series D
First Chicago series B
First Chicago series C

Fleet /Norstar Financial (Fleet Financial)
Fleet/Norstar Financial series A (Norstar)
Integrated Resources, Inc

Texas Eastern Transmission Corp series A
Toledo Edison series A

Toledo Edison series B
Total -

number of
time-series
observations

35
18
38
30
36

27
38
19
40
39

38
37
20
39
35

39
39
23
21
28

26
1570

34
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Table ITI-3
Definition of Variables

RATE3BMON = the three-month Treasury discount rate.
RATE30YR = the thirty-year constant maturity yield.

V3M26WK = the volatility of three-month Treasury discount rate based on
26 weeks of historical data.

V30Y26WK = the volatility of thirty-year constant maturity yield based on
26 weeks of historical data.

V3M52WK = the volatility of three-month Treasury discount rate based on
52 weeks of historical data.

V30Y52WK = the volatility of thirty-year constant maturity yield based on
52 weeks of historical data.

RPBM3M = the implied risk premium derived from the benchmark model
that uses the three-month Treasury discount rate as the risk
free rate.

RPBM30Y = the implied risk premium derived from the benchmark model
that uses the thirty-year constant maturity yield as the risk

free rate.

RPOBRW = the implied risk premium derived from the option-based
random walk interest rate model.

RPOBEH = the implied risk premium derived from the option-based
expectations hypothesis interest rate model.

AAA = 1 if the Moody’s rating is aaa, 0 otherwise.

AAl = 1if the Moody’s rating is aal, 0 otherwise.

AA2 = 1 if the Moody’s rating is aa2, 0 otherwise.

AA3 = 1 if the Moody’s rating is aa3, 0 otherwise.

Al = 1 if the Moody’s rating is al, 0 otherwise.

A2 = 1 if the Moody’s rating is a2, 0 otherwise.

A3 = 1 if the Moody’s rating is a3, 0 otherwise.

BAAl = 1 if the Moody’s rating is baal, 0 otherwise.

BAA2 = 1 if the Moody’s rating is baa2, 0 otherwise.

BAA3 = 1 if the Moody’s rating is baa3, 0 otherwise.

BAl = 1 if the Moody’s rating is bal, 0 otherwise.

BA2 = 1 if the Moody’s rating is ba2, 0 otherwise.

BA3 = 1 if the Moody’s rating is ba3, 0 otherwise.

B1 = 1 if the Moody’s rating is bl, 0 otherwise.

(No b2 rating in the sample ARPS.)
B3 = 1 if the Moody’s rating is b3, 0 otherwise.



Table IIT-3 (Continued)

TAXREGS82 =1 if the tax regime is before January 1987, 0 otherwise.

TAXREG87 =1 if the tax regime is from January 1987 to December 1987,
0 otherwise.

TAXREG88 =1 if the tax regime is after January 1988, 0 otherwise.

CALLNONE =1 if the ARPS is not callable at this time, 0 otherwise.
CALLPREM =1 if the ARPS is callable at a premium, 0 otherwise.
CALLPAR =1 if the ARPS is callable at par, 0 otherwise.

ABOVEFL = 1 if the dividend rate is above the floor rate, 0 otherwise.
HITFL = 1 if the dividend rate is equal to the floor rate, 0 otherwise.

BANKING =1 if the ARPS issuer belongs to the banking industry,
0 otherwise.

INDUSTRIAL= 1 if the ARPS issuer belongs to the industrial sector,
0 otherwise.

UTILITY = 1 if the ARPS issuer belongs to the utility industry,
0 otherwise.
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1570 OBSERVATIONS FOR EACH VARIABLE.

VARIABLE

RATE3MON
RATE30YR

V3M26WK
V30Y26WK

V3M52WK
V30Y52WK

RPBM3M
RPBM30Y

RPOBRW
RPOBEH

AAA

AAl
AA2
AA3

Al
A2
A3

BAA1
BAA2
BAA3

BAl

BA2

BA3

B1

B3
TAXREGS82
TAXREGS7
TAXREGS8
CALLNONE
CALLPREM
CALLPAR
ABOVEFL
HITFL

BANKING

INDUSTRIAL

UTILITY

MEAN

0.06808465
0.09173140

0.01965646
0.01361076

0.02074084
0.01410461

0.00610147
0.00096433

0.00239292
0.00208305

0.02356688

0.03757962
0.04458599
0.05796178

0.06305732
0.14777070
0.07961783

0.12738854
0.19171975
0.05350318

0.05350318
0.08152866
0.02547771

0.00891720
0.00382166

0.38025478
0.11719745
0.50254777

0.563630573
0.43566879
0.02802548
0.75923567
0.24076433
0.58662420

0.03694268
0.37643312

Table ITI—4
Summary Statistics for Variables

STD DEV

0.01703519
0.01599054

0.01037602
0.00353197

0.00929956
0.00285772

0.00438774
0.00418654

0.00447100
0.00411247

0.15174369

0.19023785
0.20645878
0.23374562

0.24314348
0.35498561
0.27078689

0.33351393
0.39377919
0.22510635

0.22510635
0.27373247
0.15762112

0.09403889
0.06172096

0.48560404
0.32175791
0.50015282

0.49883904
0.49600221
0.16509819
0.42768373
0.42768373
0.49259598

0.18868118
0.48464506

SUM

232
125

200
301
84

84
128
40

14

097
184
789

842
684
44

1192
378
921

o8
991

MINIMUM
0.0289
0.0724

0.00852234
0.00785989

0.00013459
0.00977602

—0.00309507
—0.00895605

—0.00665370
—0.00622570

0

OO OO OO0 OO0 OCOOC OO OO OO0 OO Oo o

MAXIMUM
0.1065
0.1380
0.05990913
0.02354062
0.05146425
0.02033180

0.02829862
0.02457513

0.02554960
0.02582270

—
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Table I1I-5
Joint Distribution of Sample ARPS by Industry

'2 = the tax regime is before January 1982.
"7 = the tax regime is from January 1987 to December 1987.
'8 = the tax regime is after January 1988.

BANKING:

" CALLNONE: CALLPREM: CALLPAR:

AN A

ABOVEFL: HITFL: ABOVEFL: HITFL: ABOVEFL: HITFL:

e et pr——— | et W e N Ve N
2 7 '8 2 T '8 2 T '8 '2 7 '8 2’7 '8 2 7 '8 Total
AAA 24 0 0 3 2 0 0 0O 03 4 100 O0O0O0 O 37
AA1 32 0 0 8 00 0 0O 00O OO0 O OO 019 59
AA2 51 3 0 2 20 0 0 0 0O0 0O0O0O0O0GO0 0 58
AA3 62 2 1 8 8 0 0 0 5 00 400000 0 9
Al 32 5 5 810 0 0 1 220 016 00 000 0 99
A2 7710 6 813 2 0 1 23 0 0350 0 0 0 0 4 179
A3 16 6 4 3 7 0 0 6 20 0 02 00 00 0 3 85
BAA1 11 5 1 6 1 0 0 0 31 0 02 0 0 0 0 0 0 78
BAA2 1 0 0 3 00 0 03 0019 00 1 0 0 1 61
BAA3 2 1 5 0 00 0 016 00 5 00 2 0 0 0 31
BA1 14 4 4 1 00 0 012 00 8 0 0 0 0 0 9 52
BA2 0 3 1 0 00 0 03 00 100 300 0 43
BA3 0 0 9 4 20 0 012 00 200 00 0 0 29
Bl 02 3 03101 000 4000TO0TO0 0 14
B3 0 0 00 00OO 200 400000 0 6
Total 322 | 39 | 48 | 0 [214 | 4 | 0o | 6 | 0 | 921

41 54 3 9 3 142 0 0 36
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Table III-5 (Continued)

—

UTILITY:
CALLPREM:

CALLPAR:

CALLNONE:

~

™~

N

pr—

ABOVEFL: HITFL: ABOVEFL: HITFL: ABOVEFL: HITFL:

'8 Total

8 2 7 %8 2 T '8 2T 8 2 T 8 2 T
0 0 00

00000000

00000000

"7
0

2

0
0
0
1

0 00 00 0O0OCOTO O

0 0

0

AAA
AAl
AA2
AA3

0o 00 00 O0O0OCOTGOTDO
0 00 0O0OOOT OO
0 00 0O0OO0OOTOTOTDO
0 00 0O0OOOTUO O

3 7 20 0 014 00 0O0OO0OO0OO0TO0O O

0 0 0 00 0 O

1

0
53
38

0 00 0 0 0 0 120

6 0 0 0 00 0O
5 2

2

Al
A2

0 00 2000O0O0O0

0 50 0 O

1
1

27 3

A3

2 0 010 12 45 1 1

BAAl1l 4 4

0 236

1116 0 0 4 0 0 0 0 O
BAA3 0 4 6 0 0 0 0 0 18 0 017 0 0 1 0 0 O

0

BAA2 43 23 20 17 11 1

46
10
79

2 00 000 O

3 0 0
0 0 3 00 4 000O0O0O0

1 0 01 0 O
6 826 0 0 1

0

3

BAl
BA2
BA3

8
0
0

3 00 40 00O0O0 O

1 0 0

0

0 0 0 O

0O 00 00O0OOTOCTO O

0 0 0 0 00 0 O
0 0 0 0 00 O O

Bl
B3

0O 00 00O0OOOUO O

Total 149 | 57 | 18 | 10 [23¢ | 1 | o | 1 | o | 591
13

0

0

0

33

1

4

26

44



40
0
0
12
0
0
2
2

’8 Total

0
0

72 77

'8

CALLPAR:
"7

2
0 000 O0O0 O

0 0 00 0 0 O
0 000 0O
0 00 00 O0 O

™
0 00 00 O0O0OO0OO0OTWO

™ 7~

ABOVEFL: HITFL: ABOVEFL: HITFL: ABOVEFL: HITFL:

7
0
0 0 0
0
0

0
0
0

"2
6 00 00 0CO0O0O0O O

0o 00 00 OO0OO0OTUO0ODTO

0 00 00 OODTOTPW

'8 19
0

0

CALLPREM:
0

7
0

INDUSTRIAL:
0 0

’2'
7 0 03 2 0 0 O

Table ITT-5 (Continued)
,2 ,7 ’8
0

'8

CALLNONE:

7

P

0 0 0 0 0O

0 0 0 0 0O

0 0 0 0 00 0 O
0O 0 0 0 00 0O
6 0 00 00 0O
2 0 0 0 00 0O
2 0 0 0 00 0O

2

s

AAA
AAl
AA2
AA3
Al
A2
A3
BAA1l

oo

oo

o o

o O

oo

c O

o O

o O

o O

oo

o o

o O

oo

o o

S o

0 0
0 0

7
4

BAA2 4
BAA3
BAl

BA2

BA3

Bl

6
3
0
0

22
58

0 00 00 O0 O
0 000 O0O0OCTO

0 001 00 O
0 00 00 O0O0OO0OOUO0O O

0

0
0O 00 00 O0CO0OOTOTO

119 00 00 01 00 O

0
0

3
0

1

3 0 0 0 00 O O

0 00 0 00 0O
2 0 0

1 0 0 0 0 0 0 16 0 O
0 2 0 0 0 0 O
B3 0 0 0 0 0 O O O
Total 29 3 0 3



Table III-6
Correlation Matrix of Variables

PEARSON CORRELATION COEFFICIENTS
PROB > [R| UNDER Hy: CORRELATION = 0,
NUMBER OF OBSERVATIONS = 1570

RATE- RATE- V3M- V30Y-
3MON 30YR 26WK 26WK

RATE3MON 1.00000
0.0000
RATE30YR 0.75925  1.00000
0.0001 0.0000

V3IM26WK —0.28551 —0.02715  1.00000
0.0001 0.2823 0.0000
V30Y26WK —-0.07613 ~0.09571 0.61091  1.00000
0.0025 0.0001 0.0001 0.0000

V3M52WK ~0.09829  0.10350  0.71067  0.40478
0.0001 0.0001 0.0001 0.0001
V30Y52WK —0.03513 —-0.03207  0.51692  0.74934
0.1642 0.2041 0.0001 0.0001

RPBM3M ~0.43292 —0.19163  0.08794 —0.08819
0.0001  0.0001  0.0005  0.0005
RPBM30Y  —0.09714 —0.32293 —0.18701 —0.08661
0.0001  0.0001  0.0001  0.0006
RPOBRW —0.16715 —0.46672 —0.16131 —0.04102
0.0001  0.0001  0.0001  0.1042
RPOBEH —0.16940 —0.34269 —0.13579 —0.06636
0.0001  0.0001  0.0001  0.0085
AAA 0.06656  0.09775  0.01894  0.04702
0.0083  0.0001  0.4533  0.0625
AA1 0.08968  0.10271 —0.00627  0.00763
0.0004  0.0001  0.8040  0.7625
AA?2 0.11449  0.15251  0.02578  0.06337
0.0001  0.0001  0.3074  0.0120
AA3 0.17858  0.22507  0.00095  0.01663
0.0001  0.0001  0.9701  0.5101
Al —0.01466 —0.04705 —0.00962  0.03732
0.5616  0.0624  0.7032  0.1394
A2 0.08328  0.10138  0.02562  0.03340
0.0010  0.0001  0.3104  0.1859
A3 0.07909  0.08566  0.07595  0.05337

0.0017 0.0007 0.0026 0.0345

V3M-
52WK

1.00000
0.0000
0.65344
0.0001

—-0.03671
0.1460
—0.24092
0.0001

—0.20759
0.0001
—0.17229
0.0001

0.03203
0.2046

0.02318
0.3586
0.07489
0.0030
0.03577
0.1566

—0.01358
0.56907
0.04197
0.0965
0.055651
0.0279

41

V30Y-
52WK

1.00000
0.0000

—0.15062
0.0001
—0.16812
0.0001

—0.10389
0.0001
—0.11633
0.0001

0.06165
0.0146

0.01171
0.6429
0.09909
0.0001
0.04420
0.0800

0.03559
0.1587
0.04277
0.0902
0.05298
0.0358



BAA1
BAA2

BAA3

BA1l
BA2

BA3

B1

B3

TAXREGS82
TAXREGS87

TAXREGSS8

CALLNONE
CALLPREM

CALLPAR

ABOVEFL

HITFL

BANKING
INDUSTRIAL

UTILITY

RATE-
3MON

—0.12497
0.0001
—0.01611
0.6235
—0.16961
0.0001

—0.04996
0.0478
—0.10210
0.0001
—0.01208
0.6325

—0.12460
0.0001
—-0.01510
0.5500

0.43755
0.0001
—0.21836
0.0001
—0.28435
0.0001

0.31220
0.0001
—0.26698
0.0001
—0.14121
0.0001

0.35253
0.0001
—0.35253
0.0001

0.06051
0.0165
0.03053
0.2266
—0.07339
0.0036

Table IT1-6 (Continued)

RATE-
30YR

—0.08364
0.0009
—0.10040
0.0001
~0.13195
0.0001

—0.05134
0.0420
—0.15040
0.0001
—0.06809
0.0070

—0.05690
0.0242
—0.00438
0.8622

0.61049
0.0001
—0.18446
0.0001
—0.47407
0.0001

0.46211
0.0001
—0.42731
0.0001
—0.11250
0.0001

0.40837
0.0001
—0.40837
0.0001

0.07673
0.0023
0.04843
0.0550
—0.09684
0.0001

V3M-
26WK

—0.07621
0.0025
0.01638
0.5167
0.02180
0.3881

—0.03488
0.1672
—0.04691
0.0631
—0.05994
0.0175

0.05492
0.0295
0.07275
0.0039

—0.04060
0.1078
0.15501
0.0001
—0.06030
0.0169

0.12169
0.0001
-0.11911
0.0001
—0.00984
0.6968

—0.01364
0.5892
0.01364
0.5892

—0.00350
0.8899
0.00573
0.8205
0.00132
0.9582

V30Y-
26WK

—0.04648
0.0656
0.00725
0.7740
—0.08144
0.0012

—-0.08013
0.0015
—0.03010
0.2332
~0.03422
0.1753

—0.00435
0.8633
0.03433
0.1739

0.17167
0.0001
0.21789
0.0001
—0.30684
0.0001

0.29887
0.0001
—0.26611
0.0001
—0.10355
0.0001

—0.06083
0.0159
0.06083
0.0159

—0.00743
0.7685
0.01040
0.6804
0.00350
0.8897

V3M-
52WK

—0.11360
0.0001
0.068627
0.0285
—0.04710
0.0620

—-0.06097
0.0157
—0.07849
0.0019
—0.04948
0.0500

0.01752
0.4879
0.13561
0.0001

0.01662
0.5106
0.05595
0.0266
—0.05213
0.0389

0.15231
0.0001
—0.14292
0.0001
—0.03082
0.2222

0.08448
0.0008
—0.08448
0.0008

0.01758
0.4864
0.00768
0.7612
—0.02085
0.4089

42

V30Y-
52WK

~0.07084
0.0050
0.03351
0.1845
—0.15313
0.0001

~0.08523
0.0007
—0.05111
0.0429
—0.03388
0.1796

—0.03448
0.1721
0.09896
0.0001

0.13458
0.0001
0.32190
0.0001
—0.33775
0.0001

0.35716
0.0001
—0.315%4
0.0001
—0.12998
0.0001

—0.04964
0.0492
0.04964
0.0492

0.00301
0.9053
0.00662
0.7932
—0.00563
0.8235



RPBM3M

RPBM30Y

RPOBRW

RPOBEH

AAA

AAl

AA2

AA3

Al

A2

A3

BAA1l

BAA2

BAA3

BA1l

BA2

BA3

B1

B3

RPBM-
3M

1.00000
0.0000
0.76660
0.0001

0.66851
0.0001
0.80010
0.0001

—0.18082
0.0001

—0.13942
0.0001
—0.11356
0.0001
—0.21188
0.0001

—0.14740
0.0001
—0.21934
0.0001
—0.08297
0.0010

0.09595
0.0001
0.01596
0.5273
0.14592
0.0001

0.26081
0.0001
0.31094
0.0001
0.17751
0.0001

0.17301
0.0001
0.06309
0.0124

Table IIT-6 (Continued)

RPBM-
30Y

1.00000
0.0000

0.95614
0.0001
0.97651
0.0001

—0.20965
0.0001

—0.14604
0.0001
—-0.13910
0.0001
—0.24108
0.0001

—0.12680
0.0001
—0.23589
0.0001
—0.08266
0.0010

0.04567
0.0704
0.09261
0.0002
0.09618
0.0001

0.26816
0.0001
0.35695
0.0001
0.23639
0.0001

0.10221
0.0001
0.05381
0.0330

RPOB-
RW

1.00000
0.0000
0.96119
0.0001

—0.19170
0.0001

—0.13473
0.0001
—0.15974
0.0001
—0.22863
0.0001

—0.08527
0.0007
—0.22801
0.0001
—0.08776
0.0005

0.02225
0.3784
0.10930
0.0001
0.09767
0.0001

0.24480
0.0001
0.30865
0.0001
0.23670
0.0001

0.12295
0.0001
0.09179
0.0003

RPOB-
EH

1.00000
0.0000

—0.20749
0.0001

—0.15053
0.0001
—0.13457
0.0001
—0.23063
0.0001

—0.11606
0.0001
—0.24561
0.0001
—0.09828
0.0001

0.04754
0.0597
0.08091
0.0013
0.10736
0.0001

0.26577
0.0001
0.35669
0.0001
0.24072
0.0001

0.12723
0.0001
0.07387
0.0034

AAA

1.00000
0.0000

—0.03070
0.2241
—0.03356
0.1838
—0.03854
0.1269

—0.04030
0.1104
—0.06469
0.0103
—0.04569
0.0703

—0.05936
0.0187
~0.07566
0.0027
—0.03694
0.1435

—0.03694
0.1435
—0.04629
0.0667
—0.02512
0.3199

—0.01474
0.5596
—0.00962
0.7032

43

AAl

1.00000
0.0000
—0.04269
0.0909
—0.04902
0.0522

—0.05126
0.0423
—0.08228
0.0011
—0.05812
0.0213

—0.07550
0.0028
—0.09624
0.0001
—0.04698
0.0627

—0.04698
0.0627
—-0.05887
0.0197
—0.03195
0.2058

—0.01874
0.4580
—0.01224
0.6280



TAXREG82
TAXREGS87

TAXREGS8

CALLNONE
CALLPREM

CALLPAR

ABOVEFL

HITFL

BANKING
INDUSTRIAL

UTILITY

RPBM-
M

—0.32195
0.0001
—0.05985
0.0177
0.35109
0.0001

—0.29128
0.0001
0.27039
0.0001
0.06776
0.0072

0.06577
0.0091
—0.06577
0.0091

—0.03758
0.1366
0.05364
0.0336
0.01732
0.4929

Table IIT-6 (Continued)

RPBM-
30Y

-—0.43968
0.0001
—0.12438
0.0001
0.50690
0.0001

—0.40370
0.0001
0.39724
0.0001
0.02635
0.2967

0.06306
0.0124
—0.06306
0.0124

—0.04624
0.0670
0.04359
0.0842
0.03003
0.2344

RPOB-
RW

—0.54264
0.0001
—0.06272
0.0129
0.56721
0.0001

—0.47054
0.0001
0.45702
0.0001
0.04870
0.0637

—0.08024
0.0015
0.08024
0.0015

0.00002
0.9994
0.01248
0.6211
—0.00488
0.8468

RPOB-
EH

—0.43507
0.0001
—0.09489
0.0002
0.48346
0.0001

—0.38938
0.0001
0.38230
0.0001
0.02797
0.2681

0.04224
0.0943
—0.04224
0.0943

~0.03098
0.2199
0.04221
0.0945
0.01506
0.5511

AAA

0.13779
0.0001
0.02172
0.3898
—0.14775
0.0001

0.07710
0.0022
—0.06876
0.0064
—0.02638
0.2962

—0.04018
0.1115
0.04018
0.1115

0.13041

0.0001

—0.03043
0.2282
—0.12071
0.0001

44

AAl

0.12118
0.0001
—0.07200
0.0043
—0.07134
0.0047

0.05613
0.0261
—0.17362
0.0001
0.35201
0.0001

—0.10023
0.0001
0.10023
0.0001

0.16588
0.0001
—0.03870
0.1253
—0.15353
0.0001



AA2

AA3

Al
A2

A3

BAA1
BAA2

BAA3

BA1l
BA2

BA3

B1

B3

TAXREGS82
TAXREG87

TAXREGSS8

CALLNONE
CALLPREM

CALLPAR

AA2

1.00000
0.0000
—0.05358
0.0338

—0.05604
0.0264
—0.08995
0.0004
~0.06354
0.0118

—0.08254
0.0011
—0.10521
0.0001
—-0.05136
0.0419

-0.05136
0.0419
—-0.06436
0.0107
—0.03493
0.1666

—0.02049
0.4172
—-0.01338
0.5963

0.23129
0.0001
—0.01155
0.6475
—0.21713
0.0001

0.20087
0.0001
—0.18981
0.0001
—0.03668
0.1463

Table III-6 (Continued)

AA3

1.00000
0.0000

—0.06435
0.0108
—0.10329
0.0001
—0.07296
0.0033

—0.09477
0.0002
—0.12081
0.0001
—0.05897
0.0194

—0.05897
0.0194
—0.07390
0.0034
—0.04011
0.1122

—0.02353
0.3515
—0.01536
0.5430

0.20437
0.0001
—0.00564
0.8235
—0.19480
0.0001

0.18145
0.0001
—0.16847
0.0001
—0.04212
0.0953

Al

1.00000
0.0000
—0.10803
0.0001
—0.07630
0.0025

—0.09912
0.0001
—0.12635
0.0001
—0.06168
0.0145

—0.06168
0.0145
~0.07729
0.0022
—0.04195
0.0966

—0.02461
0.3299
—-0.01607
0.5246

0.01271
0.6148
0.03583
0.1559
—0.03539
0.1611

0.03629
0.1507
—0.02183
0.3873
—0.04405
0.0810

A2

1.00000
0.0000
—0.12247
0.0001

—0.15910
0.0001
-0.20280
0.0001
—0.09900
0.0001

—0.09900
0.0001
—0.12406
0.0001
—0.06733
0.0076

—0.03950
0.1177
—0.02579
0.3071

0.10641
0.0001
0.00452
0.8579
—0.10622
0.0001

0.11005
0.0001
—-0.10163
0.0001
—0.02721
0.2813

A3

1.00000
0.0000

—0.11238
0.0001
—0.14324
0.0001
—0.06993
0.0056

—0.06993
0.0056
—0.08763
0.0005
—0.04756
0.0596

—0.02790
0.2693
—0.01822
0.4707

0.00227
0.9284
0.09034
0.0003
—0.06032
0.0168

0.03285
0.1933
—0.03065
0.2249
—0.00717
0.7764
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BAAl

1.00000
0.0000
—0.18608
0.0001
—0.09084
0.0003

—0.09084
0.0003
—0.11384
0.0001
—0.06178
0.0144

—0.03624
0.1512
—0.02367
0.3487

—0.00020
0.9937
—0.00261
0.9177
0.00187
0.9409

—0.11593
0.0001
0.13819
0.0001
—-0.06483
0.0101



ABOVEFL

HITFL

BANKING

INDUSTRIAL

UTILITY

AA2

0.05669
0.0247
—0.05669
0.0247

0.10614
0.0001
0.15402
0.0001
—0.16784
0.0001

Table ITT-6 (Continued)

AA3

0.01217
0.6298
—0.01217
0.6298

0.20269
0.0001
—0.04858
0.0543
—0.18710
0.0001

Al

—0.06230
0.0136
0.06230
0.0136

0.21777
0.0001
—0.05081
0.0441
—0.20156
0.0001

A2

—0.06357
0.0118
0.06357
0.0118

0.15637
0.0001
—0.08156
0.0012
—0.12719
0.0001

A3

—0.05451
0.0308
0.05451
0.0308

0.05577
0.0271
—0.03266
0.1959
—0.04397
0.0816
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BAA1

0.06324
0.0122
—0.06324
0.0122

—0.15256
0.0001
—0.05458
0.0306
0.17631
0.0001



BAA2

BAA3

BA1l
BA2

BA3

Bl

B3

TAXREGS82
TAXREG87

TAXREGS8

CALLNONE
CALLPREM

CALLPAR

ABOVEFL

HITFL

BANKING
INDUSTRIAL

UTILITY

BAA2

1.00000
0.0000
—0.11579
0.0001

—0.11579
0.0001
—0.14510
0.0001
—0.07875
0.0018

—0.04620
0.0673
—0.03017
0.2323

—0.15484
0.0001
—0.00139
0.9561
0.15123
0.0001

—0.12468
0.0001
0.14640
0.0001
—0.06309
0.0124

0.06233
0.0135
-0.06233
0.0135

—0.37975
0.0001
—0.06107
0.0155
0.40975
0.0001

Table IIT-6 (Continued)

BAA3

1.00000
0.0000

—0.05653
0.0251
—0.07084
0.0050
—0.03844
0.1279

—0.02255
0.3719
—0.01473
0.5599

—0.13376
0.0001
—-0.04263
0.0913
0.15729
0.0001

—0.11380
0.0001
0.11076
0.0001
0.01108
0.6610

—0.01176
0.6416
0.01176
0.6416

—0.10505
0.0001
0.05848
0.0205
0.08401
0.0009

BA1l

1.00000
0.0000
—0.07084
0.0050
—0.03844
0.1279

—0.02255
0.3719
—0.01473
0.5599

—0.05796
0.0216
—0.04263
0.0013
0.08370
0.0009

—0.06839
0.0067
0.02514
0.3195
0.13112
0.0001

—0.00514
0.8389
0.00514
0.8389

0.01565
0.5354
0.28356
0.0001
—0.12631
0.0001

BA2

1.00000
0.0000
—0.04817
0.0563

—0.02826
0.2631
—0.01845
0.4650

—0.20461
0.0001
—0.00725
0.7742
0.20332
0.0001

—0.10571
0.0001
0.10907
0.0001
—0.00828
0.7430

0.13511
0.0001
--0.13511
0.0001

—0.15167
0.0001
0.01569
0.5345
0.14805
0.0001

BA3

1.00000
0.0000

—0.01534
0.5437
—0.01001
0.6917

—0.06836
0.0067
—0.03378
0.1810
0.08811
0.0005

—0.01988
0.4312
0.02913
0.2487
—0.02746
0.2769

—0.03186
0.2071
0.03186
0.2071

0.04544
0.0719
0.03262
0.1964
—0.05888
0.0196
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Bl

1.00000
0.0000
—0.00588
0.8161

—0.07430
0.0032
0.09182
0.0003
0.01307
0.6049

0.02027
0.4223
—0.01502
0.5520
—0.01611
0.5236

—-0.07336
0.0036
0.07336
0.0036

0.07963
0.0016
—0.01858
0.4620
—0.07370
0.0035



B3

TAXREGS82

TAXREGS87

TAXREGS88

CALLNONE
CALLPREM

CALLPAR

ABOVEFL

HITFL

BANKING
INDUSTRIAL

UTILITY

B3

1.00000
0.0000

—0.04852
0.0546
—0.02257
0.3715
0.06162
0.0146

—0.06661
0.0083
0.07049
0.0052
—0.01052
0.6771

—0.06170
0.0145
0.06170
0.0145

0.05199
0.0394
—0.01213
0.6310
—0.04812
0.0566

Table III-6 (Continued)

TAX-
REG82

1.00000
0.0000
—0.28540
0.0001
—0.78731
0.0001

0.69152
0.0001
—0.65120
0.0001
—0.13301
0.0001

0.17411
0.0001
—0.17411
0.0001

0.07670
0.0024
0.06918
0.0061
—0.10489
0.0001

TAX-
REGS87

1.00000
0.0000
—0.36622
0.0001

0.22761
0.0001
—0.20832
0.0001
—0.06187
0.0142

—0.13292
0.0001
0.13292
0.0001

—0.02388
0.3443
—0.00837
0.7403
0.02753
0.2756

TAX-
REGSS8

1.00000
0.0000

—0.81783
0.0001
0.76627
0.0001
0.16894
0.0001

—0.08354
0.0009
0.08354
0.0009

—0.05910
0.0192
—0.06178
0.0143
0.08412
0.0008

CALL-
NONE

1.00000
0.0000
—0.94493
0.0001
—-0.18262
0.0001

0.13361
0.0001
~0.13361
0.0001

0.03388
0.1797
0.03991
0.1139
—0.04998
0.0477
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CALL-
PREM

1.00000
0.0000
—0.14920
0.0001

—0.05804
0.0215
0.05804
0.0215

-0.07630
0.0025
—0.03588
0.1553
0.09152
0.0003



CALLPAR

ABOVEFL

HITFL

BANKING
INDUSTRIAL

UTILITY

CALL-
PAR

1.00000
0.0000

-0.22933
0.0001
0.22933
0.0001

0.12687
0.0001
—0.01280
0.6124
—0.12397
0.0001
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Table III-6 (Continued)

ABOVE-
FL

1.00000
0.0000
—1.00000
0.0001

0.20649
0.0001
—0.07080
0.0050
—0.18232
0.0001

BANK- INDUS- UTI-
HITFL ING TRIAL LITY

1.00000
0.0000

—-0.20649  1.00000
0.0001 0.0000
0.07080 -0.23332  1.00000
0.0050 0.0001 0.0000
0.18232 -0.92557 -0.15217  1.00000
0.0001 0.0001 0.0001 0.0000
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Table ITI-7
OLS Regression: Benchmark Model (BM30Y) Full Sample
Dependent Variable: Implied risk premium based on 30-year constant maturity
yield (RPBM30Y);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
104.24 0.0 0.607955
ROOT MSE/MEAN ROOT MSE RPBM30Y MEAN
2.738440 0.00264077 0.00096433

COEFF T FOR Ho: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT  —0.00404364 —6.40 0.0001 0.00063146
AAA —0.00706657 —14.16 0.0001 0.00049915
AAl —~0.00500506 -11.38 0.0001 0.00043980
AA2 —0.00364335 -9.12 0.0001 0.00039956
AA3 —0.00572374 —15.66 0.0001 0.00036545
Al —0.00398144 —11.66 0.0001 0.00034138
A2 —0.00382664 —14.71 0.0001 0.00026008
A3 —0.00265889 —8.86 0.0001 0.00030011
BAA1l —0.00007561 —-0.30 0.7627 0.00025040
BAA3 0.00086124 2.55 0.0110 0.00033838
BAl 0.00323692 9.01 0.0001 0.00035922
BA2 0.00382408 13.33 0.0001 0.00028685
BA3 0.00410750 8.94 0.0001 0.00045931
Bl 0.00334956 4.47 0.0001 0.00074948
B3 —0.00006293 —0.06 0.9548 0.00110921
TAXREGS82 —0.00045909 —1.82 0.0689 0.00025219
TAXREGSS 0.00169177 5.75 0.0001 0.00029404
CALLNONE —0.00063256 -2.51 0.0121 0.00025177
CALLPAR —0.00021238 —0.46 0.6453 0.00046134
HITFL 0.00002369 0.13 0.8955 0.00018030
BANKING 0.00216117 12.09 0.0001 0.00017880
INDUSTRIAL 0.00016516 0.42 0.6777 0.00039732
RATE3MON 0.04873394 9.85 0.0001 0.00494622
V30Y52WK 0.09225874 3.41 0.0007 0.02703550
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Table ITI-8
OLS Regression: Benchmark Model (BM30Y) Full Sample
Dependent Variable: Implied risk premium based on 30-year constant maturity
yield (RPBM30Y);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
110.00 0.0 0.620699
ROOT MSE/MEAN ROOT MSE RPBM30Y MEAN
2.693561 0.00259749 0.00096433

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  —0.00080103 ~1.66 0.0963 0.00048134
AAA —0.00677483 ~13.78 0.0001 0.00049170
AAl ~0.00476019 ~10.99 0.0001 0.00043306
AA2 —0.00342723 —8.71 0.0001 0.00039348
AA3 —0.00559130 ~15.54 0.0001 0.00035988
Al —0.00405737 ~12.08 0.0001 0.00033584
A2 —0.00378505 —14.79 0.0001 0.00025588
A3 —0.00251789 —8.52 0.0001 0.00029570
BAA1L —0.00036649 ~1.48 0.1381 0.00024704
BAA3 0.00038679 1.17 0.2420 0.00033048
BAl 0.00289982 8.20 0.0001 0.00035358
BA2 0.00340483 11.95 0.0001 0.00028500
BA3 0.00374651 8.28 0.0001 0.00045264
B1 0.00293492 4.00 0.0001 0.00073370
B3 0.00177417 1.62 0.1055 0.00109538
TAXREGS2  —0.00071336 —2.94 0.0033 0.00024272
TAXREGSS 0.00182905 6.35 0.0001 0.00028797
CALLNONE  —0.00001357 —0.05 0.9565 0.00024855
CALLPAR —0.00042829 ~0.95 0.3433 0.00045181
HITFL —0.00023270 ~1.29 0.1975 0.00018051
BANKING 0.00214681 12.21 0.0001 0.00017585
INDUSTRIAL  0.00031923 0.82 0.4144 0.00039101
RATE3MON 0.03672061 7.39 0.0001 0.00497028
VIM52WK —0.06183965 —8.00 0.0001 0.00773094
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Table ITI-9
OLS Regression: Benchmark Model (BM3M) Full Sample
Dependent Variable: Implied risk premium based on 3-month Treasury discount
rate (RPBM3M);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
62.90 0.0 0.483411
ROOT MSE/MEAN ROOT MSE RPBM3M MEAN
0.520698 0.00317702 0.00610147

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR>|T| OF ESTIMATE
INTERCEPT 0.00284438 3.80 0.0002 0.00074926
AAA —0.00679080 -11.28 0.0001 0.00060214
AAl —0.00532483 —10.06 0.0001 0.00052929
AA2 —0.00354717 =737 0.0001 0.00048132
AA3 —0.00547959 —12.38 0.0001 0.00044255
Al —0.00405530 —9.87 0.0001 0.00041078
A2 —0.00356181 —-11.35 0.0001 0.00031395
A3 —0.00244672 —6.73 0.0001 0.00036331
BAAlL 0.00072799 2.43 0.0152 0.00029953
BAA3 0.00224898 5.64 0.0001 0.00039898
BA1l 0.00368506 8.53 0.0001 0.00043179
BA2 0.00420967 12.14 0.0001 0.00034688
BA3 0.00379506 6.85 0.0001 0.00055365
B1 0.00649139 7.27 0.0001 0.00089307
B3 0.00161888 1.21 0.2274 0.00134051
TAXREGS2 —0.00032477 —-1.06 0.2913 0.00030765
TAXREGSS 0.00015308 0.44 0.6597 0.00034756
CALLNONE —0.00077923 —2.58 0.0101 0.00030246
CALLPAR 0.00145676 2.65 0.0082 0.00055072
HITFL —0.00018103 —0.79 0.4281 0.00022839
BANKING 0.00217888 10.13 0.0001 0.00021511
INDUSTRIAL 0.00009475 0.20 0.8429 0.00047814
RATE30YR 0.02989448 4.09 0.0001 0.00731056
V3M52WK 0.02887675 3.15 0.0017 0.00917078



53

Table ITI-10
OLS Regression: Benchmark Model (BM3M) Full Sample
Dependent Variable: Implied risk premium based on 3-month Treasury discount
rate (RPBM3M);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
62.38 0.0 0.481340
ROOT MSE/MEAN ROOT MSE RPBM3M MEAN
0.521741 0.00318339 0.00610147

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT 0.00211050 2.17 0.0299 0.00097097
AAA —0.00674983 -11.19 0.0001 0.00060318
AAl —-0.005632053 -10.03 (0.0001 0.00053060
AA2 —0.00350803 —17.28 0.0001 0.00048204
AA3 —0.00546321 —12.32 0.0001 0.00044339
Al —0.00406986 —9.89 0.0001 0.00041156
A2 —0.00354628 -11.27 0.0001 0.00031455
A3 —0.00242507 —6.66 0.0001 0.00036393
BAA1 0.00069857 2.33 0.0201 0.00030011
BAA3 0.00228241 5.65 0.0001 0.00040375
BA1l 0.00364698 8.43 0.0001 0.00043270
BA2 0.00412098 11.92 0.0001 0.00034574
BA3 0.00372103 6.72 0.0001 0.00055399
B1 0.00663353 7.38 0.0001 0.00089826
B3 0.00187063 1.39 0.1636 0.00134215
TAXREGS82 —0.00032805 -1.05 0.2916 0.00031095
TAXREGS8 0.00036596 1.04 0.2986 0.00035195
CALLNONE —0.00071446 -2.35 0.0189 0.00030400
CALLPAR 0.00154805 2.80 0.0052 0.00055372
HITFL —0.00023614 —1.04 0.3004 0.00022795
BANKING 0.00218049 10.12 0.0001 0.00021556
INDUSTRIAL 0.00011928 0.25 0.8034 0.00047901
RATE30YR 0.03327238 4.45 0.0001 0.00748524
V30Y52WK 0.06347613 1.92 0.0546 0.03299671
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Table ITT-11
OLS Regression: Benchmark Model (BM30Y) Full Sample
Dependent Variable: Implied risk premium based on 30-year constant maturity
yield (RPBM30Y);
Explanatory Variables: (i) Three categories of qualitative variables (without
the call status and the relation to the collar), (ii) 3-month Treasury discount rate,
(iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREG87, UTILITY.

F VALUE PR > F R-SQUARE
119.28 0.0 0.606309
ROOT MSE/MEAN ROOT MSE RPBM30Y MEAN
2.741522 0.00264374 0.00096433

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  —0.00427786 ~7.10 0.0001 0.00060270
AAA —0.00698087 —14.04 0.0001 0.00049729
AA1 ~0.00506436 ~12.30 0.0001 0.00041174
AA2 —0.00368369 ~9.22 0.0001 0.00039937
AA3 —0.00575347 ~15.77 0.0001 0.00036490
Al —0.00401084 ~11.76 0.0001 0.00034111
A2 —0.00385499 ~14.88 0.0001 0.00025912
A3 —0.00265622 —8.88 0.0001 0.00029918
BAA1 —0.00000308 ~0.01 0.9901 0.00024859
BAA3 0.00079156 2.35 0.0191 0.00033745
BA1 0.00316948 8.89 0.0001 0.00035637
BA2 0.00373253 13.21 0.0001 0.00028259
BA3 0.00398701 8.73 0.0001 0.00045657
Bl 0.00315972 4.24 0.0001 0.00074526
B3 0.00007704 0.07 0.9446 0.00110756
TAXREGS2 ~0.00055438 —2.23 0.0261 0.00024899
TAXREGS3 0.00210358 8.71 0.0001 0.00024150
BANKING 0.00218832 12.32 0.0001 0.00017764
INDUSTRIAL  0.00024046 0.61 0.5445 0.00039666
RATE3MON 0.04737638 10.31 0.0001 0.00459408
V30Y52WK 0.07928973 3.01 0.0027 0.02633936
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CHAPTER FOUR
The Option-Based Model

I. Introduction

In Chapter III, we developed a benchmark (naive) model for the valuation
of ARPS. In the benchmark model, the risk premium captures the default risk,
the tax effect, the call status, the implied option on the maximum of three rates,
and the collar effect. In this chapter, we will develop an option-based model to
value the ARPS. The option-based model will explicitly capture in the expected
dividend rates the implicit option on the maximum of three rates and the collar
effect. Therefore, the risk premium of the option-based model should only capture
the default risk, the tax effect, and the call status. Notice that due to the option
on the maximum of three rates, the expected dividend rate will be higher than that
of an otherwise identical adjustable rate preferred stock without the option on the
maximum of three rates.

Empirical tests of the implied risk premia obtained through the option-based
model also reveal that the rating of the ARPS, the tax regime, the call status of
the ARPS, the industry of the ARPS issuers, the level of the risk free rate, and the
volatility of the risk free rate are the significant determinants of the risk premium.
The option-based model appears to be preferable to the benchmark model, if the
R-square of regression is the criterion. The dependent variables of the regressions
are not the same, however, even though they are almost identical.!? Therefore,
the R-squares are not strictly comparable. In Chapter V we will evaluate the
performance of the two models by comparing the actual market prices with model

prices. This chapter will proceed as follows. The option-based model is developed

1% From Table III-4 we see that the four average risk premia are 0.006101 (RPBM-
3M), 0.000964 (RPBM30Y), 0.002393 (RPOBRW), and 0.002083 (RPOBEH). But
more important, the standard deviations are almost the same: the values are
0.004388 (RPBM3M), 0.004187 (RPBM30Y), 0.004471 (RPOBRW), and 0.004112
(RPOBEH). From Table III-6 we see that RPBM30Y, RPOBRW, and RPOBEH
have an average correlation of 0.9646 among themselves. Only RPBM3M has a
lower average correlation of 0.7451 with the other three measures of risk premia.
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in section II. In section III the empirical methodology and the regression model
are presented. The empirical findings are analyzed in section IV. Finally, section V

provides a summary.

I1. The Model

In the option-based model, we employ a unique approach to estimate future
dividend rates, since the dividend rates are not fixed. The interpretation of the
term structure of interest rates will be very important to this estimation process
since expected future dividend rates depend on the expected future interest rates.
Let’s begin by analyzing the present value of a long term bond, since a preferred
stock can be viewed as a perpetual bond. For easy exposition, let’s further assume

that the bond is default free and there are no taxes. Then,

N C; 1
PV = {(; (1+YTM)") + (1+YTM)N} - par (4.1)

where
¢; = the coupon rate for period
N = the number of periods left before maturity
YTM = the yield to maturity

par = the par value of the bond

If ¢; is constant and equal to YTM, then PV is equal to par. Alternatively, the

bond price can be calculated as:

N C; 1

where r; = the yield for a 7 period zero-coupon risk free bond.

The virtue in expressing the bond price this way is the avoidance of dealing
with the coupon reinvestment effect on the yield to maturity of the bond. The yield
to maturity (YTM) will equal r;, ¢ =1,..., N if and only if the zero-coupon yield

curve is flat. The zero-coupon yield, however, is still not a true representation of
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each period’s interest rate. It is only a geometric average of the overall horizon’s

rates of return. A better expression is:

N

C; 1
PV = Z — to . par (4.34)
i=1 Ho(l +7j,j+1) _HO (L4 7j,541)
J= )=

where 7 ;411 = the expected spot interest rate from period j to period j + 1.1 To

make it clear we write out a few terms as follows:

5] Co
{ Ldroy (T4rea)(1+r12)

4 ey +1
(4+ro i )(1+r12) - (L4+rN-1,N)

bopar (a38)

From this expression, we can see that if the coupon rates are adjusted in such a
way that the coupon rate of period : will always equal the one period expected spot
interest rate of period 7 (i.e.; ¢; =791, ¢2 =71,2,..., cN =TN-1,N), then PV will
equal par. Therefore, if our ARPS were issued by the U.S. government, and the
dividend rate were adjusted every three months based on the three-month Treasury
yield, then we could value it easily.

Although this illustration of ARPS is overly simplified, we will still be able to
approach its valuation in a similar fashion. The general valuation formula for ARPS

is:

_\ B(D;)
ARPS = ; ATt B} (444)
or
aRPS =Y — 7 (2:) (44B)
=t [1(1 +7j41 + RPen)
=0

where E(D;) is the expected dividend for period i, RPry is the per period risk

premium if the zero-coupon risk free rate is used to discount the dividends, and

11 Note that ro; in equations (4.3A) and (4.3B) is identical to r; of equation
(4.2).
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RPgy is the per period risk premium if the expected spot risk free rate for each
period is used to discount the dividends. Notice that the two RPs are equal only if
the zero-coupon yield curve is flat. Otherwise, they should not be equal, albeit the
difference might be extremely small. The two risk premia are also assumed to be
constant for all periods. Therefore, if we have information on the yield curve then
we know how to evaluate the ith period expected dividend E(D;).

Let’s denote

di = the dividend rate at time ¢, t = /4, 1/p,. ..
Ry 41y = the three-month Treasury discount rate at time ¢
Y} i+10 = the ten-year constant maturity yield at time ¢
Y} t+20 = the twenty-year constant maturity yield at time ¢
A = the fixed spread
SV = the stated value of the ARPS

At time zero, we will have some anticipation on the values of Ry 11, Y}, 1410, and
Y; t+20, for each ¢, t = 14,1/, 3/s,....12 Furthermore, the three expected val-
ues, B(R; 1114), E(Yt,t+10), and E(Y:,1420), will converge to Ry 41144, Yi,1410, and
Y} 1420, respectively, at time t. Denote the base rate as the maximum of three rates,
then at time ¢, the dividend rate is the base rate plus a fixed spread. To simplify
matters, let’s first examine a single dividend, with no collar, to be declared at time

i. '
Dy =d,- SV = {maz(R; 141y, Yi,e110, Yies20) + A} -8V

. = {ma:r: [maa:(Rt,t+1/4, Yt,t+10, Yt,t.g.Qo), 0] + A} - SV
We assume E(Rt,t+1/4), E(Y3,4410), and E(Y}4y20) are geometric Brownian pro-

cesses with log normal distributions. That is, the rates of change of E(R, 114),

12 To determine the ARPS adjustable dividend rate, we need to know the Treasury
Bill Rate, the Ten Year Constant Maturity Rate, and the Twenty Year Constant
Maturity Rate. These three rates are tedious to calculate, however. Therefore, the
three-month Treasury discount rate is used as the proxy for the Treasury Bill Rate,
the ten-year constant maturity yield is used as the proxy for the Ten Year Constant
Maturity Rate, and the twenty-year constant maturity yield is used as the proxy
~ for the Twenty Year Constant Maturity Rate.
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E(Y3,1410), and E(Yt,1420) are normally distributed. In addition, the rates of change
of E(Ry141/4), E(Y,1410), and E(Y; 1499) are assumed to be trivariate normally dis-
tributed. Thus, we are faced with an option on the maximum of three rates with an
“exercise price” equal to zero. This is a three asset case of Margrabe’s [13] option
to exchange one asset for another. As in Margrabe’s model, the risk free rate is
irrelevant since the value of the exchange can be enumerated in units of any one of
the three assets. This type of option has been further generalized by Johnson [11] in
his paper about the option on the maximum of several assets. Following Johnson’s

model, the specific solution for an option on the maximum of three assets is:

Crmaz = S1- N(di(S1,X,02),d5(S1, S2,w2s), dF (51, 53,0k ), 112, P1.13, P12.13)
+ Sy - N(di(S2, X,02),d}(S2, S1,w3y), di(Ss, S3,w3s), 02.12, 223, P21.23)
+ S5 - N(di(Ss, X, ag),di‘(Sg, Sl,wf3),di‘(Sg,52,w§3),<p3.13,903-23,9031-32)
— Xe™T (1= N(=dy(S1, X, 02), ~da(Ss, X, 03), ~d3(S3, X, 02),

P12, P13, P23)) (4.5)
where

Cinez = the call option on the maximum of three assets (the expected
value of the maximum of three rates for ARPS)
S; = the ¢th underlying asset’s value today (the expected values
of Ry 111/4s Ya,410, and Y;,4420)
X = the exercise price (equal to zero if no collar)

o? = the variance of asset ¢’s rate of change (variance on the log of S;)

2 =

w?j = the variance of the difference between asset ¢’s rate of change and
asset j’s rate of change

i.ij = the correlation coeflicient of (i) asset i’s rate of change with

(ii) the difference between asset i’s rate of change and asset j’s

rate of change
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©ij.ik = the correlation coefficient of (i) the difference between asset i’s
rate of change and asset j’s rate of change with (ii) the difference
between asset i’s rate of change and asset k’s rate of change

pi; = the correlation coefficient of asset i’s rate of change with asset j’s
rate of change (correlation of log S; and log S;)
ry = the instantaneous risk free rate (equal to zero)
T = the time to expiration of the option (time to dividend period #)

N = the trivariate standard cumulative normal distribution
log3t + (ry+3a?) T
oiVT
dy =d; — o:VT
logs + jwiT
T

To obtain w2, ©;.;:, and ;;.ik, we can use the following formulas:13
1)? ‘P 71 J b}

(SlaX )_

dT(Siasj,w?j) =

2
wi; = —2p;;0i0; +a
ppi; = TP
1] —
w,-j

o} = pij0i0; = pik0iTk + pjk0;ok
wijwik

Pijeik =

Under the assumption of risk neutrality of the option pricing model, if we set
S1 = E(Ry141), S2 = E(Yt,t+10), S3 = E(Yi,1420), and the risk free rate equal to
zero for ARPS application, then C,,,, can be interpreted as the expected base rate
(the expected value of the maximum of three rates) that will be used to determine
the adjustable dividend rate for time ¢. In other words, the expected dividend rate
for time t is just C,,q; plus the fixed spread A. The option to have the maximum
of three rates is captured by the higher expected dividend, thus making the ARPS

more valuable.

13 Johnson [11].
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When incorporating the collar, the dividend at time ¢ is:

D, = {min [maa: (Rt,t+1/4 + A, Yt,t+10 + A, Y120 + 4, FL) 3 CL]} SV
= {maz [maz (Ry 3414, Yiit10, Yaep20) — (FL— A), 0] + FL
— maz [maz (Ryiqyys Y0, Yegeo) — (CL—A), 0]} - SV

where F'L = the floor rate and CL = the ceiling rate. This is simply a portfolio
consisting of: (i) a call held long on the maximum of three rates with the “exercise
price” equal to the floor rate minus the fixed spread, (ii) a fixed rate equal to
the floor rate, and (iii) a call held short on the maximum of three rates with the
“exercise price” equal to the ceiling rate minus the fixed spread. The first call can
be interpreted as today’s expected excess dividend rate above the floor rate for time
t. The second option, which is a short call, is today’s expected excess dividend rate
above the ceiling rate for time ¢ that we are giving up. These two options, together
with the fixed floor rate, will give us the expected dividend rate within the collar
for time ¢. In this way we can calculate the E(D,) for each ¢t. Once we have all the

E(ﬁt)s then we can apply equation (4.4A) or equation (4.4B) to value the ARPS.

III. The Empirical Methodology

In order to implement the option-based model, we must determine a method for
estimating the three expected values, E(Ry,y14), E(Yi1410), and E(Y; 1490), for
each t, t = 14, 1/, 3/s,1,.... Two different approaches are available for this. The
first approach assumes the random walk theory of interest rate movements wherein
today’s spot values, Ry, Y10, and Y3, are the best estimates of all future three-
month Treasury discount rates, ten-year constant maturity yields, and twenty-year
constant maturity yields, respectively. This will be called the option-based random
walk interest rate (OBRW) model from now on. The other approach adopts the
expectations hypothesis of interest rate movements wherein the implied forward
values, R{, g0 tht 410, and Yt{;+20, which are embedded in today’s yield curve, are
the best estimates of all the future three-month Treasury discount rates, ten-year

constant maturity yields, and twenty-year constant maturity yields, respectively.
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This will be called the option-based expectations hypothesis interest rate (OBEH)

mode] from now on.

We must also determine RP, the per quarter risk premium (of equations
4.4A&B). Unfortunately, we can not observe the risk premium directly in the mar-
ketplace. Therefore, as was the case with the benchmark model, a direct test of the
option-based model would not be possible. Again, we resort to the analysis of the
implied risk premia of each model. The implied risk premium of the OBRW model
will be denoted as RPOBRW, and the implied risk premium of the OBEH model
will be denoted as RPOBEH. If a regression of the implied risk premia on some
known possible determinants results in a high R-square and reasonable coefficients,
then it would indirectly confirm the validity of the option-based model. We have
already discussed the possible determinants of the risk premium as well as the data
for this study in Chapter III, therefore, we will not repeat them here. Instead, we

will focus on the spot yield curve.

A. Spot Yield Curve

The Federal Reserve Board publishes certain significant interest rates on a
weekly basis. These interest rates include the Treasury discount rates and the
constant maturity yields. The Treasury discount rates are the three-month, six-
month, and twelve-month Treasury discount rates. The constant maturity yields
are the 1-year, 2-year, 3-year, 5-year, 7-year, 10-year, 20-year, and 30-year constant
maturity yields. We collect the weekly figures of these rates and yields from the
Federal Reserve Bulletin for the period January 1982 to December 1992. Beginning
January 1987, the Federal Reserve Board discontinued the publication of the twenty-

year constant maturity yield.

Since the ARPS pay dividends on a quarterly basis, our first task is to find out
all the interest rates on a quarterly basis for each yield curve. That is, we need to
interpolate 110 values for each yield curve because each yield curve has the longest
maturity of 120 quarters but a maximum of ten observed data points provided by

the Federal Reserve Board. After trying several techniques such as linear spline,
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cubic spline, and other ad hoc procedures, we conclude that the natural cubic spline
approach (see Exhibit IV-1) is probably the best method for the overall data since
it generates the smoothest forward rate series.

Because the Treasury discount rates are not the same as the constant maturity
yields, we actually have two different segments of the yield curve. One segment is
for the short maturities under one year, and the other segment is for maturities
from one year to thirty years. Therefore, instead of fitting the natural cubic spline
on each of the two separate segments of the yield curve, we convert the Treasury
discount rates to equivalent constant maturity yields. It then becomes possible to fit
one natural cubic spline to the extended constant maturity yield curve. The twelve-
month Treasury discount rate is not used since the one-year constant maturity yield
is already available.

A second problem associated with the yield curve is that constant maturity
bonds pay coupons every six months, not every three months. Hence, the k-year
constant maturity yield, for k = 1/4, 3/s,1/4,..., can not be determined using the
conventional definition of par bond equivalent yield. A modified technique (to be
explained shortly) is needed for the interpolation. As a result, two alternate series
of the yield curve are generated; one series for k = /4, 3/4,11/4,. .., the odd quarter
series, and another series for k = 1/,1,11/,..., the even quarter series.

To find the three-month and six-month constant maturity yields, we first find
the discount factors for £ = 1/4; and 1/, which can be calculated easily from the
Treasury discount rates since

1 1
and  l4+yp=———gg for k= Yy, 1h  (4.6)

DF(k) =
() 1+yk 1 -~ R, 360

where DF (k) is the k-year discount factor, Ry is the k-year Treasury discount rate,
and yy is the k-year yield (not annualized). Knowing that a $1 par bond will produce
one dollar plus one half of the six-month constant maturity yield at maturity, we

can determine Yy, the six-month constant maturity yield, by the following relation:

(1 + %’l) . DF(1) =1 (4.74)
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To determine the three-month constant maturity yield, imagine that three
months has elapsed on a six-month constant maturity yield $1 par bond, thereby
leaving three months to maturity. Holding other variables fixed, our one dollar
investment would have grown to (1 + %/3) 1/2. By this analogy, a three-month
constant maturity yield $1 par bond, where Y1/, is the three-month constant ma-
turity yield, must worth (1 + %L“—>1/2 initially in order for it to be worth 1 + —Y;ﬁ
three months later at maturity. Therefore, the three-month constant maturity yield

can be calculated through the following equation:

(1 + ;/4) - DF(1y) = (1 + %’iy/z. (4.7B)

For the period from January 1987 to December 1992, the twenty-year constant
maturity yield is not available. Therefore, the natural cubic spline algorithm will
also have to interpolate the twenty-year constant maturity yield.

Once we have generated the yields at 120 maturities using the natural cubic
spline algorithm, we can calculate all the discount factors. The reason that we
want to work with the discount factors is because the forward rates and forward
constant maturity yields can be derived from the discount factors easily. We already
know DF(1/4) and DF(1/2). The remaining discount factors are generated from the

following two equations recursively:

k=1/2 1/2
Y; Z : Y; _ Y
]=1/4
for k= 3/4,11,...,298/4 (4.84)

and

% S pr()+ (1+%) or@) -1

=12
for k=1,115,...,30 (4.8B)

The interpretation of equations (4.8A&B) is that by discounting the semiannual

coupons and the par value back to the present time using the appropriate discount
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factors, then adding them up, the sum must be the present value of the constant
maturity bond. The only difference between eq. (4.8A) and eq. (4.8B) is that for
)1/2

the odd quarter series of eq. (4.8A), the present value is (1 + —’;& instead of one
dollar. Therefore, if we know the k-year constant maturity yield and all the discount
factors up to k — 1/ years, we can solve the k-year discount factor DF(k).
Because there are no data beyond the thirty-year constant maturity yield, we
assume that the yield curve is flat after year 30. That is, all yields beyond year
30 will be equal to the thirty-year constant maturity yield. This will cause a kink
in the extended yield curve at year 30, with an accompanying jump in the forward
rate series. The degree of severity of this jump will depend on the curvature of the
yield curve as it approaches year 30. A greater curvature will result in a more severe

jump. Unfortunately, there are no better ways to resolve this problem. Despite the

jump, the discount factors beyond year 30 can still be expressed as:

1 4-(k—30)
—————)1/2) : for k=23014,301%,... (4.9)

DF(k)=DF
(k) (30)(<1+%&

The only economic restriction on the discount factors DF(k)s is that they are
monotonic and decreasing with respect to the time horizon k. Therefore, given

positive interest rates, a more distant dollar must have a lower present value.

B. The Option-Based Random Walk Interest Rate Model

This model assumes that the current spot interest rates are the best estimates
of future spot interest rates. Since the three-month Treasury discount rate, the
ten-year constant maturity yield, and the twenty-year constant maturity yield are
readily available, then all expected future spot values of these three figures are also
known.!* In order to use Johnson’s option model on the maximum of three rates to
estimate future dividend rates, we will also need the variance and covariance of the

rate of change of the three expected future spot values. The covariance matrix is

14 After January 1987, the twenty-year constant maturity yield is not directly
available but can be interpolated from the yield curve as discussed in the previous
section.
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used to calculate the trivariate cumulative normal distribution which in turn is used
to estimate the expected dividend. The easily available estimate of this covariance
matrix would be the historical covariance matrix of the rate of change of the three
spot values. We try two covariance matrices, one based on 26 weeks of historical
data and the other based on 52 weeks of historical data, on a sub-sample of ARPS,
to see which covariance matrix yields preferable result. (Assume we know the rest of
this chapter so we can do this exercise here.) The sub-sample we select covers all the
ARPS that belong to the February dividend cycle. Table IV-1 provides a summary
of these regressions. It shows that the covariance matrix based on 52 weeks of
historical data performs marginally better than the covariance matrix based on 26
weeks of historical data.!®> Assuming the regression results of the sub-sample are
a fair representation of the full sample, we will use 52 weeks of historical data to
calculate the historical covariance matrix of the three rates from here on.

So far, the covariance matrix is consisted of weekly volatilities since it has been
constructed using weekly data. To annualize the covariance matrix, we multiply
it by 52, the number of weeks per year. If we look further into the future, we are
faced with more uncertainty. Therefore, the appropriate covariance matrix for time ¢
should be t times the annualized spot covariance matrix. All option models recognize
this fact and embed the ¢ factor implicitly in the valuation formulas. Thus, we only
need to input the annualized spot covariance matrix into our valuation formula.

If we assume there is no collar, the expected dividend rate for each future
quarter will increase as we go further into the future. This happens because the
covariance matrix for the more distant quarter has higher values while the expected
future spot values remain unchanged. The intuition is simple. There are greater
uncertainties about the three rates as we look further into the future. The result

will be a greater chance for one of the two lower rates to end up being higher than

15 The key result from these 16 regressions is that the R-squares of the regressions
that involve the covariance matrix based on 52 weeks of historical data are slightly
higher than the R-squares of the regressions that involve the covariance matrix based
on 26 weeks of historical data. The reason we do not want to try both covariance
matrices on the full sample is due to budget limitation.
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the current highest of the three rates. Therefore, the option on the maximum of
three rates has higher value as we look further into the future.

Including a collar adds complexity to our study. For similar reasons discussed
carlier, the expected dividend rate will rise initially as we go further into the future.
The ceiling effect, however, will dominate later on, causing the expected dividend
rate to fall. As time approaches infinity, the expected dividend rate will approach
the floor rate asymptotically. This may seem strange at first. But it does make
sense because the ceiling is equivalent to giving up an option to have a dividend
rate above the ceiling rate. When the uncertainties about the interest rates are
greater as we look further into the future, we would regret from having to give up
this option because the expected dividend rate without the ceiling would be higher.
The deduction from having the ceiling is greater than the gain from having an
option to have the dividend rate above the floor. The net effect is a lower expected
dividend rate. Since the dividend rate can not be lower than the floor rate, in the
limit the expected dividend rate must approach the floor rate.

The ARPS has no maturity. To value the ARPS, we truncate the discounting
process after a certain time period. We assume that 240 quarters, or 60 years, would
be long enough, and that the market value of the ARPS will equal its stated value
in year 601/;. As for discounting, we add a risk premium to the zero-coupon risk
free rates embedded in the constant maturity yield curve. The zero-coupon risk free
rates can be derived from the discount factor series that we discussed before. The

expression is:

1
DF(k) = ——— for k=14, 1/2,3/,1,... 4.10
0=y o ey (4.10)
where DF(k) is the k-year discount factor, and ry, is the per quarter zero-coupon
discount rate for k years.
Once we have determined all the expected dividend rates and the zero-coupon

discount rates we can compute the implied risk premia of the entire cross-sectional

and time-series ARPS sample.
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C. The Option-Based Expectations Hypothesis Interest Rate Model

This model assumes that the expectations hypothesis of interest rate move-
ments holds. The forward rates become the unbiased estimates of the future spot
rates. This means that we must determine the three-month forward Treasury dis-
count rates, the ten-year forward and the twenty-year forward constant maturity
yields for all future quarters, in order to estimate the expected dividend rates.

To estimate the three-month forward Treasury discount rates, we can use the
discount factor series. The t+1/4-year discount factor is related to the ¢-year discount

factor via this equation:

1

DF(t+ Y4) = DF(t) -
1+ ytf,t+1/4

(4.11)
where y tf 414 is the three-month forward Treasury yield for time ¢. The three-month
forward Treasury yield can be converted back to the three-month forward Treasury
discount rate, R{ 1/ using eq. (4.6). That is,

91 1
— f ' =
1 Rt,t+1/4 360 14 ytf t+1/4

To derive the forward constant maturity yields, we could generate the zero-
coupon forward yield curve then convert it back to forward constant maturity yields.
Unfortunately, this technique can be cumbersome and time consuming. An alterna-
tive is to set up a self-financed portfolio and impose a no arbitrage condition. The
portfolio will consist of constant maturity yield $1 par bonds with various maturi-
ties. For example, if we want to find the ten-year forward constant maturity yield
20 years from time zero, the strategy would be to go long a 30-year bond and to
go short a 20-year bond at time zero. Also contract at time zero to short a 10-year
bond, with a forward constant maturity yield }’2{),30, 20 years later. The $1 proceed
from shorting the 10-year bond will be used to retire the 20-year bond 20 years
later. The cash inflow from the 30-year bond is YiZQ every six months. The cash
outflow from shorting the 20-year bond is Y.zm every six months. The cash outflow

. .Y .
from shorting the 10-year bond 20 years later is —3** every six months from year
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201/2 on. Thus, for the first twenty years, the net cash flow from the 30-year bond

and the 20-year bond is sz - Xgﬂ every six months. From year 201/, to year 30, the

/
Yzo.ao

net cash flow from the 30-year bond and the 10-year “forward bond” is L‘Z’Q- - 2

every six months. The no arbitrage condition requires the present value of this

self-financed bond portfolio equal to zero. That is,

f 30
(ﬁl_@) ZDFk) (EO_%Q)- Z DF(k)| =0

k=1/y k=201/3

Since we know all the constant maturity yields and the discount factors, we can
solve YL]‘;&E’-, the 10-year forward constant maturity yield 20 years from time zero.
By varying the terms of the long bond and the short bond, and by always
contracting at time zero to short a 10-year par bond ¢ years later, we can calculate all
the ten-year forward constant maturity yields. But if ¢ is on the odd quarter series,
that is, ¢ = /4, 3/s,11/4,..., then a modification will be needed to accommodate
the semiannual coupon payment feature of constant maturity bonds. For example,
to determine the ten-year forward constant maturity yield 201/4 years from time
zero, we go long a 301/s-year bond and go short a 201/s-year bond at time zero. In
addition, we would contract at time zero to short a 10-year bond, with a forward
constant maturity yield Y20 114,30 14> 20/4 years later. The §1 proceed from shorting
the 10-year bond will be used to retire the 201/s-year bond 201/; years later. The

cash inflow from the 301/s;-year bond is M every six months. The cash outflow

20 1/4

from shorting the 201/4-year bond is every six months. The cash outflow from
shorting the 10-year bond 201/, years later is M& every six months from year

203/4 on. Thus, for the first 201/, years, the net cash flow from the 30 1/4-year bond
and the 201/s-year bond is E‘—c'z—‘ﬁ - Zz-‘;—‘@- every six months. From year 203/; to year
301/4, the net cash flow from the 301/s-year bond and the 10-year “forward bond” is

v/
Y- . . .
0 Y 1,302 gvery six months. The only difference from the previous example

1/2
is that at time zero we pay (1 + Yoora , rather than one dollar, for the 301/;-
2 )

1/2
year bond, and receive {1+ Yoorn , rather than one dollar, for going short the
2 gomng

201/;-year bond. Again, the no arbitrage condition requires the present value of the
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self-financed portfolio equal to zero. The resulting relation is:

1/4
Y301/ 1/2 Yoo 2 1Y ys Yo 1/4 2
_(1+—2-— P 2n) (R | Y (k)

k=1/4

301y

f
Yaoys  Ya014301
+( R | Y DF(k)

k=203/4

Thus, the 10-year forward constant maturity yield, Y2’; 14,30 1/ €A1 be solved easily.

In general, the ten-year forward constant maturity yield ¢ years into the future
from time zero can be determined by going long a t+10-year par bond, going short
a t-year par bond and contracting at time zero to short a 10-year par bond % years
later. The procedure can be summarized by these two recursive equations:

Yit10 1/ iy 172 Yier0 Y: ‘
_(1+ 2) vy ) 53 > DF(k)

k=1/4

Y Yf t+10
+ ( t-+10 _ t,t+10) . Z DF(k) =0 fOI‘ t = 1/4, 3/4’ 11/4, e (4:.12A)

2 2 W,
and
I t+10
Y, + 10 Y;) Z (Yt+10 tho)
DF(k)| + : | Y. DF(k)| =0
( k= 1/2 2 k=t+1/2

for t=1/,1,11%,... (4.12B)

Similarly, the twenty-year forward constant maturity yield ¢ years into the
future from time zero can be determined by going long a t+20-year par bond and
going short a t-year par bond at time zero, and contracting at time zero to short
a 20-year par bond ¢ years later. The following two expressions summarize the

recursive procedures:
Y, 1/2 vi\Y? /v, Y,
_(1+ t-I-ZO) + (1+ t> +( t+20 t) Z DF(IC)
2 2
k=1/4

Y+20 + t-+20

t tt 20
+<  — ) Y. DF()

k=t+1/2

=0 for t=1,3,11,... (4134)
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and
t
(Yt;m _ %) Y pEE)| + (Y‘;” - Yf{;“") . tf:o DF(k)| =0
k=1/2 k=t+1p2

for t= 1/2,1,11/2,... (4.133)

Thus, from each weekly spot yield curve, we generate three series of forward
values. Each series is indexed by the years from time zero (i.e.; t = 14, 12, 3/4,...).
These forward values are our best estimate of the expected future spot values ¢
years into the future from time zero.

Notice that the ten-year forward constant maturity yields and the twenty-year
forward constant maturity yields beyond 30 years will be the same as the thirty-year
constant maturity yield since the yield curve is assumed to be flat after the thirtieth
year. The three-month forward Treasury discount rates beyond 30 years will also be
constant. If we convert these forward rates into forward constant maturity yields,
these forward constant maturity yields would be exactly equal to the thirty-year
constant maturity yield. As a result, the expected base rates (the expected value of
the maximum of three rates) for t > 30 years will merely be the thirty-year constant
maturity yield. Furthermore, the ten-year forward constant maturity yield for the
period from ¢t = 20 years to ¢t = 30 years and the twenty-year forward constant
maturity yields for the period from ¢ = 10 years to ¢ = 30 years are derived from
the flat segment of the yield curve, the portion that lies beyond year 30. Assuming
that the yield curve is flat after year 30 is the least problematic assumption one
can make. The empirical forward rates behave even worse with other assumptions
about the shape of the extended yield curve.

Because the spot yield curve varies over time, the three series of forward values
will also vary over time. Specifically, we will have weekly variations of the three
forward series, since our spot yield curves are derived from weekly data. As was the
case with the OBRW model, we can calculate the historical covariance matrix of
the rate of change of the three expected future spot values. The difference here is

that the historical covariance matrices are based on the forward values rather than
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the spot values. As a result, there will be 120 different covariance matrices, one
for each ¢, t = /4, 1/, 3/4,...,30. As indicated in Table IV-1, choosing 52 weeks
of historical data to estimate the historical covariance matrices is a slightly better
choice than choosing 26 weeks of historical data.

Once we have the three forward values and the associated covariance matrix for
each t, t = /4, 1/, 3/s,...,30, we can apply Johnson’s model to find the expected
dividend rate for each f. The expected dividend rates beyond year 30 will be
constant and equal to the expected dividend rate for year 30. Since the expected
dividend rates beyond year 30 are constant perpetuities, the valuation model has a
closed form solution. We do not need to truncate the discounting process after year
60 as was required in the OBRW model.

As for the appropriate discount rate for each quarter, that is, from ¢ to ¢ - /4,
it is determined by adding a per quarter risk premium to the three-month forward
Treasury yield, ytf, t1/g" The three-month forward Treasury yield has already been
calculated from the discount factor series.

If we know the risk premia, the procedures described in this section will enable
us to find the OBEH model price. Since we do not know the appropriate risk premia
but do observe the market prices of ARPS, we will use the OBEH model to estimate
the implied risk premia of the ARPS.

D. The Regression Model

Following the procedures of the OBRW model and the OBEH model, we can
derive two sets of implied risk premia, one for each model. With each set of implied
risk premia, we will perform the type of regression as was done using the benchmark
model in Chapter III. The possible determinants of the risk premium have already
been discussed in that chapter, and therefore, do not need repeating. The same
base case dummy variables will be used. That is, a Moody’s rating of baa2, a tax
regime of 87, a call status of callable at a premium, a dividend rate above the
floor rate, and a utility industry will serve as the base case dummy variables. Each

option-based model will be regressed on the five categories of qualitative variables
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discussed in Chapter III, plus an interest rate of either the three-month Treasury
discount rate or the thirty-year constant maturity yield, and a volatility based on
either the three-month Treasury discount rate or the thirty-year constant maturity
yield. Thus, we will have a total of eight regressions, four regressions for the OBRW
model and four regressions for the OBEH model. The general regression equation
is:
RPOB = 1+ B AAA+ B3 AAL + B4 AA2 + Bs AA3 + s A1 + 7 A2 + B A3

+ o BAALl + 10 BAA3 + 11 BAL + 812 BA2 + 513 BA3 + 514 B1

+ f15 B3+ p1s TAXREG82 + 17 TAXREGS88 + 13 CALLNONE

+ P19 CALLPAR + B2 HITFL 4 5y BANKING

+ Boo INDUSTRIAL + B3 INTRATE + P24 VOLATILITY + €

where:

RPOB = the implied risk premium of the option-based model
(two possible sets)
AAA =1 if the Moody’s rating is aaa, 0 otherwise
AA1 =1 if the Moody’s rating is aal, 0 otherwise
AA2 =1 if the Moody’s rating is aa2, 0 otherwise
AA3 =1 if the Moody's rating is aa3, 0 otherwise
Al =1 if the Moody’s rating is al, 0 otherwise
A2 =1 if the Moody’s rating is a2, 0 otherwise
A3 =1 if the Moody’s rating is a3, 0 otherwise
BAA1 =1 if the Moody’s rating is baal, 0 otherwise
BAA3 =1 if the Moody’s rating is baa3, 0 otherwise
BA1 =1 if the Moody’s rating is bal, 0 otherwise
BA2 =1 if the Moody’s rating is ba2, 0 otherwise

BA3 =1 if the Moody’s rating is ba3, 0 otherwise
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B1 =1 if the Moody’s rating is b1, 0 otherwise
B3 =1 if the Moody'’s rating is b3, 0 otherwise
TAXREGS82 =1 if the tax regime is before January 1987, 0 otherwise
TAXREGS88 =1 if the tax regime is after January 1988, 0 otherwise
CALLNONE =1 if the ARPS is not callable at this time, 0 otherwise
CALLPAR =1 if the ARPS is callable at par, 0 otherwise
HITFL =1 if the dividend rate is equal the floor rate, 0 otherwise
BANKING =1 if the ARPS issuer belongs to the banking industry,
0 otherwise
INDUSTRIAL =1 if the ARPS issuer belongs to the industrial sector,
0 otherwise
INTRATE = the level of the interest rate (two possible sets)
VOLATILITY = the volatility of the interest rate (two possible sets)
B; = the regression coefficient for variable ¢

£ = the error term

V. The Results

Tables IV-18 through IV-25 present the results for eight sets of regressions.
Table IV—-22 reports the results of the regression where the implied risk premium
is denoted RPOBRW from the option-based random walk interest rate model, the
INTRATE is the three-month Treasury discount rate, and the VOLATILITY
is based on the thirty-year constant maturity yield. The R-square is 0.6296. The
F-statistic is 114.23, highly significant. This means that our overall regression model
explains the risk premium well. If we look at the intercept, which represents our
base case, we see an estimate of —0.00435095 per quarter risk premium with a
significant t-statistic. As for the other rating variables, we see the general trend
that a higher rating tends to be associated with a lower risk premium. Exceptions to

this overall trend include the AA and B rating groups. We do not know the reason
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for the AA rating group to exhibit such unexpected, uncharacteristic behavior.
The t-statistics for the rating variables are all significant at the 1% level with the
exception of the BAA1, BAA3, and B3 rating variables. The B1 rating variable
has a slightly lower risk premium than does the BA3 rating variable, but it remains
within one standard deviation of its error of estimate. Statistically speaking, this
does not represent a problem. As for the B3 rating variable, the anomaly is probably
due to the small sample size problem, since the B3 rating variable has only seven
observations out of a total of 1570 observations for the study. The BAA1l rating
variable is not statistically different from our base case BAA2 rating variable, thus
it does not present any major problem to the interpretation of the results. The
BAAS rating variable is almost significant and its estimate has the expected sign
and relative magnitude. These results are very similar to the regression results of

the benchmark model.

The risk premium of tax regime 87 (base case) is 0.00176115 lower than the risk
premium of tax regime 88 and this difference is shown to be statistically significant.
The risk premium of tax regime 82 is 0.00146009 lower than the risk premium of
tax regime 87 (base case) and this difference is also statistically significant. This
shows that the risk premium has increased significantly, each time, as the dividend
income exclusion decreased from 85% to 80%, and then decreased again from 80%
to 70%. This empirical evidence suggests that most ARPS investors are not at the
maximum marginal corporate tax rate. This finding is contrary to the finding of

the benchmark 30-year model.

Regarding the category of call status, not callable at this time carries a slightly
lower risk premium than callable at a premium (base case). The difference is
0.00096532 per quarter. The t-statistic is significant. This is in agreement with
our ex-ante prediction. For those ARPS that are callable at par, the risk premium
is lower than for those ARPS that are callable at a premium (base case). This result
is contrary to our prediction. The t-statistic, however, is not significant. Hence,
statistically speaking, we can not differentiate the callable at par ARPS from the
callable at a premium ARPS.
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Comparing to the base case where the dividend rate is above the floor rate,
hitting the floor rate tends to yield a higher risk premium. Apparently, although
the option-based model should be able to capture the collar effect in the expected
dividends, hitting the floor rate seems to cause a higher interest rate risk, thus a
higher risk premium. This result reflects the negative reaction of ARPS investors
to the fixed rate behavior of ARPS, in spite of the possibility of higher ARPS price,
when the ARPS dividend rate is bounded by the floor rate.

As for the industry effect, the banking group commands a higher risk premium,
0.00231654 per quarter, than does the utility industry (base case). This behavior
could be attributed to the tighter regulation of the utility industry by government
agencies. The industrial sector, however, is not statistically different from the utility
industry. This result is most likely caused by the small sample size of the industrial
sector. Lastly, the effect of either a higher level of interest rate or a greater volatility
of interest rate will also result in a higher risk premium. These findings on the
industry effect, the interest rate level effect, and the interest rate volatility effect

are also in agreement with the findings found in the benchmark model.

Table IV-23 reports the results of the regression when the implied risk premium
is denoted RPOBEH from the option-based expectations hypothesis interest rate
model. All explanatory variables are the same as those in the previous regression.
The R-square of this regression is 0.5963, slightly lower than the R-square from the
previous regression. The two R-squares are not directly comparable, however, since
the two dependent variables are not exactly the same. Nonetheless, the estimated
parameters and t-statistics are also very similar to those from the previous regression
with the following exceptions. First, the risk premium of tax regime 82 is not
significantly different from the risk premium of tax regime 87 (base case). This
shows that the risk premium has not increased as the dividend income exclusion
decreased from 85% to 80%, but it has increased as the dividend income exclusion
decreased from 80% to 70%. This suggests that most ARPS investors are at the
maximum marginal corporate tax rate. This result is the opposite of the result

obtained via the OBRW model, but similar to the result obtained via the benchmark
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30-year model.

The other difference with this regression is that compared to the base case
in which the dividend rate is above the floor rate, hitting the floor rate has no
significant effect on the risk premium. This is indicated by the low t-statistic of
hitting the floor rate variable. This means that there is no significant change in the
interest rate risk, whether the dividend rate is above or hitting the floor rate, when
using the OBEH model

Of the six remaining regressions (Tables IV-18 to IV-21, and Tables IV-24 and
IV-25), the explanatory variables include either an interest rate equal to the thirty-
year constant maturity yield, or a volatility based on the three-month Treasury
discount rate, or both. Their R-squares are slightly lower than the R-squares of the
corresponding option-based model regressions that we have just discussed.

These aforementioned regression results provide no clear evidence favoring one
theory of interest rate movements over another. The only definitive conclusions we
can draw are that the Moody’s rating of the ARPS, the tax regime, the call status
of the ARPS, the industry of the ARPS issuer, the level of the risk free rate, and

the volatility of the risk free rate are factors that influence the risk premium.

VI. Conclusions

In this chapter, a sophisticated option-based valuation model was developed,
in which the expected dividend rate of the ARPS was synthesized as a portfolio of

“assets” was incorporated. Em-

options, and the option on the maximum of three
pirical tests of the cross-sectional and time-series implied risk premia of the ARPS
showed that the rating of the ARPS, the tax regime, the call status of the ARPS,
the industry of the ARPS issuer, the level of the risk free rate, and the volatility
of the risk free rate are determinants of the risk premium. As such, they are also
determinants of the price of the ARPS. The empirical results were not conclusive
with regard to whether most of the ARPS investors were at the maximum marginal

corporate tax rate. This depended on the method used for projecting future in-

terest rates. The random walk theory of interest rate movements did not support
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the hypothesis that most ARPS investors were at the maximum marginal corporate
tax rate. The expectations hypothesis of interest rate movements supported this
hypothesis vis-a-vis the corporate tax rate of the ARPS investors. Although the
regression results of the option-based model were surprisingly good, we are not sure
that the option-based model is substantially better than the benchmark model.
In the next chapter we will compare the performance of these two models using

different methodology.
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Table IV-1

Summary of Option-Based Models and Regressions
Dependent Variable: Implied risk premium based on either random walk (RW),
or expectations hypothesis (EH) of interest rate movements.
Explanatory Variable - Rate: It can be either 3-month Treasury discount rate
(3MON), or 30-year constant maturity yield (30YR).
Explanatory Variable - Volatility: It can be determined by either 3-month
Treasury discount rate (3MON), or 30-year constant maturity yield (30YR).
Estimation Period for Volatility: The period used to estimate both the volatil-
ity of the interest rate, and the covariance matrix which used to determine the
implied risk premium. It can be either 52 weeks (52WK) or 26 weeks (26WK).
Tables IV-2 through IV-17 are based on only the ARPS with February/May/Au-
gust/November dividend cycle. Tables IV-18 through IV-25 are based on the full
sample of 1570 observations. -+ & — are signs of the estimated coefficients.
* Significant at 5% level. ** Significant at 1% level.

Estimation Dependent Explanatory Explanatory
Period for  Variable Variable - Variable -
Table Volatility = basedon  Rate Volatility R-Square
V-2 52WK RW 3MON(+) 3MON(—**) 0.770664
IV-3 26WK RW 3MON(+) SMON(—*¥) 0.732503
V-4 52WK EH 3MON(-) SMON(—**) 0.669823
IV-5 26WK EH 3MON(-) 3MON(—**) 0.656119
V-6 52WK RW 30YR(—**) 30YR(-) 0.765667
V-7 26WK RW 30YR(—**) 30YR(+) 0.742424
V-8 52WK EH 30YR(—*%) 30YR(-) 0.658581
V-9 26WK EH 30YR(—*%*) 30YR(+) 0.659901
IV-10 52WK RW 3MON(+) 30YR(-) 0.743965
Iv-11 26WK RW 3MON(+*) 30YR(+%*) 0.728819
IV-12 52WK EH 3MON(-) 30YR(-) 0.646487
IvV-13 26WK EH 3MON(+) 30YR(+) 0.644907
IV-14 52WK RW 30YR(—*¥*) 3MON(—*%) 0.789735
V-15 26WK RW 30YR(—**) SMON(—**)  (.762986
IV-16 52WK EH 30YR(-%) 3MON(—**) 0.676968
IvV-17 26WK EH 30YR(—*%) SMON(—**) 0.673403
IV-18 52WK RW 3MON(+**)  3MON(=**)  0.625207
IvV-19 52WK EH 3MON(+**) 3MON(—**)  0.592290
IV-20 52WK RW 30YR(—*%) 30YR(+**) 0.609833
IV-21 52WK EH 30YR(-) 30YR(+**) 0.589055
IV-22 52WK RW SMON(+**) 30YR(4+*¥) 0.629556
IV-23 52WK EH 3MON(+*¥) 30YR(+4**) 0.596308
V-24 52WK RW 30YR(—**) SMON(—**)  0.620106
IV-25 52WK EH 30YR(-%*) SMON(—*%) 0.590526
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Table IV-2
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
40.72 0.0001 0.770664
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
0.981267 0.00179189 0.00182610

COEFF T FOR Hy: STD ERROR
VARIABLE ~ ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT  0.00329920 3.20 0.0016 0.00103005
AA3 —0.00266276 ~1.42 0.1568 0.00187389
Al —0.00016410 —0.18 0.8568 0.00090829
A2 —0.00214896 —4.64 0.0001 0.00046316
A3 —0.00306993 —6.74 0.0001 0.00045566
BAAIL —0.00138254 ~2.76 0.0062 0.00050027
BAA3 —0.00408372 ~7.09 0.0001 0.00057601
BA1 0.00062978 0.63 0.5297 0.00100041
BA2 —0.00014874 ~0.19 0.8511 0.00079154
BA3 0.00117758 1.64 0.1024 0.00071773
TAXREG82  —0.00129437 —2.76 0.0063 0.00046865
TAXREGS8 0.00302881 5.24 0.0001 0.00057797
CALLNONE  —0.00012020 —0.25 0.8063 0.00048959
CALLPAR 0.00247979 1.32 0.1868 0.00187239
HITFL 0.00164247 4.64 0.0001 0.00035386
BANKING  —0.00076393 ~1.96 0.0508 0.00038879
RATE3MON  0.00390354 0.33 0.7426 0.01187154
V3MB2WK  —0.07927313 —4.94 0.0001 0.01604407
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Table IV-3
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
33.18 0.0001 0.732503
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.081065 0.00190825 0.00176516

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00297612 2.48 0.0139 0.00119927
AA3 —0.00445498 ~2.28 0.0234 0.00195051
Al —~0.00002504 ~0.03 0.9794 0.00096725
A2 —0.00226121 —4.59 0.0001 0.00049308
A3 —0.00269264 ~5.43 0.0001 0.00049574
BAAL —0.00121625 ~2.29 0.0232 0.00053164
BAA3 —~0.00370756 ~6.07 0.0001 0.00061077
BA1 0.00153959 1.44 0.1503 0.00106629
BA2 0.00075944 0.91 0.3657 0.00083776
BA3 0.00136894 1.80 0.0738 0.00076184
TAXREGS2  —0.00105781 ~2.11 0.0358 0.00050065
TAXREGSS 0.00232872 3.83 0.0002 0.00060741
CALLNONE  —0.00081939 ~1.63 0.1040 0.00050177
CALLPAR 0.00241305 1.21 0.2276 0.00199385
HITFL 0.00175545 4.62 0.0001 0.00038030
BANKING  —0.00065256 ~1.57 0.1170 0.00041454
RATE3MON  0.00443730 0.33 0.7399 0.01334712
V3M26WK ~ —0.04694864 ~2.97 0.0033 0.01578824
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Table ITV-4
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
24.58 0.0001 0.669823
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.245543 0.00168965 0.00135656

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00365010 3.76 0.0002 0.00097128
AA3 —0.00250438 ~1.42 0.1579 0.00176697
Al —0.00077480 ~0.90 0.3667 0.00085647
A2 —0.00246760 ~5.65 0.0001 0.00043673
A3 —0.00269236 ~6.27 0.0001 0.00042966
BAA1 —0.00135200 —2.87 0.0046 0.00047172
BAA3 —0.00268206 ~4.94 0.0001 0.00054314
BA1 0.00069117 0.73 0.4646 0.00094333
BA2 0.00028745 0.39 0.7005 0.00074638
BA3 0.00171234 2.53 0.0121 0.00067677
TAXREGS2 0.00017138 0.39 0.6986 0.00044191
TAXREGS8 0.00211049 3.87 0.0001 0.00054499
CALLNONE  —0.00044269 ~0.96 0.3387 0.00046166
CALLPAR 0.00256809 1.45 0.1473 0.00176555
HITFL 0.00042070 1.26 0.2088 0.00033367
BANKING  —0.00033171 ~0.90 0.3666 0.00036661
RATE3MON  —0.01113887 ~1.00 0.3209 0.01119417
V3MB2WK ~ —0.05912342 ~3.91 0.0001 0.01512863
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Table IV-5
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
23.12 0.0001 0.656119
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.322622 0.00173117 0.00130890

COEFF T FOR H: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00386824 3.56 0.0005 0.00108799
AA3 —0.00436414 ~2.47 0.0145 0.00176951
Al —0.00069209 ~0.79 0.4312 0.00087749
A2 —~0.00251511 ~5.62 0.0001 0.00044733
A3 —0.00243897 ~5.42 0.0001 0.00044974
BAAL —~0.00131007 ~2.72 0.0072 0.00048231
BAA3 —0.00263816 ~4.76 0.0001 0.00055409
BA1 0.00142632 147 0.1419 0.00096734
BA2 0.00080540 1.06 0.2905 0.00076002
BA3 0.00190467 2.76 0.0064 0.00069114
TAXREG82  0.00063451 1.40 0.1639 0.00045419
TAXREGSS 0.00194038 3.52 0.0005 0.00055104
CALLNONE  —0.00090790 ~1.99 0.0474 0.00045521
CALLPAR 0.00240114 1.33 0.1858 0.00180883
HITFL 0.00037003 1.07 0.2848 0.00034501
BANKING ~ —0.00032149 —0.85 0.3936 0.00037608
RATE3MON  —0.01906725 —1.57 0.1169 0.01210857
V3M26WK ~ —0.04162443 ~2.91 0.0041 0.01432317
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Table IV-6
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
39.59 0.0001 0.765667
ROOT MSE/MEAN ~ ROOT MSE RPOBRW MEAN
0.991899 0.00181131 0.00182610

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00968397 5.62 0.0001 0.00172389
AA3 —~0.00319794 ~1.71 0.0885 0.00186862
Al ~0.00023538 ~0.26 0.7984 0.00092041
A2 —~0.00214644 —4.64 0.0001 0.00046304
A3 —~0.00231755 —4.72 0.0001 0.00049062
BAAL ~0.00097538 ~1.93 0.0554 0.00050622
BAA3 —~0.00411753 ~7.06 0.0001 0.00058311
BAl 0.00194309 1.93 0.0554 0.00100838
BA?2 0.00079555 0.99 0.3219 0.00080126
BA3 0.00248548 3.43 0.0007 0.00072567
TAXREG8S2  0.00002309 0.0 0.9635 0.00050336
TAXREGSS  0.00248703 4.33 0.0001 0.00057497
CALLNONE  —0.00055609 ~1.13 0.2584 0.00049067
CALLPAR 0.00090165 0.48 0.6345 0.00189371
HITFL 0.00053006 1.29 0.1997 0.00041197
BANKING ~ —0.00078212 ~2.00 0.0464 0.00039031
RATE30YR  —0.06835625 ~4.68 0.0001 0.01461739
V30Y52WK ~ —0.09600082 ~1.73 0.0858 0.05561887
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Table IV-7
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
34.93 0.0001 0.742424
ROOT MSE/MEAN = ROOT MSE RPOBRW MEAN
1.060827 0.00187253 0.00176516

COEFF T FOR H: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT ~ 0.00780498 4.24 0.0001 0.00183882
AA3 —~0.00371559 ~1.94 0.0534 0.00191277
Al —~0.00026234 ~0.28 0.7830 0.00095127
A2 —~0.00218221 —4.55 0.0001 0.00047984
A3 ~0.00201217 ~3.97 0.0001 0.00050696
BAAL —0.00091881 ~1.76 0.0805 0.00052303
BAA3 —~0.00353598 ~6.09 0.0001 0.00058018
BAl 0.00271539 2.66 0.0083 0.00101918
BA2 0.00137943 1.67 0.0964 0.00082602
BA3 0.00263131 3.54 0.0005 0.00074407
TAXREGS2  0.00054320 1.08 0.2814 0.00050291
TAXREGSS  0.00251821 4.18 0.0001 0.00060291
CALLNONE  —0.00097783 ~2.00 0.0472 0.00048989
CALLPAR 0.00085700 0.44 0.6620 0.00195745
HITFL 0.00042929 1.01 0.3115 0.00042313
BANKING  —0.00066283 ~1.64 0.1025 0.00040413
RATE30YR  —0.06615676 ~4.17 0.0001 0.01586958
V30Y26WK  0.01262815 0.30 0.7678 0.04270726
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Table IV-8
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
23.37 0.0001 0.658581
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.266570 0.00171817 0.00135656

COEFF T FOR Ho: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00624393 3.82 0.0002 0.00163525
AA3 —~0.00327992 ~1.85 0.0657 0.00177254
Al ~0.00081234 —0.93 0.3532 0.00087309
A2 ~0.00257241 ~5.86 0.0001 0.00043923
A3 —0.00238888 ~5.13 0.0001 0.00046540
BAAL ~0.00112892 ~2.35 0.0197 0.00048019
BAA3 ~0.00249821 —4.52 0.0001 0.00055313
BA1 0.00118298 1.24 0.2176 0.00095653
BA2 0.00081477 1.07 0.2850 0.00076007
BA3 0.00230992 3.36 0.0009 0.00068835
TAXREGS2 0.00071761 1.50 0.1344 0.00047748
TAXREGSS 0.00162496 2.98 0.0032 0.00054541
CALLNONE  —0.00080403 ~1.73 0.0856 0.00046544
CALLPAR 0.00189200 1.05 0.2935 0.00179634
HITFL 0.00004907 0.13 0.9002 0.00039078
BANKING  —0.00026636 ~0.72 0.4727 0.00037024
RATE30YR  —0.03745657 ~2.70 0.0075 0.01386579
V30Y52WK ~ —0.06271357 ~1.19 0.2359 0.05275905
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Table IV-9
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
23.51 0.0001 0.659901
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.315329 0.00172163 0.00130890

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00546410 3.23 0.0014 0.00169064
AA3 —0.00417734 ~2.38 0.0184 0.00175862
Al —0.00089106 ~1.02 0.3095 0.00087461
A2 —0.00259272 —5.88 0.0001 0.00044117
A3 —0.00217638 ~4.67 0.0001 0.00046611
BAAL —0.00115949 —2.41 0.0168 0.00048088
BAA3 —0.00214900 ~4.03 0.0001 0.00053342
BA1 0.00170188 1.82 0.0708 0.00093705
BA2 0.00110081 1.45 0.1487 0.00075946
BA3 0.00246728 3.61 0.0004 0.00068411
TAXREGS2 0.00141808 3.07 0.0025 0.00046239
TAXREGS8  0.00194415 3.51 0.0006 0.00055433
CALLNONE  —0.00106584 ~2.37 0.0189 0.00045041
CALLPAR 0.00173294 0.96 0.3367 0.00179971
HITFL —0.00017744 ~0.46 0.6488 0.00038903
BANKING  —0.00022118 —~0.60 0.5523 0.00037157
RATE30YR  —0.04399443 ~3.02 0.0029 0.01459072
V30Y26WK 0.01181320 0.30 0.7638 0.03926566
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Table IV-10
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (i) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
35.21 0.0001 0.743965
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.036812 0.00189332 0.00182610

COEFF T FOR Hy: STD ERROR
VARIABLE ~ ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00160891 1.10 0.2711 0.00145810
AA3 —0.00448082 —2.29 0.0231 0.00195706
Al —~0.00008004 ~0.08 0.9337 0.00096160
A2 —0.00246144 —~5.07 0.0001 0.00048537
A3 ~0.00326342 —6.77 0.0001 0.00048172
BAA1L —0.00123250 ~2.34 0.0205 0.00052773
BAA3 —~0.00306467 ~5.89 0.0001 0.00067364
BA1 0.00084114 0.79 0.4327 0.00106989
BA2 0.00024778 0.30 0.7665 0.00083330
BA3 0.00144786 1.91 0.0577 0.00075846
TAXREG82  —0.00124217 ~2.45 0.0151 0.00050706
TAXREGSS 0.00251491 4.16 0.0001 0.00060506
CALLNONE  —0.00076775 ~1.50 0.1364 0.00051343
CALLPAR 0.00237267 1.20 0.2318 0.00197825
HITFL 0.00204269 5.56 0.0001 0.00036707
BANKING  —0.00056865 ~1.38 0.1681 0.00041113
RATE3MON  0.01983071 1.60 0.1115 0.01240767
V30Y52WK ~ —0.03727649 —0.62 0.5348 0.05995947
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Table IV-11
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iil) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2 TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
32.57 0.0001 0.728819
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.088484 0.00192135 0.00176516

COEFF T FOR Ho: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT ~ —0.00138032 ~1.02 0.3073 0.00134863
AA3 ~0.00482610 ~2.46 0.0147 0.00196166
Al ~0.00021219 ~0.22 0.8281 0.00097624
A2 ~0.00258109 ~5.23 0.0001 0.00049334
A3 —0.00299465 ~6.15 0.0001 0.00048726
BAA1 ~0.00117682 ~2.20 0.0291 0.00053542
BAA3 —0.00300508 ~4.53 0.0001 0.00066283
BA1 0.00137829 1.29 0.1995 0.00107095
BA2 0.00074257 0.88 0.3797 0.00084350
BA3 0.00145143 1.89 0.0597 0.00076658
TAXREGS2  —0.00084762 ~1.69 0.0932 0.00050261
TAXREGSS 0.00263401 4.26 0.0001 0.00061821
CALLNONE  —0.00114184 ~2.27 0.0239 0.00050196
CALLPAR 0.00243515 1.21 0.2265 0.00200754
HITFL 0.00198146 5.34 0.0001 0.00037132
BANKING  —0.00036093 ~0.86 0.3884 0.00041758
RATESMON  0.03184774 2.48 0.0138 0.01281976
V30Y26WK 0.10664300 2.43 0.0158 0.04381585
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Table IV-12
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
22.16 0.0001 0.646487
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.288807 0.00174834 0.00135656

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF =0 PR>|T| OF ESTIMATE
INTERCEPT  0.00270707 2.01 0.0457 0.00134644
AA3 ~0.00377118 ~2.09 0.0381 0.00180720
Al. —~0.00069438 ~0.78 0.4351 0.00088797
A2 —0.00269064 —~6.00 0.0001 0.00044820
A3 —0.00284815 —6.40 0.0001 0.00044483
BAA1 —0.00124493 —~2.55 0.0114 0.00048732
BAA3 —~0.00267913 ~4.31 0.0001 0.00062205
BA1 0.00079683 0.81 0.4209 0.00098797
BA2 0.00056601 0.74 0.4628 0.00076949
BA3 0.00189417 2.70 0.0074 0.00070038
TAXREG82  0.00017776 0.38 0.7046 0.00046823
TAXREG88  0.00170990 3.06 0.0025 0.00055873
CALLNONE  —0.00088374 ~1.86 0.0637 0.00047411
CALLPAR 0.00248770 1.36 0.1747 0.00182676
HITFL 0.00073018 2.15 0.0324 0.00033896
BANKING ~ —0.00020095 ~0.53 0.5972 0.00037965
RATESMON  —0.00024317 ~0.02 0.9831 0.01145754
V30Y52WK  —0.04519688 —0.82 0.4153 0.05536802
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Table IV-13
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
92.01 0.0001 0.644907
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.344010 0.00175917 0.00130890

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00091020 0.74 0.4619 0.00123480
AA3 —0.00466184 —2.60 0.0101 0.00179608
Al —0.00079172 —0.89 0.3768 0.00089384
A2 —0.00275514 —6.10 0.0001 0.00045170
A3 —0.00271411 —6.08 0.0001 0.00044613
BAA1 —0.00128689 ~2.63 0.0093 0.00049022
BAA3 —0.00225807 ~3.72 0.0003 0.00060688
BA1 0.00124992 1.27 0.2038 0.00098055
BA2 0.00079346 1.03 0.3054 0.00077231
BA3 0.00197695 2.82 0.0053 0.00070188
TAXREGS2 0.00079332 1.72 0.0862 0.00046019
TAXREGSS 0.00211963 3.74 0.0002 0.00056603
CALLNONE  —0.00115049 ~2.50 0.0131 0.00045959
CALLPAR 0.00241345 1.31 0.1906 0.00183809
HITFL 0.00059417 1.75 0.0820 0.00033998
BANKING  —0.00011640 ~0.30 0.7611 0.00038234
RATE3MON  0.00114888 0.10 0.9221 0.01173767
V30Y26WK 0.05191156 1.29 0.1971 0.04011745
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Table IV-14
OLS Regression: Option-Based Model (OBRW)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (ili) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
45.51 0.0001 0.789735
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
0.939580 0.00171577 0.00182610

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT ~ 0.00873218 6.48 0.0001 0.00134685
AA3 ~0.00201655 ~1.13 0.2587 0.00178052
Al —~0.00036734 ~0.42 0.6736 0.00087090
A2 —~0.00196058 —4.45 0.0001 0.00044022
A3 —~0.00228171 ~4.92 0.0001 0.00046363
BAA1 —~0.00116459 ~2.42 0.0164 0.00048109
BAA3 —0.00376847 ~7.28 0.0001 0.00051753
BA1 0.00151034 1.60 0.1114 0.00094476
BA2 0.00033559 0.44 0.6612 0.00076459
BA3 0.00199404 2.88 0.0044 0.00069323
TAXREGS2  —0.00025984 ~0.55 0.5816 0.00047084
TAXREG88  0.00295583 5.45 0.0001 0.00054242
CALLNONE  —0.00008983 ~0.19 0.8475 0.00046665
CALLPAR 0.00139124 0.77 0.4396 0.00179664
HITFL 0.00045295 1.17 0.2438 0.00038754
BANKING ~ —0.00086014 —2.33 0.0207 0.00036898
RATE30YR  —0.05974303 —4.34 0.0001 0.01377771
V3M52WK ~ —0.07604160 —5.19 0.0001 0.01466120
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Table IV-15

OLS Regression: Option-Based Model (OBRW)

February Dividend Cycle ARPS Only
Volatility is based on 26 Week Historical Data
-Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (i) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
.~ 39.01 0.0001 0.762986

ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.017605 0.00179623 0.00176516

COEFF T FOR Hj: STD ERROR
VARIABLE ~ ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.01003653 6.82 0.0001 0.00147187
AA3 —0.00354884 ~1.93 0.0545 0.00183489
Al —0.00028570 ~0.31 0.7543 0.00091172
A2 —0.00198564 ~4.31 0.0001 0.00046066
A3 —0.00166308 ~3.38 0.0009 0.00049192
BAAL —0.00006847 ~1.93 0.0550 0.00050181
BAA3 —~0.00325428 ~5.95 0.0001 0.00054706
BA1 0.00254752 2.61 0.0097 0.00097580
BA2 0.00131220 1.66 0.0993 0.00079242
BA3 0.00227222 3.16 0.0018 0.00071870
TAXREGS2  -0.00010891 0.22 0.8253 0.00049267
TAXREGS8  0.00220336 3.88 0.0001 0.00056781
CALLNONE  —0.00069778 ~1.48 0.1407 0.00047183
CALLPAR 0.00116085 0.62 0.5374 0.00187907
HITFL 0.00026501 0.65 0.5162 0.00040748
BANKING ~ —0.00079938 ~2.07 0.0398 0.00038628
RATE30YR  —0.07468729 ~5.16 0.0001 0.01447607
V3M26WK ~ —0.05714923 —4.24 0.0001 0.01348284
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Table IV-16
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
25.39 0.0001 0.676968
ROOT MSE/MEAN  ROOT MSE RPOBEH MEAN
1.231993 0.00167127 0.00135656

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT  0.00564436 4.30 0.0001 0.00131192
AA3 —~0.00245979 ~1.42 0.1576 0.00173434
Al —0.00090016 ~1.06 0.2899 0.00084831
A2 ~0.00244430 —5.70 0.0001 0.00042881
A3 —~0.00236616 ~5.24 0.0001 0.00045161
BAAI —~0.00125905 —~2.69 0.0078 0.00046862
BAA3 —~0.00227027 ~4.50 0.0001 0.00050410
BA1 0.00087611 0.95 0.3422 0.00092026
BA?2 0.00049755 0.67 0.5048 0.00074476
BA3 0.00196963 2.92 0.0039 0.00067525
TAXREG82  0.00051778 1.13 0.2602 0.00045863
TAXREG88  0.00194078 3.67 0.0003 0.00052835
CALLNONE  —0.00047874 ~1.05 0.2035 0.00045455
CALLPAR 0.00222795 1.27 0.2044 0.00175004
HITFL —0.00000111 ~0.00 0.9977 0.00037749
BANKING ~ —0.00032159 ~0.89 0.3719 0.00035941
RATE30YR  —0.03166865 ~2.36 0.0192 0.01342037
V3MB2WK ~ —0.05192242 —~3.64 0.0004 0.01428095
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Table IV-17
OLS Regression: Option-Based Model (OBEH)
February Dividend Cycle ARPS Only

Volatility is based on 26 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
24.99 0.0001 0.673403
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.288956 0.00168711 0.00130890

COEFF T FOR Hy: STD ERROR
VARIABLE  ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00700924 5.07 0.0001 0.00138245
AA3 —0.00406596 —2.36 0.0192 0.00172342
Al ~0.00090281 ~1.05 0.2930 0.00085633
A2 —0.00246143 ~5.69 0.0001 0.00043267
A3 —0.00194671 —4.21 0.0001 0.00046204
BAAL —0.00119229 —2.53 0.0122 0.00047132
BAA3 —0.00197702 —~3.85 0.0002 0.00051383
BA1 0.00158664 1.73 0.0849 0.00091652
BA2 0.00105835 1.42 0.1565 0.00074428
BA3 0.00223337 3.31 0.0011.  0.00067504
TAXREGS2 0.00113426 2.45 0.0151 0.00046274
TAXREGSS 0.00172821 3.24 0.0014 0.00053332
CALLNONE  —0.00087967 ~1.98 0.0485 0.00044317
CALLPAR 0.00192968 1.09 0.2755 0.00176491
HITFL —~0.00028531 ~0.75 0.4568 0.00038272
BANKING ~ —0.00031382 —0.86 0.3881 0.00036281
RATE30YR  —0.04997998 ~3.68 0.0003 0.01359662
V3M26WK ~ —0.03715988 ~2.93 0.0037 0.01266374



96

Table IV-18
OLS Regression: Option-Based Model (OBRW) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
112.13 0.0 0.625207
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.152336 0.00275745 0.00239292

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00046755 0.92 0.3603 0.00051098
AAA —0.00655484 ~12.56 0.0001 0.00052198
AA1 —0.00470969 ~10.24 0.0001 0.00045972
AA?2 —0.00351226 ~8.41 0.0001 0.00041771
AA3 —0.00540557 ~14.15 0.0001 0.00038204
Al —0.00376588 —10.56 0.0001 0.00035652
A2 —0.00397467 ~14.63 0.0001 0.00027164
A3 —0.00295987 ~9.43 0.0001 0.00031391
BAA1 —0.00059964 —2.29 0.0224 0.00026225
BAA3 0.00018484 0.53 0.5984 0.00035083
BA1l 0.00261927 6.98 0.0001 0.00037536
BA2 0.00285594 9.44 0.0001 0.00030256
BA3 0.00374667 7.80 0.0001 0.00048051
Bl 0.00326907 4.20 0.0001 0.00077888
B3 0.00332213 2.86 0.0043 0.00116283
TAXREGS2  —0.00192363 —7.47 0.0001 0.00025767
TAXREGS8 0.00164023 5.37 0.0001 0.00030571
CALLNONE . —0.00021725 —0.82 0.4104 0.00026386
CALLPAR —0.00094609 ~1.97 0.0487 0.00047963
HITFL 0.00100144 5.23 0.0001 0.00019162
BANKING 0.00228973 12.27 0.0001 0.00018667
INDUSTRIAL  0.00022589 0.54 0.5864 0.00041509
RATE3MON 0.04141549 7.85 0.0001 0.00527635
V3M52WK —0.04912051 —5.99 0.0001 0.00820702
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Table IV-19
OLS Regression: Option-Based Model (OBEH) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
97.65 0.0 0.592290
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.269945 0.00264537 0.00208305

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00117476 2.40 0.0167 0.00049021
AAA —0.00679049 —13.56 0.0001 0.00050076
AA1 —0.00479982 ~10.88 0.0001 0.00044104
AA2 —0.00342553 —8.55 0.0001 0.00040073
AA3 —0.00533342 —14.55 0.0001 0.00036652
Al —0.00387778 —11.34 0.0001 0.00034203
A2 —0.00383590 —14.72 0.0001 0.00026059
A3 —0.00269160 —8.94 0.0001 0.00030115
BAA1 —0.00034515 ~1.37 0.1703 0.00025159
BAA3 0.00060109 1.79 0.0743 0.00033657
BA1 0.00290116 8.06 0.0001 0.00036010
BA2 0.00353181 12.17 0.0001 0.00029026
BA3 0.00399237 8.66 0.0001 0.00046098
B1 0.00358337 4.80 0.0001 0.00074722
B3 0.00255282 2.29 0.0223 0.00111557
TAXREGS82  —0.00056706 ~2.29 0.0219 0.00024719
TAXREGSS 0.00132387 451 0.0001 0.00029328
CALLNONE  —0.00022547 —0.89 0.3732 0.00025313
CALLPAR ~0.00041515 ~0.90 0.3671 0.00046013
HITFL —0.00021046 ~1.14 0.2525 0.00018383
BANKING 0.00224290 12.52 0.0001 0.00017909
INDUSTRIAL  0.00028300 0.71 0.4774 0.00039821
RATE3MON 0.01824492 3.60 0.0003 0.00506188
V3M52WK —0.03246786 —4.12 0.0001 0.00787343
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Table IV-20
OLS Regression: Option-Based Model (OBRW) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
105.06 0.0 0.609833
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.175734 0.00281344 0.00239292

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00293753 3.42 0.0006 0.00085813
AAA —0.00630330 ~11.82 0.0001 0.00053308
AA1 —0.00418429 ~8.92 0.0001 0.00046894
AA2 —0.00348721 ~8.19 0.0001 0.00042602
AA3 —0.00475896 ~12.14 0.0001 0.00039186
Al —0.00372985 ~10.25 0.0001 0.00036373
A2 —0.00370049 ~13.31 0.0001 0.00027800
A3 ~0.00250701 ~7.79 0.0001 0.00032164
BAA1 —0.00072810 —2.75 0.0061 0.00026524
BAA3 0.00004401 0.12 0.9019 0.00035683
BA1l 0.00278448 7.28 0.0001 0.00038241
BA2 0.00276643 9.05 0.0001 0.00030556
BA3 0.00402405 8.22 0.0001 0.00048961
Bl 0.00306094 3.86 0.0001 0.00079387
B3 0.00214038 1.80 0.0714 0.00118617
TAXREGS2  —0.00032953 ~1.20 0.2307 0.00027481
TAXREGSS 0.00218270 7.02 0.0001 0.00031105
CALLNONE  —0.00054363 —2.02 0.0432 0.00026867
CALLPAR —0.00104346 —2.13 0.0331 0.00048937
HITFL 0.00007783 0.39 0.6993 0.00020146
BANKING 0.00236170 12.40. 0.0001 0.00019051
INDUSTRIAL  0.00024206 0.57 0.5675 0.00042334
RATE30YR  —0.03500784 ~5.29 0.0001 0.00661535
V30Y52WK 0.13466466 4.62 0.0001 0.02916205
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Table TV-21
OLS Regression: Option-Based Model (OBEH) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
96.35 0.0 0.589055
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.274973 0.00265584 0.00208305

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT 0.000614382 0.76 0.4480 0.00081006
AAA —0.00677603 —13.47 0.0001 0.00050322
AAl —0.00464869 —10.50 0.0001 0.00044267
AA2 —0.00348130 —8.66 0.0001 0.00040216
AA3 —0.00509158 —13.76 0.0001 0.00036991
Al —0.00383756 —11.18 0.0001 0.00034336
A2 —0.00372726 -14.20 0.0001 0.00026243
A3 —0.00253683 —8.36 0.0001 0.00030362
BAA1l —0.00032130 —1.28 0.1996 0.00025038
BAA3 0.00070403 2.09 0.0368 0.00033684
BAl 0.00307754 8.63 0.0001 0.00036099
BA2 0.00360461 12.50 0.0001 0.00028845
BA3 0.00422785 9.15 0.0001 0.00046218
Bl 0.00364516 4.86 0.0001 0.00074940
B3 0.00140252 1.25 0.2106 0.00111973
TAXREGS82 0.00023969 0.92 0.3557 0.00025942
TAXREGS88 0.00163698 5.58 0.0001 0.00029363
CALLNONE —0.00057532 —2.27 0.0234 0.00025362
CALLPAR —0.00037131 —0.80 0.4217 0.00046196
HITFL —0.00054738 —2.88 0.0041 0.00019018
BANKING 0.00228097 12.68 0.0001 0.00017984
INDUSTRIAL 0.00024393 0.61 0.5417 0.00039963
RATE30YR —0.01000878 —1.60 0.1092 0.00624479
V30Y52WK 0.12441427 4.52 0.0001 0.02752852
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Table TV—22
OLS Regression: Option-Based Model (OBRW) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
114.23 0.0 0.629556
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.145632 0.00274140 0.00239292

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT  —0.00435095 —6.64 0.0001 0.00065552
AAA —0.00685767 ~13.23 0.0001 0.00051817
AA1 —0.00497549 —10.90 0.0001 0.00045656
AA?2 —0.00374056 ~9.02 0.0001 0.00041479
AA3 —0.00549858 —14.49 0.0001 0.00037938
Al —0.00368295 ~10.39 0.0001 0.00035439
A2 ~0.00398421 —14.76 0.0001 0.00026999
A3 —0.00307467 —9.87 0.0001 0.00031154
BAA1 —0.00026796 ~1.03 0.3028 0.00025994
BAA3 0.00083084 2.37 0.0181 0.00035128
BAl 0.00302396 8.11 0.0001 0.00037291
BA2 0.00328259 11.02 0.0001 0.00029778
BA3 0.00414471 8.69 0.0001 0.00047682
Bl 0.00397225 5.11 0.0001 0.00077804
B3 0.00116555 1.01 0.3116 0.00115148
TAXREGS2  —0.00146009 —5.58 0.0001 0.00026180
TAXREGSS 0.00176115 5.77 0.0001 0.00030525
CALLNONE  —0.00096532 —3.69 0.0002 0.00026136
CALLPAR —0.00055788 ~1.16 0.2443 0.00047892
HITFL 0.00118329 6.32 0.0001 0.00018717 .
BANKING 0.00231654 12.48 0.0001 0.00018562
INDUSTRIAL  0.00005822 0.14 0.8878 0.00041246
RATE3MON 0.05429367 10.57 0.0001 0.00513471
V30Y52WK 0.20698601 7.38 0.0001 0.02806576
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Table IV—23
OLS Regression: Option-Based Model (OBEH) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 3-month
Treasury discount rate, (iii) Volatility of 30-year constant maturity yield.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
99.29 0.0 0.596308
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.263672 0.00263230 0.00208305

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  —0.00229479 ~3.65 0.0003 0.00062943
AAA —0.00699968 ~14.07 0.0001" 0.00049755
AA1L —0.00498456 ~11.37 0.0001 0.00043839
AA2 —0.00358362 ~9.00 0.0001 0.00039828
AA3 ~0.00539335 —14.81 0.0001 0.00036428
Al —0.00382010 ~11.23 0.0001 0.00034028
A2 —0.00383922 —14.81 0.0001 0.00025925
A3 —0.00276783 ~9.25 0.0001 0.00029914
BAA1 —0.00011314 ~0.45 0.6504 0.00024960
BAA3 0.00106224 3.15 0.0017 0.00033730
BA1 0.00318603 8.90 0.0001 0.00035807
BA2 0.00382570 13.38 0.0001 0.00028593
BA3 0.00426959 9.33 0.0001 0.00045784
Bl 0.00409560 5.48 0.0001 0.00074707
B3 0.00103886 0.94 0.3476 0.00110565
TAXREGS2  —0.00022747 ~0.90 0.3657 0.00025138
TAXREGS8 0.00143298 4.89 0.0001 0.00029310
CALLNONE  —0.00075247 ~3.00 0.0028 0.00025096
CALLPAR ~0.00013105 ~0.28 0.7757 0.00045986
HITFL —0.00009302 ~0.52 0.6048 0.00017972
BANKING 0.00226257 12.69 0.0001 0.00017823
INDUSTRIAL  0.00016642 0.42 0.6744 0.00039605
RATE3MON 0.02718048 5.51 0.0001 0.00493035
V30Y52WK 0.15378049 5.71 0.0001 0.02694875
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Table IV-24
OLS Regression: Option-Based Model (OBRW) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR>F R-SQUARE
109.72 0.0 0.620106
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.160152 0.00277615 0.00239292

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT 0.00660927 10.09 0.0001 0.00065472
AAA —0.00601483 —11.43 0.0001 0.00052616
AAl —0.00399133 —8.63 0.0001 0.00046250
AA2 —0.00326193 —17.76 0.0001 0.00042059
AA3 —0.00468160 -12.11 0.0001 0.00038671
Al —0.00381552 —10.63 0.0001 0.00035894
A2 —0.00367946 —-13.41 0.0001 0.00027433
A3 —0.00240176 —7.57 0.0001 0.00031747
BAA1l —0.00098942 -3.78 0.0002 0.00026174
BAA3 —0.00040710 -1.17 0.2431 0.00034864
BA1l 0.00242859 6.44 0.0001 0.00037731
BA2 0.00236020 7.79 0.0001 0.00030311
BA3 0.00360870 7.46 0.0001 0.00048379
B1 0.00272420 3.49 0.0005 0.00078039
B3 0.00426296 3.64 0.0003 0.00117137
TAXREGS82 —0.00077542 —2.88 0.0040 0.00026883
TAXREGS8 0.00215645 7.10 0.0001 0.00030371
CALLNONE 0.00014049 0.53 0.5951 0.00026430
CALLPAR —0.00122307 —2.54 0.0111 0.00048123
HITFL —0.00009080 —0.45 0.6492 0.00019957
BANKING 0.00233839 12.44 0.0001 0.00018797
INDUSTRIAL 0.00039794 0.95 0.3410 0.00041781
RATE30YR —0.04041407 —6.33 0.0001 0.00638812
V3M52WK —0.06396246 —7.98 0.0001 0.00801362 .
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Table IV-25
OLS Regression: Option-Based Model (OBEH) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEH);
Explanatory Variables: (i) Five categories of qualitative variables, (ii) 30-year
constant maturity yield, (iii) Volatility of 3-month Treasury discount rate.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
96.94 0.0 0.590526
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.272689 0.00265108 0.00208305

COEFF T FOR H: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00366877 5.87 0.0001 0.00062522
AAA —0.00656957 ~13.07 0.0001 0.00050246
AA1 —0.00450275 ~10.19 0.0001 0.00044167
AA?2 —0.00332248 —8.27 0.0001 0.00040164
AA3 —0.00503805 ~13.64 0.0001 0.00036929
Al —0.00389806 ~11.37 0.0001 0.00034277
A2 —0.00371647 ~14.19 0.0001 0.00026197
A3 ~0.00246377 ~8.13 0.0001 0.00030317
BAA1 —0.00051094 —2.04 0.0411 0.00024995
BAA3 0.00034808 1.05 0.2960 0.00033293
BA1l 0.00281859 7.82 0.0001 0.00036031
BA2 0.00332439 11.48 0.0001 0.00028946
BA3 0.00393568 8.52 0.0001 0.00046200
Bl 0.00333968 4.48 0.0001 0.00074523
B3 0.00293856 2.63 0.0087 0.00111859
TAXREG82  —0.00009982 ~0.39 0.6974 0.00025672
TAXREGSS 0.00154469 5.33 0.0001 0.00029003
CALLNONE  —0.00007469 ~0.30 0.7673 0.00025239
CALLPAR —0.00053949 ~1.17 0.2406 0.00045955
HITFL —0.00065750 —3.45 0.0006 0.00019058
BANKING 0.00226262 12.60 0.0001 0.00017950
INDUSTRIAL  0.00035469 0.89 0.3742 0.00039899
RATE30YR  —0.01528505 —2.51 0.0123 0.00610032
V3M52WK —0.03906194 ~5.10 0.0001 0.00765260
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Exhibit IV-1
Cubic Splines

From Poirier [15], let Ty < ) < ... < Z}, be k 4 1 points to be known as knots
of the x-axis and yo,¥1,...,yx be the associated ordinates of the y-axis. Then a
cubic spline interpolated from the £+ 1 knots, denoted §(z), is a function satisfying
three conditions: a) g(z) and its first two derivatives are continuous over [zg,Z],
b) §(x) is at most a third degree polynomial, ¢) §(Z;) =y; (j=0,1,...,k).

Denote h; = I; — T;—1 as the interval length, M;, (5 =0,1,...,k) as the
values of the second derivative at the knots, and define \; = h,_ﬁ{?l:’ G =
1,2,...,k). Then the interpolated g(z), z;.1 <z <Z; (j =1,2,...,k) can
be written as

§(z) = aj + bj(e — Z-1) + ¢j(z — &j—1)" + dj(z — 7;-1)°,

where

a; = Yj—1,

b = Y= Yim1  hi(Mj+2Mj)

T kg 6 ’
J

M

cj = ’2 1,

g M= M

i 6h;

In the above expressions, the only unknown parameters are the M;’s. To solve
the M;’s we need to impose two end conditions. For simplicity, we assume the
followings:

My = moM;y, Imol < 2,

My = me M, |7rk| < 2,

where 7y and 7 are to be specified. The continuity conditions, together with the
end conditions, can be summarized as

AM = 0Oy
where
2 —27!'0 0 e 0 0 0 \
(1 - M 2 Ao 0 0 0
0 1-X 2 ... 0 0 0
A= . . . ] .
0 0 0 2 Ak—2 0
0 0 0 1— gy 2 Ak—1
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Exhibit IV-1 (Continued)

( 0 0 0
6 —6 6
ki(h1+h2) hiha ha(hy+hy)
—6
0 hg(h26+h3) hzha
0 = ; -
0 0 0
0 0 0
\ 0 0 0
0 0 0 \
0 0 0
0 0 0
s : i
hy_ohp_ hy 1 (hyg_a+hg_y) 0
6 —6 6
hi—1(he—1+he) he—1hy hi(hg—1+he)
0 0 0 )
M=[M0,M1,...,Mk]l, and y=[y0,y1,...,yk]l.

Then solving for M,
M =A"10y.
We choose my = 7, = 0 so §(z) is referred to as a natural cubic spline. Applying

the cubic spline method to the constant maturity yield curve for the period of
January 1982 to January 1987, we have

To=Ys, Ty =1h, Ta=1, T1 =3, T4 =3,
G5 =5 Fg="T, & =10, Zs = 20, Ze = 30
hi= s, ho= 1, ha=1, ha=1, hs =2, hg =2, ho =3, hg = 10, ho = 10
A= 23, Aa=2h, A3 =18, Ay =23, As =12, As =35, Ar = 1013, Mg =1fs

After January 1987 the Federal Reserve Board stop publishing the 20 year Constant
Maturity yield. Thus, for the period of January 1987 to December 1992, we have

To=Y4, Ty =1, T2=1,%,=3,T4=3,E5=05, Tg =1, T = 10, 73 = 30
h1= 1/4, h2= 1/2, h3=1, h4=1, h5=2, h6=2, h7=3, h8=20
A =2/, do =2, Az =1, Ag =23, As = 1, Ag = 3f5, A7 = 20/3
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CHAPTER FIVE

Model Comparison

I. Introduction

In the preceding two chapters we developed two models, the benchmark model
and the option-based model, to value the ARPS. Within the benchmark model, two
different risk free rates can be used to implement the model. They are the three-
month Treasury discount rate and the thirty-year constant maturity yield. For the
option-based model, two possible interest rate movements can be used to implement
the model. The first technique is to assume the random walk theory of interest rate
movements, and the second technique is to adopt the expectations hypothesis of
interest rate movements. Therefore, each ARPS can have four different implied
risk premia that are derived from the corresponding valuation techniques. These
four sets of risk premia are regressed on a set of possible determinants (with minor
variation for each regression). The results indicate that the option-based random
walk interest rate model has the highest R-square. This finding, however, does not
necessary prove that the OBRW model is the best valuation model. The reason
is thdt the dependent variable (i.e.; the implied risk premium) is philosophically
different among the four models. Furthermore, the independent variables to be
included in each regression slightly vary from regression to regression. |

The four dependent variables, although they are different, have similar magni-
tude. They have not been involved in transformation such as log or power function.
Therefore, to compare the four models, four different implied risk premia are re-
gressed on exactly the same set of explanatory variables. To do this, we eliminate
the interest rate and the volatility variables from the regressions. Tables V-1 to
V-4 show the results of the four regressions. The highest R-square still comes from
the regression involving the OBRW model. But this R-square is only marginally
higher than the R-squares that are of the OBEH model and the BM30YR model.
This result does not provide a convincing proof in favoring of the OBRW model

over the other two valuation models. Therefore, we need to design better tests to
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address the model performance issue.

The problem in implementing these four valuation models is that we lack knowl-
edge of the risk premia. Therefore, if we can forecast the risk premia of the ARPS
for the corresponding models, then we can calculate the model prices. The derived
prices can be compared with the market prices to see how the models perform and

. which one performs best.

II. Methodology

We will test the four model prices against the market prices for the calendar
year of 1992. There are a total of 151 cross-sectional and time-series observations
for this period. Of these 151 observations, 87 belong to the January dividend cycle,
20 belong to the February dividend cycle, and 44 belong to the March dividend
cycle. There are Moody’s rating changes for some of the ARPS during 1992. To be
exact, it happens 19 times.

We have three possible ways to forecast the risk premium. The first method
is to use the prior quarter’s implied risk premium as the forecasted risk premium
for the current quarter. This is easy to do since we have already calculated the
implied risk premia of the ARPS for each quarter from 1983 to 1992 in the two
previous chapters. Putting the forecasted risk premia into the corresponding valu-
ation models we can derive the prices. For example, Chemical Bank ARPS belongs
to the January dividend cycle. Thus, we compute Chemical Bank’s BM3M model
price for the quarter beginning January 1992 by applying Chemical Bank’s implied
risk premium, RPBM3M, derived from the quarter beginning October 1991. Sim-
ilarly, the BM3M model price for the quarter beginning April 1992 will make use
of the implied risk premium, RPBM3M, from the quarter beginning January 1992.
Similar procedures will also be applied to the other three valuation models as well.

The second method is to take the average of all previous quarters’ implied risk
premia as the forecasted risk premium for the current quarter. Again, this is not
difficult to do since we already have the implied risk premia of the ARPS for each
quarter from 1983 to 1992, Using Chemical Bank ARPS as example, the BM3M
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model price for the quarter beginning January 1992 will make use of the average of
all Chemical Bank’s implied risk premia, RPBM3M, from January 1983 to October
1991. Similarly, Chemical Bank’s BM3M model price for the quarter beginning
April 1992 will make use of the average of all Chemical Bank’s implied risk premia,
RPBM3M, from January 1983 to January 1992. Again, similar procedures will be
applied to the other three models. Note that we add the most recent implied risk
premium but do not drop the earliest one when updating the average implied risk
premium. We prefer this method over the moving average technique in updating the
average. The reason is that we do not want to lose information as we are updating

the average.

The third method is to use regression to forecast the risk premium. We regress
all the previous implied risk premia of the ARPS sample on the explanatory vari-
ables, similar to what we did in the two previous chapters. Then we use the esti-
mated regression equation and the explanatory variables that belong to the ARPS
for the current quarter to determine the forecasted risk premium. The regression
is updated monthly to cover ARPS from all three dividend cycles. For example,
from January 1983 to December 1991 there are 1,419 observations. To find Chem-
ical Bank’s BM3M model price for the quarter beginning January 1992, we first
regress 1,419 implied risk premia, RPBM3M, on the set of explanatory variables
that appear on Table III-6. Then we use the estimated regression equation and
the explanatory variable values of Chemical Bank ARPS on January 1992 to de-
termine the forecasted risk premium. This forecasted risk premium is then used to
calculate the BM3M model price. Notice that the estimated regression equation is
valid for all other January dividend cycle ARPS for the quarter of January 1992.
To find Chemical Bank’s BM3M model price for the quarter beginning April 1992,
we regress 1,458 implied risk premia, RPBM3M, from January 1983 to March 1992,
on the same set of explanatory variables mentioned before, to obtain an updated
estimated regression equation. By applying this estimated regression equation to
the explanatory variable values of Chemical Bank ARPS on April 1992, we obtain

the forecasted risk premium. Then this forecasted risk premium is used to calculate
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the BM3M model price. Notice that we also do not delete data as we update the
regression in this forecast method.

Tables V-5 to V-8 show the estimated regression coefficients of the four mod-
els, by month, from December 1991 to November 1992. The estimated regression
coefficients exhibit a small degree of instability over time. Since we are only inter-
ested in using the estimated regression coefficients for the purpose of forecasting,
we will accept a small degree of instability.

Ex-ante, we do not know for certain which forecast method will perform best.
Therefore, we must try all three forecast methods on the four models. From a
theoretical perspective, we expect the regression method will perform best since the
method utilizes the market factors, both temporal and cross-sectional. Obviously,
the regression model must be correctly specified and relatively stable over time in
order for this assertion to be true. The first forecast method, in which the prior
quarter’s implied risk premium becomes the forecasted risk premium for the current
quarter, might perform well if the risk premia are serially correlated. Otherwise, it
would not be a good forecasting method. For example, if there is a rating change
in between quarters, then the previous quarter’s implied risk premium would not
be a good predictor of the current quarter’s risk premium. Finally, the second
forecast method, in which the average of all previous quarters’ implied risk premia
is the forecasted risk premium for the current quarter, should be the worst forecast

method, since the average reacts slowly to changing market conditions.

II1. Statistical Tests

So far we have discussed three forecast methods for the risk premia which can
be used to value the ARPS. Since we have four valuation models, we end up having
a total of twelve ways to price the ARPS. The questions we would like to answer
in the remaining chapter are: 1) which valuation model performs best; 2) which
forecast method is superior; 3) which combination of forecast method and valuation
model performs best? In order to answer these questions we turn to two tests.

The first is the hypothesis test and the second is the mean square error test. The
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hypothesis test is a stronger test but it may not yield any conclusive result. The
mean square error test is a weaker test but it provides informative results most of

the time.

A. Hypothesis Test

If we have a perfect valuation model, then the model price will always equal
the market price. A regression of the market price on the model price under such a
case will yield an intercept of zero, a siope of one, and a R-square of one. Therefore,
if we regress the market price on the model price (a total of twelve different model
prices), then we should expect that a good model will have a regression intercept
not statistically different from zero, a regression slope not statistically different from
one, and a high R-square for goodness of fit. Table V-9 provides a summary of the

twelve regressions. Formally, the regression model is:
MKT=a+ 8 MDL+¢ (5.1)

Hy:a=0, and f=1

where M KT is the market price and M DL is the model price. Both the market
and the model prices are normalized to per dollar of stated value of the ARPS in
order to eliminate heteroscedasticity. Since the null hypothesis is a joint test, the

appropriate test is the F-statistic.!®

_ n{&? +2a(8 - YMDL + (4 - 1)*MDL?}/q

Flg,n — k) e'e/(n — k)

(5.2)

where ¢ = 2,k = 2,n = 151, and e¢'e = RSS, the residual sum of squares. If the
F value is low, then we can not reject the null hypothesis. This means that the
valuation model is good. Notice that a high R-square will cause a high F value
since RSS = (1 — R?) TSS where T'SS is the total sum of squares. Thus, a high
(low) R-square will make it more (less) likely to reject the null hypothesis.

Tables V-10 to V-21 show the results of the twelve regressions. If we test o = 0

and § =1 as two independent tests, then three of the twelve models have regression

16 Johnston, Econometric Methods, 3rd edition, eq. 5-68.
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intercepts that are not statistically different from zero and regression slopes that
are not statistically different from one. The statistical test is a two tail t-test at
the 1% level of significance. All these three models use forecast method two, the
average of past implied risk premia, to determine the appropriate risk premium for
the model. The three models are the BM30Y model, the OBRW model, and the
OBEH model. Their correlations are not high, however. The R-squares are 0.3315,
0.4192, and 0.5371, respectively.

If F-statistic is used to test the null hypothesis (i.e.; the joint test), then the
OBEH model using forecast method two is the only model that is not statistical
significant at the 1% level. The F-statistic is 2.64, which is less than the critical
value of F(2,149) = 4.75. That is, we may not reject the null hypothesis that o =0
and # = 1 jointly. As mentioned previously, the R-square of the OBEH model is
not very high, only at 0.5371. This indicates a poor fit of the regression (i.e.; the
model price is different from the market price). Therefore, even though we may
not reject the null hypothesis for the OBEH model based on the F-test, we have no
confidence to “accept” the null hypothesis based on the low R-square.

Intuitively, we do not expect a model that uses the average of past implied
risk premia (forecast method two) to be a good model because the average does
not reflect current pricing factors well most of the time. In fact, we would expect a
model that uses the latest quarter’s implied risk premium (forecast method one) to
be a better model. As the results indicate, the R-squares of regressions involving
forecast method one are much higher, ranging from 0.7507 to 0.8419. Overall, we

are not confident that we can draw any definite conclusion from the hypothesis test.

B. Mean Square Error Test
A less restrictive test is to analyze the mean square error (MSE) between the
model price and the market price, and examine its components. The MSE is defined

as:

1« 2
- E T. —MDL; .
MSE - (MKT; i) (5.34)

j=1

MSE = (MRT - MDL)" +(1 - ) o%ps+ (1—R?) okxr (5:3B)
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where  is the slope coeflicient of the regression of M KT on MDL, oypy and
omiT are the sample standard deviation of the M DL and M KT, respectively, and
R? is the R-square of the regression of M KT on MDL.

The MSE is made up of three components. The first one is the bias component
due to over- or underestimation of the mean of M KT over the mean of MDL. The
second component is the inefficiency component due to positive (or negative) error
for low values of M DL and negative (or positive) error for high values of MDL.
The third component is due to the random error of the M KT'. Notice that a perfect
correlation between M KT and M DL, that is, R? = 1, will reduce the random error
to zero but will not necessary yield a zero MSE. The first two components together
can be viewed as the systematic error of the model. The MSE will be zero only if
the systematic error is also zero. That is, the M DL are identical to the MKT.

Table V-22 presents the MSE and its three components for twelve sets of the
test. In general, the option-based models have lower MSE than the benchmark mod-
els do. The only exception is the OBRW model using forecast risk premium based
on the regression method in which the bias component is very large at 0.03582421.
Thus, we can conclude that in general the option-based model is better than the
benchmark model.

In term of forecasting the risk premium, method one performs best. That
is, the prior quarter’s implied risk premium is the most appropriate risk premium
for the current quarter. The MSEs related to this forecast method are lower than
the MSEs related to the other two forecast methods, across all four models. This
indicates that the risk premia of each ARPS are serially correlated over time. This
phenomenon can be explained by the fact that there are only 19 Moody’s rating
changes and no major shocks to the interest rate system during the year of 1992,

Forecast method two produces the highest random variation across all four
models. This result is directly related to the low R-square of the regression of
MKT on MDL. This is why we did not “accept” the OBEH model using forecast

method two as a good model in the hypothesis test.

Overall, the option-based model using forecast method one performs best.
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Within the option-based model, the OBRW model performs marginally better than
the OBEH model. The MSE of the OBEH model is 0.00291834, 6.68% higher than
the MSE of the OBRW model, which is 0.00273563.

If we could correct the systematic error, that is, the tilt and the shift of the
regression line, then the random error would be the measure of model performance.
From Table V-22, we observe that if forecast method one is used, the OBRW model
has the lowest random error, i.e., 0.00184785, among the four models. If forecast
method three is used, then the OBEH model will have the lowest random error,
0.00345592, among the four models. Notice that the random error of the BM30Y
model in each of the corresponding forecast method is only marginally higher.

In summary, we conclude that the option-based model performs better than the
benchmark model. The performance of the benchmark 30-year model is not bad ei-
ther, considering its easiness of implementation, and low demand on computational

resources. The choice is up to the user’s preference.

IV. Conclusions

In this chapter, we employed three different methods to forecast the risk premia
and used these forecasted risk premia to calculate the four model prices. Then the
model prices were compared with the market price in order to determine model
performance. Based on the hypothesis test, which is a stronger test, we were not
able to draw any definite conclusion. When switched to the mean square error
test, we found that the option-based model performed better than the benchmark
model. We also found that forecast method one, in which the prior quarter’s implied
risk premium is the forecasted risk premium for the current quarter, was the best
forecast method. In the absence of a powerful computer, the benchmark model with

30-year yield as a base can be used with confidence.
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Table V-1
OLS Regression: Benchmark Model (BM3M) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on 3-month Treasury discount
rate (RPBM3M);
Explanatory Variables: Five categories of qualitative variables.

BASE VARIABLES: BAA2, TAXREG87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR > F R-SQUARE
66.52 0.0 0.474356
ROOT MSE/MEAN ROOT MSE RPBM3M MEAN
0.524902 0.00320268 0.00610147

COEFF T FOR H: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00588997 14.76 0.0001 0.00039898
AAA —0.00649810 ~10.75 0.0001 0.00060429
AAl —0.00504387 —9.51 0.0001 0.00053030
AA2 —0.00338738 ~7.00 0.0001 0.00048419
AA3 —0.00516964 ~11.73 0.0001 0.00044067
Al —0.00410190 —9.91 0.0001 0.00041398
A2 ~0.00342136 —10.86 0.0001 0.00031492
A3 —0.00219396 —6.06 0.0001 0.00036222
BAA1 0.00058039 1.93 0.0536 0.00030048
BAA3 0.00206597 5.16 0.0001 0.00040056
BA1l 0.00356477 8.21 0.0001 0.00043406
BA2 0.00393745 11.40 0.0001 0.00034536
BA3 0.00361078 6.49 0.0001 0.00055638
Bl 0.00652710 7.25 0.0001 0.00090022
B3 0.00259139 1.94 0.0523 0.00133416
TAXREGS2 0.00003276 0.11 0.9092 0.00028713
TAXREGSS 0.00033284 0.96 0.3395 0.00034839
CALLNONE  —0.00050338 ~1.69 0.0915 0.00029807
CALLPAR 0.00148798 2.68 0.0074 0.00055513
HITFL —0.00065907 ~3.20 0.0014 0.00020619
BANKING 0.00219484 10.12 0.0001 0.00021679
INDUSTRIAL  0.00019323 0.40 0.6883 0.00048160
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Table V-2
OLS Regression: Benchmark Model (BM30Y) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on 30-year constant maturity
yield (RPBM30Y);
Explanatory Variables: Five categories of qualitative variables.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
102.73 0.0 0.582231
ROOT MSE/MEAN ROOT MSE RPBM30Y MEAN
2.825025 0.00272427 0.00096433

COEFF T FOR Ho: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR>|T| OF ESTIMATE
INTERCEPT  0.00026394 0.78 0.4369 0.00033938
AAA —0.00677181 ~13.17 0.0001 0.00051402
AA1 —0.00452960 ~10.04 0.0001 0.00045109
AA2 —0.00349791 ~8.49 0.0001 0.00041186
AA3 —0.00536241 ~14.31 0.0001 0.00037484
Al —0.00400755 ~11.38 0.0001 0.00035214
A2 —0.00371146 ~13.85 0.0001 0.00026788
A3 —0.00237885 —7.72 0.0001 0.00030811
BAA1 —0.00042939 ~1.68 0.0932 0.00025560
BAA3 0.00020572 0.60 0.5461 0.00034072
BA1l 0.00301614 8.17 0.0001 0.00036922
BA2 0.00348581 11.87 0.0001 0.00029377
BA3 0.00403065 8.52 0.0001 0.00047327
Bl 0.00241954 3.16 0.0016 0.00076575
B3 0.00057911 0.51 0.6099 0.00113486
TAXREGS2 0.00001354 0.06 0.9558 0.00024424
TAXREGS8 0.00193255 6.52 0.0001 0.00029635
CALLNONE  —0.00029360 ~1.16 0.2471 0.00025355
CALLPAR —0.00071636 ~1.52 0.1295 0.00047220
HITFL ~0.00052831 ~3.01 0.0026 0.00017539
BANKING 0.00217687 11.80 0.0001 0.00018441
INDUSTRIAL  0.00028573 0.70 0.4856 0.00040966
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Table V-3
OLS Regression: Option-Based Model (OBRW) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on random walk theory of
interest rate movements (RPOBRW);
Explanatory Variables: Five categories of qualitative variables.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
107.92 0.0 0.594171
ROOT MSE/MEAN ROOT MSE RPOBRW MEAN
1.198325 0.00286749 0.00239292

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT 0.00204148 8.71 0.0001 0.00035723
AAA —0.00648762 —-11.99 0.0001 0.00054105
AAl —0.00441410 -9.30 0.0001 0.00047480
AA2 —0.00354035 —-8.17 0.0001 0.00043352
AA3 —0.00512622 —-12.99 0.0001 0.00039455
Al —0.00372908 —10.06 0.0001 0.00037065
A2 —0.00388156 —-13.77 0.0001 0.00028196
A3 —0.00277607 —8.56 0.0001 0.00032431
BAA1 —0.00072460 —-2.69 0.0072 0.00026903
BAA3 —0.00008291 —0.23 0.8172 0.00035863
BA1l 0.00267835 6.89 0.0001 0.00038863
BA2 0.00284808 9.21 0.0001 0.00030921
BA3 0.00397236 7.97 0.0001 0.00049815
Bl 0.00268242 3.33 0.0009 0.00080601
B3 0.00241530 2.02 0.0434 0.00119453
TAXREGS82 —0.00117396 —4.57 0.0001 0.00025708
TAXREGS8 0.00182781 5.86 0.0001 0.00031193
CALLNONE —0.00039694 —1.49 0.1371 0.00026638
CALLPAR ~0.00126840 —2.55 0.0108 0.00049703
HITFL 0.00061706 3.34 0.0009 0.00018461
BANKING 0.00232055 11.96 0.0001 0.00019410
INDUSTRIAL 0.00022283 0.52 0.6054 0.00043120
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Table V-4
OLS Regression: Option-Based Model (OBEH) Full Sample
Volatility is based on 52 Week Historical Data
Dependent Variable: Implied risk premium based on expectations hypothesis of
interest rate movements (RPOBEHR);
Explanatory Variables: Five categories of qualitative variables.

BASE VARIABLES: BAA2, TAXREGS87, CALLPREM, ABOVEFL, UTILITY.

F VALUE PR >F R-SQUARE
102.57 0.0 0.581841
ROOT MSE/MEAN ROOT MSE RPOBEH MEAN
1.285285 0.00267732 0.00208305

COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.00167240 5.01 0.0001 0.00033353
AAA —0.00679438 —13.45 0.0001 0.00050516
AAL —0.00468826 ~10.58 0.0001 0.00044331
AA2 —0.00346501 ~8.56 0.0001 0.00040477
AA3 —0.00522148 ~14.17 0.0001 0.00036838
Al —0.00385139 ~11.13 0.0001 0.00034607
A2 —0.00380020 —14.44 0.0001 0.00026326
A3 —0.00262480 —8.67 0.0001 0.00030280
BAA1 ~0.00037183 148 0.1390 0.00025119
BAA3 0.00051649 1.54 0.1232 0.00033485
BA1 0.00296505 8.17 0.0001 0.00036286
BA2 0.00358042 12.40 0.0001 0.00028871
BA3 0.00414156 8.90 0.0001 0.00046511
Bl 0.00332776 4.42 0.0001 0.00075255
B3 0.00192179 1.72 0.0851 0.00111531
TAXREG82  —0.00019997 ~0.83 0.4049 0.00024003
TAXREGSS 0.00136932 4.70 0.0001 0.00029124
CALLNONE  —0.00037610 ~1.51 0.1314 0.00024918
CALLPAR —0.00055850 ~1.20 0.2290 0.00046407
HITFL —0.00035302 ~2.05 0.0407 0.00017237
BANKING 0.00225809 12.46 0.0001 0.00018123
INDUSTRIAL  0.00026342 0.65 0.5130 0.00040260
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Regression Coeflicients to Forecast the Risk Premium

REGRESSION

UPTO MONTH:

NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1l
BAA3

BAl
BA2
BA3

B1
B3

TAXREGS82
TAXREGS8

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE30YR
V3M52WK

yy mm
9112

1419
52.75
0.465156

0.00185603
—0.00687952

—0.00554831
-0.00374315
—0.00567229

—0.00408836
—0.00375472
—0.00257500

0.00047677
0.00121848

0.00378175
0.00431821
0.00397964

0.00546465
0.00229244

—0.00068525
—0.00028570

—0.00038523
0.00123620

—0.00039965

0.00228961
0.00013444

0.04154082
0.02239020

yy mm

92 01

1442
54.64
0.469855

0.00228186
—0.00672744

—0.00535651
—0.00361278
—0.00551911

—0.00400043
—0.00361712
—0.00248965

0.00065735
0.00137373

0.00380574
0.00432036
0.00402497

0.00728685
0.00232249

—0.00056319
—0.00007992

—0.00040905
0.00125956

—0.00048908

0.00226139
0.00016861

0.03598965
0.02066507

of the Benchmark 3-Month Model (BM3M)

yy mm
92 02

1447
54.29
0.467377

0.00232514
—0.00674557

—0.00536308
—0.00361117
—0.00552733

—0.00402491
—0.00364293
—-0.00248247

0.00061691
0.00144062

0.00378337
0.00428303
0.00398511

0.00727188
0.00225791

—0.00053960
—0.00005379

—0.00044085
0.00117849

—0.00042789

0.00222722
0.00013260

0.03596903
0.02043202

yy mm
92 03

1458
95.19
0.469558

0.00228558
—0.00683153

—0.00544649
—0.00366523
—0.00560052

—0.00411342
—0.00366942
—0.00255253

0.00058466
0.00138076

0.00376016
0.00427944
0.00390026

0.00718788
0.00210700

—0.00051805
—0.00002017

—0.00047098
0.00111343

—0.00032942

0.00227417
0.00014999

0.03644748
0.02045414



REGRESSION
UPTO MONTH.:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1l
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS82
TAXREGS8

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE30YR
V3M52WK

Table V-5 (Continued)

yy mm
92 04

1480
57.15
0.474447

0.00250909
—0.00680275

—0.00538484
—0.00364575
—0.00557081

—0.00408515
—0.00366908
—0.00255443

0.00064504
0.00156268

0.00375285
0.00421997
0.00388325

0.00693994
0.00209399

—0.00051219
0.00000439

—0.00051326
0.00123629

—0.00040603

0.00227151
0.00017207

0.03461460
0.02008259

yy mm
92 05

1486
57.20
0.473833

0.00252300
—0.00676490

—0.00534002
—0.00359352
—0.00552560

—0.00404804
—0.00363943
~0.00249887

0.00065341
0.00182389

0.00379006
0.00423400
0.00391236

0.00698190
0.00209702

—0.00049825
0.00000498

—-0.00055318
0.00120254

—0.00038897

0.00222954
0.00010858

0.03455632
0.02052923

Yy mm

92 06

1496
57.88
0.474891

0.00251062
—0.00680789

-—0.00535408
—0.00361606
—0.00555827

—0.00409629
—0.00362946
—0.00253575

0.00063050
0.00180701

0.00373843
0.00424490
0.00386136

0.00693317
0.00199463

—0.00048191
0.00003013

—0.00058457
0.00106221

—0.00032404

0.00225070
0.00012676

0.03471450
0.02079272

119

yy mm
92 07

1518
59.60
0.478509

0.00276872
—0.00680250

~0.00536040
—0.00362871
—0.00555226

—0.00409282
—0.00365249
—0.00256162

0.00066794
0.00182050

0.00369008
0.00415708
0.00382145

0.00659087
0.00196515

—0.00047159
0.00005037

—0.00061394
0.00135358

—0.00040931

0.00224883
0.00016852

0.03253970
0.02096060



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS82
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE30YR
V3M52WK

Table V-5 (Continued)

yy mm
92 08

1523
59.69
0.478039

0.00276923
—0.00677966

—0.00532883
—0.00358985
—0.00551907

—0.00406909
—0.00363345
—0.00250856

0.00067514
0.00201693

0.00371929
0.00417308
0.00383987

0.00661548
0.00194205

—0.00044850
0.00005832

—0.00064608
0.00130604

—0.00036744

0.00221660
0.00012164

0.03234624
0.02184844

yy mm
92 09

1534
60.38
0.479095

0.00278425
—0.00681589

—0.00534380
—0.00360659
—0.00554166

—0.00411124
—0.00361363
—0.00253885

0.00065799
0.00200639

0.00367968
0.00419119
0.00379677

0.00657036
0.00183563

—0.00042023
0.00008312

—0.00067975
0.00119684

—0.00030347

0.00223484
0.00013625

0.03196308
0.02283220

yy mm
92 10

1554
61.72
0.481287

0.00290107
—0.00673988

—0.00523582
—0.00353113
—0.00545453

—0.00401445
—0.00357068
—0.00244009

0.00073814
0.00212662

0.00370007
0.00417377
0.00382566

0.00654557
0.00181011

—0.00038072
0.00013185

—0.00071072
0.00138489

—0.00029267

0.00217488
0.00011775

0.03007975
0.02486051

120

yy mm
9211

1559
61.99
0.481540

0.00286624
—0.00672705

—0.00523691
—0.00350421
—0.00543208

—0.00399537
—0.00355865
—0.00239382

0.00074604
0.00228760

0.00371952
0.00419123
0.00384409

0.00656089
0.00177389

—0.00035986
0.00013619

—0.00073947
0.00141289

—0.00024896

0.00214794
0.00008019

0.03014767
0.02628065
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Regression Coefficients to Forecast the Risk Premium

REGRESSION

UPTO MONTH:

NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS82
TAXREGS88

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

yy mm
91 12

1419
107.58
0.639479

0.00105494
—0.00702765

—0.00525318
—0.00354116
—0.00559617

—0.00421848
—0.00400435
—0.00261587

—0.00024456
0.00113989

0.00332167
0.00370632
0.00424305

0.00440789
0.00018066

0.00007420
0.00202778

—0.00060504
0.00059949

—0.00007931

0.00224538
0.00008400

0.00557082
—0.06489227

yy mm
92 01

1442
109.39
0.639554

0.00032166
—0.00706483

—0.00532644
—0.00359002
—-0.00565342

—0.00423529
—0.00401138
—0.00264981

—0.00023872
0.00103933

0.00331641
0.00363089
0.00415706

0.00479814
0.00012391

0.00001421
0.00202100

—0.00056451
0.00062107

—0.00005892

0.00225282
0.00008336

0.01159745
—0.04399409

of the Benchmark 30-Year Model (BM30Y)

yy mm
92 02

1447
109.34
0.638637

0.00015489
—0.00708698

—0.00535620
—0.00362167
—0.00568189

—0.00424675
—0.00402485
—0.00268599

—0.00023485
0.00092120

0.00330548
0.00363208
0.00415301

0.00479457
0.00010503

—0.00000664
0.00200866

—0.00055805
0.00066225

—0.00008216

0.00227317
0.00011022

0.01294552
—0.03826565

Yy min

92 03

1458
108.29
0.634609

—0.00053557
—0.00708215

—0.00532687
—0.00363923
—0.00568995

—-0.00419954
—0.00400423
—0.00267632

—0.00018432
0.00099377

0.00317305
0.00364140
0.00420495

0.00487702
0.00008275

—0.00006480
0.00197400

—0.00056083
0.00060051

—0.00009557

0.00226963
0.00017116

0.01828703
—0.01585464



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAAl
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS82
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

Table V-6 (Continued)

yy mm
92 04

1480
107.29
0.628919

—0.00157698
—0.00713082

—0.00534537
—0.00367211
—0.00573932

—0.00418273
—0.00399796
-0.00270419

—0.00019476
0.00091616

0.00325298
0.00371931
0.00412226

0.00403667
—0.00001547

—0.00015456
0.00187973

—0.00058614
0.00045935

0.00001182

0.00224355
0.00013316

0.02706327
0.01774633

yy mm
92 05

1485
107.16
0.627832

—0.00171805
—0.00714989

—0.00537194
—0.00370136
—0.00576487

—0.00419261
—0.00400913
—0.00274196

—0.00018993
0.00081278

0.00324466
0.00371909
0.00412049

0.00404406
—0.00002989

—0.00017444
0.00186750

—0.00058145
0.00050586

—0.00002007

0.00226426
0.00015763

0.02818752
0.02290932

yy mm
92 06

1496
105.65
0.622754

—0.00226520
—0.00710370

—0.00527792
—0.00367795
-0.00573209

—0.00411623
—0.00395493
—0.00270364

—0.00013488
0.00086345

0.00317680
0.00373522
0.00419319

0.00418189
—0.00001209

—0.00023076
0.00184183

—0.00058898
0.00037644

—0.00005160

0.00223395
0.00019235

0.03248407
0.04067467

122

yy mm
92 07

1518
104.89
0.617556

-0.00303386
—0.00711559

—0.00522216
—0.00366915
—-0.00574300

—0.00408314
—0.00392818
—-0.00270348

—0.00012804
0.00090761

0.00326928
0.00380386
0.00412694

0.00354395
—0.00007087

—0.00030353
0.00177007

—-0.00061815
0.00016584

0.00004830

0.00219474
0.00013315

0.03924675
0.06421390



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1l
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS82
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

Table V-6 (Continued)

yy mm
92 08

1523
105.08
0.617194

—0.00310078
—0.00712702

—0.00523785
—0.00368606
—0.00575824

—0.00409043
—0.00393539
—0.00272062

—0.00012556
0.00084369

0.00326294
0.00380235
0.00412385

0.00354844
—0.00007917

—0.00031464
0.00176464

—0.00061481.

0.00019080
0.00003129

0.00220802
0.00014889

0.03982112
0.06646319

yy mm
92 09

1534
104.40
0.613929

—0.00343184
—0.00708244

—0.00512363
—0.00365604
—0.00572452

—0.00403106
—0.00388070
—0.00268375

—0.00008287
0.00088649

0.00322753
0.00380938
0.00417728

0.00365363
—0.00005628

—0.00036134
0.00174891

—0.00062259
—0.00001555

0.00000627

0.00218657
0.00017308

0.04266725
0.07610843

yy mm
92 10

1554
103.87
0.609590

—0.00386428
—0.00707754

—0.00501202
—0.00363869
—0.00572572

—0.00400055
—0.00385761
—0.00266085

—0.00009878
0.00090665

0.00329441
0.00383583
0.00408857

0.00329505
—0.00007029

—0.00043051
0.00169853

—0.00063845
—0.00024485

0.00005369

0.00215612
0.00012206

0.04724619
0.08697799

123

yy mm
9211

1559
104.17
0.609504

~0.00390300
—0.00708516

—0.00502095
—-0.00364961
—0.00573594

—0.00400557
—0.00386246
—0.00267316

—0.00009697
0.00086368

0.00329024
0.00383478
0.00408602

0.00329914
—-0.00007521

—0.00043828
0.00169495

—0.00063585
—0.00023368

0.00004379

0.00216488
0.00013242

0.04761868
0.08811575



Table V-7
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Regression Coefficients to Forecast the Risk Premium of
the Option-Based Random Walk Interest Rate Model (OBRW)

REGRESSION

UPTO MONTH:

NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAil
AA2
AA3

Al
A2
A3

BAA1
BAA3

BA1l
BA2
BA3

B1
B3

TAXREGS2
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

yy mm
91 12

1419
126.07
0.675176

0.00240107
—0.00678161

—0.00512738
—0.00357340
—0.00530498

—0.00397421
—0.00416013
—0.00299745

—0.00050481
0.00111657

0.00305334
0.00307856
0.00424672

0.00599975
0.00145959

—0.00074219
0.00227549

—0.00090671
0.00020024

0.00112421

0.00241291
—0.00002399

—0.00295726
—-0.00497871

yy mm
92 01

1442
125.49
0.670558

0.00099741
—0.00688025

—0.00528843
—0.00368104
—0.00543107

—0.00401746
—0.00419901
~-0.00307402

—0.00049705
0.00095809

0.00305936
0.00301885
0.00412593

0.00588493
0.00133617

—0.00087174
0.00219778

—0.00087056
0.00022034

0.00118036

0.0024.3820
—0.00002722

0.00900146
0.03666766

yy mm
92 02

1447
125.08
0.669059

0.00076256
—0.00690902

—0.00532791
—0.00372328
—0.00546876

—0.00403129
—0.00421574
—0.00312124

—0.00048991
0.00080042

0.00304617
0.00302216
0.00412266

0.00588222
0.00131207

—0.00090100
0.00218016

—0.00086205
0.00027910

0.00114591

0.00246659
0.00000940

0.01087904
0.04476194

Yy min

92 03

1458
123.10
0.663800

—0.00011017
—-0.00688546

—0.00527602
—0.00372855
—0.00546213

—0.00395359
—0.00418375
—0.00309731

—0.00042118
0.00090394

0.00292522
0.00304279
0.00420502

0.00600511
0.00130323

—0.00097568
0.00213224

—0.00086954
0.00021772

0.00111619

0.00244683
0.00006237

0.01760786
0.07362709



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AA1l
AA2
AA3

Al
A2
A3

BAA1
BAA3

BAl
BA2
BA3

Bl
B3

TAXREGS82
TAXREGS88

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

Table V-7 (Continued)

yy mm
92 04

1480
120.73
0.656010

—0.00139232
—0.00695241

—0.00531675
—0.00377539

~ —0.00552960

—0.00393764
—0.00418045
—0.00313503

—0.00043220
0.00080819

0.00301947
0.00314216
0.00410234

0.00489021
0.00117775

—0.00108741
0.00201187

—0.00090198
0.00004764

0.00124666

0.00242207
0.00001804

0.02842280
0.11510478

yy mm
92 05

1485
120.36
0.654546

—-0.00151925
—0.00696824

—0.00534032
—0.00380240
—0.00555217

—0.00394530
—0.00418953
—0.00317140

—0.00042804
0.00071420

0.00301191
0.00314068
0.004102'74

0.00489891
0.00116803

—0.00110722
0.00199879

—0.00089857
0.00009801

0.00120710

0.00244154
0.00004010

0.02941787
0.12008710

yy mm
92 06

1496
117.90
0.648151

—0.00219429
-0.00690889

—0.00523029
—0.00377125
—0.00550948

—0.00384729
—0.00412758
—0.00312248

—0.00035907
0.00079896

0.00294050
0.00316153
0.00419730

0.00507401
0.00119568

—0.00117586
0.00196392

—0.00090932
—0.00002850

0.00116262

0.00240051
0.00007327

0.03471163
0.14228983

125

yy mm
92 07

1518
116.52
0.642072

—0.00307353
—0.00692862

—0.00517892
—0.00376783
—0.00552859

—0.00381442
—0.00410125
—0.00312575

—0.00035065
0.00085143

0.00304480
0.00323980
0.00411405

0.00427056
0.00112380

—0.00126141
0.00188068

—0.00094100
—0.00029461

0.00127300

0.00236370
0.00001043

0.04243602
0.16927263



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1l
BAA3

BAl
BA2
BA3

Bl
B3

TAXREGS82
TAXREGS8

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

Table V-7 (Continued)

yy mm
92 08

1523
116.51
0.641271

—-0.00317299
—0.00694527

—0.00520197
—0.00379275
—0.00555097

—0.00382487
—0.00411168
—0.00315198

—0.00034693
0.00075807

0.00303566
0.00323756
0.00410989

0.00427779
0.00111197

—0.00127810

0.00187225

—0.00093627
—0.00025676

0.00124680

0.00238314
0.00003334

0.04329035
0.17265378

yy mm
92 09

1534
1156.07
0.636714

—0.00362559
—0.00688237

—0.00505962
—0.00374931
—0.00550267

—0.00373872
—0.00404674
—0.00309994

—0.00028755
0.00082874

0.00300956
0.00326145
0.00418994

0.00443628
0.00115143

—0.00133989
0.00184543

—0.00094910
—0.00048014

0.00120727

0.00234818
0.00005150

0.04718152
0.18617939

yy mm
92 10

1554
114.23
0.631978

—0.00409406
—0.00687789

—0.00497705
—0.00373878
—0.00550621

—0.00371755
—-0.00402100
—0.00308096

—0.00030197
0.00086104

0.00308924
0.00329315
0.00410917

0.00388328
0.00114575

-0.00142168
0.00177577

—0.00097073
—0.00065243

0.00123222

0.00231755
0.00001333

0.05216946
0.19897623

126

yy mm
92 11

1559
114.44
0.631630

—0.00414007
—0.00688562

—0.00500023
—0.00375236
—0.00551772

—0.00372142
—0.00402593
—0.00309680

—0.00029955
0.00081540

0.00308081
0.00329063
0.00410882

0.00389242
0.00114467

—0.00143113
0.00176940

—0.00096762
—0.00059046

0.00121193

0.00232687
0.00002443

0.05259518
0.20060749



Table V-8
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Regression Coeflicients to Forecast the Risk Premium of the
Option-Based Expectations Hypothesis Interest Rate Model (OBEH)

REGRESSION

UPTO MONTH:

NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1
BAA3

BAl
BA2
BA3

B1
B3

TAXREGS82
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

yy mm
9112

1419
100.38
0.623346

0.00199410
—0.00702941

—0.00523160
—0.00352973
—0.00534054

-0.00406996
—0.00402819
—0.00279927

—0.00028695
0.00122748

0.00334715
0.00372372
0.00438091

0.00512890
0.00118709

0.00023379
0.00171238

—0.00072457
0.00067148

—0.00009339

0.00237489
0.00006162

—0.00875109
0.01818725

yy mm
92 01

1442
103.01
0.625595

0.00148759
—0.00705741

—0.00530015
—0.00357076
—0.00538719

—0.00409365
—0.00403355
—0.00282509

—0.00027095
0.00112328

0.00333071
0.00365037
0.00428674

0.00565189
0.00114226

0.00019717
0.00173453

—0.00067628
0.00063971

—0.00008526

0.00239204
0.00007295

—0.00477571
0.03171066

yy mm
92 02

1447
102.95
0.624623

0.00139696
—-0.00708327

—0.005633222
~—0.00360587
—0.00541854

—0.00411417
—0.00405406
—0.00286122

—0.00027906
0.00098381

0.00330828
0.00363828
0.00427138

0.00563577
0.00112107

0.00018193
0.00172815

—0.00066831
0.00067198

—0.00010852

0.00241147
0.00010150

—0.00398910
0.03513732

yy mm
92 03

1458
102.18
0.621047

0.00075365
—0.00707394

—0.00529360
—0.00361878
—0.00542152

—0.00406524
—0.00403297
—0.00284943

—0.00023348
0.00106303

0.00317862
0.00365286
0.00432356

0.00671815
0.00110504

0.00012685
0.00169423

—0.00067346
0.00059442

—0.00012654

0.00240282
0.00015684

0.00100461
0.05627715



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AA1
AA2
AA3

Al
A2
A3

BAA1
BAA3

BA1
BA2
BA3

Bl
B3

TAXREGS82
TAXREGSS8

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

'RATE3MON
V30Y52WK

Table V-8 (Continued)

yy mm
92 04

1480
101.30
0.615423

—0.00027934
—0.00712984

—0.005632648
—0.00365812
—0.00547742

—0.00405607
—0.00403193
—0.00288157

—0.00024509
0.00097474

0.00325596
0.00372825
0.00423094

0.00480576
0.00100031

0.00003646
0.00159646

—0.00070165
0.00043108

—0.00001934

0.00238168
0.00012272

0.00975666
0.08978933

yy mm
92 05

1485
101.23
0.614446

—-0.00034447
—0.00713717

—0.00533910
—0.00367414
—0.00548958

—0.00405961
—0.00403615
—0.00290137

—0.00024346
0.00091767

0.00325073
0.00372522
0.00423264

0.00481156
0.00099859

0.00002372
0.00158773

—0.00070026
0.00046779

—0.00005438

0.00239440
0.00013617

0.01023762
0.09276040

yy mm
92 06

1496
99.55
0.608678

—0.00090353
~0.00708809

—-0.00523731
—0.00364968
—0.00545440

—0.00397922
~0.00398131
—0.00286100

—0.00018928
0.00097834

0.00316792
0.00374586
0.00430878

0.00495586
0.00101933

—0.00003416
0.00155966

—0.00071015
0.00032544

—0.00009112

0.00236040
0.00017284

0.01464644
0.11113399

128

yy mm
92 07

1518
99.39
0.604762

—0.00152252
—0.00710059

—-0.00520360
—-0.00364653
—0.00546623

~0.00395661
—0.00396232
—0.00286419

—0.00018264
0.00101484

0.00324446
0.00379375
0.00423611

0.00427850
0.00096917

—0.00009880
0.00149611

—0.00073522
0.00013510

—0.00001461

0.00232806
0.00012827

0.02016048
0.13049823



REGRESSION
UPTO MONTH:
NUMBER OF

OBSERVATIONS:

F VALUE:
R-SQUARE:

INTERCEPT
AAA

AAl
AA2
AA3

Al
A2
A3

BAA1l
BAA3

BA1
BA2
BA3

B1
B3

TAXREGS82
TAXREGSS

CALLNONE
CALLPAR

HITFL

BANKING
INDUSTRIAL

RATE3MON
V30Y52WK

Table V-8 (Continued)

yy mm
92 08

1523
99.52
0.604264

—0.00156649
—0.00710841

—0.00521462
—0.00365924
—0.00547721

—0.00396209
—0.00396739
—0.00287435

—0.00018134
0.00096440

0.00323903
0.00379147
0.00423383

0.00428116
0.00096431

—0.00010720
0.00149224

—0.00073272
0.00015498

—0.00003168

0.00233894
0.00014079

0.02052428
0.13210176

yy mm
92 09

1534
98.70
0.600542

~0.00190814
—0.00705050

—0.00507338
—0.00361704
—0.00543024

—0.00388810
—0.00390514
~0.00282669

—0.00013567
0.00102807

0.00320076
0.00382106
0.00429988

0.00440980
0.00099987

—0.00015581
0.00147225

—0.00074675
—0.00009103

—0.00006254

0.00230570
0.00015850

0.02348545
0.14230960

yy mm
92 10

1554
99.07
0.598273

—0.00211175
—0.00702223

—0.00499554
—0.00358797
—0.00540665

—0.00385215
—0.00387538
—0.00278355

—0.00013822
0.00107094

0.00325588
0.00382882
0.00423923

0.00402428
0.00101799

—0.00019996
0.00144278

—0.00075469
—0.00019361

—0.00005406

0.00226862
0.00012809

0.02569019
0.14795723

129

yy mm
92 11

1559
99.33
0.598131

—0.00212916
—0.00702538

-0.00501191
—0.00359477
—0.00541186

—0.00385375
—0.00387763
—0.00278778

—0.00013743
0.00104813

0.00324953
0.00382651
0.00423938

0.00402859
0.00101925

—0.00020390
0.00143990

—-0.00075276
—0.00014454

—0.00006729

0.00227344
0.00013393

0.02583522
0.14869372
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Table V-9
Summary of Actual Market Price and Model Price Regressions
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of one of the three models
using the forecasted risk premium from one of the three forecast methods as the
appropriate risk premium.
Forecast Method One: Prior quarter’s implied risk premium is the appropriate
risk premium.
Forecast Method Two: Average of previous quarters’ implied risk premia is the
appropriate risk premium.
Forecast Method Three: Regression of previous implied risk premia is the ap-
propriate risk premium.
Note that low T and F values are good here. It means that we can not reject the
null hypothesis.
«a = intercept.
B = slope.
* Not significant at 1% level.
** Also not significant at 5% level.

F for Hy:
Forecast T for Hy: a=0
Table Method Model a=0 =1 =1 R-Square
V-10 ONE BM3M 6.60 -7.11 30.51 0.750704
V-11 ONE BM30Y 5.49 —4.49 41.53 0.827151
V-12 ONE OBRW 5.98 -5.14 35.79 0.841939
V-13 ONE OBEH 7.22 ~6.74 30.46 0.822819
V-14 TWO BM3M 5.46 —-90.14 674.77 0.204141
V-15 TWO BM30Y 2.14* ~1.79%* 10.17 0.331461
V-16 TWO OBRW 2.19* —1.67%* 17.23 0.419157
V-17 TWO OBEH 2.19% -2.10* 2.64**  0.537065
V-18 THREE BM3M 21.39 -37.52 2771.11 0.453841
V-19 THREE BM30Y 6.44 —-2.93 350.59 0.674626
V-20 THREE OBRW 4.62 —0.90%*  494.30 0.537772

V-21 THREE OBEH 9.25 —8.68 47.58 0.704386



Table V-10
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OLS Regression: Actual Market Price on
Benchmark 3-Month Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of BM3M model using
the forecasted risk premium from forecast method one, prior quarter’s implied risk
premium, as the appropriate risk premium (MDLBM3M1).

F VALUE PR>F
448.68 0.0001
ROOT MSE/MEAN ROOT MSE
0.060451 0.05434662
COEFF T FOR Hg:
VARIABLE ESTIMATE COEFF =0
INTERCEPT 0.21517152 6.60
MDLBM3M1 0.74872695 21.18
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =1
MDLBM3M1 0.74872695 -7.11

R-SQUARE
0.750704
MKT MEAN
0.89901490
STD ERROR
PR >|T| OF ESTIMATE
0.0001 0.03258546
0.0001 0.03534705
PR>|T|
0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM3M1 = 1

F(2,149)
30.51 0.0001

PR>F
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Table V-11

OLS Regression: Actual Market Price on
Benchmark 30-Year Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of BM30Y model using
the forecasted risk premium from forecast method one, prior quarter’s implied risk
premium, as the appropriate risk premium (MDLBM30Y1).

F VALUE PR>F R-SQUARE
713.03 0.0001 0.827151
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.050336 ) 0.04525307 0.89901490
COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR >|T| OF ESTIMATE
INTERCEPT 0.15445146 5.49 0.0001 0.02812574
MDLBM30Y1 0.85600350 26.70 0.0001 0.03205699
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =1 PR>|T|
MDLBM30Y1 0.85600350 —4.49 0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM30Y1 =1

F(2,149)

41.53 0.0001

PR>F



Table V-12
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OLS Regression: Actual Market Price on Option-Based
Random Walk Interest Rate Model Price
Dependent Variable: Actual market price per §1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBRW model using
the forecasted risk premium from forecast method one, prior quarter’s implied risk
premium, as the appropriate risk premium (MDLOBRW1).

F VALUE PR>F

793.67 0.0001

ROOT MSE/MEAN ROOT MSE

0.048135 0.04327412
COEFF T FOR Hy:

VARIABLE ESTIMATE COEFF =0

INTERCEPT 0.15868344 5.98

MDLOBRW1 0.84576328 28.17
COEFF T FOR Hy:

VARIABLE ESTIMATE COEFF =1

MDLOBRW1 0.84576328 —5.14

R-SQUARE
0.841939
MKT MEAN
0.89901490
STD ERROR
PR >|T| OF ESTIMATE
0.0001 0.02651373
0.0001 0.03002123
PR >|T|
0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBRW1 = 1

F(2,149) PR>F
35.79 0.0001



Table V-13
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OLS Regression: Actual Market Price on Option-Based
Expectations Hypothesis Interest Rate Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBEH model using
the forecasted risk premium from forecast method one, prior quarter’s implied risk
premium, as the appropriate risk premium (MDLOBEH1).

F VALUE PR>F
691.95 0.0001
ROOT MSE/MEAN ROOT MSE
0.050963 0.04581665
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =0
INTERCEPT 0.19511386 7.22
MDLOBEH1 0.79594290 26.30
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =1
MDLOBEH1 0.79594290 —6.74

R-SQUARE
0.822819
MKT MEAN
0.89901490
STD ERROR
PR >|T| OF ESTIMATE
0.0001 0.02701779
0.0001 0.03025831
PR>|T|
0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBEH1 = 1

F(2,149) PR>F
30.46 0.0001
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Table V-14

OLS Regression: Actual Market Price on

Benchmark 3-Month Model Price

Dependent Variable: Actual market price per §1 stated value (MKT);
Explanatory Variable: Model price per §1 stated value of BM3M model using
the forecasted risk premium from forecast method two, average of previous quarters’
implied risk premia, as the appropriate risk premium (MDLBM3M2).

F VALUE PR>F R-SQUARE
38.22 0.0001 0.204141
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.108011 0.09710313 0.89901490

A COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR>|T| OF ESTIMATE
INTERCEPT 0.42269412 5.46 0.0001 0.07745177
MDLBM3M2 0.40359671 6.18 0.0001 0.06528407

COEFF T FOR Hy:

VARIABLE ESTIMATE COEFF =1 PR>|T|
MDLBM3M2 0.40359671 —-9.14 0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM3M2 = 1

F(2,149)
674.77

PR >F
0.0001
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Table V-15

OLS Regression: Actual Market Price on
Benchmark 30-Year Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of BM30Y model using
the forecasted risk premium from forecast method two, average of previous quarters’
implied risk premia, as the appropriate risk premium (MDLBM30Y2).

F VALUE PR>F R-SQUARE
73.87 0.0001 0.331461
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.098995 0.08899765 0.89901490
COEFF T FOR Hyg: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR>|T| OF ESTIMATE
INTERCEPT 0.17994454 2.14 0.0337 0.08397433
MDLBM30Y2 0.82742054 8.60 0.0001 0.09626761
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =1 PR>|T|
MDLBM30Y2 0.82742054 -1.79 0.0750

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM30Y2 = 1

F(2,149)

10.17 0.0001

PR>F
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Table V—-16

OLS Regression: Actual Market Price on Option-Based
Random Walk Interest Rate Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBRW model using
the forecasted risk premium from forecast method two, average of previous quarters’
implied risk premia, as the appropriate risk premium (MDLOBRW?2).

F VALUE PR>F R-SQUARE
107.52 0.0001 0.419157
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.092274 0.08295539 0.89901490 -
COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.15745317 2.19 0.0299 0.07183260
MDLOBRW2  0.86125306 10.37 0.0001 0.08305747
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF=1 PR>|T|
MDLOBRW2  0.86125306 ~1.67 0.0969

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBRW2 =1

F(2,149)

17.23 0.0001

PR>F



Table V-17
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OLS Regression: Actual Market Price on Option-Based
Expectations Hypothesis Interest Rate Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBEH model using the
forecasted risk premium from forecast method two, average of previous quarters’
implied risk premia, as the appropriate risk premium (MDLOBEH?2).

F VALUE PR > F
172.86 0.0001
ROOT MSE/MEAN ROOT MSE
0.082377 0.07405858
COEFF T FOR Hg:
VARIABLE ESTIMATE COEFF =0
INTERCEPT 0.12871850 2.19
MDLOBEH?2 0.86217877 13.15
COEFF T FOR Hg:
VARIABLE ESTIMATE COEFF =1
MDLOBEH2 0.86217877 —-2.10

R-SQUARE
0.537065
MKT MEAN
0.89901490
STD ERROR
PR >|T| OF ESTIMATE
0.0304 0.05889757
0.0001 0.06557694
PR>|T|
0.0373

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBEH2 =1

F(2,149) PR>F
2.64 0.0749
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OLS Regression: Actual Market Price on
Benchmark 3-Month Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of BM3M model using the
forecasted risk premium from forecast method three, regression of previous implied
risk premia, as the appropriate risk premium (MDLBM3M3).

F VALUE PR>F
123.81 0.0001
ROOT MSE/MEAN ROOT MSE
0.089476 0.08044053
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =0
INTERCEPT 0.59709850 21.39
MDLBM3M3 0.22873590 11.13
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF =1
MDLBM3M3 0.22873590 -37.52

R-SQUARE
0.453841
MKT MEAN
0.89901490
STD ERROR
PR >|T| OF ESTIMATE
0.0001 0.02791173
0.0001 0.02055650
PR>|T|
0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM3M3 =1

F(2,149) PR >F
2771.11 0.0001
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Table V-19

OLS Regression: Actual Market Price on
, Benchmark 30-Year Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of BM30Y model using
the forecasted risk premium from forecast method three, regression of previous
implied risk premia, as the appropriate risk premium (MDLBM30Y3).

F VALUE PR>F R-SQUARE
308.93 0.0001 0.674626
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.069062 0.06208785 0.89901490
COEFF T.FOR H: STD ERROR
VARIABLE ESTIMATE COEFF =0 PR>|T| OF ESTIMATE
INTERCEPT 0.24257248 6.44 0.0001 0.03768788
MDLBM30Y3 0.85692181 17.58 0.0001 0.04875373
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF=1 PR>|T|
MDLBM30Y3 0.85692181 —2.93 0.0039

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLBM30Y3 =1

F(2,149)

350.59 0.0001

PR>F
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Table V-20

OLS Regression: Actual Market Price on Option-Based
Random Walk Interest Rate Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBRW model using the
forecasted risk premium from forecast method three, regression of previous implied
risk premia, as the appropriate risk premium (MDLOBRW3).

F VALUE PR>F R-SQUARE
173.35 0.0001 0.537772
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.082314 0.07400195 0.89901490
COEFF T FOR Ho: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.23472024 4.62 0.0001 0.05081222
MDLOBRW3  0.93506634 13.17 0.0001 0.07108792
COEFF T FOR. Hy:
VARIABLE ESTIMATE COEFF=1 PR>|T|
MDLOBRW3  0.93506634 ~0.90 0.3692

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBRW3 = 1

F(2,149)

494.30 0.0001

PR>F



142

Table V-21

OLS Regression: Actual Market Price on Option-Based
Expectations Hypothesis Interest Rate Model Price
Dependent Variable: Actual market price per $1 stated value (MKT);
Explanatory Variable: Model price per $1 stated value of OBEH model using the
forecasted risk premium from forecast method three, regression of previous implied
risk premia, as the appropriate risk premium (MDLOBEH3).

" F VALUE PR>F R-SQUARE
355.04 0.0001 0.704386
ROOT MSE/MEAN ROOT MSE MKT MEAN
0.065828 0.05918034 0.89901490
COEFF T FOR Hy: STD ERROR
VARIABLE ESTIMATE COEFF=0 PR >|T| OF ESTIMATE
INTERCEPT  0.29825098 9.25 0.0001 0.03224529
MDLOBEH3  0.68455819 18.84 0.0001 0.03633073
COEFF T FOR Hy:
VARIABLE ESTIMATE COEFF=1 PR>|T|
MDLOBEH3  0.68455819 ~8.68 0.0001

JOINT HYPOTHESIS: INTERCEPT = 0 AND MDLOBEH3 = 1

F(2,149)

47.58 0.0001

PR>F



FORECAST METHOD ONE:

Table V-22
Mean Square Error (MSE) and Its Components

PRIOR QUARTER’S IMPLIED RISK PREMIUM

BIAS

INEFFICIENCY
RANDOM ERROR
MEAN SQUARE ERROR

FORECAST METHOD TWO:

AVERAGE OF PREVIOUS QUARTERS’ IMPLIED RISK PREMIA

BIAS

INEFFICIENCY
RANDOM ERROR
MEAN SQUARE ERROR

BM3M

0.00020525
0.00098845
0.00291444
0.00410813

BM3M

0.07905941
0.00521141
0.00930413
0.09357495

FORECAST METHOD THREE:
REGRESSION OF PREVIOUS IMPLIED RISK PREMIA

BIAS

INEFFICIENCY
RANDOM ERROR
MEAN SQUARE ERROR

BM3M

0.17717331
0.06032268
0.00638497
0.24388097

BM30Y

0.00085272
0.00027364
0.00202072
0.00314707

BM30Y

0.00089786
0.00016858
0.00781567
0.00888211

BM30Y

0.01768045
0.00021987
0.00380384
0.02170416

OBRW

0.00056044
0.00032734
0.00184785
0.00273563

OBRW

0.00144312
0.00012717
0.00679045
0.00836074

OBRW

0.03582421
0.00002943
0.00540375
0.04125740
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OBEH

0.00021473
0.00063224
0.00207136
0.00291834

OBEH

0.00003119
0.00016044
0.00541203
0.00560366

OBEH

0.00045887
0.00174851
0.00345592
0.00566331
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