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ABSTRACT

The behavior of the term structure of zero-coupon bonds parallels the behavior of coupon
bonds. Previous studies have demonstrated that there are synchronous changes among
different maturities of coupon bonds. Results of statistical and sign tests are used to
measure the degree of synchronicity, the relative amplitude of change and the amount of
sensitivity among different paired maturities for zero-coupon bonds. A comparison is then
made to the results of coupon bonds to verify that the behavior of the term structure of
zero-coupon bonds are consistent with observations in previous studies, including a study
of high-grade corporate bonds from 1901-1954 by Dr. David I. Meiselman. Generally, all
maturities move in the same direction with short term rates more synchronous than longer
term rates. Also, there is a general tendency for relative volatility to vary inversely with
maturity, therefore, short term maturities have a greater degree of volatility than do long

term maturities. The results are generally consistent with Meiselman's earlier findings.
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1. INTRODUCTION

1.1 Thesis Objectives

The purpose of this study is to evaluate the term structure of interest rates for zero-
coupon bonds, comparing findings to previous studies conducted on corporate and
government coupon bonds. Coupon bonds, as a whole, impose an implicit problem
when one is trying to analyze their yield curves because the stated maturity of a coupon
bond is not representative of the true weighted maturity, or duration, of the bond. A
result of this study will be an ability to quantify the amount of systematic difference in
estimation of the yield curves for coupon bonds this coupon/duration effect has. Chapter
1 of this thesis provides the reader with an introduction to the relevance of term
structure, highlights previous studies of term structure of interest rates for various types
of coupon bonds, and provides definitions of key terms relevant to the study of term
structure. Chapter 2 describes the data used in this study and the methods of testing.
Chapter 3 summarizes the results obtained from the tests outlined in Chapter 2; and
Chapter 4 describes the implications of the results in comparison to previous studies'

results.

1.2 Background

The term structure of interest rates plays an integral part in understanding and estimating
interest rate movements within financial markets. "The term structure of risk-free

interest rates is fundamental to every aspect of the theory and practice of investment and



corporate finance".! Given the term structure, any certain future cash flow pattern can
be represented as a present value. Policymakers, money managers, and individual
investors often look to the term structure of interest rates for clues about the market's
expectation regarding future interest rates. If individuals have a different forecast of
market outlook this may cause them to speculate against the market through the trading
of bonds. This trading moves bond prices and thus leads to a melting of private

information with public information embodied in the term structure 2

In The Term Structure of Interest Rates (1962), David Meiselman analyzed yield curves

from 1901-1954 for annual high-grade corporate bond data. Meiselman found that the
movements of interest rates were systematically synchronous for all maturities and that
the amplitude of change was inversely related to maturity. Therefore, short term
maturities had a greater relative change in rates compared to long term maturities. An
important conclusion of Meiselman was that the yield curve as a whole is a family of

rates each member of which is systematically related to each other.3

Voss (1990) conducted the same tests as Meiselman, however, using monthly Treasury
bond data from 1955-1989 . Voss found that there are synchronous changes in all
maturities and that generally, all maturities move in the same direction with a high degree

of correlation*, thus confirming Meiselmans' results

IThomas Coleman, Lawrence Fisher, Roger Ibbotson, U.S. Historical Treasury Yield Curves, 1993
Edition, Ibbotson Associates, 1993.

2Peter A. Abken, "Innovations in Modeling the Term Structure of Interest Rates", Financial Derivatives
New Instruments and Their Uses, Federal Reserve Bank of Atlanta, December 1993.

3David Meiselman, The Term Structure of Interest Rates, Englewood Cliffs: Prentice Hall, 1962.




Sultan (1995) continued Voss's study by carrying out the same tests but with some
modifications: (1) extending the time covered from 1980-1994 and (2) using daily
Treasury data. Sultan found that there was a high level of synchronization among
component parts of the Treasury issue yield curve and that volatility varied inversely

with maturity’, thus confirming Meiselman's and Voss's results.

1.3 Definitions

Coupon Bond

A coupon bond is a security that obligates the issuer to make specified payments to the
holder on specified intervals for the life of the bond and then, in addition, to pay the
bond's par value at the bond's maturity date. The coupon rate of the bond is the coupon
payment divided by the bond's par value. The cash flows from a coupon bond consist of
coupon payments until the maturity date plus the final payment of par value, which can

be expressed as:

T

Bond Value = 2 Coupon + Par Value
=l q+nt 1+t

4Maj-Lis A. Voss, The Term Structure Of Interest Rates: U.S. Government Bonds, 1955-1989,
Blacksburg: Virginia Polytechnic Institute and State University, 1990.

SMichael Sultan, An Analysis Of The Term Structure Of Interest Rates, January 1980 - March, 1994,
Blacksburg: Virginia Polytechnic Institute and State University, 1995.




T is the maturity date in years, r is the interest rate per year, and each coupon payment is
discounted based on the time until it will be paid®. This assumes the same rate of interest

(or discount) for all the elements in the payment stream.

Duration

Duration is a weighted average term-to-maturity of the security's cash flows’. The
weight applied to each time to payment should be a proportion of the present value of
the payment divided by the bond price®. The weight, Wz, associated with the cash flow

made at time #(CFY) is:
W;= Qt/( 1+y [t

Bond Price
y = the bond's yield to maturity

The numerator on the right-hand side of the equation is the present value of the cash
flow occurring at time . The denominator is the value of all the payments forthcoming
from the bond. Using the above values to calculate the weighted average of the times
until receipt of each bond's payments we obtain Macualay's formula for duration,

denoted D:

6Zvi Bodie, Alex Kane, Alan J. Marcus, Essentials Of Investments, Second Edition, Irwin, 1995.

7Frank Fabozzi and T. Dessa Fabozzi, The Handbook Of Fixed Income Securities, Fourth Edition,
Irwin, 1995.

87vi Bodie, Alex Kane, Alan J. Marcus, Essentials Of Investments, Second Edition, Irwin, 1995.



T

D= EtXWt
t=1

The greater the duration of a bond, the greater its percentage price volatility per basis

point change in interest rates. A zero-coupon bond will have a larger duration than a
coupon bond of the same duration, because with other factors held constant, the lower
the coupon rate the greater the duration of the bond. A zero-coupon's return is solely
dependent upon price appreciation, therefore, it is understandable that a zero-coupon
bond would have a greater duration and thus greater price volatility than a coupon

bond.?

Term Structure

The term structure of interest rates is defined as the relationship between interest rates
(or spot rates) on bonds of different maturities.!? Stating the term structure of interest
rates is equivalent to specifying the form and parameters of the function that shows the
relationship between the present value and the time until payment.!! This relationship

applies directly to single-payment notes such as zero-coupon bonds. The shape of the

9Frank Fabozzi and T. Dessa Fabozzi, The Handbook Of Fixed Income Securities, Fourth Edition,
Irwin, 1995.

10peter A. Abken, "Innovations in Modeling the Term Structure of Interest Rates", Financial Derivatives
New Instruments and Their Uses, Federal Reserve Bank of Atlanta, December 1993.

11Thomas Coleman, Lawrence Fisher, Roger Ibbotson, U.S. Historical Treasury Yield Curves, 1993
Edition, Ibbotson Associates, 1993.




term structure appears to have an impact on future real economic activity, including

consumption and investment, and it also contains useful forecasts of future inflation.!2

Yield Curve

A vyield curve is a graphical depiction of the relationship between yield to maturity, the
measure of the average rate of return that will be earned on a bond if held to maturity,
and the term to maturity. Typically the yield to maturity is graphed on the vertical axis
(y-axis) and the term (time) to maturity is graphed on the horizontal axis (x-axis). There
are four general shapes of yield curves that have been observed in the United States over
time: (a) an upward sloping yield curve, yield rises steadily as maturity increases; (b) a
downward sloping or inverted yield curve, yields decline as maturity increases; (c) a
humped yield curve, yields first increase as maturities ? then decline as maturity

increases; and (d) a flat yield curve, yields stay the same as maturity increases.

Zero-Coupon Bond

A zero-coupon bond makes only one payment, the par value at maturity date and thus
has a zero coupon rate. Before maturity, zero-coupon bonds sell at a discount from par,
because of the time value of money. The final return on a zero-coupon bond is derived

solely from the price appreciation at the time of maturity.13 US Treasury bills are

12Frank Fabozzi and T. Dessa Fabozzi, The Handbook Of Fixed Income Securities, Fourth Edition,
Irwin, 1995.

13peter A. Abken, "Innovations in Modeling the Term Structure of Interest Rates", Financial Derivatives
New Instruments and Their Uses, Federal Reserve Bank of Atlanta, December 1993.




examples of short-term zero-coupon instruments. Longer-term zero-coupon bonds may
be created synthetically. Investment banking firms buy coupon-paying Treasury bonds
and notes and sell rights to single payments backed by the bonds. The coupons are
stripped by the investment banks and so are called Treasury strips. The single payments
are zero-coupon bonds collateralized by the coupon or principle payments of the original
Treasury securities and therefore are virtually free of default risk. The yield to maturity

for a zero-coupon bond is:

B®®) =1/[1 +R(n)]"?

R(n), is the yield to maturity of an » period zero-coupon bond, and B(¥), is the bond

price at time ¢.



2. DATA

2.1 Description

This study examines U.S. Treasury obligations of 10 different maturities; ranging from
six months to 30 years. The observation period begins April 30, 1991 and ends August
16, 1991. The data consists of daily bid yields on coupon interest of U.S. Treasury
Strips; obtained from the Wall Street Journal. The bid yields on coupon interest are used
instead of the bid yields on note and bond principle because some Treasury notes and
bonds have a call feature and the yields on these instruments are calculated to the earliest
call date, therefore, there are sequential time periods of no quoted bid yields on principle.
For example, from 2010 to 2015 there are no bid yields on bond principle listed for
Treasury bonds maturing during these years because all Treasury bonds issued to mature

during 2010 to 2015 were issued with a call feature.

Richard Anderson of the Federal Reserve Bank of St. Louis converted my daily bid

yields to prices using equations from the Standard Securities Calculation Methods

(Security Industry Association, 1993). Next, the Federal Reserve Board's Mathmatica
program was used to fit yield curves to the price data. The computer program fits an
interpolated curve using cubic spines with endogenously chosen knots. The knots are
selected according to a prediction error criterion, generalized cross-validation. The yield
curve cannot be written as an equation as it exits only as an interpolating (not
interpolated) function. The points that were selected on the curve are 180, 360, 720,

1080, 1800, 2520, 3600, 4900, 7200, and 10800 days (based on a 360 day year). The



Federal Reserve Board uses the same program to fit yield curves to coupon bonds which
they publish daily. The Sultan and Voss studies used this data. The estimated zero-

coupon yield data will be referred to as the Anderson-Leies zero-coupon yield data.

The object of this study is to specifically compare the results of tests on the zero-coupon
data set with results obtained by Sultan using coupon bonds for the same time frame and
generally compare the results on the zero-coupon data set with previous studies by Voss

and Meiselman.

Sultan's data set consisted of daily observations on Treasury note yields of 10 maturities

for the period from January 2, 1980 to March 31, 1994.

2.2 Overview of Analyses

Comparison of Averages

Monthly averages were calculated and a comparison was made to Sultan's data and also

to the zero-coupon data that is contained in the Historical U.S Treasury Yield Curves.

Data was compared to Sultan's to identify trends and to specifically compare his data on
the one year Treasury Bill (a pure zero-coupon bond) to the Anderson-Leies,
(synthetically created) zero-coupon bond. Data was compared to the estimated zero-

coupon yield data in the Historical U.S. Treasury Yield Curves for two reasons: (1) as a

verification of my yield curve data set and (2) to compare the results of two different



estimation processes, the one used by the authors of the Historical U.S Treasury Yield

Curves and the one used in this study.

Sign Test

The sign test involves comparing changes in the yield of maturity A with maturity B.
The change is recorded as either "+", "-" or "0" for positive, negative or zero changes,
respectively. These signs are compared daily for all combinations of all pairs of, and
results are counted. The results are then organized into four matrices, three of which
will contain the total number of individual simultaneous matches, i.e. simultaneous
positive matches, simultaneous negative matches, and simultaneous zero matches, out of
the total number of either positive, negative, or zero movements in each sample. The
fourth matrix will contain the total number of same direction matches out of the total
number of observations. The matrices will be presented as totals and as percentages and

then will be compared to the same type of matrices from Sultan's data set.

Synchronization

To test for synchronizational movements of the term structure, i.e. where two or more
rates move in the same direction, the sums of the entries of the sign test matrices are
examined. These sums show how often rates move together (in the same direction),
move in opposing directions, or do not move at all. First an examination will be made of
the total number of same directional movements among rates and then an examination
will be made of whether the movements seem to follow a particular pattern, positive

negative or zero. These results will be compared to Sultan's results.

10



Regression Correlation

Regression analysis is performed in order to produce coefficients estimating functional
relationships among Treasure yields. Prior to running the regressions it is necessary to
take the first differences of the daily yields. Regressions are performed, first Y on X (the
independent variable on the dependent variable), and then X on Y (the dependent
variable on the independent variable). Correlation and regression coefficients are
obtained from the regression results. Correlation coefficients indicate the "goodness of
fit" of the data and regression coefficients indicate relative volatility among rates. These
correlation and regression coefficients are organized into separate matrices so that the
relationships can be easily identified. A comparison will be made between the zero-

coupon results and the coupon bond results found by Sultan.

11



3. RESULTS AND DISCUSSION

The statistical and analytical results of the tests described in Chapter 2 are presented in
this chapter. There are four sections, Section 3.1 compares the end of month and

monthly averages of the estimated zero-coupon yields from the Historical U.S. Treasury

Yield Curves, my zero-coupon yield data, Sultan's coupon yield data, and the lyear
Treasury Bill yield data. These comparisons are made in order to independently compare
and verify the Federal Reserve Board's method used in this study to estimate the zero-
coupon yield curves. Sections 3.2 and 3.3 examine the synchronization of the direction
of change of the alternative pairs of maturities. This analysis highlights how often rates
on specific maturities move with the majority of the other rates in the yield curve as well
as focusing on any dominant single directional movements. The last section, Section 3.4
examines the regression results. The correlation coefficients and regression coefficients
highlighted in Section 3.4 describe the volatility and sensitivity of and among the

different issues of the zero-coupon yield curve.

3.1 Comparison Results

Table 3.1-1 shows the end of month yield data and the monthly averages of the end of

month yield data for the estimated zero-coupon yields from the Historical U.S. Treasury
Yield Curves (hereafter referred to as the Ibbotson zero-coupon yield data), for the
Anderson zero-coupon yield data, and for Sultan's coupon yield data. A comparison is
made between my zero-coupon data and the estimated zero-coupon data, and between
the Anderson zero-coupon data and Sultan's coupon data. The Ibbotson zero-coupon

data is derived from the calculated forward rates of coupon bonds and then a "discount

12
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factor" is applied to these forward rates to obtain the estimated zero-coupon yield, spot
rate, data (the Ibbotson study did not present enough detail to pursuit precise
replication). Therefore, by comparing the Anderson-Leies zero-coupon data with
Sultan's data and the Anderson-Leies zero-coupon data with the Ibbotson zero-coupon
data we will be able to observe the amount of systematic difference resulting from the

coupon effect on the yield data.

In comparing the end of month data, we can see that there is, generally, the least
difference between the zero-coupon rates and the coupon rates for the longer term
maturities, 10 and 30 years. The figures under the two column headings: 10year and
30year of Table 3.1-2 show the difference between the Anderson-Leies zero-coupon
data, the Ibbotson yield data and the coupon yield data. Comparing the figures under the
two column headings of 10year and 30Oyear for subtable A. Anderson-Leies Zero-
Coupon Yield Data Minus Ibbotson Yield Data and subtable C. Anderson-Leies Zero-
Coupon Yield Data Minus Coupon Yield Data shows the differences among these series,
between the Anderson-Leies zero-coupon yield data and the Ibbotson yield data or

between the Anderson-Leies zero-coupon yield data and the coupon yield data.

When comparing the figures within the table, only their absolute amounts were
considered. In every instance but one (June 10year) the figures in subtable C.
Anderson-Leies Zero-Coupon Yield Data Minus Coupon Yield Data and under the
column headings of 10year and 30year of Table 3.1-2, Comparison of Month-End Yield
Data, are less than the numbers in subtable A. Anderson-Leies Zero-Coupon Yield Data
Minus Ibbotson Yield Data. The fact that the values are less in subtable C than the

figures in subtable A signifies that for long term maturities there is less divergence

14
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between the Anderson-Leies zero-coupon yield data and coupon yield data in
comparison to between Ibbotson zero-coupon yield data and the Anderson-Leies zero-
coupon yield data. In turn, this implies that the amount of systematic difference due to
the coupon is greater for the Ibbotson (estimated) zero-coupon yield data for the long

term maturities.

The coupon effect, however, cannot be observed when examining the shortest term
maturity yield data, the first 3 columns of Table 3.1-2. The Treasury Bill is already a
zero-coupon instrument and the duration difference between a one or two year zero and
a one or two year coupon issue is so small that it is not likely to be evident in the data.
In principal, the coupon effect, itself, increases with maturity, thus, even intermediate
term issues may not show a discernible or distinct coupon effect either, as is shown in

columns 4 through 6 of Table 3.1-2.

Subtables A. Anderson-Leies Zero-Coupon Yield Data Minus Ibbotson Yield Data and
C. Anderson-Leies Zero-Coupon Yield Data Minus Coupon Yield data show that nether
subtable has a predominantly greater difference for either of the shortest term or
intermediate maturity lengths. For example, comparing the absolute numbers under the
6month column heading for subtables A and C, subtable A has a greater difference for
April (3 compared to 2) and for July (2 compared to 0) but subtable B has a greater
difference for May (11 compared to 4) and June (8 compared to 6). Continuing across
to the 2year column heading, subtable A has greater differences for April and May but
subtable C has greater differences for June and July. Continuing to the Syear column
heading, subtable A has greater differences for April and May but subtable C has greater

differences for July. Again, continuing across to the 7year column heading, subtable A

16
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has greater differences for May but subtable C has greater differences for April, June and
July. Under some short term and intermediate maturity columns subtable A has the
larger number of greater differences and under other maturities subtable C has the larger
number of greater differences. Therefore, there is no implication here that the amount of
difference between each (the Ibbotson yield data and the coupon yield data) and the
Anderson-Leies zero-coupon yield data is predominantly greater for either of the bodies

of data, as was the case with the long term maturities.

A comparison between the 1 year Treasury Bill, which is a pure discount bond, and my
1 year zero-coupon bond is seen in Table 3.1-3, subtable D. Anderson-Leies Zero-
Coupon Yield Data Minus 1Year T-Bill Yield Data. This comparison is an independent
verification to see how "good" or close the Federal Reserve Board's estimation method
of the (Anderson-Leies) zero-coupon yields are to a true zero-coupon Treasury Bill
yield. Subtable D, which shows the difference between the 1 year T-bill yield data and
the 1 year Anderson-Leies zero-coupon yield data, indicates some clear results: for the
monthly averages from May 1991 to July 1991 the average amount of difference
between the lyear Anderson-Leies zero-coupon yield data and the lyear T-bill was 3.67
basis points and the largest difference between the two yields was only 9 basis points.
The small differences suggest that the Federal Reserve Board's estimation method is

implicitly a good estimate of a true zero-coupon yield curve.

3.2 Synchronization

Next, I examine whether changes in different maturities systematically move in the same

direction, opposite direction, or no direction at all. Yield curve behavior, with respect to
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direction of change classified by maturity, can easily be examined by evaluating the
matrices containing the total counts of the simultaneous positive, negative, or no-change
changes in yields. These counts are not only indicative of synchronicity among rates but
also how often yields move in the same direction. Tables 3.2-1 and 3.2-2 confirm the
hypothesis that rates, generally, tend to move in the same direction. Examination of
these tables indicates that there is high degree of sychronicity among all the various
maturities for the Anderson-Leies zero-coupon yields and the coupon yields, with the

level or percentage of synchronicity never falling below 50%.

Table 3.2-1 shows the levels of sychronicity for the Anderson-Leies zero-coupon yields
for various maturities, and Table 3.2-2 shows the levels of synchronicity of the yields on
coupon issues for various maturities. In comparing the results of the Anderson-Leies
zero-coupon data set with that of the coupon issue data set we can see that, generally,
the short term maturities of the Anderson-Leies zero-coupon rates are more synchronous
than the coupon issue rates. For example, in Table 3.2-1 the level of synchronicity of the
Anderson-Leies zero-coupon lyear/6month pair, with the 6months on the horizontal axis
and the lyear on the vertical axis, is 93%. The level of synchronicity of the
6month/2year pair is 77%. Moving down the first column on the left-hand side of Table
3.2-1, the 6month/Syear pair has a 67% level of synchronicity, the 6month/10year pair
has a 56% level of synchronicity and the 6month/30year pair has a 59% level of
synchronicity. Even though there is a slight increase between the levels of synchronicity
for the 6month/10year pair and the 6month/30year pair, it is easy to see that the levels of

synchronicity are lower as the maturity increases for one of the members of the pair.
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Comparing the above Anderson-Leies zero-coupon levels of synchronicity with the
coupon yield levels in Table 3.2-2 we see the level of synchronicity for the coupon
lyear/6month pair is 71%, a -22% difference from the zero-coupon level. The level of
synchronicity among the coupon 6month/2year pair is 64%, a -13% difference from the
zero-coupon level of synchronicity. The level of sychronicity among the coupon
6month/Syear pair is 53%, a -14% difference from the zero-coupon level of
synchronicity. The level of sychronicity among the 6month/10year pair is 57%, a +1%
difference from the zero-coupon level of synchronicity; and the level of sychronicity
among the 6month/30year pair is 55%, a -4% difference from the zero-coupon level of
synchronicity. The predominant negative sign of the differences signifies that the
Anderson-Leies zero-coupon level of synchronicity is greater than the coupon level of

synchronicity.

Table 3.2-1 also examines the other relationships between all the other yield-maturity
combinations of the Anderson-Leies zero-coupon rates. For example, the
synchronization, changes in the same direction, between the 2year Anderson-Leies zero-
coupon rate, on the horizontal axis, and all the other paired rates, on the vertical axis, is
as follows: the pair of 2year/3year has a 80% level of synchronicity; the 2year/Syear pair
has a 76% level of synchronicity; the 2year/10year pair has a 65% level of synchronicity;

and the 2year/30year pair has a 65% level of sychronicity.

Moving across the horizontal axis of Table 3.2-1 to the column heading Syear, the
relationship between the Anderson-Leies zero-coupon Syear rate and all the other paired
Anderson-Leies zero-coupon rates, on the vertical axis is examined. The Syear/7year

pair has a level of synchronicity of 89%; the Syear/10year pair has a level of
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synchronicity of 77%; and the Syear/30year pair has a level of synchronicity of 73%.
Table 3.2-3 shows the results from comparing the Anderson-Leies zero-coupon levels of
synchronicity with the coupon levels of synchronicity. The numbers (0, 15, 8, 8) under
the horizontal column heading Syear, in Table 3.2-3, represent the difference between the
Anderson-Leies zero-coupon levels of synchronicity and the coupon levels of
synchronicity for related pairs of maturities. The positive sign of these numbers indicates
that the levels of synchronicity for the Anderson-Leies zero-coupon pairs are higher than

the levels for the coupon pairs.

Continuing across the horizontal axis of Table 3.2-1 to the 10year column heading, the
relationship between the Anderson-Leies zero-coupon 10Oyear rate with all the other
paired Anderson-Leies zero-coupon rates is examined. The 10year/13year pair has a
84% level of synchronicity; the 10year/20year pair has a level of synchronicity of 89%,;
and the 10year/30year pair has a 81% level of synchronicity. The numbers (0, 2) under
the column heading 10year, in Table 3.2-3, represent the difference between the
Anderson-Leies zero-coupon levels of synchronicity and coupon levels of synchronicity
for the related pairs of maturities (notice that the coupon data set do not contain a
13year maturity nor a 20year maturity, hence differences can only be taken between the
10year/10year and 10year/30year combinations). Again the positive sign of the "2"
indicates that the levels of synchronicity for the Anderson-Leies zero-coupon pairs are

higher than the levels of synchronicity for the coupon pairs.
Table 3.2-3 shows the above observations of the differences between the levels of

synchronicity for the Anderson-Leies zero-coupon and coupon yields. Table 3.2-3 also

emphasizes the more volatile relationship between the intermediate paired rates. For
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example, the difference between the Anderson-Leies zero-coupon and coupon level of
synchronicity for the 7year/3year combination is -1, thus signifying that the coupon level
of synchronicity is 1 percentage point higher than the Anderson-Leies zero-coupon level
of synchronicity. The next combination, the 7year/Syear, has a difference of 15, thus
signifying that the Anderson-Leies zero-coupon level of synchronicity is 15 percentage
points higher than the coupon level of synchronicity. This movement from -1 for one
combination to 15 for the next combination characterizes the volatile pattern that takes

place among the intermediate rates.

3.3 Sign Tests and Individual Synchronization

I next examined whether synchronization is affected by the direction of change in yields.
In order to evaluate the degree of synchronization among the different maturities for the
Anderson-Leies zero-coupon yields and the coupon yields, first differences of the daily
yield data for both my set of data were taken as well as the overlapping time period of
Sultan's data set. After the first differences had been calculated, a sign test was
performed for all of the combinations of pairs of the 10 separate maturities. Each first
difference was converted from it's numerical value into a sign; either a "+", "-", or "0" for
a positive, negative, or zero change. It is important to distinguish all of the same
direction movements among the different pairs of maturities. For example, if the 1 year
rate increased, how many of the other rates increased and if the 10 year rate decreased,

how many of the other rates also decreased?

Table 3.3-1 shows the number and the percentage of simultaneous positive matches (i.e.

where both rates increased) for the Anderson-Leies zero-coupon yield data set. Tables
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3.3-2 also identifies the number of positive matches but for Sultan's coupon data set.
Tables 3.3-3, 3.3-4, 3.3-5, and 3.3-6 show the number of simultaneous negative and zero
matches, respectively for the Anderson-Leies zero-coupon and coupon data sets.
Comparing the results in the three tables for the Anderson-Leies zero-coupon yield data,
Tables 3.3-1, 3.3-3, and 3.3-5, we can see that simultaneous negative changes dominate
the pattern for the 2year, 3year, Syear, and 7year maturities listed on the vertical axis of
Table 3.3-3. The simultaneous negative changes dominate the pattern such that the
percentage levels of synchronization are higher for the simultaneous negative matches
than for either the simultaneous positive matches or the simultaneous zero matches. The
fact that simultaneous negative matches tend to dominate the pattern for some of the
short term and some of the intermediate rates does not indicate that there is not a high
degree of synchronicity among the other rates. It merely indicates that there is a pattern

of simultaneous negative matches for those maturities.

3.4 Regression Results

Next, I evaluate the relative sensitivities of changes in yields of different maturities. For
example, if the Syear rate increases by a given amount, how much is the change in the
lyear rate, the 10year rate, and so forth. The corresponding correlation coefficients

show how dependable the regression relationship is.

Tables 3.4-1, 3.4-2 and 3.4-3 contain the regression results from running regressions of

the first differences for all the pairs of the 10 maturities for the Anderson-Leies zero-

coupon data set as well as the coupon data set. A total of 100 alternative combinations
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of maturities was regressed so that the relationship of the independent variable on the
dependent variable and also the dependent variable on the independent variable could be
addressed separately. The resulting regression coefficients and correlation coefficients
are shown in matrix form. The correlation coefficient tells us how good the "fit" is
between the two maturities in the combination and the regression coefficient describes
the sensitivity of the systematic relation between the dependent variable and the

independent variable.

It is important to note the comparison of the correlation coefficients for the Anderson-
Leies zero-coupon yield curve data and the coupon yield curve data for the combination
6month/lyear. When examining Tables 3.4-1, 3.4-2 and 3.4-3, the 6month yield is the
dependent variable and the lyear yield is the independent variable for this combination.
The correlation coefficient for the Anderson-Leies zero-coupon yield data in Table 3.4-1
is .745 and the correlation coefficient for the coupon yield data in Table 3.4-2 is .555.
This .19 difference is consistent with the hypothesis that the coupon causes variation
both to the degree of sychronicity described previously and as well as the level of the

correlation coefficient.

However, it is very interesting that as maturity increases this difference reduces and then
disappears. In fact, for longer term maturities the coupon yield data have higher
correlation coefficients than do the Anderson-Leies zero-coupon yield data. This effect
can be seen in Table 3.4-3, which highlights the differences between the correlation
coeflicient for the Anderson-Leies zero-coupon yield data and the correlation coefficient
for the coupon yield data. For example, the results for the 6month, lyear and 2year

column headings and 6month, lyear, 2year and 3year row headings of Table 3.4-3
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indicate that the difference amounts are positive, thus signifying that the Anderson-Leies
zero-coupon correlation coefficient is greater than the coupon correlation coefficient.
However, as maturity increases, along both the horizontal and vertical axes of Table
3.4-3, notice that the difference amounts become negative numbers, thus signifying that
the coupon correlation coefficients are greater than the Anderson-Leies zero-coupon

correlation coefficients.

The fact that the differences between the correlation coefficients declines as maturity
increase can be explained by the different duration properties of zero-coupon and
coupon bonds. As described in chapter 2, a zero-coupon bond's duration is equal to it's
maturity. A coupon bond's duration, however, is always less than it's maturity, due to
the effect the inclusion of coupons have on measuring the effective maturity (or
duration) of the bond. Consequently, it could be more accurate to compare a 20year
zero-coupon bond with a 30year coupon bond, in order to compare instruments with
equal duration. The different role that duration plays for zero-coupon and coupon bonds
explains why we see a decline in the differences in correlation coefficients as maturity

increases.

The regression coeflicients examine the relationship between the dependent variable and
the independent variable for each combination. Comparing the regression coefficient
results obtained in Tables 3.4-1B and 3.4-2B, shows a greater difference between the
Anderson-Leies zero-coupon yield data and the coupon yield data. The Anderson-Leies
zero-coupon yield data suggests a monotonic decreasing relationship, (for example, the

relationship between the lyear rate and the 20year rate is nearly flat - .372), while the
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coupon yield data suggests a monotonic increasing relationship, (for example, the

numbers increase as you move to the right in Table 3.4-2B).

Furthermore, the higher regression coefficients under the column headings 6month,
lyear and 2year of Table 3.4-1B in comparison to the regression coefficients under the
same column headings of Table 3.4-2B show that there is higher volatility among the
short term rates in comparison to the long term rates for the Anderson-Leies zero-
coupon yield curves, this is consistent with the results Meiselman found when studying
high-grade corporate bonds. Table 3.4-1B indicates that if there is a 100 basis point
change in the 6month rate, on the vertical axis, then the 10year rate, on the horizontal
axis, will change by 22.4 basis points and if there is a 100 basis point change in the
30year rate, on the vertical axis, then the 6month rate, on the horizontal axis, will move
96.6 basis points. This indicates that the short term rates are more volatile. As with
Sultan's earlier findings, the regression coefficients generally vary inversely with
maturity. This inverse relationship confirms that there is systematically greater volatility

among shorter term maturities.
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4. SUMMARY AND IMPLICATIONS

4.1 Summary of Results

The purpose of this paper was to estimate and evaluate a yield curve derived from zero-
coupon Treasury bond issues. Several methods were used to validate the accuracy of the
estimated yield curves. The methods of validation included comparing the Anderson-
Leies zero-coupon yield data to Ibbotson estimated zero-coupon yield data, comparing
the lyear Anderson-Leies zero-coupon yield data to the lyear Treasury Bill, and lastly

comparing the Anderson-Leies zero-coupon yield data to coupon yield data.

The results, highlighted in detail in chapter 3, showed that the estimation process used to
obtain the Anderson-Leies zero-coupon yield data in this study is consistent with it being
a valid and accurate methodology. For example, the 1year Anderson-Leies zero-coupon
yield data was notably similar to the lyear T-bill yield data, thus signifying that the
Federal Reserve Board's estimation method is implicitly a good estimate, at least of the
lyear zero rate. Further analysis of the comparative results showed that there are larger
differences for the long term maturities between the yields of the Anderson-Leies zero-
coupon data and the Ibbotson estimated zero-coupon yield data than between the
Anderson-Leies zero-coupon and the coupon yield data. This larger difference is
puzzling and raises questions about the Ibbotson estimates. It is notable that the
Anderson-Leies estimates of the one year zero-coupon yields are closer to the lyear
Treasury Bill yields than the Ibbotson estimates. This fact serves as independent
evidence for the reliability of the Anderson-Leies estimates, at least at the short end of

the yield curve.
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The behavior of the Anderson-Leies zero-coupon yield curve, with respect to
synchronization, is similar to the behavior of yield curves previously studied by
Meiselman, Voss and Sultan; where the majority of rates tend to move in the same
direction. Examination of the movements of the Anderson-Leies zero-coupon yield
curve over the period of the study shows that the rates move together in a synchronized
and generally regular manner. The short term rates of the Anderson-Leies zero-coupon
yield curve tend to exhibit the highest degree of synchronization. The greatest
divergence in amounts of synchronicity between the Anderson-Leies zero-coupon and
coupon yields occurs when comparing the shortest maturity pair of this study, the
6month/lyear pair. The amount of divergence decreases as the maturity increases for at
least one of the issues in the pair. However, the Anderson-Leies adjacent zero-coupon
paired issues, consistently, have a greater level of synchronization than the adjacent

coupon paired issues.

The results of the regression analysis showed that when the yield curve changes the
shorter the maturity the greater the change, and the longer the maturity the less the
change in the rate. In other words, volatility is generally inversely related to maturity;

which is consistent with the Meiselman, Voss and Sultan results.

4.2 Implications of Results

There are several implications of the results obtained in this study. First and foremost,
the method of estimation used by Anderson of zero-coupon yield curves appears to be a

valid estimation method. The implications of the accuracy of this method can be seen in
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the comparison of the Anderson-Leies zero-coupon yield curves to the coupon yield
curves. The comparison shows, in general, a higher degree of synchronicity for the
entire family of Anderson-Leies zero-coupon rates than for coupon issues, especially
among adjacent issues; and a higher degree of volatility and sensitivity among the short

term issues of the Anderson-Leies zeros than of the coupon issues.

Previous findings have shown a synchronous characteristic of coupon yield curves,
where both the short term and long term rates generally move in the same direction.
Thus, if the Federal Reserve increased the Federal Funds Rate, and thereby other short
term rates, then long term rates would also increase and vice versa. The Anderson-Leies
zero-coupon yield curve data support these norms drawn from the history of coupon
yield curves. Thus, it is inconsistent with established empirical norms that a change in
short term rates, by Federal policies or other factors, would dependably cause opposite
directional changes in the longer end of the yield curve. Yield curves generally do not

rotate.

The graphical depiction of the Anderson-Leies yield data, see Appendix B, shows a
humped yield curve, monotonically increasing until approximately the 20year maturity
and then declining. The fact that the yield curve is humped affects some of the
comparisons between the Anderson-Leies zero-coupon and coupon issues. For example,
because the coupon bond has a shorter duration, the 20year or 30year coupon issue is
actually closest to the highest peak of the Anderson-Leies zero-coupon yield curve. The
fact that the yield curve is humped also suggests that the forward rates would be falling

even more sharply for longer than the 20year maturity.
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