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Introd;ction

This paper presents sevéral continuoué investment perfornance
indexes based on time series of returns for United States government
securifies fer the period' January, 1947 thxough May, 1973, Each index
cortainc caly those government éecurities with a sbecified term to mAcu-
rity and provideé a éerfo:ﬁance standard for compérison with other govern-
ment and non-government securities., The gpal, in terms of index selection,
is to présent indexes repfesenting as many differenﬁ maturities as poésible
based on market data and to compare the returns upon which the investment
performance indexes are based in both the before and after tax situations.
In ‘addition, there is a comparison of returns to an investor, over selected
long periods, for two alternative investment pelicies, It turns out that
many of the time series of returns are closeiy correliated and.that the
degree of differentiation ﬁéed here may be more than necessary éor most

analyses of the bond market, Moreover, it appears that a 'buy and hold'

investment policy is superior to the alternative policy.

After describing the sample, the grouping technigques that are used
in this paper are discussed. We will also present the indexes and some sum-
mary statistics., Finally, we will compare investment policies and will de-

scribe some possible implications of the returns and indexes.

Assistant Professor, University of Pennsylvanla. Early drafts of
this paper benefited greatly from my discussions with Merton Miller. I also
received helpful comments from Irwin Friend, Hans Stoll and Randolph Wester-
field. Bert Tyler did some computer work for the project. However, I retain

‘responsibility for the opinions and any mistakes. This paper was partially

financed by NSF grant IG-72-44 and a grant from the Rodney L. White Center
for Financial Reseaxrch.

1. See J.B. Michaelson, "The Terxrm Structure of Interest Rates and
Holding Period Yields in Government Securities," Journal of Finance, XX:3
{September 1965). His study issues a weekly holding period. In addition,
his study has placed increased emphasis on short term Treasury bills at the
expense of other government securities. The general results in his study
are similar to those observed here,
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The Saﬁple

: The results presented here are baséd on month-end price data aﬁd
on interest accrual and paymenté for the saﬁple period. Included in the
sample of government securities is the'universe of publically traded U.S.

govesnmeinc bonds and notes and thosge Treasury bills which, at cne end of

any given month, are approximately a full humber of months from maturity.2

There are several advantages to the use of this sample of

government securities, First, there is substantial homogeneity in that
- all the securities represent only one issuer. Second, since the sample

contains only direct obligations of the U S. government, the default risk

present in the priting and returns associated w1th the securities at any

~time is as low as on any security in the world. Third, the securities

_are highly marketable. The large size of each issue and the large number

of investors associated with each issue ensure relatively narrow bid-

ask spreads and many trades. 1In this case, the security's current price

" is likely to be an up to date, unbiased estimate of the security's true

" value.

However, the raw data have some relatively minor problems.
In particular, prices were obtained for each bond included in the
sample and, in many cases, were compared égainst prices from an alter-
native_source. Slnce, in some cases; the price for a spe01f1c security

depends on the source that is used, it appears that the prices are truly

The sample includes only those securities whlch are traded
publlcally during the period. For example, although the U.S, government
issued a 2-3/4% non-marketable bond which is convertible into marketable
1-1/2% notes, only the notes are included in the indexes,

-
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estimates of the security's true value.”’  Moreover, Treasury bill yields
are listed to two decimal places. This is only an estimate of the true yield
as indicated by the extended calculation of the yield associated with each

new offering cf a Treasur§ bill.5

3 The data fcr the study were obtained from month-end Salomon
Brothers quote sheets. Much of the data was checked against quotes available
in the Wall Street Journal. Although not every observation was compared with
the corresponding quote in the Wall Street Journal, the check included several
complete comparisons of data available from this source on given dates to the
data available on the Salomon Brothers guote sheets. The dates chosen for
such comparisons ranged from random months to several years of successive
- observations. It should be noted that the quote sheets and the newspaper
depend on different sources of information. As a result, the prices some-
times showed small fractional differences. 1In these cases, the Salomon
Brothers data were retained for the sake of continuity. .

The data were also passed through filters examining price levels,
price changes, rates of returns and spreads between the bid and ask prices.
For example, all bond price changes in excess of two points and all gains or
losses in excess of two percent were checked., The most useful filter appeared
to be the check on spreads. Any spread that was an odd number of 32Nds was
checked as was any spread in excess of one point and any change in spreads
(e.g., from 8/32nds to 4/32nds). Moreover, any irregularity in the pattern
of spreads across bonds and bills at any given time was checked. In the
case of bills, any irreqularity in the vield curve was checked. Obvious
errors(e.g. where the bid price was more than the ask price) were connected
via taking the alternative source, If there were sizable discrepancies
between the sources that could not be traced immediately to an obvious
typographical error, then alternative sources such as the Commercial and
Finance Chronical or the Bank and Quotation Record were examined and the
price stated by two of three sources was accepted. If three widely dif-
fering quotes were found with no obvious errors, then the average of the
three quotes was taken and rounded to the nearest 32nd, The latter event

occured in very few cases. Resultingly, any remaining errors a¥e small in
magnitude. '

Finally, the features associated with each security were checked in
that each bond's features were cobtained from at least two Moody's Manuals,

The relatively close agreement on prices can be considered a
positive aspect of the data. General agreement on prices from two different
Sources narxows greatly any posterior distributijon about a given price and
confirms the quality of the data. It is likely that a comparisen of the
prices of a given security on multiple stock excbénges and in the over the
counter market would vield larger differences in the prices than are ob-
served in this data. :

For this study, the banker's discount yields listed in the sources
have been converted into price data.



No attention is paid to‘special features of specific government
securitiés exceét for size of issue, coupon, the presence of é call feature,
the présenée »f an estate tax featuré and the security's term to maturity.
Howcver, t'.e Government has issued securities with many differing proyisions.
Dering the 1947-1973 perioa, outstandiég government securities presented
investors witﬁ an opportunity to obtain a variety of tax treatments on
iln‘.:erest inconre. In addiﬁion, some securities had, by law, limited markets
. ‘#t some times. Each.of these features is priced in tﬁe market place, and
may affect-the returns and risks perceived to be associateéAwith the securities.
 Each of these provisions was associated with only a small number of bonds and/
or was in the market for relatively short parts of the sample period. It is
assumed that.these features do not-have a maﬁerial effect on the study.

| If a bond has a call feature and was called by the U,8, government,
then it is included in the iﬁdexes according to its Ferm to call date. If
the bond is not called, it is iﬁcluded in the indexes according to its term
to maturity. Whiie-this solution to the call feature problem may appear
arbitfar}, it may represent investors' expectations with respect to these
_secufitieé Eecéuse, in practice, the U.S, government called every callable
* bond during the sample period until 1962, Since this time it has not exercised
ité call option on any bond. Accordingly, depending on whether a bond had a
call option before or after 1962 investors could be reasonably certain that
a ca11ab1e uU.S. governﬁent bond would or would not he called.6 A test of
 the effect of this assumption is included in the'empirical section., Moreover,
tests of the effects of the estate tax feature and the usefulness of knowing

issue sizes will be discussed later,

6 \ ' .
Any number of assumptions can be made. None is satisfactory

to everycne,
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The different coupons associated with the various U.S. government

securities means that different portions of each security's returns are

subject to income taxes, The effects of differential taxes on income versus

capital gains and the reéﬁlting differential net taxes on each security's

“petrns recessitates after tax holding period returns. Unfortunately, since

most investqrs face unique and individual-tax situétions, there is no single
approach that adequately représents all investors. Two different representa-
tive tax treatmenté are chosen. .The first treatment uses marginal corporate
tax rates for a given periocd to adjust the before tax coupoﬁ and capital
change returns_for that period. In the second case, the chosen tax rates
afe those facing an investor whose personal taxable income is in the ooth
percentile.of all incomes at all times during the period undgr consideration.7

In each case, all capital losses are assumed to offset other capital gains.

 Moreover, in every case, except for the 1%% notes issued each April and

8
October, it is assumed that the security is issued at par.

The major results presented in this paper are based on pre-tax
information. However, any differences between before and after tax re-

sults will be discussed.

Developing the Time Series of Returns
“In the following secﬁion there is a detailed discussion of the

development of each time series of returns.

t

7 ' '
The 90 h percentile rate has been estimated for the months

which are more recent than those periods covered by annual published

analyses of personal tax patterns in the U.S.

8 If each 14% security were assumed to be issued at par, then
the before tax yield on these securities would have been less than the
market yield at the time of issue. Instead, it is assumed, for tax pur-
poses, that each 14%% bond was issued at the first available month-end
price. The issue price ranged generally from 85 to 95.



A. Calculation of the Holding Period Returns

'The holding period return for a given U.S. government security in

period_t, Res in percent per period form, is calculated by
.. . 1- '
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where Pt aﬁd Pt-l are the market prices of the security per.leO of par value
at the end of periods-t and t-1 résyectively'and C is the periodic interest
pa?ment per $100.of par value. In addition, m is.the number of holding per-
jods between interest.payments and n is the number of holding periods accrued
toward the next interest payment at the end of period t.9 Then.i C indicates
"Straight line" accrual of interest earned for hoiding ﬁhe sec;rity during

; ' 10,11
that period t where each period is assumed, for simplicity, to be equally long. '

Appropriate adjustments are made to the formula for interest

payments made during the period. Moreover, n is adjusted for securities
maturing on the 15th of the month. '

10 7his formula works equally well for Treasury bills. Since C is
"zero, the eguation reduces to
‘ R, - BemPrg
: P .
b R
Interest is accrued to Treasury securities using ‘straight line!
accrual and a 365 day vear. 1In the case of a typical month, this simplifica—
tion is unlikely to be of great importance. Use of 12 egqual months for interest
accrual creates an expected holding period of 30.417 days. This approximation
often yields a difference of well under 1/100 of 1% from the interest accrual
over the exact period. The major difficulties with this approximations appear. -
to be for periods where the delivery date is affected by weekends or holidays
and in February. However, even in the most extreme cases such as combining a
heliday and a weekend and high interest rates the approximation is accurate
within 5/100 of 1%. For comparison, if a bond is priced at par at the be-
.ginning of a period, and if two price quotes at the end of the month are 1/32
apart, then the returns implied by the prices are over 3/100 of 1% apart. Also,
note that, over time, the cumulative error in returns will be relatively small
as overestimated returns due to overstated interest accrual will be balanced

by underestimated returns due to understated interest accrual.



The interest accrual is shown explicitly because the purchase of a
U.S. government bond c0n£ains two parts. The first part is paymeht of the
quoted price ex-interest (the mean of the bid and ask prices) and the second
part is paymeaut for any iﬁterest that has already acérued toward the next
1ntures£ pafment. Accordingly, the hoiding period return obtéined by purchase
of the bond at the beginning of the holding period and sale of the bond at
the eﬁd of the holding period recognizes the bondholder's claim to the new
market value of the bond and his claim to the interest accruéd and realized

auring the holding period.

B. Terms to Maturity and the Construction of the Time Series of Returns

It is well known that as the difference in the term to maturity
between any tﬁo bonds increases, one issue becomes a progressivelf poorer
subséitute.for the other., Moreover, a single bond displays changing per-
formance characteristics as its term to maturity decreases. This neces-
sitates tﬁe construction of seferal parallel time series of returns rather.
than a single time series in order to observe and compare the performance
of U.S. government securities with different terms to maturity during a
given time period. BAs single bonds approach maturity, they change period-
ically from one time series to the next. Moreover, there is a continuous
turnover of bonds in anyrgiven time series and each time series mainfains'
an approximately constant term to maturity. |

In order to minimize the term to maturity problem as many time
series as possible are generated for the sample period. The time series
are lisﬁed in Table 1.12 The title of each time series indicates the term
to maturity remaining for securities in the index at the end of the period,

The 0 month index contains securities that mature at the end of the period.

12 . : .
If a security falls on a boundary between two time series, then

it is included in the scries with the shorter term teo maturity.



%

Many of the time series represent ranges of terms to maturity
rather than a single term to maturity. In these cases any security within
the chosen range is grouped into the appropriate time series along with all

} ‘ :

other securities within that given range. If a time series represents a
range of terms to maturity, then the actual terﬁ to maturity feprésented by
the time series will vary from month té month as bonds age, enter and leave
thertime series. However, as the list of time series indicates, the range
within which the actual term to maturity for‘any time series varies is small':
relative to the term to maturity of the time series. Resultingly, it is un-
likely that the uée of ranges of terms to maturity for the longer term time
series has a matefial effect on the usefulness of the ina.exes.l3 Finally,
cne possible composite U.S. government bond time seiies is included. This com-
posite time series weights equally each time series representing a given term
to maturity.l4 _ ' S | L

The desired goal of gene;ating as many parallel indexes and time
series of returns as poséible using only data from real U.S. government bonds
rgsults in some series that are occasionally represented by a small number (some-

. 15
times only one) U.S. government securities in any given period. In fact, as

13 The time scries for the long term bonds have wider ranges of pos-
sible actual terms to maturity. However, a given time period is probably less
likely to change the performance characteristics of a security with a long term
to maturity than of a security with a short term to maturity. For example, one
month is 50% of the remaining life for a security that matures in two months,
but one month is less than 1/2% of the remaining life for a security that
matures in 20 years.

14
time series.
15

No special qualities are claimed for this specific composite

It is in these cases where one may intuitively feel that the quality
of a given return is most suspect. One can imagine that some very specific event
might affect that security during the period. 1In this case the return for the
security (and the series) for The reriod might not be representative of what
would normally have occurred. If Tthere are more bonds in a given series, then
this problem would be mitigated. Since each security is issued by the same
issuer, this problem may not be as severe as it normally would be.



indicated iﬁ Table 2, there are no securities available to represent particular
terms to maturity during some periods.r In order to preserve the continuity of
the time series, returns for these time series during these periods are es-
..timated using & proceﬂure'discussed by Afifi and Elashoff;16
?his is the only situation where entirely simulated returns are

inéluded in the study. One can argue in favor of including these simulated
'-réturns as there afe relatively few returns must be simulated to complete
any given indéx. Moreover, these observations make it possible to‘expand.

our set of continuous indexes and time series greatly and to make extended

- use of the available data.t’ h !

C. Weights of Securities in the Time Series and Indexes

Every security in a given time series has the same importance as
. 18
every other security in that time series for that given period. This approach

_ is chosen for ease after a preliminary study tentatively suggested that the

16 ' '
See A,A. Afifi and R.M. Elashoff, "Missing Observations in Multi-

variate Statistics III: Large Sample Analysis of Simple Linear Regression,"
Journal of the American Statistical Association, IXIV {(March 1969). In short,
whenever fewer than 30% of the observations are missing from a single regression
relationship, Afifi and Elashoff show that the Missing observations can be filled
in adequately by generating a regression relation between the two variables based
solely on the complete observations. BAny missing observation for the dependent
variable can be-filled in by using the known observation for the independent
variable and the regression relation, In this particular problem we have no
obvious way to choose the appropriate independent variable for the above purpose.
Instead, when there is a missing observation the closest adjucent series with a
shorter term to maturity and the closest adjacent series with alonger term to
maturity are used as independent variables to generate regression estimates of
the missing observation. The average of these estimates is used as the best
estimate of the missing observation. In every case the series with the missing
observation was closely correlated with the chosen independent series when only
complete observations are considered. In the case of the extreme indexes, the
closest adjacent series was given an B80% weight arbitrarily and the next closest

series was given a 20% weight to develop a simulated observation.
17 '

If there were no simulated returns, then several of the series

would have had to be combined because of only one or two missing observations,

18 _. . . . . . . .
Since each serxies is given equal weight in the composite series,

the individual securities do not have equal weight in the composite series,



10~

series based on this weighting scheme were insignificantly different from

. . e , . . . . . 19
series using the initial issue size of each security for weighting purposes.
|

D. Special Techniques Used for the Series Repre<enting the Performance cor
Securities with Short Terms to Mat-—ity

Standardization of the term to maturity acsociated with a time
series is particularly important for the time series representing the per-
formance of securities with shért terms to maturity. Accordingly, the raw
data is adjusted in order‘to arrive at more representative series %or
securities with short terms £o maturity. In particular,-in addition to the
appropriate bonds and notes, only those bills which are eithér full months
from maturity or are closest to some full number of months from maturity
at the end of any given holding period are included in the indexes representing
single terms to maturity. In order to obtain an observation for a series re-
presenting a single term to maturity when there are no bills maéuring in come
full number of months, an average of the returns on selected substitute bills
is used. 1In particular, the return on the bill with the term to maturity ciosest
to, but less than the appropriate full'number of months to maturity is averaged
with that on the bill with the term to maturity closeét to, but more than the
appropriate full number of months to maturity.20 In addition, the time perioé
-associated gith the 0 month time series is standardized so as to indicate the

return for a 30 day holding period ending with the maturity of the security.

The distributions of returns for series, based on the alternative
weighting scheme, are not significantly different from those presented for com-
parable series in the paper. Moreover, the comparable series are highly cor-
related over time, ; ’

20 : : ' : .
_ The averaging technique allows the bill that is closer to a full
month to maturity than the second one under consideration to receive more
weight. For example, if one chosen bill matures two days before the end of
the month and second chosen bill matures five days after the end of the month,
then the first bill is given 5/7 of the weight and the second bill is given
2/7 of the weight in the resulting cohservation.



There are also adjustments for bondé that mature in the middle
of thé mcnth; Since half a month represents a large éortion of the remaining
life of'a security wheﬁ it is oﬁly a fgﬁ months from ﬁaturity, inclusion of

‘ , .

these bonds in the time series with the shortest terms to maturity coulcd
distort these series. In order to prevent distortions of the lLoldiu.g period
‘_returns due to this problem these bonds are dfopped from ﬁhe series when
- they would normally_enter the series répresentihg securities two months frOm‘(

_matufity.

~ E. Characteristics of the Time Series and Indexes

With thg_exceptions mentioned earlier, aii marketable Treasury ’
securities.are included in the stu@y regardless of their features for com-
pleteness. This policy will be examined whe£3vér it ié approériate.

The ;ime series of returns and the investment performance indexes
of securities with less than a year to maturitf are-dominated by Treasury
~ bills, The series representing the performance of securities with one to
five years to maturity are dominated by notes. The longer term series con-
tain T?easury bonds. As the notes éndAbonQS age, they pass through the
:series dominated by the bills and-by the notes and bills respectively.

Note that some useful and necessary approximations ﬁave been made
to dégeldp fhesé indexes. Due fo these approximations, including thbse in
the daﬁa, the returns in any given period are best characterized as estimates
',_éf the true returns to securities inthat period. Moreover, the actual series

21
are averages over these estimated returns.

1 The cobservations save space in this form and yet, include many

significant places for aid in combining in order to consider performances
over several periods. Moreover, all calculations have been done with double
precision accuracy in order to minimize error duec to computer approximation
techniques. Despite this precaution there is no reason to believe that the
results are exact to the last place. If Ryy is the return, in percent per
period form, then 14R;, /100 is the corresponding investment relative.



' some Characteristics of the Returns

-]12=.

In addition to these characteristics, the after tax returns to the
series with terms to maturity in exceés of one year are on an accrual basis
rather than a realized basis as it is assumed that the investor's horizon
is over 6 morths and that' any cépital Ehanges are taxed at the capital
gairs rete. The time series for matufities with less than one year to

maturity are heavily weighted with Treasury bills. Since all returns to

‘Preasury bills are taxed as income, the after tax returns in these cases

can be considered as an accrual or realized return, If all the returns to

all securities were considered on a realized basis and if each month were

coﬁsidered as a separate holding period, then all returns would be taxable
al income. In this case, the.pre-tax results could be adjusted by (1 - t)
where t ié the effective income tax rate for the period to obtain an after

tax return. -

In this section we present some suﬁmary information about the pre
and post tax time Qeries of returns baséd on every (original and simulated)
observation. in every case the returhs have been examined in their raw
_form.and éfter'aéjustment via subtraction of the 0 month rate.

--Although the full range of time weries was examined and will be

discussed here, space limitations necessitate restricting the statistics

 presented here to those based on four representative time series. Because

the time‘series of returns for adjacent maturities turn out to be very
similar to each other the statistiés presented here arerepresxﬁative of
those obtained from the full range of time series of returms. Additional
statistics are reported where they can shed substantial additional light on
the interrélationé among the returns. Selected investment performance in-

de xes based on the time series of returns are in Table 3
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where December ,. 1960 is set egual to 100.22

The timé.series of returns for
these indexes are in ﬁhe‘appendix. |

The means and standard deviations of the indexes in return form
and after substraction of'the 0 month return form are preéented in Table 4.

As the term to maturity of the timé series of returns increases, the returns
increase and then decrease. Moreover, it appears that the.real; ed returns
for the longer term time series are less than the returns to the é month
series, Inclusion of the differential tax adjustments do not affect the
basic pattern of interrelationships_among the average holding periocd returns.
If a return is greater before tax than a second return, any differential fax
patterns are unlikely to be sufficiently strong to change this ordering in

an after téx situation. The average returns also suggest that the realized
return on long term securities, during the sample period is, even after
-taxes, less than that for the 0 month secufity. It should also/be nofed that,
on & percentage basis, tax burdens fell more haavily on the long term.securi—
ties during this period. This means falling prices for the long term securities
include coupon accruals and capital losses. Since fhe capital losses decrease
taxes at a lower rate than coupon income increases taxes, the net result is a
higher effective tax rate.

The standard deviation of the monthly retufn for each time series
increases aé the term to maturity of the time series increases. In additicen,
the table also shows that the standard deviation of most of the time series
is less when the series is presented in adjusted form than when it is presented
in return form. This difference in standard deviations appears because the |

returns in the O month time series change over time. When the time series

22 :
The investment performance indexes are generated from equations

{12) and (12') in L. Fisher, "Some New Stock Market Indexes," Journal of Bus-

iness, XXXIX (January, 1986). Deccember, 1960 is as chosen as the basc month

to ease ang comparison of these indexes with those in that article. The im-
str

vestment ategy represented by these indexes is but one of many that could
be followed. .




e | e

are presented in adjusted form the variance in each index related to changes
" jn the 0 month returns is eliminated., The decrease in the standafd deviation
of the time series appears largest for the shorf term indexes thereby sug-
gesting that tne level of‘the 0 month return may be a very important aspect
of +»2 return realized from short term securities iﬁ any given period.

There is no need to list the other summary statistics for each set_
of retufns and standard deviation as the sgtatistics, in both the before and
,‘aftef tax situatiOné, are well represented by the results that will be pre-
éented in the pre tax éase.

The vast majority of bonds in the longest term time series have the
‘estate tax feature. In this case, the low averége realized returns in a
Igiven period might be traded off by investors againstlthe possibility of
providing an immediatelhigh return to the investor's estate in case of death.23
-In oider to observe the effect of the estate tax feature on thé relaﬁive re-
turns associated with each time series,‘the returns were fecalculated in cases
: where éfter exclus}on of the bonds including the feature, non simulated data
were still available. The results obtained from comﬁaring time series after
the estate tax bonds have‘been-removed are the same as that which was obtained
when they were included in that the average returns and standard deviations of‘
the returns have the same ranking for the (noﬁ continuous set) of time seriés
ﬁbservations remaining after removal of the bonds as for the same set of ob-

: 24

servations before removal of these bonds. This result appears to occur

primarily because the bonds with the estate tax feature and with less than 20

_ It might be more accurate to measure the returns on these secu-
rities in an actuarial sense, '

24 e ,
As an example, it appears that, if long term returns are greater
than short term returns over a period where estate tax bonds are removed, then
if they are included, the holding period returns to the longest term bonds are
still greater than those to short term:bonds.,
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years to maturity often account for only a small portion of those securities
in a given time series. Hence, they have little or no impact on the orderihg
of the results for the well over 200 months with a full set of observations
for these time series aft;r removal of the estate tax bonds, It is harder

" to judge the impact of the estate tax feature on returns to the over 20

year index and time series, Only 68 of 312 non simulated observations re-
mained after removal of the estate tax bonds. further examination of these
observations indicates that many of the observations are from the first half
;f the sample: For this period it appears that the bonds with the estate tax
feature had little or no impagt on the ordering of returns on éoverhment
securities., However, little-Can be said for the second half of the samplé
period for this time series.

The effect of the assumptions describéd above with respect to the
call feature appear to have no significant impact on the time s;ries; The
éeries were reconstructed excluding those securities‘with call features; In
this case, relatively few observations were 1ostf25 The results obtained
from tests of the reconstructed indexeé are identicai with those described here
in ﬁhat inclusion or exclusion-of these securities in the‘fashion described
_ébove has little effect on the time series.26 However, it is possible that
other assumptlons about the call feature could have a major effect on the

27
time series.

25 S :
In the vast majority of cases, exclusion of a callatle security

merely meant that less data were included in a given time series observation.

26 The washing out of the effect of the call feature is not neces-.
sarily good. It could be argued that the change in policy was unexpected and
that there was a substantial change in expectations when policies were changed.

27 por example, if all callable bonds were included in the time series
based on their term to call date until 1962 and then were placed in time series
based on their term to maturity there might have been substantial changes in
value in 1962, However, if this assumption were accepted, then many more ob-

servations would have had to be sumulated to complete the time series of returns,
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Table 5 contains the correlations between the time series in return

form. Note that the time series with similar terms to maturity appear to be

]
highly correlated.28 The correlation between adjacent time series is always

at least .86 and is usualiy greater then .£0. This table and Table 4 suggeet
that the market does not make mairr differentiations among holding period
returns for securities that are alike in quality, but are marginally different

‘in term to maturity. The small differences in performance among succe551ve

time series also supports the argument that the range of terms to maturity 1n

l
any given series is small relative to the term to maturity represented by t@e

|
{
securities with differing terms to maturity used here is sufficient for many

series, In addition, this result suggests that the differentiation among

purposes. However, if Table 6 is read in the order of decreasing term to

: !
‘maturity, then a steadily decreasing regression coefficient is obtained from

regressing the returns in each series on the composite bond time series. This

suggests that the investor recognizes decreasing sensitivity of returns to a

bond as the bond ages relative to a typical bond as represented by the composite

'bond series.29

Table 5 also indicates that the short term series have a relatively
weak correlation with the long term series. one possible explanation is that

the performance of these extreme series depend on different stumuli. In

particular, a return to a bond includes both a coupon accrual and a capital .

28

o These correlations include the simulated observations generated

~earlier. However, correlation excluding these observations are only margin-
ally dlfferent

29 The composite bond index is not an adequate replacement for a
more general market based on additional securities. There is some question ;
as te the direction and strength of the relation between these bonds and a
more general index, An examination using preliminary data and a common
stock index suggests that the various time series have weak negative re-
lationships with the common stock returns.
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change. 2Although the amount of coupon accrual for a given bond is a function
of the length of the time period under consideration, the capital change is

a function'of both the length of the pefiod and the change in yield. If

* C
continuous interest is asuumed, then the price, P, of a bond is P=;(l-e }+Fe

where C is the coupon, F is the par vatue of the bond, x is the bpnd's yield
te maturity and t is the bond's term to maﬁufity. Any capital change is re-
-pIESented by |

ap =(— -% . (% + & -Ft)e"rt) dr + _(C—Fr)e-rtdt-.:so

, r r r _

L c
The limit of the capital change as t approaches infinity is dpb=- 2 dr,

identical to that_for.a perpetuity, The limit of the capital change as t ap-

-

 proaches zéro or as a bond approaches maturity is 4@ = (C-Fr)dt. It is clear
that the returns to Treasury biils; which represent the bulk bf the short term
‘securities, are then primarily a function of the length of the time period and
are interest rate tfpes of variables. However, the return to longer term bonds
aie more likely to be functions of changes in the yield to maturity and changes
in the term structure of interest rates. Since the length of the time period
{(at) is held constant throﬁghout thé gample périod, it is highly likely, in
“the Ease,of Treasury bills, that éuccessive retumns, being primarily a function
ﬁfrtime, are highly correlated, However,-changes in yiélds to maturity de not
-foilow any Euch pattérn.r Therefore, it isunlikely that successive returns to
19ng térm indexes are ;orreiated. In addition, as a security ages, its capital
_VChanges are related 1e§s and less to changes in the yield to maturity and more .
and more on the passage of time, Resultiﬁgly,'ﬁﬁere should be an increasing
autocorrelafion between successive returns to a bond as it ages and as the

composition of its returns change. The autocorrelation coefficients, in

30 The continuous equivalent of the coupon payment is also part of

the overall return to the investor,
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Table 7, follow this pattern, However, after the adjustment for the 0 month

4

rate, the autocorrelations decrease by varying amounts over the full range

of ihdexes_ and shéw a different pattern.

Returns Over fong Holding Periods

Although the time series meaéure monthly returns, many inveétors
have longer horizons. Moreove?, many investment strategies can he followed.
fhis section compares the returns from two alternative investment strategies
over several selected time periods. The first str%tegy could be called a

'ﬁaturity maintenance' strategy as a typical security (series) with a ma-

turity in excess of 1 year is bought at the beginning of the chosen time

period and is sold at the end of six months. After the appropriate tax has
been subtracted, a security with tﬁ? original maturity is bought again and is
again held for six months. This pracéss is repeated for the full holding
period and includesrreinvestment of coupons. Any reinvestments of coupons

are doﬁe after tax, at the appropriate markeﬁ prices, The second strategy

is the 'buy and hold' strategy wherein the investor buys a seéurity, reinvests
the coupdns as fhey are paid, and replaces the security upén maturity with a
new secufity with the identical term to maturity as the origiﬁal security.
ﬁheneverla new security is purchased it is assﬁméd to be purchased at par
with a coupon equal to the yield fo maturity at tha£ timé for securities with

the chosen term to maturity. This assumption is for simplicity and effectively

assumes that the Treasury is continuously issuing new securities of all ma-

‘turities. Moreover, it should be noted that the presence of 14 indexes repre-

senting all maturities precludes an exacting comparison between marginally
different investment policies with respect to original terms to maturity.
The securities with initial maturities under 1 year are handled as

though they are Treasury bills with discount prices and no coupons. Note
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that, in -some  cases, the initial matﬁrity is less than six.months. In
these cases the maturity maintehance and buy and hold strategies are iden-
ticél.'

| Since tranégctigns costs are‘negotiable, they have not peen'in-
cluded éxplicitly in the analysis.‘ There is a purchase at the begiraing of
the period éndﬁa sale at the end of the peridd._ Duting each year-there are
édditional transactions, as inéicated in Table 8, depending on the initial
ﬁaturity of the éecﬁrity and the investment strategy.

Tables 9 through 12 contain the results, in terms of annual rates
of return, for 8 selected holding periods. In addition to these holding periods,
tﬁére are average before tax annual rateé of reﬁurn for 7 periods of rising
iﬁtefest rates, 5 periods of falling interest rates énd 3 periods of level in-
terest rates as based on movements éf the riskless rate, Thé 8 holding periods
represent the full Saméle period, the Pre—Accord-period,'the Tféqsury—Fed tran-
.sition period, the Post-Accord period,_£he 'Bills Only' period, the 'Post Bills
Only' periodand 2additional periods.31
| | . The 1ong-term securities Qutperformed the short term securities

only during the Pre-accord period when the Federal Reserve System controlled

32

.interest'rate levels, buring the other continuous periods the long term

31 ' ' :
See I, Fisher and James H. Lorie, "Rates of Return on Invest-

ments in Common Stocks," Journal of Business XXXVII (January, 1964) for
the returns to common stocks for several holding periods including two
that coincide with those chosen here.

_ The Pre-Accord period was the only period where, after deletion
of the estate tax bonds, the long term bonds outperfcrmed the short term
bonds. This result is consistent with those in the text for the full sample
of bonds.,
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securities performed no better than the short terms securities and often

. 33
were outperformed by the short term securities. During the periods of

level rates it appears that returns to long term bonds are higher than those

to short term bonds., If interest rates are expected to be level, then the
result is consistent with the feeling Lhat positive risk pfemin"s an< higher

rates of return are demanded by investors in order to compehsate for the

additional risk accepted by those investors. However, it should be noted

that there are very few periods of level interest rates and that these
periods are not long lasting. . In periods of rising and falling interest

rates, the long term securities underperform and outperform the short term

securities respectivey.

In the absence of taxes and any adjustment for transactions costs

. the superiority of one investment scheme over the other depends on the part-

icular term to maturity and sample period under consideration, /A comparison
after adjustments for taxes yields the same results. Héwever, since the 4if-
ferent strategies often yield marginaily different returns, the additional
transactions associated with the maturity maintenance policy are likely to
be greater than any marginal benefits obtained in terms of extra returns,
Hence it is likely that the buy and hold policy, on average, is the superior
investnent strategy to the maturity maintenénce stragegy.
Conclusion |

‘It ié hoped that these indexes and time éeries of realized returns

will be useful in future studies, However, these indexes and series should

33 The actual rates of return for the columns representing rising,
falling and level rates are less important than the pattern of the rates of
return in relation to each other as annual rates of returns were calculated
for each period included in any one of these groups of returns. These annual
rates were thon averaged together with rates for other periods included in
the same group thereby weighting each period equally despite their differing
lengths. Moreover, since the groups are described only by the direction of
interest rates, they include many different rate levels,
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be used cautiously. There is therfundamental problem of determining whether
or not these distributions of holding period returns trulyrrePresent expected.
returnS'to_investofs.r‘If the distributions of realized returns in this study
are closely rslated to diétributions of expected returns for bonds, it appearé
that in some cases, there may be a negative risk pfemium for 1-ng tnrm bondé.34
on the other hand, if there is no riﬁk premium or-SOme positive risk premium
 associated with long term_bond\investments relative to short term bond in-
vestments, then it appears that the market may have‘regularly underesﬁiﬁated
the future long term bond rates, This suggests that the market may not learn
quickly and that realized returns may be very different froﬁ expected returns

in the bond market.

34
This has been proposcd as an outgrowth of portfolio theory.
A “preferred habitat" theory might also produce these results,
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Table 1

Term to Maturity of Time Series for Selected Periods*

January, 1947 - May, 1973
| :

0 Month' . 3-4 Years

1 Month ' 4-5 Years
" 2 Months N 5-~-6 Years
3-6 Months 6-10 Years
6 Months - 1 Year 10-15 Years
1-2 Years : _ '15-20 Years
2-3 Years . Over 20 Years

* The securities in any givenseries have remaining terms-to-maturity within
the range stated for thatseries at the end of the period. The security re-
presenting the O month security matures at the end of the period.

B — T . A1 iy 42F o

‘Table 2

Missing Observations by Series#*
317 Observations

Rumber and Percent of Missing

Index Gbservations Filled in by Sim-

ulated Chservations

'3-6 Months : 33 10.4%
1-2 Years ¢ ) :'_. 4 1.3
5~6 Years : 20 6.3
10-15 Years 3 0.9
15-20 Years 3 c.9
Over 20 Years S 1.6

*If 5 geries is not listed in the table, then it has no missing observations.
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Table 4

Distributions of Returns and Adjusted Returns
January, 1947 - May, 1973

Pre Tax Corporate Tax

Result (Return) @dj.Ret.) Return  (Return) (Adj.Ret,)

0 Month 0.229% /0. 0,134  ————-—-—  0,114%40. 0,066 ——--u=—n
1 Month 0.250 0.147 0.040 - 0,125 0.074° 0.020
2 Months  0.264 0.161  0.061 0.131 0.084 0.036
3-6 Months  0.261 0.182 0.110 0.126 0.113  0.077
1-2 Years 0.270 0.405  0.374 0.138 0.274 0.258
6~10 Years 0.259 1.191 1.180 0.126 0.896  0.890
Over 20 Years 0,182 1.703  1.703 0.069 1.278  1.278

Table S _ R

Correlations Zmong the Time Series of Returns
January, 1947 - May, 1973

1-2 6-10 Over 20

Years ) Years ' Years

0 Month 0.588 0.140 ~ 0.046

1-2 Years 0,784 0.656

6~10 Years _ ©.805
Table 6

Slope Coefficients from Regressions of the Time Serles of Returns
on the Composite Time Series

0 Month 0.041
1-2 Years 0.511
6-10 Years - 1.660

Over 20 Years 2.339
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Table 7

Autocorrelation of the Time Series of Returns

. Return Adjusted Retum

0 Menth 0.978 ——
1 Month 0.896 0.017

2 Months 0.842 0.197
3-6 Months 0,657 - 0,199
6 Months-1 Yr, 0.393 0.135
1-2 Years 0,281 0.187
2-3 Years 0.181 0.142
3-4 Years 0.134 0.174
4-5 Years 0.158 . 0.145
5-6 Years 0.030 - 0.014
6~10 Years 0.030 0.019
10-15 Years -0,030 ~0.032 .
15-20 Years -0.041 -0,039
Over 20 Years -0.032 -0.029

—

Significance levels of the autocorrelation coefficients-
- 0.092, 10%; 0.110, 5%; 0,145, 1%,

Table 8
The Initial Maturity of a Security and the Expected

Number of Transactions in a Typical Year

. Expected Transactions/Year*
Initial

. Maturity Buy & Hold - Maturity Maintenance
1 month 12 12

1% years - 0.67 . 2
B years 0.13 2

25 years 0.04 2

-*There are also two transactions per year for each security

with an original maturity of over a year for reinvestment
_of coupons. ’

»
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APPENDIX

_ The appendix contains the pre-tax observations for four of the
14 time series from January, 1947 to May, 1973. The observatlons
are in percent per month form. ‘
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