ALTERNATIVE DURATION SPECIFICATIONS
AND THE MEASUREMENT OF BASIS RISK:
EMPIRICAL TESTS

By
Bulent Gultekin and Richard J. Rogalski

Working Paper 13-83

RODNEY L. WHITE CENTER
FOR FINANCIAL RESEARCH

The Wharton School

University of Pennsylvania

Philadelphia, PA 19104

The content of this paper 1s the sole responsibility of the authors.



ALTERNATIVE DURATION SPECIFICATIONS AND THE MEASUREMENT
OF BASIS RISK: EMPIRICAL TESTS

by
Bulent Gultekin#*
Richard J. Rogalski

February, 1980

Revised, June 1981
Revised, November, 1982
Revised, May, 1983

*Associate Professor of Finance at The Wharton School, University of Pennsvlvania,
and Professor of Finance at The Amos Tuck School of Business Administration,
Dartmouth College.

Helpful comments and suggestions were received from Eugene Fama, Merton
Miller, and the referee of this journal. Dorothy Bower and Richard P.

MeNeil provided valuable assistance and computer programming skills. This
study was initiated while the authors worked together at The Amos Tuck School,
with continued funding from the Tuck Associates Research Program,



I. INTRODUCTION

Dramatic increases in interest rate levels and volatility since the early
1970s have given investors renewed interest in fixed income securities. This
has caused a great deal of study on the appropriate measure of risk for bonds.

Many authors have expanded upon Macaulay's (1938) concept of duration for risk
measurement, and the literature is full of papers advocating different measures
of duration. There are also available today numerous commercial duration-based
immunization programs that purport to explain returns, to provide good measures
of risk, and to protect fixed income portfolios from volatile interest rates.1
Duration-based measures are supposedly to be preferred over other strategies
because they are better able to depict actual term structure changes,

This paper tests the explanatory power of a number of duration measures
using government hond data. We show that despite the flood of articles and
commercial programs touting different measures of duration, thev are virtually
indistinguishable empirically. In fact, none of them do much better than maturity
in explaining bond returns and all duration measures are inferior to simple-minded
factor models. Their inadequacy in practice is not really surprising because
they fail linearity and single risk factor tests from which their advantages
are supposed to derive,

These results are in sharp contrast to the claims made by authors of the
various duration measures. Our results indicate that duration is not the
appropriate index to hold constant in evaluating fixed income portfolio strategies.
In addition, interest rate movements are such that immunization strategies based
on duration will not work. It seems that the euphoria accompanying the introduction
of duration-based measures (which were touted as a panacea for the problems of fixed
income portfolio managers) has been premature. Duration-based immunization programs

do not warrant the rescurces spent for them,
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IT. BACKGROUND

Simply put, Macaulay's duration is a weighted measure of the present value
of a bond's income stream.2 If the income stream is discounted at the vield to
maturity of the bond, the measure is referred to as "simple" duration. In the
presence of changing interest rates, Hopewell and Kaufman (1973) hold that
duration is a better measure of price volatility than maturity. Cox, Ingersoll,
and Ross (1979) use the term "basis risk" to denote price volatility caused by
interest rate movements,

The same line of reasoning has appeared in textbooks [e.g., Van Horne (1978,
Chapter 5}] that advocate duration as a measure for cross-sectional comparisons
of riskiness for bonds with different coupons for a given maturity. Other stu-
dents [e.g., Boquist, Racette, and Schlarbaum (1975)] go further and attempt to
unify the term structure of interest rates and bond returns via duration using
the capital asset pricing model, with the idea of couching "duration" in a
risk/return relation analogous to "beta."

The use of simple duration as a proxy for risk or even as a volatility
measure (i.e., basis risk) does not enjoy unequivocal support in the literature.
Cooper (1977) and later Ingersoll, Skelton, and Weil (1978) point out theoretical
flaws in duration as a risk/return measure. In essence, these authors argue that
duration is not an equilibrium pricing relation in the sense that beta is in the
capital asset pricing model, but that it is merely an algebraic expression re-
lating exogenous interest rate movements to bond price movements. 1In fact, these
two papers demonstrate that duration is not even a reliable measure of basis
risk because this property of duration is only valid for studying parallel shifts
of the term structure over time.

Criticism of duration as a risk measure did not serve to bring an end to

duration research. Researchers were led, however, into mere realistic directions.
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Cooper (1977), Bierwag (1977), Khang (1979), and others developed modified
duration measures for specific non-parallel movements in the term structure.
Cox, Ingersoll, and Ross (1979) derived a stochastic measure of basis risk
based upon a general equilibrium characterization of the term Structure of
interest rates. All of these new duration measures depend on strict sto-
chastic process assumptions, but an advantage of the Cox, Ingersoll, Ross
stochastic duration is that the movements of long rates are endogenous.

Although there is much debate about the properties of various measures
of duration, little or no empirical work exists to test Macaulayv's duration
or alternative measures of duration using actual market data. Our paper
attempts to fill this void by testing the explanatory power of different
duration measures for holding period returms on fixed income securities with
no default risk, Our data base is the CRSP Government Bond File for January
1947 through December 1976,

First we define the various duration measures that we have examined.
Section 1V outlines testable implications of duration measures and contains
details of the return and duration calculations. Section V tests hypotheses
-about the ability of the various duration measures to explain Treasury security

price volatility during the sample period.
II1. DIFFERENT DURATION MEASURES OF PRICE VOLATILITY

Macaulay (1938) derives the simple duration D of a bond to be

m

S -t
(1) b P(m)tzlc(t)t(l"‘y)

where P(m) is the current price of a bond with maturity m, C(t) is the income
stream at time t (coupon payments and principal), and y is the yield to matur-
ity of the bond. Macaulay's intention was to devise an adequate measure of

"longness" in order to compare loans with different payment schedules on the basis
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of the weighted average of the present value of their income
streams.

Hicks (1939) proposed, as Hopewell and Kaufman (1973} did more re-
cently, to use duration as a proxy for price volatility, or basis risk
as Cox, Ingersoll, and Ross (1979) call it. The first derivative of the

bond price in (1) with respect to an interest rate change gives

_dP{m) _ _ dy
2 5w ).

Equation (2) has been the justification for using duration as a volatility
measure because it implies that a bond's price change is linearly related
to its duration for small changes in vields., The simple linear relation
of (2) suggested to others that duration could be used for cross-sectional
comparisons of the riskiness of bonds. As Cooper (1977) and Ingersoll,
Skelton, and Weil (1979) point out, however, this comparatively static
nature of duration makes duration useful only to the extent that vield
curve shifts are parallel over time.

The current literature suggests two possible ways to overcome such
shortcomings in Macaulay's duration measure. One way is tec extend the com~
parative static analysis for different kinds of movements of the vield curve,
In other words, custom-made duration measures for specific shocks to the
vield curve, The second way is to develop a duration measure based on a

theoretically plausible characterization of the term structure,

3.1 Alternative Duration Measures

The first approach is taken by Cooper (1977), Bierwag et al (1977,
1978), and Khang (1979).4 It is possible to generate any of these duration
measures (and others) from a combination of changes in the parameters of a
pelynomial describing the term structure.5 The specific measures are appli-

cable in very special cases where the yield curve is expected to move in a
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predetermined fashion. In other words, the superiority of any duration
measure ultimately assumes a predominant type of yield curve movement over

time. The six duration measures resulting are as follows:

(3) D1 = (l/P(m))? C(t)t exp[-R(t)t] dt
[v]
D2 = (1/P(m))? C(t)tR(t) exp[-R(t)t] dt
O
D3 = (1/P(m)] C(t)t2R(t) exp[-R(t)t] dt
[a]
D4 = (l/P(m))z C(t)tIn(t)R(t) exp[-R(t)t] dt
PS = (1/P(m)} C()t? exp[-R(t)t] at
[o]
D6 =

(exp ((l/P(m))? C(t)In(1+ot) exp[-R(c)t] dt)-1/o
[s]

P(m) is the market value of a bond with maturity m at some instant of
time, C(t) is the cash flow received at ty, 1In is the natural logarithm, and
R(t) is the spot rate associated with each cash flow. The spot rate for all t>0
defines the term structure, A flat yield curve occurs when R{(t) is the same
for all t. The a in D6 depicts the variability of long-term vields compared
to short~term yields.

D1 to D5 are derived by Cooper (1977), DI is Macaulay's (1938) duration.
D2 is suggested by Bierwag (1977) and D6 is Khang's (1979) duration. Each
duration presumes specific movements of the term structure. Dl permits only
additive yield curve movements, Thus, DI is useful only if the level of vields
changes but not the slope. D2 to D6 allow additive and multiplicative vield curve
movements, 1.e. changes in the level and slope of yield curves. D2 to D6 differ only

in the implicit degree of slope and curvature of yield curves. That is, the dura-

tion measures D2 to D6 differ in the assumed degree of variability of long-term

yields relative to short-term vields., D2 assumes the steepest yield curves

and D5 the flattest. D3 curves are in between D2 and D5 while D4 curves are
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in between D2 and D3, The a parameter in D6 depicts the variability of
long-term yields to short-term yields. The greater o, the greater are
changes in short-term rates relative to long~term rates,

Section V presents empirical evidence for these six duration measures

based on the geometry of vield curve movements.

3,2 Stochastic Duration

Cox, Ingersoll, and Ross (CIR, 1979) propose another duration measure
that they call stochastic duration. CIR take as a starting point the fact
that there is no a priori reason for the term structure to repeat itself
according to a specific assumption., 1In fact, continuous shifts of the kind
assumed in the previocus six definitions of duration would create arbitrage
opportunities. CIR developed a general equilibrium model of the term struc-
ture to define a measure of basis risk given the resultant bond pricing
equation. Like the other duration measures, this measure accounts for the
timing and size ¢f coupons, but it also includes a1l information on the
equilibrium term structure.

CIR develop their stochastic duration measure by assuming that the in-

stantaneous nominal spot rate dr follows a first-order autoregressive process
(4) dr = B(p-r)dt + ovr dt

where the instantaneous drift term B(p-r) allows interest rates to move back
to the long-run (or steady rate) mean H. The instantaneous variance Gzr

in the second term causes the process to vary around the mean level u, It
varies most at times of high interest rates and least when interest rates are
lower. Stochastic duration based upon the spot rate process in (4) can be

expressed as



-
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where G " {x] = Y coth {;; + Y;:} :
P(t) = F(t) exp[-rG(t)] 5
2Bufo
F(t) =| —2rexply+8-wt/2] :
YT TOEED Texp (ye) 11427 i
G(t) = 2/[B-T+y coth(yt/2)] |
Y = [(e-m?2 4 202]1/2
i = liquidity premium.

Stochastic duration for pure discount bonds is G(t) or simply maturity.

Even a casual examination of (5) reveals that stochastic duration involves
a considerable amount of computation., Statistical procedures are also required

. 2 A

to estimate the parameters, p, 0°, and R for the assumed spet process., Liquidity
premiums, if they exist, must be estimated. More complex instantaneous snot
rate processes would result in even more complicated duration measures. Section
V will examine empirically whether its improved prediction ability warrants this

complexity,

IV, TESTABLE IMPLICATIONS

4.1 A Stochastic Model

A careful reading of the duration literature vields explicit hypotheses

about duration's properties as a proxy for price volatility, i.e., as an index
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for cross-sectional comparisons of bond risk. Most of the implications of

duration can be seen from inspection after generalizing equation (2) as
(6) r(m) = - [4y]Dk(m)

In words, for a given change in the assumed ternm structure, -{Ay], the price
change in a security with maturity m, r(m), is directly related to its
duration Dk(m) with k=1, 2, .,., 7 denoting the duration measure under con-
sideration, For example, if y = [dy/(1+y)], equations (6) and (2) are iden-
tical for duration measure Dl1{m). The term becomes more complicated for the
other duration measures.

Equation (6) provides three testable hypotheses for each of the duration
measures D1-D7. First, the relation between security price changes and dura-
tion is linear. Second, duration is a complete measure of risk. That is,
duration incorporates the effect of maturity and coupon differences on price
volatility, Implicit in this condition is that the vield curve on average
demonstrates the functional form assumed by the duration measure. Recall that
D1 assumes vield curves on average experience parallel shifts, whereas D2-Dé
assume the short maturity end of the term structure on average moves more than
the longer end but of different degrees. The last hypothesis is that capital
markets for bonds are efficient,

The linearity, completeness, and efficiency hypotheses can be tested with
actual market data for many time periods using securities and portfolios of
securities., A model of period-by-period price changes that allows us te use

observed average price changes to test the three hypotheses is
~ - ~ -~ 2 o~ ~
(7) rT(m) = YlT + YZT DkT_l(m) + YST DkT—l(m) + ydT CT(m) + eT(m)

The subscript T refers to the period T, so that ?T(m) is the one-period con-

tinously compounded price change on gsecurity m. CT(m) is the coupon on security
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m, and DRT_l(m) denotes the duration measure under consideration with k=1,
2, .., 7. Note that ?1T, ?2T, ?31, and YAT vary stochastically from period
to period.

The completeness hypothesis is that the expected value of the interest
rate change YZT is statistically significant. The variable Dki_l(m) is
included to test linearity, Linearity presumes that E(?BT)=O. The term
involving CT(m) in (7) is meant to measure whether duration normalizes coupon
differences. Completeness assumes that E(?éT)=0. The intercept term ?IT
is included to measure the level of interest rates, Capital market efficiency
implies that 711, ?21, ?BT, ?AT, and ET(m) should be uncorrelated through time.

The disturbances are assumed to have zero mean and to ke independent of
all other variables in (7). The variables Er(m)’ TIT, YZT, ?BT, and ?AT

are assumed to follow approximately a multivariate normal distribution.

4,2 Return and Duration Computations

For our tests we used data from the CRSP Government Bond File, which
consist of price, coupon, and maturity information on the last trading day
of each month for all U,S. Treasury bills, notes, and bonds during the sample
period January 1947 through December 1976. We excluded callable and deep dis~
count securities,

Price changes for all securities during period T are calculated as

® Pc @ = 1n ([P @1 + Gecl/ip_ @ + e

where PCT(m) is the price change on a security with maturity m during holding
period T, P_E and PT_1 are averages of bid-ask prices at the end of perieds T
and 7-1. 1n is the natural logarithm. C is the semi-annual coupon, n is the
number of days accrued toward the next coupon payment as of the end of period

T, and n is the number of days accrued toward the next coupon pavment at the

end of period T-1,
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Another definition of price changes involves only quoted prices (i.e.,

excluding accrued interest) so that
¥ = 1
(8 PC (m) = In[P_(m- MR _ (@]

Realized holding period returns are calculated by including coupon pay-

ments received during T so that

10 r () = ([P 1) + Gc + cl/ip,_ m+Ec))

where rT(m) is the total return on a security with maturity m during holding
period T.

Returns computed using (8) include accrued interest but the returns in
(9) do not, The shorter the holding period, the less the effect of coupons
paid every six months, and hence the greater similarity between (8) and (10).
For completeness, we performed our tests with all three measures. The main
results are identical regardless of which return measure we used, so for
brevity we have reported here only results based on returns calculated accord-
ing to (10). This is the measure of return included in the CRSP Government
Bond File.

Table 1 presents summary statisties for Teturns over the period 1947-1676.
Returns are given for non—-overlapping one-month and three-month holding periods
in Panels A and B, respectively, Column (1) lists the maturity categories,
while column (2) indicates the number of price changes per category, Mean,
variance, skewness and kurtosis are shown in columns (3) through (8). The
studentized range in the last column is an overall measure of normality, These
statistics which are quite similar to those reported by Bildersee (1975)

. .7
supgest that Treasury security returns are skewed and leptokurtotic,
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V. TESTS OF HYPOTHESES

We performed major tests of the implications for duration measures D1
to D7 in several ways: first, using all individual Treasury securities,
using only Treasury bills, and using only Treasury notes and bonds; second,
using portfolios of all Treasury securities, of only Treasury bills, and of
only Treasury notes and bonds; and third, for holding periods of 1, 3, 6,
and 12 months. Results are presented for eight periods: the overall period
1/1947-12/1976; two ten year subperiods, 1/1957-12/1966 and 1/1967-12/1976;
and five subperiods starting in 1/1952 covering five years each. Concise

summary tables are reported with other results highlighted in the discussion.

5.1 Simple Duratjon as a Measure of Basis Risk

The major tests of duration measure D1 are tabulated in Table 2. Results
are presented in four different versions of the return—duration regression
model in (7) to facilitate comparisons with results presented later in the
paper. Panel D is based on (7) exactly, but in Panels A-C one or more of the
variables in (7) is suppressed. For each period and model, Table 2 shows the
average ?j of the one month holding period regression coefficient estimate
YjT; and §2 and S(ﬁz), the mean and standard deviation of R-square values
adjusted for degrees of freedom.

The table also shows t-statisties for testing the hypothesis that yj=0.
These are computed by taking the ratio of the average ?j times the square root
of the number of months in the sample period considered over the standard
deviation of the monthly estimate. This test procedure is essentially the one
used by Fama and MacBeth (1973). 1In essence, a time series for YjT is created
each period T in order to correct for any statistical biases in obtaining the
period-by-period estimates of ¥j, The time series allows us to obtain confidence

intervals for the significance tests.
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The results in Panels B and D do not allow us to accept the linearity
hypothesis, i.e. that the relation between returns and simple duration D1
is linear, In Panel B, the value of t(¥3) for the overall period 1/47-12/76
is -3.82, The five- and ten-year subperiod results also show large and
negative t-values for ¥3. This persistent negative sign for ¥3, along with
the high positive values for yl, indicates that simple duration overstates
the basis risk for longer-term Treasury securities.

There is evidence in Panels C and D that duration normalizes securities
of different coupon sizes. In Panel C, the value of t (Y4) for the overall
period 1/47-12/76 is -2.19, but once non-linearity is accounted for in Panel
D, t(Yy4) is only -1.04. This is probably due to the fact that the coupon as
an independent variable is explaining part of the nonlinearity. The negative
sign of t(Y4) is consistent with the premise that, all else equal, price
volatility is lower for higher coupon securities. (See Malkiel (1962)),

The critical completeness hypothesis is rejected. Panel A of the table
indicates that over the 30-year period (or any subperiod) the value of t(Vv2)
is not large, which is the case for all models (see Panels B, €, and D). On
average, a negative tradeoff existed between returns and DI. Except in the
four-year period 1/57-12/60, the values of Y2 are systematically negative in
Panel A.

The intercept term measures the average level of interest rates during the
various periods., Interest rates generally were rising over the 30-vear period,
as the increasing Yl values for the J-year subperiods indicate,

The time series behavior of ?1 deserves further clarification. The serial
correlations B(Yl) in Table 2 are predominantly greater than zero. To a first
approximation, excess returns (over the risk-free rate) can be used for un-
expected returns. Working with excess returns as the dependent variable generallv

reduces the autocorrelation of the intercept term. The explanatory power of
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the regressions, however, is no different whether one is working with re-
turns or excess returns because the regressions are cross-sectional. In
other words, the §2 of cross-sectional regressions for duration in Table
2 gets no credit for correlation caused by changes in interest rates.

The behavior through time of Y2, Y3, and v4 is consistent with the
efficiency hypothesis. The serial correlations 6(v2), P(¥3), and P(y4) are
always statistically close to zero. Although we have not reperted them here,
serial correlations of the residuals eT(m) are also close to zero.

The data in Table 2 for all Treasury securities are broken into two
segments, because a bias may be caused by including coupon securities with
zero coupon securities as in Table 2. Moreover, some might argue that our
duration calculations involve some measurement error. The duration of Treasury
bills is maturity so the measurement problem is circumvented.

Although we have not reported them, we found results for notes and bonds
to be essentially the same as those in Table 2. Treasury bills results re-
quire further clarification. Returns for Treasury bills are positively related
to maturity in every period. A reason for the positive coefficients Y2 is
that yield curves at the short end are predominantly upward-sloping during
the period sampled and that interest rates were rising. Consequently, realized
returns on Treasury bills are on average greater than promised returns, i.e.,
yields, so Treasury bill returns are proportional to maturity. Despite the
positive sign, however, the results still do not allow us to accept the hypothesis
that the relation between Treasury bill returns and maturity is linear.

We also carried out the analysis in Table 2 for holding periods of 3,

6, and 12 months.9 Our motivations were twofold. First, the duration litera-
ture does not generally specify any particular helding period for the return-
duration relation. Second, it is important to determine the robustness of

duration over varying holding periods. The length of the holding periods
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turn out not to affect our basic conclusions. The linearity and complete-
ness hypotheses are still not accepted, while the efficiency hypothesis is
accepted. (See the D1 row of results in Panels A and B of Table 3.)

In sum, the data are not consistent with the hypothesis that price
volatility of Treasury securities is adequately measured by simple duration.
Although simple duration normalizes coupon differences, the relation between
security returns and simple duration is not linear. Different holding period

lengths do not affect the conclusions,

5.2 Other Durations as Measures of Basis Risk

We repeated all the tests we performed for D1 for the five other duration
measures defined in equation (3). The tests used various different values
for the parameter o in duration D6, Our results for durations D2 to D6 and
maturity m are similar to those shown in Table 2, All the conclusions we
reached for D1 regarding the linearity, completeness, and efficiency hvpotheses
are exactly the same for these other duratrion measures and maturitv.
In other words, even though the D2-D6 measures purport to reflect yield curve
movements more accurately than simple duration, on average none of them performs
better than simple duration, i.e., at the margin none of these duration measures
explains price volatility caused by shape changes any better than any other.

Results for these other duration measures are too voluminous to report.
Table 3 highlights some of the results, showing averages and standard deviations
of R-square values adjusted for degrees of freedom for all duration measures
and maturity over different holding periods using individual securities, The
duration D6 values reported in Table 3 are based on an & parameter of .1.

O0f duration measures D1-D6, the explanatory power of duration D1 was
at least as good as, or better than, that of the other duration measures.
(See Panel A of Table 3.) All the duration measures overstate the riskiness

of longer-term Treasury securities, which is evident by the increase in the ﬁz due
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to a large and negative value for t(?B) when a nonlinear variable is {n-
cluded in Panel B, 1In sum, all fail as linear proxies for price volatility,
The most important observation about Table 3 is that the averarze explanatory
power of the regressions with maturity is almost as good as that of any
of the other duration measures D1-D6. Apparently, unpredictable movements

of interest rates are such that on average, durations D1-Dé are not better

measures of basis risk than maturitv,

5.3 Stochastic Duration as a Measure of Basis Risgk

Computation of the stochastic duration measure D7 in equation (5) is
more invelved than the other duration measures. One has to obtain estimates
of the parameters m, U, B, and 02 for the instantaneous spot rate process
in equation (4). Statistical estimation of the parameters of the spot rate
process is beyond the scope of this paper. Instead, we use annualized es~
timates of the parameters reported by Cox, Ingersoll, and Ross (1979):
m=0, u=5.623%, B=,692, and 02=.00608. The  parameters yu, B, and 02 of the
interest rate preocess are based on a weighted least squares of a series of
weekly 91-day Treasury bill auctions over the period 1967-1976. Given these
estimates, stochastic duration is computed as in (5).

Results for the period 1967-1976 are presented in Table 4 in a format
following that of Table 2. Table 3 compares stochastic duration for the
period 1967-1976 with the other measures of duration for different holding
periods., A review of both tables reveals that stochastic duration explains
price volatility about as well as any of the other duration measures.

The results in Panels B and D of Table 4 reject the hypothesis that the
relation between returns and stochastic duration D7 ig linear. In Panel B,
the negative value of Y3 for the period 1/67-12/76, along with the large

positive value for ¥l, implies that stochastic duration overstates the riskiness



16~

of longer-term securities, However, the percentage increases in the
average adjusted R-square values between Panels A and B are not as

great for stochastic duration as for the other duration measures, which
would suggest that stochastic duration does not overestimate the riskiness
of longer-term securities as much as the other duration measures do.

The results in Panels C and D affirm that stochastic duration
normalizes coupon differences. The completeness hypothesis cannot be
accepted, because the small and negative value of t(Y2) in Panel A indicates
that stochastic duration is not a complete measure of risk, The time series
behavior of vy, v2, v3, v4, and eT(m) in Panels A, B, C, and D is consistent
with the hypothesis that the Treasury market is efficient.

In sum, stochastic duration as calculated is not substantially superior to

other durations or even to maturity as a measure of basis risk. There are at least

three reasons for the relatively unimpressive performance of stochastic duration.

First, liquidity premiums T are assumed to be zero in our calculations and

the numbers reported by Cox, Ingersoll, and Ross (1979). To the extent that
liquidity premiums explain the term structure, they must be incorporated inte
stochastic duration. Liquidity premiums will be particularly important at

the short end of the yield curve. Second, the interest rate process may be
misspecified. A correct measure of stochastic duration depends on the true
spot rate process. It is possible that the process assumed by CIR and that

we used in our tests is not the right process, Third, even if an elastic
random walk model correctly describes the stochastic nature of spot rates,

the statistical estimation procedures may not be appropriate. Sclutions to any
one of these potential problems represent substantial research efforts that are

beyond the scope of this paper.
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5.4 Correlation Among Duration Measures

Our findings so far do not indicate a noticeable difference in the explana-
tory power of various duration measures. This result is contrary to assertions
made in the literature and can be easily elucidated by examining the degree of

association among the duration measures.

A measure of the degree of association between two duration measures 1is
the square root of the coefficient of determination in regression analysis.
Estimated correlation coefficients are computed as the cross-sectional
correlations between all duration measures for each month during the
sample period 1/1947-12/1976. Panel A of Table 5 presents averages and
standard deviations of the period-by-period correlation coefficients using
all securities., Panel C excludes Treasury bills that have ne coupon. Num-
bers above the 1's are average correlation ceefficients, and numbers
below the 1's in parentheses are corresponding standard deviations.
Correlations among duration measures D1-D6 are on average very large, meaning
that duration measures D1-Dé6 are not independent of one another.

Panel B of Table 5 tabulates the same statistics for the ten-year sample
period 1/67-12/76 using all securities. Stochastic duration D7 can now be
correlated with the other duration measures D1-D6. Stochastic duration has
the highest average correlation with simple duration D1 (.9494) and the
lowest with D3. 1In general, all the average correlations are large, implying
that stochastic duration is not independent of the other duration measures,

The average coefficients of correlation suggest that duration measures
DP1-D7 rank securities in a similar fashion. This conclusion may be somewhat
surprising to readers familiar with duration examples in the literature. The
literature may include, for example, comparisons of duration measures for a
hypothetical ten-year pure discount security with those for a ten-year high
coupon security, In their attempt to support an argument, creators of such
examples use very extreme cases, Coupon differences are generally within a

narrower range, so all duration measures on average rank securities in the same
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order of riskiness. Unpredictable movements of the yield curve over time

make this ranking relatively useless for explaining price volatility.

5.5 The Usefulness of Durations for Immunization

We conducted a final test of the usefulness of duration Dl as a
measure of basis risk, creating fixed duration portfolios for each peried.
The results we found have important implications for immunization strate—
gies and fixed income portfolio performance measurement.

For a given duration, say five months, we constructed a portfolio
for each period by randomly selecting two securities and weighting the
securities such that the duration of the portfolio is five months. We
did this 30 times to create 30 different portfolios of 2 securities each
with a duration of 5 months. Another 30 portfolios are constructed of
2 securities each with a duration of 5 months, and another 30 portfclios
are constructed by randomly selecting 3 securities. This procedure is
repeated for a 5 month duration 9 times so that the last 30 portfelios
consist of 10 randomly-selected securities, This portfolio selection
procedure is continued 17 times each period for duratiomns up to a length
of 85 months in increments of 5 months. Seventeen means and variances of
total returns [based on the definition of (10)] are calculated for each
of 9 fixed duration portfolios of size 2, 3, ..., 10 each period.

Results for non-overlapping 3 and 6-month holding periods over the
sample peried 1/47-12/76 are summarized in Table 6. The first column gives
the monthly portfolio duration. Columns (2) and (5) show the number of
3- and 6-month periods for which portfolios can be formed. (In some holding
periods, it is not possible to randomly generate portfolios for all the
fixed durations.)

If duration is an appropriate measure of basis risk, portfolios of

varying size but of the same duration should have equal returns on average.
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To test the equality of average returns, we performed an analysis of variance
for each holding period. The null hypothesis to be tested is that all nine
of the means are equal, Columns (3) and (6) of Table 6 list the percentage
of F-values statistically significant at the 1% level for 3- and 6-month
holding periods, respectively. For example, given a duration of 5 months,
the mean returns of portfolios of size two to ten are not equal in 43,667

of the 71 holding periods investigated. Table 6 reveals that simple duration
generally is less able to predict returns as duration length increases.

Another test involves the variances of the portfolic returns. TIf
duration is an appropriate measure of basis risk, portfolios of varving
size but of the same should have equal variances. Bartlett's test, which
we used to determine whether the variances are equal, assumes that each of
the populations is normal and that independent random samples are obtained
for each population. Columns (4) and (7) of Table 6 give the percentage of
chi-squared values that are statistically significant at a 1% level. From
81.33% to 100.0% of the equality of variance tests are large enough to be
significant,

In sum, the evidence seems to indicate that simple duration is not
useful for cross-sectional comparisons of Treasury security risk. Our results
also shed light on some issues related to fixed income portfolio performance
and immunization. Bierwag and Kaufman {1978) have argued that the duration
of a portfolio is not explicitly taken into account in simulations of bond
portfolio performance, that is, that portfolios with varying compositions
actually may be of similar duration, which creates confusion in ceomparing
different portfolic strategies. The results shown in Table 6, however,
indicate that their concern is unfounded. The-wvariability of constant duration
portfolios in both mean and variance of returns suggests that duration is not
the appropriate index to hold constant in comparing fixed income portfolioc

strategies,
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As for immunization of bond portfolios, Fisher and Weil (1971) argue
that it is possible to achieve the promised yield of a bond by buying a
portfolio with duration equal to the assumed investment horizon, and
appropriately rebalancing as coupons are received. As duration is always
less than term to maturity, a security with a duration equal to the invest-
ment horizon actually has a maturity beyond the investment horizon. Capital
gains or losses at the end of the investment horizon compensate for losses
Oor gains on reinvestment of coupons during the holding period. Our results
in Table 6, however, demonstrate that portfolios with the same initial
duration can have completely different returns at the end of the helding
period. In other words, immunizing with five securities may not be the same
as immunizing with ten securities even though both portfolios have the same
initial duration. Interest rate movements appear to be the reason whv immun-
ization strategies based on duration for Treasury security markets may not

work as they are intended.

5.6 Simple-Minded Factor Models of Price Volatility

To develeop additional alternative hypotheses (maturity m is an alterna-
tive), we performed a factor analysis on bond portfolio returns to see what
percentage of variation is explained by up to four factors, compared with
how much variation is explained by single specific factors such as duration
measures D1-D7. We are not suggesting that a four-factor model is the '"best"
one, but we do believe that it is a useful starting point for the examination
of multiple-factor duration models. In other words, we simply want to test
the explanatory power of different duratiom measures for holding period returns
against simple one-, two-, three-, and four-factor models of interest rate be-

havior.
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For our tests of the multiple-~factor model it is necessary to construct
Treasury portfolios holding maturity approximately constant each month

because the maturity of a bond changes with the passage of time,

For example, one year after issue, a three-year Treasury bond becomes a
two-year Treasury bond, necessitating a portfolio change. Constant maturity
portfolios help to alleviate this nen-stationarity problem and enable us to
create the time series of Treasurv portfolio returns needed to perform a
factory analysis,

We systematically constructed constant maturity portfolios to consist
of all securities within a maturity range. Return and duration measures over
any maturity range are computed as a weighted average of all the individual
returns and durations that fall within the range.

We selected specific maturitv ranges to avoid anv emptv portfolios, con-
structing 12 portfolios during the 18-year period, 1959—1976.11 Thirtv-day
increments are taken from 60 days up to a half vear, 90-dav increments up to
& year, 360-day increments thereafter to about six years, and all secur-
ities with maturities beyond 2,160 days. Smaller increments are used for
short maturities, because the government has more short-term than long-term
debt outstanding. TFor the same reason, the 2,160-day cutoff ensures that each
maturity range has at least ome securitv in it,

We factory-analyze the 12 Treasury portfolio return series to obtain
factor loadings for up to four f.au:tors.l2 A factor model of period-bv-period
returns that allows us te use observed average returns to test the altermative

hypotheses is
(11) ?T(p) = Y1_ + YZTAl(p) + ?BTAZ(p) + ?4TA3(p)

+ YSTAA(p) + eT(p)
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where ?T(p) is the one-period continuously compounded return on portfolio
p=1, 2, ... 12, and Ak(p) denotes the factor loadings with k = i, 2, 3, 4,
The Y1, ¥2, ¥3, ¥4, and ¥5 vary stochastically from period to period.

Means and standard deviations of R-square values adjusted for degrees
of freedom obtained from period-by-period regressions using the multiple-
factor model in (11) are given in Table 7. A one-month holding period is
used, and we again follow the test procedure of Fama and MacBeth (1973).
Adjusted R-square values are reported over the period 1959-31976 and several
subperiods. The model in (11) 1is a four-factor model. A one-factor model
assumes TBT, ?4T, and ?ST, in (11} are zero, a two-factor model sets ?AT
and ?5T equal to zero, and ?BT is zero in a three-factor model. Comparable
means and standard deviations of R-square values adjusted for degrees of
freedom are presented in Table 7 using model (7) for duraticn D1 with
?3T and ?AT assumed equal to zero.

Over the period 1959-1976, the average ﬁz for duration Dl was .377.
One, two, three, and four factors had an average ﬁz of .55, .588, .545,
and .759, respectively. The standard deviations of the ﬁz values are systema-
tically smaller as the number of factors is increased, Subperiod results
reported in Table 7 exhibit identical characteristics as those for the longer
period, Similar results are also obtained for duraticn measures D2-D7.
This is to be expected, given the high correlations among different duration
measures reported in Table 5,13

These results indicate that a multiple-factor model explaing more varia-
bility of monthly holding period returns than different duration measures.
An immunization strategy can be implemented based on the factor approach for
measuring "economic significance" rather than "statistical significance."
Ingersoll (1981) tests a multiple-factor model during the period 1950-1979

and concludes that a simple two-factor model immunizes better than durations
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DI or D6, Our findings (in conjunction with those of Ingersoll) suggest
that multiple-factor durations may provide a practical solution to immuniz-

ation,

VI. SUMMARY AND CONCLUSIONS

In this paper we have used actual market data to test Macaulay's (1938)
duration, Bierwag's (1977) duration, three durations derived by Cooper (1977),
Khang's (1979) duration, and the stochastic duration proposed by Cox, Ingersoll,
and Ross (1979). Our aim has been to determine whether any of these durations
is an adequate measure of basis risk for Treasury securities during the sample
period January 1947 through December 1976,

Our results do net support the important testable implications of any of
these durations as measures of basis risk. Specifically, we cannot accept the
hypothesis that the relation between returns and durationm is linear. On average
there seem to be persistent stochastic non-linearities for all seven durations,
This means that all durations substantially overstate the volatility of longer
term-to~-maturity securities. Thus, we cannot reject the hyvpethesis that addi-
tional measures of risk systematically affect average price changes, In fact,
we introduced and tested a four-factor model that shows some promise for ex-
plaining price variability. On the pesitive side, all duration measures
account for coupon differences, with volatility lower for high coupon securities.
Finally, our results suggest that none of the duration measures is useful for
fixed income performance comparisens and that immunization strategies based on
duration mav not work.

Our empirical results are in sharp contrast to the analytical claims made
by authors of the duration measures, Even the theoretically more appealing

stochastic duration, which is based on a generalized equilibrium model of the
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term structure, overstates the riskiness of longer-term securities. Sfo-
chastic duration results, howeve;, may be affected by the absence of ligquid-
ity premiums plus misspecification and/or estimation of the underlying true
Spot rate process.

To sum up, there are periods in which some durations are adequate
measures of basis risk, as well as periods when some are ¢bvicusly superior
because of the particular yield curve movement. Over long periods of time,
however, uncertain movements of the term structure do not permit us
to conclude that any of the durations tested is a meaningful basis risk

measure,
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FOOTNOTES

*Associate Professor of Finance at The Wharton School, University of
Pennsylvania, and Professor of Finance at The Amos Tuck School of
Business Administration, Dartmouth College.

Helpful comments and suggestions were received from Eugene Fama, Merton
Miller, and the referee of this journal. Dorothy Bower and Richard P.
McNeil provided valuable assistance and computer programming skills.
This study was initiated while the authors worked together at The Amos
Tuck School, with continued funding from the Tuck Associates Research
Program.

For example, Martin L. Leibowitz, Bond Tmmunization: A Procedure for Realizing
Tarpget Levels of Return, Salomon Brothers, {October 10, 1979) and Martin L.

Leibowitz and Alfred Weinberger, Contingent Immunization: A Next Procedure
for Structured Active Management, Salomon Brothers, (January 28, 1981).

See Hicks (1939) and Ingersoll, Skelton, and Weil (1978) for an extensive
review of the duration literature. o

Macaulay (1938) actually defined duration as P(m)tzl ClEYE(1+R(EYY
where R{t) is the spot rate for cash flow C(t). Most applications of
duration, however, use the definition in (1) where duration is simply computed
by using the yield as a proxy for the spot rates. We make this distinction
explicit by referring to the definition in (1) as "simple" duration.

t

Most attempts to devise new duration measures came out of research dealing with
immunization of fixed income portfolios for different vield curve movements.

0f course, if duration is not a reliable measure of basis risk, its usefulness
for immunization purposes is questiomable,

To see this, note that price changes due to a change in the term structure
at an instant in time d7 can be expressed as

(52) dP{m) _ 1 ‘}1 c(t) exp[-R(t)t] dR(t) dt

P(m)  P(mw

where R(t) is the spot rate associated with each cash flow C{(t). Suppose a
pelynomial of the following form adequately describes the term structure

(5b) R(t) = o + exp[(y/t) 1n(Bt+l) + ¢t + ]

where o, Y, B, ¢, and ¥ are some finite number of parameters defining the level
and shape of the term structure at time t. The motivation for such a polvnomizal
representation of the term structure is based on empirically observed vield curv
However, theoretical representations of the term structure derived bv Vasicek
(1977) and Cox, Ingersoll, and Ross (1978} are also families of polynomials if
the parameters are assumed to be state variables. It is easily seen that the
term structure changes with variations in o, Y, 9, and y:
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(5¢) dR(t) =—~—-—~—a§ét) da + ____81;((1:) dy + _______B}gét) + dgugt) di.

Substituting (5¢) into (5a) gives the price change due to a change in the
term structure. Different duration measures can be obtained using a
comparative static analysis after this substitution.

Lanstein and Sharpe (1978) observed that there are strong suggestions in

the duration literature that measures of duration calculated ex ante predict
the expected reactions of security prices to unexpected changes in interest
rates, This essentially implies that duration is a linear risk measure
similar to beta for common stocks. Lanstein and Sharpe also derive
conditions for which duration is a risk measure similar to beta.

Such interpretations could be tested by rewriting equation (6) with ex-
pectations as

(6a) Elr(m)] = E[- Ay] Dk(m)

The linearitv hypothesis is that the relation between expected securitv price
changes and duration is linear.

The six duration measures Dl to D6 depend on the cash flow stream C(t), the
current market price P(m), and the spot rate R(t) associated with each cash
filow. The duration measures are calculated at the beginning cf a holding
perlod. Yield to maturity of each security is based as a proxy for the spot
rate R(t) and actual market prices for P(m).

All tables presented here are available from the authors upon request.

We repeated the analysis in Table 2 for portfolios of Treasurv securities,

We ranked securities on the basis of their simple durations each month and
assigned them to ten portfolios. Returns and durations for the ten portfelios
are obtained by equally weighting the assigned securities. The duration of

a portfolio is a weighted sum of the durations of the individual securities

in a portfolio. Coupons for the portfolios constructed are difficult to
ascertain, so we did not perform regressions on coupon terms. The results

are again very similar: for portfolios of Treasury securities the linearity
and completeness hypotheses are not accepted, but the efficiency hypothesis
continues to be accepted.

Our tests in this section supplement tests performed by Ingersoll (1981).

In immunization tests using duration, Ingersoll reports root mean square errors
of returns for portfolios formed systematically to differ except for duration.
He concludes that duration performed no better than maturity matching.

Fewer portfolios are possible starting before 1959 if none is to be empty.
In addition, the portfolios would have fewer securities in them, especially
in the 360-day or longer maturity ranges, because the Treasurv issues fewer
longer-term securities.

See Lawley and Maxwell (1963) for a complete and easv-to-read description of
factor analysis.

Cooper (1977) suggests that a linear combination of D1, D2, D3, D4, and D5 might
explain bond price changes better than any single measure but he does not pursue the

suggestion. The multicollinearity among duration measures D1 to D5 reported in
Table 5 indicat(—‘_qthe FiubriTdd+w AF Amnlomanttmem Crmanman T oo e o e a
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Table 1

SUMMARY STATISTICS FOR TREASURY SECURITY RETURNS

Days to Number of Studentized
Maturity Securities Mean  Variance Skewness Kurtosis Range
(1) (2) (3) (4) (5) (6) (73

A, 1 Month Holding Period

30-59 1847 L2749 L0275 .6746 2,83 5.11
60-89 1794 L2947 .0330 L7617 3.56 6.42
90-119 1428 .3161 .0452 . 5007 3.91 6.81
120-149 1261 L4027 .1287 -.5599 1.60 5.19
150-179 1228 4217 .1424 -.5376 1.49 4,10
180-269 1191 .3932 .1286 -.1657 2.19 6.2
270-359 974 L4087 .1919 .0557 2.23 5.56
360-719 1641 .3590 .2598 ~-.0331 6.17 8.84
720-1G79 1004 .3615 .5213 .3433 5.09 7.7
1080~1439 950 L3661 . 7856 .3973 5.49 7.23
1440-1799 745 .3518  1.1122 .1641 5.34 7.46
1800-2159 530 .3648  1.5437 L1119 5.19 6.78
2160~ §43 .3349  1.5346 . 2485 5.11 6.93
B. 3 Mcnth Holding Period
90-119 416 .9387 . 3849 -.3430 1.77 3.48
120-149 462 1.2130 1.0770 -.9188 1.20 2,18
150-179 388 1.1872 9053 -. 8630 1.33 2.56
180-269 383 1.1708 . 8692 -.7516 1.42 3,25
270~359 323 1.2154 1.1061 -.5675 1.26 2.99
360-719 535 1.0760 1.1294 -.1109 2.85 5.54
720-1079 352 1.1141 2,1765 .1976 3.21 5.34
1080-1439 308 1.0886  2.8242 .1876 3.52 5.70
14401799 244 1.G6353 3.9121 .2292 3.57 5.60
1800-2159 173 i.0523  5.3179 L1673 3.23 5.11
2160~ 298 .9213  5.5151 L0827 4,21 5.93

Means and variances are multiplied by 100. Skewness is measured by the
third moment from the mean divided by the second moment to the 3/2 power.
Kurtosis is computed by dividing the fourth moment about the mean by the
square of the second moment about the mean. The studentized range is the

range of observations in the sample divided by the square root of the sample
variance.



-30-

31e BIANQUINU mw ayl  ‘svogssaalal LQyruow 3yl I0] HOTIBTAIP prrpueis w3 pue aarnbs-y prisnipe afnaaae sy oae (_M)s ‘.9 coanz
el srsagIodAy [Enu a3 1833 (RA,3 pue ‘({A)1 *(zAN1 Y(14)1 sangra~1 My

T Bun m-m_ h_..h HATRU] 18 ayl jo :.:n'—.:,.—Uh.—:LWuM:_w P

-

T

Arupise sae (HA)d p

oy Ay perppdyipnm

SIN[TA FHI )

Tt (ehd

(ZA)D Ay *(L) uopienba uy uopssaaBax apdyzgnw a43 BULSn SRIEW[IES | PUGTINNE SROID A[IU0E AYI JO SUEAW D{IMNT[3 AYT AdR wh pue gk Tzh ‘[A v
79z’ LRS” 10'e- [ 19'1 29781 660"~ 610" - 2507 060" it g 0" - ng- £6°RY LIXrACTANE}
gGE" 296” 1) a4 8f - 0g°- 9% %1 €S0’ 50"~ g0~ e on1 £9°- [ S LRy LL/zi-L9/1
BEZ " €9 607 €~ t9'e- 62°¢ 08767 631~ L0’ - 14 B e - S — £9°' 1~ (4N 96797 99/Z1- 291
LAt ¥E9° 6"~ mz- 0671 Qe TE [ 8 M 896" - {0 - EQ0” €0 1- FA-E L6” 18712 ICRFACTATA
[are 608" Bet 05 1- LA SE°9L 652"~ 19 et 107 - 602" 15"~ L= 68" [ A ) 96/z1-78/1
T1e” 086" B9’ oy t- %9° 66°ZE B9G” &l il £n” 8z 8- AN £9 gy U/TTI-t9/ 1
%" 769° B9 - SEE- 76°¢ £L° 02 0] S Lo~ 660"~ 190"~ 00" t- %51~ 56" BL"%Z 99/71-16/1
647" 659’ y0° - oL~ R T LR %7 rrz = cOpT- 1 { Ay a6y 0 - ar- - ) 16" 1€ 9L/zE-Ln/1

— — o , o e~
(@) e+ (my o'vr gy ! ._ T L - g a1 paneg
235 Liy” 81°1 - 781 1£0° - Lo e e £7- ouite 9STT-TLIT
RiL® 9% 67 91°1- 76757 670" AID™— (X1 £9°¢ ay’ L6y T4/21-L9/1
R8I fA SL'1 8L°1- £8' %7 90y " - 101° 08s” 88"’ [T £1°¢t 99/71-09/1
' 1627 19 L7 1 4 TE 8L o] s el AL Le'e 60° - L7862 T9/T1-L5/1
06Z" 80L " 2T 91" 1- 9e" LI 0gr - 950" - 0z9° 0°7 1z - LI 95/21-25/1
97¢” 69" e LI & 0662 LE0" - 0z0o"~ rRTC AN 6§ - 19718 9/21-L9/1
€67 096" 127 LT~ 1067 066" - Lot 319 1571 LA 26°87 99/T1-L5/Y
LT1E” €56 LT 6177~ 27708 T 970° 9Ra9" [ § Gz~ Z1°¢t LISFACTA |
) : mls 5 (@) olwh 4 (<ETha bl # = (wytx 2 1auEg
£9e’ 98%° t0°Z- ¢l 16" LT 116" - £e0° 90" L8°- 09" L8y 9L/z1-7L/1
Q%e” CG* 0 1- e 61°6GI IXON w0 - 0ez” 0 1- £z 69° LY Tefet-49/1
29" 619° [ARE A e0'Z 2T ne 6in’ Lhi’ Leg - LA b LI 80" L2 99/41-¢9/1
982" AlN we- 88’1 09°¢1 060"~ uea” €yo” et~ ¥ |3 A4 T9/I1-46/1
£92° 0Ll €91~ YTl 6% €T P2 e 2Z0" 91 69° - 4 [A-R ) 96/21-26/1
cie” 0Ls” 81 96" T£°E2 780" 000° BRI’ S6° - FA [ 14 QLITT=L9/1
69¢° 629° 9L e~ 92 26° 17 040" - 756"~ L0~ qE 1= 9L" 0L°%e 99/T1-L%/ 1
962" e’ Z8°E~ [A A [4 T4 oo~ FA Uy 6RY " 90°T- 76” L ARES CINFACTA FA
= LT D A
’a g msuﬂ sl Mz 4 T 't 8 (aued
Fa: 1A 91%" L9 - 78 vl 610" ZRU” [ L4766 GLITT-TL/T
HLE" vy - 8L~ 127 %2 o - use” 7€ - $£°06 Te/er-19/1
61€" 1sy* oy I~ {023t 80" 005 ” : 1z - 09°2Z¢ 99/21-€9/1
9zE” 095 * 1z t1°9t %0z " 90¢” 30" 99° 9z 19/21-L5/1
Yot " ogs* 61° - ET°ET 1 89¢” T1T- 0 g9teT 0 9S/ET-TS/T
e’ gLy - zo'1- LT $00° - AT LT 90°€5 9L/TT-L9/1
97" 906" £S5 - 01792 BLE 1y’ 80°- £9°67 98/TT-L5/T
6EC" bEh" 20 1- €947 one TN ST - 0t "9t 9L/TT-L%/1
@ ¢ Mgt v e - mb v [aueg
u)s 2 (5A)7 (€A (Tl (1AM (vi)d (£A)a (ah (e yt il 7 A porrag
21315190838
SAILINNOYS "IVIWMIAIAONT DNISA TU NOLIVMNA TLIWTS 204 SL1iS3¥ NOISSINOA TYNOILIES SSOuD

Z Arqeg



-31-

*poraad Fuiprey yiuvow-suo e Jursn g 10J 7 9T4RL jo suunyoo

om3 3SET 9y3 ul parrodaa gonyes 3yl o3 puodssiiod SUOTIRTADD PIEPUB]S pu®R sSueswW asoy] -suoissaafaa

potiad-Aq-poriad ay3 sziipuUMS 03 #n0T2q sasayjuaied UL 00TIRIARD PABPUBIS 311 pue =2aenbs—y odeisae ayz sie
pe3ioday “suanisxa porzad Zuipjoy yauow 7T pue *g .m‘ ‘T Bursn uni a1e suolssoidax ﬂm.c,.uﬂ.uuw.mlmmouu

—— - — e = . e

(@es) () {eet) e (ot} sty (wg’)  ieee) ey (et ey fore) LUATAE IR EIY A B {7 4 B {1140 | Gty ey sy teagc) O {1 (U)o :

A7y fecr) (vt t1ep)

L1 L T IO T D YD [TTR T T TR S LI R T LTI oy TR T ooy [ T e A LR LR T T oty LITEEE TTER (T 11T
rets)  fecry (oee-) troc'y eyt) 9Lty Gst) (eec) : ety ey Aoy tere) "
LLA S L1 - A 1 L2 LR TR T T (LA [T R TR 1 1S
L L I TS I LT YT | ety (e (et 4 [LIIS I L B (- L S TT TRY S oLl toae'y 1020 st} freee) fursd ey erter) L I L L I FTT L B T wedy (e ceeec) ety "
a5 "He " (S0 fage fos- e M LELN o e L1498 1T Ly " yta* jag* AN tre 11} 94 0" e (41 04 {5c it 111 % e 14154
B L I S L Y T L TT e T TS S (0 S N 17 S R PO PR (017} fore'h  GLE} (167} 08y LLE) et (el') oI} (HEY () NI (UECF (e} OME) dend ') ¢
wewt o e [L R TS LI *7 TR ey twt o aree (01" CITA T I T (IR T T LT TR 15 LA TR TR Tty” [STEEE FUSR § TR T
Wit Ler'y (gt taart) faet) LE) otk fairy 1800 ey el taved s e et dnt) frecd teir) iy ey feees) foar) tessc} {10 ety ey tasecd "
LR A L R L N N T TR S 28 "oy He one LT TR T (IR T L TTE "y (RIS TR (S A T
LROSU-d feezty izt (eer) ort 'Y (a1} (srr} teeg) [IS1 0 I T T I 1 LTS B YT | trat-b traeey (o2} tyarty oCs fepy derr (4re) o) cgeetd  teed) ey Gt ey ek e
P L [T ST T T D [ L I Rt Y [T TR sov" Y ' ny (LS FT R TP LIS TS afer L S [ L T R P
LEL RV IR L P ) I TIY 3 A ST TR ) 1MCr () dxtt) tom ) T (enc) dect*)  1527) IPTE*Y  (§ed} ) (megcl [T 20 S EET R BN Y 2T S 1T 21 ey ey eyt HICY sy ety deott)
LIi% e [i4 " i s’ Iy " 130 Loy {18 e (110 LA 41 15 (318 ot 7y 0es [ {15 i " (NN L1 3 [ [LLN [RL n
B R I S T S T 1 T N YO THEY G500 0fs) (0 () Gt 1) (e (hiTe) (we') °
LA LA [T IS L L A LT S T LR LA TS O 41 TR {4 RS P A N e seer tey s 5 L0 e hede .
T
e d e NI LR T
) AL AL SUR S LS LI LSO L S 56 B BT T T GO ey ey er) el ) HES (90) o) REr T tzeioy WY ey ey "
(L% LIRS LA IRAN 11 A 4 L A 1 fae 1w e ey oot . HOE e ket (LA T A (L T TR (X1 R0 1 LI o5+ LILONFLLE 13 S 1
trie*) L TS BT B I R R T T BT I {2 A T I (61" oty tse) (e
" ey A1y L LU Ul "y - L3N s (1 149 o
HICK ) petp (2007 B nesrl {IR0) fec) (Y (o) Nt T {nc) () ey (o0)  Gert) HGE GO0 GRT ) fEh Mt (ot} tee) LeE'h fecd Gired
SIU et cky (e AUL A A LA L I A LeLAN . L LA L oBET o paee (LIRS o v mst oy [T L { TR D [t [ L TR 'R T -
L L S I T T e B B LT S I 1.3 O BT 3o B { TT 3 B TY Y B T 120 B ¢ 1Y 1 S LTV O B Y T8 Urz'd fzer)  dgee) () AO2') Leredh to0) (OWC) (680} [062') (1000} OMC°)  (e%°) ey
G oy osort (LT L L A T A (1 LA A 8 i et ooy [TIRER T [ LA L R S YT T oter g ter o Y it oy et s
WD ) dlmn Gty gere) ie) () H9) (NCY (S g1 e (e WA OIT GICr oee L) (e Y ferh (el e trresy deset] {asg) [
Lt e cir” "W g nee [N 1 213 L [ 1] o5y " oFy "y L1 (110 toy: "y (31N L1 Ther " wy* Hr "y oft” i "
IO} GAT MY TR Get) (2D te) OMET] neeh (R0F (€ne) toer') {eor'y freeey LT3 B3 TY S S AT L) AWET)  {sUTT) AKCY ENET) tneh Goytd GREth derted {ueeh
[1E S T AT TA T 161" [TL A TR T wit (" e LLU L 1 gy s’ _:.. 28 HU 2«. .“.. LLL DA 1 AR T LT & "
{0y desg) tetch GoRety {eNC-y frar't Gingc) fLICy ey ey ey Liitis BT 4 Q) G dreET) fwarc) LR B L S L B Lt T (T L I TV R B T R R T AT BT 1T T ]
(LR T* SR PTCER TS (1T TR 11 3] we "y oy’ AL [RIA I [ITRE Y 1% [ ST A TS s (1L S TSt TR T 1
AL B U L S e e B T LT B BID AT ey gy fket thed Deeech togte) reeg ) BT I (VIR I I T 3 B TS T BT S R R 1Y N )
L1 RN {1 LAt T i LLIRE 1 LA 11 M forr e L] MATRALN ML et LIS A § LR 12 LA 11 o5’ (1 w0 o mY M et u
1k
e ey e T T T, ¥ towey
L] [3 1 ar y T T
o 't ' i M ¢ ' v f L 1 1 v ¢ ' t ' t ' " ' ¢ 1
SYjuol uT poriag Sulploy
- - .
LT/ TiTT-e9/1 9942T-29/1 13/21-46/1 Se/TT-L9/t : 99/2T-25/1 9L/TT=L2/1 e
T jTAm ’
SALLI¥ADIS TVNAIATANT ONISA SAOTHId ONIQION INTHILITd HLIN SIANSYIH NOLLIVEI TI¥ ¥Yoq
SNOISSIWIAY TYNOILIAS-S5TUD KON SAATVA axvabs-N aQIisgirav 40 ROILVIAIQ QUVIUNYIS ORY Nvan
£ 2lyal




—32-

atu wavqunu PA syl ‘suoissaalal A(yiuow Iyl 10) UOLIWIAIP prrpucis 833 pud alenbs-y peisn{pw afvisar vyy 21w { w_.,m. ! H
11 spsoyjodiy Hzn_ Y3 3881 (74,3 pue ‘({A)3 C(FA)3 '(1A)3 eenra-i oyl ‘teue dc1 0§ wojvayawad oyl JO u:a:e_mhu:umu:t _rﬁunl:n: wae T?Cm putt f{gA)d
L'} ueiianks .:..:.ch-n._-nau wrdyapne 2yl m:ucs FOQUWIND (L0125 ¥HOAD AT INQN 84} JU SUEGE JJIOUGTIID @Yl eaw cw puw .nw mw .-w

NEASTINIZSL

*00

4q payTdra(me

*OduT Baw BINTEPA URew 3y

-

soe° 915" 8171~ 6671~ 671 £0°0F §12°-  eir- FTTES €9Z" 6C"- o - €0°Y 98T 94 Z1-TL/1
696" £z5* 68° 1 oL 1- o £6°91 wig* TN £E0° €see 6T°1 €0~ 04" €25y 1L/T1-29/1
% 025" 91°1 657 2- &1 1097 s1o° 560" too°- 02c” sht ot 19 66°9%  9L/71-19/¢
nﬂvw. + ﬁEeru..:r +HE._..Mhmwmr +ﬁ_.,.w.-phn_.rmr + »nr - AEu»h a 1sueg
tzet [ITE BT 1 ohi- 1991 §oE tog - 12z £5" 61°=  80°CS  9L/TI-Ti/T
iee gy Ir'e A3 I FAX% 4 w70* - st~ e Te'z Te'- 80°0S gk /2T-49/1
05" 19¢° *"w'e 1271~ 1882 560 - A el Q9 91 LY 8¢ 1¢ 9e/T1-L9/1
e + =ttt @ Tt + T - @t 9 [eueq
f0t- 915" c8°1- 21 9yel Lot~ 760~ o’ 767~ ug 976y 9L/ ZI-Tt/1
fegt wig* 6y - PN PRI o £90° f61° no" - 1T WEEY  LL/TV-iid
gEC” 319 - 61" £1°41 9607 900 60L" o-- b6 15797 9L/TN-L9f1
wy e +ﬁ&M.th,n» s et e T - s g reumy
92¢" Ty - 1008l 9o gL 60~ T9EC  eL/Tt-Teft
BLg” 95y oL=  evlt 600"~ 98z’ 8- 69705 NL/Ti-L9/1
128 7oy 69°-  B6°LL 1G0° 15e RZT- QLTS 9L/TE-L9/T
(@ v et e . s v [euwg
(4)s o (413 (€83 €23 (A Py (g4 (e LA A £ Tk 14
m - - . - PozARd
331911935
SHILTEN0ES TVIAUIATANT ONISQH [0 NOLLVENA DTILSVHOOLS ¥0d SLTASTY NOISSHEOHH TYNOLLIAS-S504D

% SIYrL



-33-

Table 5

MEAN AND STANDARD DEVIATION OF MONTHLY CONTEMPORANEOUS CORRELATICNS
BETWEEN DURATION MEASURES USING INDIVIDUAL SECURITIES

Duration Correlations
‘Measure
Dl D2 D3 D4 DS D6 o7
Panel A 1/1947-12/1976 (All Securities)
D1 1 .9986 L9422 .9912 L9471 . 9004
D2 (.0019) 1 . 9495 .9941 .9530 .8898
D3 (.0275) (.0230) 1 L9741 . 9965 . 7386
D4 (.0059) (.0059) (.0162) 1 L9767 . 8449
D5 (.0249) (.0250) (.0008) (.0154) 1 . 7465
Panel B 1/1947-12/1976 (A1l Securities)
Dl 1 .9991 L9233 L9921 L9281 8737 8494
D2 (.0008) 1 .5293 . 9945 .9337 . 8660 L9411
D3 (.0318) (.0278) 1 L9610 L9996 6696 L7673
D4 {.0035) (.0014) (.0176) 1 . 9640 L8138 L7745
D5 (.0285) (.0263) (.0004) (.0162) 1 .6762 L9349
D6 (.0245) (.0284) (.0846) (.0380) (.0816) 1 1
D7 (.0345) (.0378) (.1223) (.0556) (.1185) (.0097)
Panel C 1/1847-12/1976 (Excluding Treasury Bills)
D1 1 . 9988 .953¢9 L9343 L9574 . 9085
D2 (.0010) 1 .9591 .9968 .9614 . B9BS
D3 (.0124) (.00671) 1 L9780 .9986 L7614
D4 (.0031) (.0007) (.0039) 1 .9795 .8637
D5 (.0083) (.0081) (.0004) (.0051) 1 . 7680
D6 (.0276) (.0330) (.0544)  (,0408) (.0497) 1

Figures above the 1's are average correlation coefficients and those
below the 1's in parentheses are corresponding standard deviations.
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