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This article uses bond market data to empirically test the asset pricing model
of Kazemi (1992). According to this model the rate of return on a long-term,
pure-discount, default-free bond will be perfectly correlated with changes in the
marginal utility of the representative investor. The covariability between financial
asset returns and returns on such a bond can therefore serve as a measure of the
riskiness of assets. The aim of this study is to determine whether the model can
explain cross-sectional differences in the monthly returns of bonds with different
maturity dates. We estimate and test the restrictions imposed by the model on
returns of default-free bonds, while allowing the conditional distribution of bond
returns to be time varying. The model is rejected during the full sample period
(1973-1995) and the subperiod (1973-1980) when the Federal Reserve’s focus is
oninterestrates, while the model is not rejected during the subperiod (1981-1995)
when the Federal Reserve’s focus is on money supply.

The basic outcome of equilibrium asset pricing models is summarized by the
result that asset prices adjusted by the marginal utility of the representative
investor follow a martingale process. From this it follows that the covari-
ability between asset returns and changes in this marginal utility would
measure the riskiness of asset returiBy making suitable assumptions,

the return on aggregate wealth, the growth rate of aggregate consumption,
or returns on a number of hedge portfolios become perfectly correlated with
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! This is the theoretical underpinning of the single-period Sharpe—-Lintner model, the intertemporal models
of Merton (1973), Lucas (1978), Breeden (1979), Cox, Ingersoll, and Ross (1985a,b), and the equilibrium
arbitrage pricing model of Connor and Korajczyk (1989).
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changes in the investor’s marginal utility. Empirical implications of these
models have been extensively tested using stock market data and, in a few
cases, using bond market data.

Kazemi (1992) shows that if the variables describing the state of the
economy have long-run stationary distributions, the inverse of the per period
return on along-term, zero-coupon, default-free bond will be proportional to
the representative investor's marginal rate of substitution. Therefore, asset
prices adjusted by the inverse of the per period return on such a bond will
follow a martingale process, and further, the covariability between asset
returns and the return on such a bond measures the riskiness of the assets.
This article offers empirical tests of this bond-based capital asset pricing
model (BCAPM) using bond market data. Our objective is to determine
whether the model can explain cross-sectional differences in the monthly
returns of bonds with different maturity dates.

Under the above assumptions, the rate of return on a long-term bond
will be perfectly correlated with the pricing kernel. This article presents a
discrete-time version of this model and shows that the inverse of one plus the
per period rate of return on a long-term bond will be the same as the pricing
kernel. Since the rate of return on the long-term bond is not observable, we
use the rate of return on a 20-year bond to approximate its bedvitinis
regard the results reported in this article continue the recent research efforts
of Bansal and Viswanathan (1993), Bansal, Hsieh, and Viswanathan (1993),
and Chapman (1997) in approximating the pricing kernel. The first two
articles use neural nets to approximate the pricing kernel, and asset returns
are chosen to represent the relevant state variables. Chapman (1997) uses
orthonormal polynomials to approximate the pricing kernel and aggregate
consumption to represent state variables.

Similar to these articles we use the GMM approach of Hansen (1982) and
Hansen and Singleton (1982) and the estimation procedure suggested by
Newey and West (1987) to test the model’s implications for bond returns.
This procedure allows for moments of conditional distributions of bond
returns to be time varying. This is consistent with the evidence presented by
Keim and Stambaugh (1986), Stambaugh (1988), Campbell (1987), Fama
and French (1989), and Harvey (1989).

N

Many of these empirical tests are reviewed in Huang and Litzenberger (1988), Schwert and Smith (1992),
and Campbell, Lo, and MacKinlay (1997). Empirical tests of these models using bond market data appear
in Friend, Westerfield, and Granito (1978), Campbell (1987), Stambaugh (1988), and Chang and Huang
(1990).

3 The rate of return on the long-term bond that is used to model the pricing kernel in Kazemi (1992) and in
this article is defined as lif, oo[ Bry1,7 /B 1]

4 The assumption that bond returns follow time-varying conditional distributions does not conflict with
the BCAPM’s assumption thatate variabledollow processes with long-run stationary distributions.
Bond prices may be nonlinear functions of state variables and time, and thus their distributions could be
nonstationary.
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Using the full sample period, 1973-1995, the empirical results show that
the average pricing error is very small (about 0.0001) but significantly dif-
ferent from zero when the rate of return on the long-term bond is used as a
proxy for the pricing kernel. In addition, the mispricing for each bond class
is considered during this time period and the results indicate that the proxy
for the pricing kernel could not completely measure the riskiness of bonds.
In particular, the covariability between a bond’s rate of return and the pricing
kernel tends to underestimate the riskiness of bonds. During the subperiod
when the Federal Reserve’s focus was on interest rates, 1973-1980, the
model is completely rejected as well. Not only is the average pricing error
significantly different from zero, but also the pricing kernel grossly under-
estimates the riskiness of bonds. However, during the subperiod when the
Federal Reserve’s focus was on the money supply, 1981-1995, the model
cannotbe rejected with the average pricing error bei#@00003. Although
the pricing errors are not significantly different from zero, during this sub-
period the pricing kernel has a tendency to overestimate the riskiness of
bonds.

The article is organized as follows. In Section 1 we summarize Kazemi's
(1992) continuous-time model and obtain new results in a discrete-time
framework. Section 2 presents the methodology and Section 3 describes the
data. In Section 4 we report our empirical results and Section 5 offers some
concluding comments.

. The Model

Consider an exchange economy in which a representative investor exists.
It is well known that the time price of anominalbond that will pay one

unit of account at maturity], and the representative investor's marginal
utility of nominalwealth satisfy the relationship [e.g., see Lucas (1978),
Cox, Ingersoll, and Ross (1985a) and Breeden (1986)]

_ B[ [ &]
Ju (1)
where B 7 is the timet price of the bondJ, (1) is the representative in-
vestor’s marginal utility of wealthE[- | -] is the conditional expectation
operator, and; is a vector of variables that define the state of the economy

at timet. Consider the behavior of this bond’s pricetascreases to + 1.
The randormominalone plus the rate of return on the bond will be

Bri11

Byt '
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The return has two parts. The first part is equal to the inverse of one plus the
growth rate of the investor’'s marginal utility of wealth, and it represents the
currenteffect of changes in the state variables. The second part is equal to
one plus the current growth rate of the expected value of Tinmearginal

utility of wealth, and it represents tlieformationeffect of current changes

in the state variables.

Suppose the variables that describe the state of the economy have a long-
run stationary joint distribution function. Then T is sufficiently large,
E[J,(T) | &] remains unchanged as changes ta;.1, and therefore
Equation (2) can be rewritten as

Jy (1)
ot +1)

In a continuous-time framework Equation (3) indicates that the long-term
bond’s rate of returnis perfecthegativelycorrelated with the rate of change
in the investor’s current marginal utility of wealthCox, Ingersoll, and
Ross (1985a) report the general result that the negative of the covariance
between an asset’s rate of return and the rate of change in the representative
investor's marginal utility of wealth measures the riskiness of the asset.
Given Equation (3), Kazemi (1992) shows that an asset’s risk premium is
equal to the covariance between its rate of return and the rate of return on
a long-term, default-free, pure-discount bond. Since we use discrete-time
data in this article, Equation (3) is used to obtain a different equilibrium
relationship in a discrete-time framework.

Lucas (1978) has shown that the equilibrium random excess rate of return
on assef can be expressed as

E [ Jo(t+1)
Juw (1)

whererji11 is the excesgate of return on asset over the time interval
(t,t + 1). Given the result of Equation (3), Equation (4) can be written as

E [kt+1 X Fjt41 | Et] =0, )

wherek; ., is the inverse of one plus the rate of return on the long-term
bond, R:}. Using the definition of covariance and noting the fact that

Elkii1 | &] = Btftlﬂ, Equation (5) can be written in a CAPM-type form

3

Rpa=1m Ruart=
T

St] =0, 4

X Tjt41

Elfjier | &] = =By x COVIFjira. Kepal, (6)

5 The rate of return on the long-term bond has a number of other properties. For instance, one can show
that it is equal to the rate of return on tgewth optimum portfolia@iscussed in Cox and Huang (1989)
and Merton (1990).
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where the negative of covariability of securities’ rates of return With is
a measure of risk anBtftlle is the market price of risk.

Since the empirical tests are conducted using a subset of the information
set available to investors, we use the law of iterative expectations to obtain
the following expression, which will be used as the basis of our tests:

E [kt+1 X Fitye | Zt] =0. )

HereZ; is a subset of; and it represents the information available to us at
timet.

. Methodology

To test the model, Equation (7) is applied to returns on zero-coupon bonds
of different maturity dates. Our timeinformation set,Z;, is represented

by a set of instrumental variables. In particular,Zgetlenote a X g vector

of instrumental variables, and letdenote the Ix n vector of bond excess
returns (i.e., it includes;; for j = 1,...,n). The 1x n vector of error
terms from the model is expressed as

g4l = Kep1 X g1 — Al (8

The pricing model of this article along with rational expectations implies
thatE(et11 ® Zt) = 0 andA = 0. In Equation (8) we have model errors
gr. With g instrumental variables, the number of orthogonality conditions
isn x q with one parameter to estimate.

The parameter of Equation (8) is estimated using Hansen’s (1982) GMM
estimators. We form the vector of orthogonality conditions

gr(A) = vede'Z)/T, )

whereZ isaT x q matrix of observations on the instrumental variables and
eisaT x nmatrix of model errors foF time periods. The GMM estimator is
obtained by minimizing the criterion functiods (A) = o5 SlgT , WhereSr

is a consistent estimator of the optimal weighting matrix derived by Hansen
(1982). We use the two-step procedure suggested by Hansen and Singleton
(1982) to arrive at this weighting matrix. Since we haveq orthogonality
conditions and one parameter, one linear combination of these orthogonality
conditions will be set equal to zero in estimating the parameter. There are
n x g — 1 orthogonality conditions (overidentifying restrictions) that are not
set equal to zero in the estimation, but should be close to zero if the model
is well specified. Hansen (1982) shows that the statiBfiain Jr (1)] is
asymptotically chi square with x q — 1 degrees of freedom under the null
hypothesis when the model is well specified.
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3. Data

This article uses Bliss’s [see Bliss and Ronn (1988, 1989)] updated monthly
holding period returns data over the period January 1973-December 1995
for pure default-free discount bonds with maturity dates of 4, 6, and 9
months, and 1, 2, 3, 4, 5, 8, 10, 15, and 20 y&afhie excess returns

are calculated with respect to the rate of interest on the one-month Treasury
bills. We use the bond with 20 years to maturity as a proxy for the long-term,
default-free, zero-coupon bond.

Forward rates have been shown to contain information of the expected re-
turns of discounted default-free securities [see, e.g., Fama and Bliss (1987)
and Stambaugh (1988)]. Thus three of the instrumental variables are the
one-month forward rates for 2, 12, and 24 months in the future calculated
using Bliss’s data. Since we do not use bonds with maturity dates of 3, 13,
and 25 months, the forward rates do not match the maturity dates of the
bonds in the sample. The forward rates are lagged one period to avoid any
errors in the returns of the pure discount bonds being correlated with any
errors in the forward rates [see Stambaugh (1988)]. Two additional instru-
mental variables are the first- and second-order lags of the inverse of one
plus the monthly holding period return of the 20-year bond. The remaining
four instrumental variables are chosen on the basis of their usefulness in
predicting asset returns of broader classes of aé3étsse variables are the
junk bond premium measured as the yield on Moody’s BAA-rated bonds
less the yield on Moody’s AAA-rated bond, the capital gain yield of the
S&P 500 index, the dividend yield on the S&P 500 index, and the inflation

8 Bliss uses Treasury quotations obtained from the CRSP Government Bond files, excluding any bonds
with special features such as being callable, flower bonds, or with special tax provisions, to extract the
implied term structure from the prices of coupon notes and bonds. The extracted term structure is then
used to construct pseudo-discount bonds of the desired maturity. Each month a term structure of forward
rates is calculated and each successive maturity is used to calculate an additional forward rate. If there
are multiple bonds for a given maturity, forward rates for each of them are calculated and the average
forward rate is used. Forward rates from shorter-maturity bonds are used to price the coupons on the bond
for the next available maturity. Coupon dates are unlikely to correspond exactly to forward rate dates.
Therefore, for coupons falling within the period covered by a forward rate, the pricing assumption is
that the daily continuously compounded forward rate for the period between successive maturities is the
relevant discount rate for each day in the period, so that it can be used for any subperiod. Similarly, there
may be coupons or a principal payment during the period from the maturity of the last included bond to
the maturity of the next longer bond. Again, the pricing assumption is that the (solved for) incremental
forward rate for the incremental period to the maturity of the next longer bond is the relevant discount rate
for each day in that incremental period. Using the assumption that a forward rate applies to each day of the
period it covers, forward rates can be summed to get the implied end-of-monthdisz®unt bond yield
for any maturity. The yields are used to calculate discount bond prices and returns are then calculated
from the prices. The parameter of the discount function is an extension of the function employed by
Nelson and Siegel (1987), and is estimated using a constraint nonlinear method. The constraints are that
the short-term rate, the long-term rate, and all forward rates are positive. This methodology explicitly
takes into account the bid and ask spread in bond prices, thus avoiding the need to use the average of the
bid and the ask prices as the “true” price. The estimated discount function is then applied to out-of-sample
bonds to measure its accuracy. For additional details see Bliss and Ronn’s (1988) working paper prior to
the 1989 published version.

7 See, for example, Ferson and Harvey (1991) for a general discussion of these variables in relation to
predicting asset returns.
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rate. This data is obtained from Ibbotson & Associates and each of these
instrumental variables are lagged one period.

. Empirical Results

The empirical results of our tests of the model appear in Table 1. For the
first set of results appearing in panel A, data from the entire time period is
used. The pricing error (i.e., the estimate of the conditional expected value
of &) is 0.0001, which is rather small. However, thstatistic is 2.797,
indicating that it is significantly different from zero at the 1% level using a
two-tailed test. To determine if the mispricing differs across bond maturities,
the GMM method is applied to each bond maturity separately. The results
indicate that the mispricing is not uniform. In fact, the average pricing error
is significantly less than zero using a two-tailed test at the 5% level for the
four-month bond, while it is significantly greater than zero at the 10% level
for the one-year bond. The average pricing errors for other bond maturities
are not significantly different from zero.

The next issue addressed is whether the model captures the riskiness
of the bonds. In other words, does higher covariability with the long-term
bond mean a higher excess rate of return on a given bond. If covariability
with the long-term bond is a measure of risk, the estimate of the conditional
expected value of; should be unrelated to the average rate of return on
each asset class. To see this, consider Equation (7), with the right-hand
side set equal ta; rather than zero. Using the definition of covariance, we
have

Elki+1 | ZdE[rji41 | Zt] = — covlKita, Fjtta | Zi] + 2
or,
Elfjt+1 ] Zd] = —Elke+1 | Zd 7 covlKisa, Mjesn | Ze] + Efkerr | Ze M,
= —B{ {11 COVIKit1, Mg | Ze] + Brisahj, (10)

where By 41 is the current price of a one-period bohds can be seen,

if there is a strongpositive cross-sectional relationship betwegnand
E[rjt+1 | Z¢], then one can conclude that the covariance term does not ex-
plain a large portion of cross-sectional differences in expected returns. On
the other hand, if there is a cross-sectional relationship bet&gen, 1 |

Z:] and covket1, rjt+1 | Zt], then changes in the pricing erray should

not be related to cross-sectional differences in expected returns. Table 2 re-
ports the average realized rates of return for each bond maturity. For the full
sample (1973-1995) the realized rates of return tend to increase with time

8 For the sample period the average valugf, ; is 0.9945.
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to maturity. As can be seen from Table 1, the average pricing error appears
to be related to expected excess returns and there is a positive correlation
coefficient of 0.311 between the average pricing errors and realized rates of
return. Thus the covariance underestimates the riskiness of the bonds. There-
fore not only is the average pricing error during this period different from
zero, the model’s pricing kernel cannot explain all of the cross-sectional
differences in expected rates of return during this time period.

To consider the possibility that different monetary regimes may alter
the results, we subdivide the sample into two periods based on the Federal
Reserve’s monetary policy: (1) March 1973-December 1980 when the Fed-
eral Reserve’s focus was on interest rates; and (2) January 1981-November
1995 when the Federal Reserve’s focus was on money supply. These test
results appear in panels B and C, respectively, in Table 1.

During the time period when the Federal Reserve’s focus is on interest
rates rather than money supply, the model is completely rejected. The aver-
age pricing error is-0.0005 with at-statistic of—4.354 and with gp-value
of 0.0124, the orthogonality test is soundly rejected. For tests using individ-
ual bond maturities, the coefficient for the four-month and six-month bonds
are significantly negative at the 1% and 5% significance levels, respectively,
using a two-tailed test. Six of the eleven coefficients are negative while five
are positive. The only significantly positive coefficient (at the 10% level)
is for the five-year bond. Consistent with the rejection of the model in this
time period using all bond maturities there is a strong positive correlation
coefficient of 0.612 between the average pricing errors and the average real-
ized rates of return on bonds, indicating a stronger relation between the two
than when the entire sample period is used. Thus the model’s pricing kernel
underestimates the riskiness of the assets and explains an even smaller por-
tion of cross-sectional differences in expected returns than when the entire
time period is used.

Using more recent data when the Federal Reserve’s focus was on money
supply the model is not rejected. The average pricing error is-eQl90003
with a t-statistic of —0.89 and the overidentifying restrictions test has a
p-value of 1.0. When GMM is applied to each bond maturity separately,
individual pricing errors areot significantly different from zero. More-
over, the average pricing error is uniformly negative and negatively
correlated with realized returns with a correlation coefficient0f761. A
negative correlation coefficient indicates the pricing kernel is overestimat-
ing the riskiness of the assets. However, unlike the tests on the entire time
period and the earlier subperiod, the average pricing error when all bond
maturities are used, although negative, is not significantly different from
zero. Neither can the model be rejected using the overidentifying restric-
tions test. Therefore the evidence supports the argument that in more recent
years, higher covariability with the rate of return on the long-term bond
indicates a higher expected rate of return.
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The fact that the estimated pricing errorin BCAPM is significantly differ-
ent from zero in some of the tests suggests two possibilities. First, the basic
assumption of the model that the state variables have a limiting stationary
joint distribution is not consistent with the data and thus the BCAPM is of
little use. However, given the differing results under the different monetary
regimes, it may be that the Federal Reserve’s policy may impact the joint
distribution of the state variables. Second, the return on the 20-year bond
may not be an appropriate proxy for the return on the long-term bond. How-
ever, we repeated the same tests using the 30-year bond. The overall results
are not different, indicating that for this dataset using a longer-maturity bond
as the proxy for the long-term bond does not affect the results. This casts
doubt on the long-term, default-free discount bond being an inappropriate
proxy for the return on the long-term bond.

. Conclusions

In this article we empirically test the asset pricing model of Kazemi (1992)
using bond market data. According to this model, if the state variables have
long-run stationary joint distributions, the rate of return on a long-term,
pure-discount, default-free bond will be perfectly correlated with changes
in the marginal utility of the representative investor. We examine whether
this model can explain cross-sectional differences in the monthly returns of
bonds with different maturity dates. We use the GMM procedure to estimate
and test the model, while allowing the moments of conditional distributions
of asset returns to be time varying. Our results are mixed. When the entire
sample is used, and particularly for the subperiod 1973-1980 when the
Federal Reserve’s focus was on interest rates, the model performs poorly.
However, the model cannot be rejected when more recent data is used when
the Federal Reserve’s focus was on the money supply. During this time
period the average pricing error is close to its predicted value of zero with a
statistically insignificant estimated coefficient-60.00003. Moreover, the
p-value for the overidentifying restrictions test is 1.0, indicating the model
cannot be rejected.

References
Bansal, R., and S. Viswanathan, 1993, “No Arbitrage and Arbitrage Pricing: A New Apprdachial
of Finance 48, 1231-1262.

Bansal, R., D. Hsieh, and S. Viswanathan, 1993, “A New Approach to International Arbitrage Pricing,”
Journal of Finance48, 1719-1747.

Bliss, R. R., Jr., and E. |. Ronn, 1988, “Arbitrage-Based Estimation of Non-Stationary Shifts in the Term
Structure of Interest Rates,” working paper, University of Chicago.

Bliss, R. R., Jr., and E. I. Ronn, 1989, “Arbitrage-Based Estimation of Non-Stationary Shifts in the Term
Structure of Interest Rates]Journal of Finance44, 591-610.

Breeden, D.T., 1979, “An Intertemporal Asset Pricing Model with Stochastic Consumption and Investment
Opportunities,"Journal of Financial Economic¥, 265-296.

641



The Review of Financial Studié v 12 n 31999

Breeden, D. T., 1986, “Consumption, Production, Inflation and Interest Rates: A Syntlesinial of
Financial Economics16, 3—40.

Campbell, J. Y., 1987, “Stock Returns and the Term Structudl@jinal of Financial Economigsl8s,
373-400.

Campbell, J. Y., A. W. Lo, and A. C. MacKinlay, 1997he Econometrics of Financial MarkeRrinceton
University Press, Princeton, N.J.

Chang, E. C., and R. D. Huang, 1990, “Time-Varying Return and Risk in the Corporate Bond Market,”
Journal of Financial and Quantitative Analysid5, 323-340.

Chapman, D., 1997, “Approximating the Asset Pricing Kernddfirnal of Finance52, 1383-1410.

Connor, G., and R. A. Korajczyk, 1989, “An Intertemporal Equilibrium Beta Pricing Modadyiew of
Financial Studies2, 373-392.

Cox, J. C., and Huang C., 1989, “Optimal Consumption and Portfolio Policies when Asset Prices Follow
a Diffusion ProcessJournal of Economic Theory9, 33-83.

Cox, J. C., J. E. Ingersoll, and S. A. Ross, 1985a, “An Intertemporal General Equilibrium Model of Asset
Prices,”"Econometrica53, 363—384.

Cox, J. C., J. E. Ingersoll, and S. A. Ross, 1985b, “A Theory of the Term Structure of Interest Rates,”
Econometrica53, 385-408.

Fama, E. F., and R. R. Bliss, 1987, “The Information in Long-Maturity Forward Rafasgrican
Economic Review/7, 680-692.

Fama, E. F.,, and K. R. French, 1989, “Business Conditions and Expected Returns on Stocks and Bonds,
Journal of Financial Economi¢®5, 23-50.

Ferson, W. E., and C. R. Harvey, 1991, “Sources of Predictability in Portfolio Retingficial Analysts
Journal 47, 49-56.

Friend, I., R. Westerfield, and M. Granito, 1978, “New Evidence on the Capital Asset Pricing Model,”
Journal of Finance33, 903-917.

Hansen, L. P., 1982, “Large Sample Properties of Generalized Method of Moments Estimators,”
Econometrica50, 1029-1054.

Hansen, L. P., and K. J. Singleton, 1982, “Generalized Instrumental Variables Estimation of Nonlinear
Rational Expectations Models€Fconometrica50, 1269-1286.

Harvey, C. R., 1989, “Time-Varying Conditional Covariances in Tests of Asset Pricing Modeisfial
of Financial Economics24, 289-318.

Huang C., and R. H. Litzenberger, 1988undation for Financial Economi¢8lorth-Holland, New York.

Kazemi, H. B., 1992, “An Intertemporal Model of Asset Prices in a Markov Economy with a Limiting
Stationary Distribution,Review of Financial Studie§, 85-104.

Keim, D. B., and R. F. Stambaugh, 1986, “Predicting Returns in the Stock and Bond Madketsal
of Financial Economicsl7, 357—-390.

Lucas, R. E., 1978, “Asset Prices in an Exchange EconoBgghometrica46, 1429-1446.
Merton, R. C., 1973, “An Intertemporal Capital Asset Pricing Modétbnometrica4l, 867—-888.
Merton, R. C., 1990Continuous-Time Finan¢®asil Blackwell, Cambridge, Mass.

Nelson, C. R., and A. F. Siegel, 1987, “Parsimonious Modeling of Yield Curdesifnal of Business
60, 473-490.

Newey, W. K., and K. D. West, 1987, “Hypothesis Testing with Efficient Method of Moments Estimation,”
International Economic Revie\#28, 777-788.

Schwert, G. W., and C. W. Smith, 1992mpirical Research in Capital Market81cGraw-Hill, New
York.

Stambaugh, R. F., 1988, “The Information in Forward Rates: Implications for Models of the Term
Structure,”Journal of Financial Economi¢®1, 41-70.

642



