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A LARGE-SCALE CROSS-SECTIONAL TEST
OF THE RISK-RETURN IMPLICATIONS OF
THE CONSUMPTION RISK MODEL

J. Austin Murphy

Introduction

The establishment of an empirically-verified model of risk-return relation-
ships in the capital market continues to be an important issue in finance and
economics. One important theory of the capital markets is Breeden’s (1979)
Consumption Risk Model (CRM), which Mankiw and Shapiro (1986) and
others have stated to be preferable on theoretical grounds to competing
models. The CRM hypothesizes that wealth is more highly valued in periods
of low consumption, and that required returns on assets should be a positive
linear function of the covariance of the assets’ returns with changes in real
aggregale consumption,

Since its original development, the CRM has been subjected to rigorous
empirical examination. Several studies, such as Hansen and Singleton (1983),
Dunn and Singleton (1983, 1986), Jagannathan (1985), and Ferson and Mer-
rick (1987), have focused on the theory’s implications for macroeconomic
refationships such as the marginal rate of substitution between investment
returns and consumption. Other researchers, such as Hazuka (1984), Mankiw
and Shapiro (1986), and Breeden, Gibbons, and Litzenberger (1987), have
examined the cross-sectional relationship between asset returns and CRM
risk. Although the empirical findings have not been wholly supportive of
the theory, Ferson and Merrick (1987) have found the results to be material-
ly affected by different assumptions concerning parameter stationarity. In
addition, Dunn and Singleton (1986) have shown that failure to include the
consumption flow of durables into the time-series consumption estimate can
have an adverse impact on the empirical findings. Similarly, Mankiw and
Shapiro (1986) have noted that general errors in measuring the consumption
variable can distort empirical tests of the CRM.

This paper complements previous empirical research on the CRM by utiliz-
ing different econometric techniques and data to test the precise risk-return
implications of the theory. In particular, this rescarch uses a large-scale cross-
sectional sample, explicitly addresses the important problems of parameter
non-stationarity and errors in variables, and explicitly includes a measure
of the consumption flow of durables into the time-series consumption esti-
mate. The testable implications of the CRM and general econometric
problems are discussed, followed by a description of the testing procedure
and data used in the research, an explanation of the results of the test, and
a summation of the findings.

The Testahle Hypothesis of the CRM and Econometric Problems

With respect to the risk-return tradeoffs existing in the capital markets,
the CRM implies that, for any three assets j, f, and m,
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(uj — up)/(Bj — Bp) = (um — up)/(Bym — By), (1)

where u denotes the expected instantancous real return on the subscripted
asset, and B (the consumption beta) represents the contribution of the sub-
scripted asset to aggregate real consumption risk. Consumption betas for
any asset k are measured by the equation

By = Cov(Rk, €)/Var(C), @)

where ~ denotes a random variable, and Rg and C are the logarithmic real
return on asset k and the logarithmic change in aggregate real consumption,
respectively.

To preclude possible division by zero, (1) can be rearranged to yield the
equation

(Rj—=R(Bm — Bp) = g0 + g1(Rm— Rp(Bj—By), 3)

where ~ denotes an average value, and the CRM implies that the parameters
g¢ and g] should conform to the restrictions

g0 = 0, and (4)
g] = 1. (5

To test the joint CRM hypothesis in (4,5), average returns and betas for a
set of different assets can be estimated in the first stage using time-series data,
and the g parameters can be estimated in the second stage using the cross-
sectional parameter estimaltes. This two-stage process is similar to that em-
ployed to test the risk-return implications of other models of capitai market
equilibrium (Black, Jensen, and Scholes, 1972).

To estimate consumption betas in the first stage of a CRM test, the time-
series of logarithmic real asset returns can be regressed on the correspond-
ing logarithmic changes in aggregate real consumption. Because the indepen-
dent variable in the first stage (changes in aggregate real consumption) is
mecasured with extraordinary error (Morgenstern, 1963), however, the regres-
sion suffers from the obvious problem of errors in variables (Judge et al.,
1982:531-534). In addition, Ferson and Merrick (1987) and Cornell (1981),
respectively, have indicated that problems of autocorrelation and beta non-
stationarity may also exist in consumption beta estimation.

Statistical problems exist in the second stage of the test as well. For in-
stance, because the independent variable in the second stage includes betas
which are measured with error in the first stage, the second-stage regression
also suffers from the problem of errors in variables. These various problems
associated with asset-pricing tests are addressed in the next section.
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The Testing Procedure

Addressing the Econometric Problems of the Test

The existence of an unobservable independent variable results in errors
in variables and biased parameter estimates if Ordinary Least Squares (OLS)
is used. Nevertheless, consistent parameter estimates are obtainable if In-
strumental Variables (1V) estimators are employed (Judge et al.,
1982:534-548). An IV estimator requires specification of an instrument which
has a high correlation with the true independent variable but which is not
correlated with the errors in variables, i.e., is not correlated with the vector
of differences between the proxy and the true independent variable.

An IV estimator, which is well-accepted in the econometric literature as
aconsistent and fairly efficient estimator, is the 3-group method (Johnston,
1984). This estimator utilizes an instrumental variable which has a value of
1, 0, and — 1 for observations where the proxied independent variable has
a value which, by relative magnitude, is in the upper, middle, and lower third
of all observations, respectively (Kmenta, 1986).

Addressing the problem of parameter non-stationarity, Murphy (1984) has
proven that, if the time-series variation in parameter values is uncorrelated
with the time-series variation in other model parameters, average parameter
estimates can be validly employed to test the linear risk-return implications
of asset pricing-models. When estimating the average value of the beta
parameters, however, non-stationarity can cause heteroskedasticity relative
to the independent variable in the first stage (Judee et al., 1982:503-505).

To determine whether heteroskedasticity relative to the independent vari-
able in the first stage is present, a Goldfeld-Quandt (GQ) test can be con-
ducted (Judge et al., 1982:421-422). In this test, the sum of the squared
residuals from the observations with the highest squared logarithmic changes
in real consumption is divided by the sum of the squared residuals from the
observations with the smallest squared logarithmic changes in real consump-
tion to compute an F-statistic. If it can be inferred from the F-test that het-
eroskedasticity exists, then a Generalized Least Squares (GLS) estimator,
which weights the observations by the absolute value of the inverse of the
logarithmic change in aggregate real consumption, can be used.

To test monthly returns for autocorrelation, Durbin-Watson (D-W) statis-
tics can be utilized. If a sufficient number of D-W values are significant,
it may be appropriate to employ a GLS adjustment for autocorrelation.

Even with consumption betas estimated consistently and efficiently, er-
rors in variables will still exist in the second stage, since the true betas are
unobservable. This study employs the 3-group method to consistently esti-
mate the g parameters. In addition, because the consumption betas are meas-
ured with different degrees of accuracy in the first stage of the test,
heteroskedasticity might exist in the second stage relative to the standard er-
ror of these first-stage beta estimates, and a GLS adjustment migbt be ap-
propriate.
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Data

To conduct the test, the assets j, f, and m in equation {3) must be speci-
fied. Although the choice is somewhat arbitrary, this study will utilize for
asset j a portfolio consisting of a long position on a stock and a short posi-
tion on the risk-free, one-month T-bill. The nominal return on this portfo-
lio j represents the excess return on the stock commonly employed in empirical
research of asset-pricing theories (Miller and Scholes, 1972). Assets f and
m for the test are specified to be the risk-free T-bill and a market portfolio
proxy, respectively, with R and B for these assets being estimated using the
same time horizon as employed for the stock-bill portfolio,

Individual stock returns are obtained from the Center for Research in Secu-
rity Prices (CRSP) Monthly Stock Returns File. All observations on each
of the 2043 stocks with more than 60 observations over the 1959-84 interval
are included in the sample.' For the market portfolio proxy, a long position
with a 60% equity (NYSE value-weighted), 30% corporate bond (CRSP long-
term high-grade), and 10% Treasury bond (CRSP long-term U.S. govern-
ment) weighting is combined with a short 100% T-bill position. The nomi-
nal return on this portfolio represents the excess return on a market index
similar to that used by Friend, Westerfield, and Granito (1978) in previous
asset-pricing research. Return data for the various components of the mar-
ket portfolio proxy, as well as data on the Consumer Price Index (CPI) in-
flation rate (the logarithmic of which is subtracted from nominal logarithmic
returns to compute logarithmic real returns for each asset), are obtained from
the CRSP Indices File.

For measurement of the monthly changes in aggregate real consumption,
data from the Citibank Economic Database (CITIBASE) is employed. Be-
cause government-reported aggregate consumption includes expenditures for
durables and clothing, this variable is not an accurate measure of true con-
sumption. Instead, real consumption is computed by adding the real expen-
ditures on non-durables (not including clothing) to the real consumption of
durables and clothing. For this study, real consumption of durables (cloth-
ing) is assumed to occur at a monthly rate equal to 3% (12.5%) of the previ-
ous month’s stock of unconsumed real durables (clothing), with 10% (25%)
of durables (clothing) being consumed in the month of expenditure and with
stocks of real unconsumed durables (clothing) being computed prior to 1959
using quarterly data on durables (clothing) expenditures beginning in 1947.
Although U.S. government records (such as those of the Bureau of Economic
Analysis) on stocks of durables often assume consumption over a shorter
life (like 3 years) using straight-line depreciation methods, Dunn and Single-
ton (1986) have shown that accelerated consumption over longer lives is a
theoretically more justified procedure.

In an efficient market (Muth, 1961), price will incorporate the best theo-
retical forecast of consumption. To compute the covariance in (2), consump-
tion changes or deviations should therefore be measured from this
expectation. Although Breeden (1980) has suggested the expectations of
professional economists as the best forecast, such forecasts are not broken
down by durables and clothing category and are not available for monthly
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forecasts. In addition, since it is not always clear that economists’ forecasts
are superior to naive forecasts (Cooper, 1972, and McNees, 1979), this
research estimates betas using changes in real consumption as opposed to
deviations from economists’ expectations.’

Comparison to Other Cross-Sectional Tests

The testing methodology employed in this study differs from other cross-
sectional tests of the CRM both in terms of the sample size and the econo-
metric procedure emploved. In particular, other cross-sectional tests have
utilized considerably smaller sample sizes, with the samples of Hazuka, (1984),
Mankiw and Shapiro (1986), and Breeden, Gibbons, and Litzenberger (1987)
including only, respectively, several futures contracts, the 464 stocks which
were continuously listed on the NYSE between 1959 and 1982, and a small
number of portfolios. In addition, unlike this research, each of these other
cross-sectional studies failed to incorporate a measure of the consumption
flow of durables into the time-series consumption data when estimating con-
sumption betas. Finally, none of these studies explicitly addressed the econo-
metric problems of heteroskedasticity and errors in variables in consumption
beta estimation.® Through utilization of a different sample and testing proce-
dure, the results of this research should contribute significantly to the em-
pirical evidence on the CRM.

The Results

The results of the first-stage D-W tests revealed that only 4.60% (2.69%)
of the 2043 first-stage D-W statistics were significant using the upper (low-
er) bound of D-W tables. Because these findings provide little evidence of
autocorrelation, a GLS adjustment for autocorrelation is not made.

On the other hand, 39.70" of the first-stage GQ F-statistics were found
to be significant at the .05 level. Such evidence implies the existence of het-
eroskedasticity relative to the square of the logarithmic changes in real con-
sumption and is consistent with the hypothesis that consumption betas for
many stocks are non-stationary. The results also indicate that a GLS adjust-
ment for heteroskedasticity may be appropriate.’

Table 1 displays the results of the second-stage tests when betas are esti-
mated using the IV estimator with and without the first-stage GLS adjust-
ment for heteroskedasticity. As can be seen from the F-statistics, the CRM
is rejected in each case at the .01 level. The g parameter estimate is signifi-
cantly positive as predicted, but it is significantly less than the predicted value
of 1.0. Further testing revealed (not shown) that use of a GLS adjustment
for second-stage heteroskedasticity relative to the standard error in estimat-
ing individual consumption betas would not materially affect these findings.*

These results for the CRM are similar to those found by Hazuka (1984),
Mankiw and Shapiro (1986), and Breeden, Gibbons, and Litzenberger (1987)
using different testing procedures and samples. All of the studies have found
evidence of a positive relationship between CRM risk and return, but it has
not been of the exact magnitude implied by the theory. This research adds
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TABLE 1
Second-Stage Test Results?

(Rj— Ri¥Bin— Bp) = £0+21(Rm— Ri¥Bj—Bp

(n (2) (3) 4) (5) (6)
Beta

Het. Adj." £0 (t) 2] () e

No —.0025 (7.3956*) 2363 (11.9662*) 1663.6107*
Yes L0059 (4.0212%) 0739 (4.8690%) SBI8.9780*

*Significant at the .01 level.

“Uses the three group method to estimate the g parameters.

bThis column denotes whether the betas employed in the second stage are
estimated with an adjustment for first-stage heteroskedasticity or not.
<Tests the Ho: Gg=0.

9Tests the Ho: g1 =0.

Tests the joint CRM Ho: gp=0 and gj=1.

to the existing cvidence on the CRM by achieving similar results in spite of
the utilization of a larger and different sample than the other studies and
in spite of the use of a different procedure for estimating consumption betas.

The results of this study’s CRM test are also similar to those found when
a competing theory of the capital markets, Sharpe’s (1964) Capital Asset Pric-
ing Model (CAPM), is tested. Like the findings for the CRM in this research,
typical empirical tests of the CAPM find a positive association between
returns and the CAPM beta risk measure (Stambaugh, 1982), but the exact
linear relationship implied by the CAPM is invariably rejected (Gibbons,
1982, and Shanken, 1987).*

Summary

Empirical verification of a general model of the risk-return tradeoffs in
the capital markets would represent an important step in our understanding
of economics and finance. Although a statistically significant, positive as-
sociation between return and consumption betas is discovered, the exact CRM
relationship indicated in (1) is found to be inconsistent with the empirical
evidence. The finding of a relationship between model risk and return that
has the correct sign but the incorrect magnitude is similar to the finding in
other tests of the CRM as well as in tests of another popular theory, the
CAPM.

The rejection of the CRM in this study lends support to previous research
which has uncovered other empirical evidence which is not wholly consis-
tent with the CRM. Discovering additional deviations from the CRM, as well
as the factor(s) causing the deviations, represents a fertile area for future
research. For example, a comparative testing of the risk-return implications
of the 3-moment consumption risk model developed by Kraus and Litzen-
berger (1983) might represent a particularly important research topic. In ad-
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dition, further refinements in measuring the consumption variable, such as
the Mankiw and Shapiro (1986) suggestion of using only the consumption
of stockholders, if obtainable, might also prove fruitful.

Footnotes

'For stocks whose returns were not available from CRSP for every month
in the 1959-84 interval, months of missing observations were ignored for pur-
pose of estimating the first-stage parameters.

*The use of expectations not conditioned on ex-ante information or fore-
casts implicitly assumes that the time-series expected value for consumption
equals the average sample ex-post value. Grossman and Schiller (1982) have
shown that, in general, the CRM risk-return relationships should hold for
these unconditional expectations.

'It should be noted, however, that the Mankiw and Shapiro (1986) study
did implicitly address the errors in variables issue by using ratios of betas
in the second stage of the test.

‘Without the GLS adjustment, the beta estimates averaged 2.76 and ranged
between —9.51 and 17.51, with 12.09% of the betas heing negative and with
80% of the beta estimates falling between —0.24 and 6.03. These consump-
tion beta ranges are similar to those found by Breeden, Gibbons, and Lit-
zenberger (1987) for entire portfolios. The ranges were somewhat larger when
the GLS adjustment was emploved.

‘Further testing (not shown) was also conducted to determine the effect
of other econometric problems, but the overall findings were not materially
alfected. For instance, because consumption is measured over a month's time
interval instead of at discrete time points, Breeden, Gibbons, and Litzen-
berger (1987) have shown that estimated betas are biased and should be mul-
tiplied by 4/3. Such an adjustment was attempted, but neither the sign nor
the significance of the second-stage parameter estimates or test statistics were
affected.

‘Although most previous tests of the CAPM have utilized somewhat differ-
ent testing procedures, Murphy (1987) has shown the results to be largely
unaffected by the methodology emploved in this research to adjust for the
first-stage problems of errors in variables and parameter non-stationarity in
large-scale, cross-sectional CAPM tests. Comparative tests of the CAPM and
the CRM by Mankiw and Shapiro (1986) and Breeden, Gibbons, and Lit-
zenberger (1987) using different testing procedures have yielded mixed results
on the issue of which model is more consistent with the empirical data.
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