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Resolving the Puzzling Intertemporal
Relation between the Market Risk Premium
and Conditional Market Variance:

A Two-Factor Approach

JOHN T. SCRUGGS*

ABSTRACT

The existing empirical literature fails to agree on the nature of the intertemporal
relation between risk and return. This paper attempts to resolve the issue by es-
timating a conditional two-factor model motivated by Merton's intertemporal cap-
ital asset pricing model. When long-term government bond returns are included as
a second factor, the partial relation between the market risk premium and condi-
tional market variance is found to be positive and significant. The paper also helps
explain the convoluted empirical relation between the market risk premium, con-
ditional market variance, and the nominal risk-free rate previously reported in the
literature.

GIVEN THE CENTRAL ROLE played by the market portfolio in financial theory, it
is not surprising that dozens of papers have studied the intertemporal rela-
tion between the market risk premium and conditional market variance. It
1s surprising, however, that the empirical nature of this important relation-
ship has not been resolved. Theory generally predicts a positive relation
between the market risk premium and conditional market variance if inves-
tors are risk averse.! Yet, empirical studies to date fail to agree on the sign
of this important relation.

Most papers on the intertemporal behavior of the market risk premium
employ a conditional single factor model motivated by the static capital as-
set pricing model (CAPM) of Sharpe (1964) and Lintner (1965). These con-
ditional single-factor models imply a simple linear or proportional relation
between the market risk premium and conditional market variance. Esti-
mates of the simple risk-return relation range from significant positive (Har-
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! Backus and Gregory (1993) argue that the theoretical relation between the market risk
premium and conditional market variance is not necessarily a positive, linear function. In gen-
eral, the function depends on the preferences of the representative agent and the stochastic

nature of the economy.
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vey (1989), Turner, Startz, and Nelson (1989)) to significant negative (Campbell
(1987), Glosten, Jagannathan and Runkle (1993)). Table I summarizes the
empirical results of several representative papers from this literature. Given
the theoretical and practical importance of the market risk premium, the
inconclusive state of the literature is unsatisfactory.

This paper attempts to resolve the issue by using a conditional two-factor
model of the market risk premium motivated by Merton’s (1973) intertem-
poral capital asset pricing model (ICAPM). In the conditional two-factor model,
the market risk premium is a function of conditional market variance and
conditional market covariance with a variable that describes the state of
investment opportunities in the economy. The relation between the market
risk premium and conditional market variance is a partial relation in this
model. If the “true” model 1s a conditional multifactor model, then condi-
tional single-factor models are misspecified and estimates of the simple risk-
return relation are subject to an omitted variable bias. This paper explores
whether a conditional two-factor model explains the intertemporal behavior
of the market risk premium better than the conditional single factor models
used in the existing literature.

State variables in the ICAPM arise because investors desire to hedge against
adverse changes in available investment opportunities. Merton (1973) sug-
gests that “one should interpret the effects of a changing interest rate . . . in
the way economists have generally done in the past: namely, as a single
(instrumental) variable representation of shifts in the investment opportu-
nity set.” Long-term bonds are a natural instrument for hedging interest
rate risk because their returns are negatively, albeit not perfectly, correlated
with changes in interest rates. I employ excess returns on a long-term gov-
ernment bond as the second variable in a conditional two-factor model. Long-
term bond returns have long been used in empirical studies of multifactor
asset pricing models. Chen, Roll, and Ross (1986) find that exposure to in-
terest rate risk is significantly priced in the stock market. Shanken (1990)
tests a conditional two-factor version of the ICAPM and finds that both stock
and bond market exposures are priced. However, few studies have employed
multifactor models to examine the intertemporal behavior of the market risk
premium.

Recent studies by Ferson and Harvey (1991) and Evans (1994) highlight
the importance of understanding the intertemporal behavior of the market
risk premium. These papers examine whether predictable variation in port-
folio returns is attributable to time-varying betas or to time-varying factor
risk premia. Both studies conclude that most of the predictable variation in
returns can be attributed to predictable variation in risk premia. The find-
ing that conditional betas are relatively constant over time underscores the
importance of furthering our understanding of the intertemporal behavior of
the market risk premium.

This paper has two objectives. The first objective is to examine whether a
conditional two-factor model explains the intertemporal behavior of the mar-
ket risk premium better than existing single-factor models. My main empir-
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ical results suggest that it does. I find evidence of a significant positive
partial relation between market excess returns and conditional market vari-
ance. The partial relation between market excess returns and conditional
covariance between stock and bond returns is negative and significant. I
show that estimates of the simple risk—return relation obtained from condi-
tional single-factor models may be biased downward due to the omission of
an interest rate-related state variable from the conditional market risk pre-
mium equation. The magnitude of the bias is sufficient to affect inference
regarding the significance of the risk-return relation.

The paper’s second objective is to explain the convoluted empirical rela-
tionship between the market risk premium, conditional market variance,
and the nominal risk-free rate. Campbell (1987) and Glosten et al. (1993)
report a strong negative simple relation between the market risk premium
and conditional market variance when the nominal one-month Treasury bill
yield is included in the conditioning information set. The negative risk-
return relation is absent when the T-bill yield is removed. Campbell de-
scribes this result as “perverse.” I show that including the nominal one-
month T-bill yield in the conditional market variance equation distorts
estimates of the simple risk-return relation.

The remainder of the paper is organized as follows. Section I derives test-
able conditional single- and two-factor models of the market risk premium
from Merton’s (1973) ICAPM. Section II discusses estimation methodology. I
assume that stock and bond returns follow a constant correlation bivariate
EGARCH-M process. Section III describes the data and reports the main
empirical results. In Section IV, I investigate the convoluted empirical rela-
tionship between the market risk premium, conditional market variance,
and the nominal risk-free rate reported by Campbell (1987) and Glosten
et al. (1993). Section V concludes the paper.

I. Empirical Models of the Market Risk Premium

This section of the paper describes the empirical models I employ to esti-
mate and test the intertemporal relation between the market risk premium
and conditional second moments. This paper’s primary innovation is the use
of a conditional two-factor model motivated by Merton’s ICAPM. Conditional
single-factor models are shown to be special cases nested within the more
general conditional two-factor model. Empirical models of conditional second
moments are discussed in Section II.

A. Theoretical Model

The underlying theoretical asset pricing model is a conditional two-factor
model motivated by Merton’s (1973) ICAPM. The model is set in a continuous-
time economy where both asset prices and state variables are assumed to
follow diffusion processes. I assume the existence of a risk-averse represen-
tative agent with the derived utility of wealth function J(W(¢), F(¢), t), where
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W(¢) is wealth and F(¢) is a variable describing the state of investment op-
portunities in the economy. In equilibrium, the expected market risk pre-
mium 1s

—JwwW —J
Et—l[rM,f] = [—J—WX—]UI%It + |: JWF]O’MF:r, (1)
%%

where E,_,[-] is the expectation operator conditional on information avail-
able at time ¢ — 1, and 0}7}, ; and oyr, are, respectively, market variance and
market covariance with the state variable F conditional on information avail-
able at time ¢t — 1. Subscripts of J denote partial derivatives.

The term [—JwwW/Jw] in equation (1) is the coefficient of relative risk
aversion. Because risk aversion implies Jy > 0 and Jyw < 0, the model
suggests a positive partial relation between the market risk premium and
conditional market variance. The sign of the partial relation between the
market risk premium and conditional market covariance with the state vari-
able is more complicated. Nonsatiation implies that Jy > 0, so the sign of
[-Jwr/Jw] in equation (1) is opposite that of Jwr. If marginal utility of wealth
is state-independent (Jywr = 0), the expected market risk premium is solely
a function of conditional market variance. However, if Jywr # 0, the expected
market risk premium is also a function of conditional market covariance
with the state variable F. If Jyrz > 0 and oyp; > 0, or if Jyr < 0 and
our: < 0, investors will demand a lower risk premium on the market port-
folio. In these cases, the market portfolio tends to pay off in states where
marginal utility of wealth is high. Investors will demand a higher risk pre-
mium if Jyr > 0 and oy, < 0, or if Jywr < 0 and oy, > 0. In these cases,
the market portfolio tends to pay off in states where marginal utility of
wealth is low.

In its most general form, all of the terms in equation (1) could be time-
varying. To be empirically tractable, additional assumptions regarding the
intertemporal nature of the utility function, market variance, and market
covariance with the state variable must be made. I assume that conditional
second moments are time-varying and follow EGARCH (exponential gener-
alized autoregressive conditional heteroskedastic) processes. These EGARCH
models are described in Section II. This section is concerned with empirical
models of the market risk premium that emerge when additional restrictions

are placed on equation (1).

B. Conditional Single-Factor Models

The first two empirical models I consider are conditional versions of the
familiar Sharpe-Lintner CAPM. Merton (1973) shows that the ICAPM re-
duces to the Sharpe—Lintner CAPM if the investment opportunity set is static
or if investors exhibit logarithmic utility. In terms of equation (1), the con-
ditional CAPM results if it is assumed that oz, = 0 for all ¢ or that Jyr = 0.
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If it is further assumed that the coefficient of relative risk aversion,
[-JwwW/Jw], is an intertemporal constant, then the result is a conditional single-
factor model with a simple proportional relation between the market risk pre-
mium and conditional market variance.

Model 1:
me = )‘Mo'l%l,t + €pm;- (2)

Risk aversion implies that Ay, > 0. Merton (1980) and Harvey (1989) em-
ploy this model.

Model 2 relaxes the restriction that the risk-return relation is propor-
tional by including a constant term in the asset pricing model.

Model 2:
Fare = Ao + Ayodi, + €us. (3)

The constant, Ay, is included to account for market imperfections such as
taxes, transaction costs, or preferred habitats.? In Model 2. there is a simple
linear relation between the market risk premium and conditional market
variance. Risk aversion implies that A, > 0.

Model 2 has been widely employed in studies of the intertemporal relation
between the market risk premium and conditional market variance. Exam-
ples include Campbell (1987), French et al. (1987), Pagan and Hong (1989),
Bodurtha and Mark (1991), and Glosten et al. (1993).

C. Conditional Two-Factor Model

Conditional two-factor models relax the assumption that the investment
opportunity set is static or that investors exhibit logarithmic utility. In
Model 3, I assume that both [—JwwW/Jw] and [—Jwr/Jw] in equation (1) are
intertemporal constants. As in Model 2, I include a constant in the model to
account for market imperfections.

Model 3:
2
Fae = Ao+ Ayoir, + Apopype + €rp . (4)

The coefficient A;; measures the partial relation between the market risk
premium and conditional market variance. Ay is the coefficient of relative
risk aversion and should be positive. The coefficient Ar measures the partial
relation between the market risk premium and conditional market covari-

¢ Consider the case of taxes. Let ) and 77 be the representative investor’s marginal tax rates
on market portfolio and risk-free asset returns. And let Ry, be the total return on the market
portfolio. If Model 1 holds for after-tax returns, estimating the risk—-return relation with pretax
returns introduces a constant, Ao = (1yy Ry, — 7777, ), into the asset pricing model. If the tax code
gives preferential treatment to stock returns relative to T-bill returns (i.e., 7y < 7), then the
unconditional mean of market excess returns (7y) is an estimate of the upper bound of Ao.
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ance with the state variable. The sign of Az should be the opposite of the sign
of JWF-

If the “true” asset pricing model is a conditional two-factor model such as
Model 3, then estimates of the simple risk-return relation from a condi-
tional single-factor model such as Model 2 may be biased. For illustration,
assume that Model 3 is the “true” model and that the econometrician esti-
mates Model 2. Resulting estimates of the simple risk-return relation, Ay,
will have the following bias:

2
. B COVI(T M.t OMFE:)
A — Ay = Ap

var(ojy ;) (5)

The direction of the bias is determined by the signs of Jwyr and
2
cov(Tir,t, TMF.:)-

II. Methodology
A. Empirical Models of Conditional Second Moments

Estimating and testing the models derived in Section I requires specifica-
tion of an empirical model for conditional second moments. My choice of
models is motivated by the empirical literature on market volatility.

I assume that conditional second moments follow EGARCH processes.?
The GARCH family of models assumes that the market conditions its expec-
tation of market variance on both past conditional market variance and past
market return innovations.* The EGARCH model, a refinement of the GARCH
model, imposes a nonnegativity constraint on &, and allows for conditional
variance to respond asymmetrically to return innovations of different signs.
An EGARCH-M (EGARCH-in-Mean) system of equations is formed by com-
bining one or more conditional mean equations (based on asset pricing mod-
els) with EGARCH equations for conditional second moments.

A.1. Univariate EGARCH-M Models

Estimation of conditional single-factor models requires a univariate model
of conditional market variance. Previous empirical studies of conditional
market variance generally observe that (1) market volatility is persistent,
(2) market volatility responds asymmetrically to lagged return innovations,?

3 Nelson (1991) introduces the EGARCH model.

4+ ARCH and GARCH models are introduced by Engle (1982) and Bollerslev (1986), respec-
tively. ARCH-M (ARCH-in-Mean) models are developed by Engle, Lilien, and Robins (1987).
Bollerslev, Chou, and Kroner (1992) survey the use of ARCH models in finance.

5 Black (1976) observes that market volatility tends to increase in response to negative re-
turn innovations (“bad news”) and decrease in response to positive return innovations (“good
news”). Christie (1982) theorizes that this negative relation between price and volatility is
caused by changes in financial leverage (“leverage effect”).
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and (3) market volatility is related to the level of the nominal risk-free
rate.b

A modified EGARCH(1,1)-M system is sufficient to model these observed
characteristics of market volatility. Models 1 and 2 are nested in the follow-
ing EGARCH(1,1)-M system:

Fape = Ao + Ay Gy + €xpy
In(G% ) = wy + ay @ W, 1) + BarIn(6d, 1) + YMTf e
EWir-1) = Ung -1l — Eioq[|Ware-11D + Osethag e-1- (6)

Wase-1= €xr -1/, is a conditional standardized return innovation; g JIM',_I)
is the “news response function.”” The news response function permits con-
ditional market variance to respond to both the sign and the magnitude of
the lagged return innovation. If 8,; = 0, the news response function is sym-
metric and g(¢y,_,) is dependent only on the magnitude of the lagged re-
turn innovation. The parameter 6,; measures the asymmetric response of
conditional variance to the sign of the lagged return innovation. If 0 < 6, < 1
(—1 < 68y < 0), conditional market variance increases more in response to
positive (negative) innovations than to negative (positive) innovations of the
same magnitude. If 8y, = 1 (8, = —1), the news response function is positive
for ¢y .1 > 0 (Y31 < 0) and zero otherwise. If 8y, > 1 (65 < —1), the news
response function is upward (downward) sloping in ¢y, ;.

The observed relation between market volatility and the level of the nom-
inal risk-free rate is incorporated by including r;, directly in the conditional
market variance equation in equation (6).° In order to study the effect of
including the short-term interest rate in the conditional variance equation,
I estimate Models 1 and 2 twice each. Model 1a imposes the constraints Ao = 0
and y,; = 0. Model 1b imposes the constraint Ay = 0, but does not restrict
¥y- Model 2a removes the constraint on Ay, but does impose the constraint
¥y = 0. Model 2b imposes no constraints on equation (6). When y,, 1s un-
constrained, I refer to equation (6) as a modified EGARCH-M model.

By construction. EGARCH models preclude negative estimates of G,
This is an attractive feature when modeling the effects of asymmetric news
response functions and interest rates on conditional market variance. Glos-
ten et al. (1993) employ a modified GARCH-M model to study these effects.
However, negative estimates of %, can result if return innovations are
sufficiently large in such a model.® The nonnegativity of %, imposed by

* Campbell (1987), Breen, Glosten, and Jagannathan (1989), Shanken (1990), and Glosten
et al. (1993) report a significant positive relation between market variance and the nominal
one-month T-bill yield.

" Engle and Ng (1993) introduce the concept of a “news response curve.”

8 Glosten et al. (1993) employ a similar approach. .

% Glosten et al. (1993) employ several modified EGARCH models of conditional market van-
ance, but these models assume a different form for the news response function.
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EGARCH-M models eliminates the need to constrain parameter values dur-
ing the estimation process.

A.2. Bivariate EGARCH-M Models

Estimation of conditional two-factor models requires a bivariate model of
conditional second moments. I employ a constant correlation bivariate
EGARCH(1,1)-M model. As in the univariate case, I employ both conven-
tional and modified versions. The modified bivariate EGARCH(1,1)-M sys-
tem 1s

rae = Ao+ Ay Oire + ApGump, + €ar
ree = MF t €gy
In(63,) = oy + az8Wiar-1) + By In(GFire—1) + yarrs
In(73,) = wp + apgWr,—1) + BrInié3, 1) + yrrs,
OMFt = PMFOM,tOF:
W -1) = Uagi-1l = Ecalldag 11D + Oardbag -1
gWre1) = Ure-1] = Ec1lldmeal]) + Opdpe1, (7)

where g(zZM‘,_l) and g(cﬁg,_l) are news response functions. Model 3a imposes
the constraint y,; = yr = 0. Model 3b(i) imposes the constraint yr = 0.
Model 3b(ii) imposes the constraint y;; = 0. Model 3btiii) allows the nominal
one-month T-bill yield to enter both conditional variance equations. The def-
inition of conditional covariance in equation (7) makes the simplifying as-
sumption that ppr, the conditional correlation between excess market and
bond returns, is a constant for the sample period. For simplicity, I assume
that the conditional mean excess bond return is a constant (ur).

B. Quasi-Maximum Likelihood Methodology

The quasi-maximum likelihood (QML) method is a natural choice for es-
timating EGARCH-M systems because it provides for simultaneous estima-
tion of the conditional mean and conditional second moment equations. QML
estimates are obtained by searching for values of the parameter vector P
that maximize the log likelihood function

T

L= ((P).

t=1
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For the single-factor models, the conditional log-likelihood function is com-
puted under the assumption that the market return innovations, €, ,, are
normally distributed. Ignoring the constant term, the log of the normal den-
sity function is

(((P)y =~ Inbk ) — Y /64,

For two-factor models, the conditional log-likelihood function is computed
under the assumption that the innovation vector €, = (é);, €g,) is bivariate
normally distributed.!? Define the conditional variance—covariance matrix as

H[ _ [ i}.}f],t é-ju)ﬁ‘,[:l.
OMEt  OF:
Ignoring the constant, the log of the resulting bivariate normal density func-
tion is

A

(,(P)y=—1lIn(det(H,) — L& H, '¢,.

QML estimates are so named because they are obtained by maximizing a
misspecified conditional log likelihood function. In this case, the log likeli-
hood function assumes normality, even though market returns are known to
be skewed and leptokurtic. Bollerslev and Wooldridge (1992) show that QML

estimates of P are consistent if
~ PS _ ‘2 ha 2 p—
Et—l(e‘\l,t/O'M,t) =0 and Et—l(e;\!.t/o'.\l.t) = 1.

Conventional standard errors, however, need to be adjusted for misspecifi-
cation. Bollerslev and Wooldridge (1992) derive formulas for asymptotic stan-
dard errors that are robust to departures from normality. These robust
standard errors are used to compute the ¢ ratios reported below.

I employ the Berndt. Hall, Hall, and Hausman (1974) optimization algo-
rithm to estimate the EGARCH-M models described here. Because the con-
ditional variance models are recursive, some assumption regarding initial
values is required. I assume that the vector ¢, = 0 and estimate 3%, and
7%, as free parameters.

II1. Empirical Results
A. Description of the Data

I examine monthly data for the period 1950:3 to 1994:12. This period roughly
corresponds to the period 1951:4 to 1989:12 studied by Glosten et al. (1993).
Descriptive statistics for the data are reported in Table II. All variables are
expressed as continuously compounded monthly returns.

10 Under the normality assumption, E, 1[|var.|] = E/1[lég.]] = V2/7.
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Table 11

Descriptive Statistics
Descriptive statistics for the sample period 1950:3-1994:12 (538 months). Variables include the
excess monthly return on the CRSP value-weighted index of NYSE-AMEX stocks (ry ), the
excess monthly return on the Ibbotson Associates (1995) long-term government bond total re-
turn index (rr,), and the nominal yield on a one-month Treasury bill (ry,).

Panel A: Univariate Statistics

Mean Standard Deviation Autocorrelations .
Variable (x100) (x100) P1 P2 P3 P12
Tare 0.508 4.139 0.066 -0.037 0.010 0.036
TR 0.001 2.544 0.058 0.000 -0.124% 0.000
Y 0.420 0.250 0.961° 0.935% 0.9182 0.7922

Panel B: Correlation Matrix

Variable T'M.t TFt Tyt
g 1.000 0.276 -0.146
TF: 1.000 0.012
Tfe 1.000

3 Greater than two standard errors from zero.

rar: 1s the excess monthly return on the market portfolio. It measures the
total return from the end of month ¢ — 1 to the end of month ¢. The market
proxy is the value-weighted portfolio of NYSE-AMEX stocks provided by the
Center for Research in Security Prices (CRSP) at the University of Chicago.
The excess return is obtained by subtracting the nominal yield on a one-
month T-bill from the monthly total return on the index, ry;, = Rpr, — 744

rr. is the excess return on the Ibbotson Associates (1995) long-term U.S.
Treasury bond total return index. It is measured in the same manner as ryy,.

rr. is the nominal yield on a Treasury bill with one month until maturity.
Unlike stock and bond returns, r;, is known with certainty at the end of
month ¢ — 1. The series is derived from Ibbotson Associates (1995). Figure 1
plots r;, for the sample period.

B. Estimates of Conditional Single-Factor Models

QML estimates of conditional single-factor models are reported in Table III.
Four variants (Models 1a, 1b, 2a, and 2b) of equation (6) are estimated in
order to replicate previous results and facilitate comparison to the conditional
two-factor model (equation (7)) estimated in the next subsection. Model 2a is
comparable to a model estimated by French et al. (1987).1! Glosten et al.

1 A GARCH(1,2)-M model of the market risk premium is estimated in Table 6A of French
et al. (1987).
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Figure 1. Nominal one-month T-bill yield. The figure plots the nominal one-month T-bill
yield (rs,) for the sample period 1950:3 to 1994:12.

(1993) estimate GARCH-M and EGARCH-M models similar to Model 2b. I
first discuss estimates of the conditional market variance equation param-
eters, and then discuss estimates of the conditional mean equation.

Point estimates of the conditional variance parameters are nearly identi-
cal for Models 1a and 2a. Estimates of 8,; are near 0.9 and highly significant
for both models, indicating that conditional market variance is persistent.!?
It is useful to think of volatility persistence in terms of the implied half-life
of volatility shocks. A B3 of 0.9 is associated with a half-life of 6.43 months.!3
Estimates of a;; are positive and significant for both Models 1la and Z2a.
Estimates of the asymmetry parameter, #,;, are negative, but not signifi-
cantly different from zero. These results suggest that conditional market
variance increases in response to large return innovations. but that the re-
sponse is symmetric. Figure 2 plots conventional EGARCH(1,1)-M estimates
of 63, for the period 1950:3 to 1994:12. The values plotted result from QML
estimation of Model 2a, but are nearly indistinguishable from those of
Model 1a. The conditional heteroskedasticity of market excess returns is
evident in Figure 2. Several distinct periods of high market volatility (“vol-

2 The estimates of By are also both significantly less than one, so they satisfy Nelson’s
(1991) condition for variance stationarity. ¢ ratios for the unit root hypothesis are 3.05 and 2.93
for Models 1a and 2a.

13 The half-life, A, of return shocks is calculated by solving 8% = }. Nelson (1991) estimates
a half-life of 1820 trading days (approximately 60 months) using an EGARCH(1,2)-M model of
daily market returns for the period 1962:7 to 1987:12.
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Table II1
Conditional Single-Factor Models of the Market Risk Premium

This table estimates conditional models of the relation between the market risk premium (r )
and conditional market variance (&f,_,) using U.S. monthly data for the period 1950:3 to

1994:12 (538 observations). The models estimated are nested within the following univariate
EGARCH(1,1)-M model (equation (8)):

rM,t = Ao + AM&I%IJ + Af"fJ + éM,t
In(63r,) = oy + apg@Winge—1) + By In(Gd._q) + YMTf
W, -1) = (a.e—1] — V2/7) + Opgiipg-.

Models 1a and 1b impose the constraints A = 0 and A; = 0. Models 2a and 2b impose the
constraint A = 0. Two variants of each model are estimated; Models 1a, 2a, and 4a impose the
further constraint y; = 0. rj, is the excess monthly return on the CRSP value-weighted total
return index of NYSE-AMEX stocks. ry, is the yield on a one-month T-bill from Ibbotson Asso-
ciates (1995). Y, = én/Ga. is the standardized conditional return innovation. Bollerslev and
Wooldridge (1992) robust ¢ ratios are reported in parentheses. L is the log likelihood function.

Risk—Return Relation

Simple Proportional Simple Linear Ad Hoc Partial

Parameter Model 1a Model 1b Model 2a Model 2b Model 4a Model 4b
Ao (X100) 0.14 1.57 0.35 0.60
(t ratio) (0.30) (5.57) (0.62) (1.08)
Ay 3.25 2.99 2.43 -6.37 7.43 17.07
(t ratio) (2.81) (2.53) (0.84) (—3.08) (1.94) (2.55)
A —-2.44 —6.86
(t ratio) (-2.93) (-3.69)
wmM -0.66 -6.33 -0.65 -5.60 -0.49 -1.01
(t ratio) (—2.99) (-3.82) (—2.88) (-3.59) (-2.10) (-3.73)
ay 0.15 0.00 0.15 0.01 0.18 0.10
(t ratio) (2.34) (0.01) (2.32) (0.16) (3.81) (2.52)
Bm 0.90 0.07 0.90 0.20 0.92 0.86
(t ratio) (26.80) (0.29) (25.76) (0.92) (26.43) (22.33)
Onm -0.50 —299.97 -0.61 -23.18 -0.25 -0.52
(t ratio) (-1.20) (-0.01) (—-1.22) (-0.15) (—0.95) (-1.14)
™ 76.03 101.60 24.78
(t ratio) (1.97) (2.50) (3.95)
L 969.64 977.57 969.68 988.07 975.29 988.00

atility clusters”) are visible. The smoothness of the plot reflects the persis-
tence of conditional market variance. Large volatility shocks appear to decay
within a year. The plot in Figure 2 is very similar to plots of conditional
market volatility presented in Schwert and Seguin (1990).14

14 Schwert and Seguin (1990), Figures 3 and 4, plot GARCH predictions of conditional stan-
dard deviation for the CRSP equally weighted portfolio.
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Figure 2. Conditional variance of excess market returns for Model 2a. The figure plots
conventional EGARCH(1,1)-M estimates of i, , for U.S. monthly data for the sample period
1950:3 to 1994:12. The estimates of 73y, result from the quasi-maximum likelihood estimation
of Model 2a reported in Table III.

Models 1b and 2b employ the modified EGARCH(1.1)-M model that in-
cludes r;, directly in the conditional market variance equation. Estimates of
var are positive and significant for both models. This strong positive relation
between conditional market variance and the nominal one-month T-bill yield
1s consistent with results reported by Campbell (1987), Breen et al. (1989),
Shanken (1990), and Glosten et al. (1993). However, including r, in the
conditional market variance equation results in estimates of wys, ay, Bu-
and #,; that are dramatically different from those obtained for Models la
and 2a. Estimates of a4, 87, and 6,; are not significantly different from zero
for Models 1b and 2b.

These results suggest that conditional market variance is neither persis-
tent nor responsive to lagged return innovations. Furthermore, these results
suggest that much of the variation in conditional market variance is attrib-
utable to changes in the level of the nominal one-month T-bill yield. Figure 3
plots the modified EGARCH(1,1)-M estimates of 3 , for the period 1950:3
to 1994:12. The values of i, plotted result from QML estimation of
Model 2b, but are similar for Model 1b. The plot in Figure 3 appears jagged
when compared to the plot in Figure 2. reflecting the lower persistence of
conditional variance in Model 2b. The values of %, plotted in Figure 3 are
correlated with rs,. Although the estimates of ay, By, and 6y in Model 2b
are not significantly different from zero, the effects of large return innova-
tions on conditional market variance are still evident in Figure 3. Because
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Figure 3. Conditional variance of excess market returns for Model 2b. The figure plots
modified EGARCH(1,1)-M estimates of 7§ , for U.S. monthly data for the sample period 1950:3
to 1994:12. The estimates of &j;, result from the quasi-maximum likelihood estimation of
Model 2b reported in Table III.

yu is positive and significant, the plot of 63, in Figure 3 exhibits some of
the features of the plot of r;, in Figure 1.

The results reported in Table III for Models 2a and 2b are similar to the
results reported by Glosten et al. (1993). Based on results from a model
similar to Model 2b, they conclude that “conditional volatility of the monthly
excess return is not highly persistent,” and that “negative residuals are as-
sociated with an increase in variance, while positive residuals are associated
with a slight decrease in variance.”

In conditional single-factor models, Ay, measures the simple relation be-
tween the market risk premium and conditional market variance. The esti-
mates of A, reported in Table III illustrate how model specification can affect
inference regarding the relationship between ry,, and 63 .. Two effects stand
out: (1) the effect of constraining the intercept term, and (2) the effect of
including r;, in the conditional variance equation. In Models la and 1b,
where the constraint A, = 0 is imposed, estimates of A, are positive and
significant. Since the excess market return is, on average, positive and val-
ues of 67, are nonnegative by construction, it is not surprising that the
slope coefficient is positive when the intercept is forced through the origin.
When the constraint Ao = 0 is relaxed in Models 2a and 2b, estimates of Ay,
become insignificant and negative, respectively. These results suggest that
imposing the constraint Aq = 0 can result in misleading estimates of the
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simple risk—-return relation. This may explain the significant positive simple
risk-return relation reported by Harvey (1989).

Including rs, in the conditional variance equation also affects estimates of
the simple relation between rys; and 73, ,. When the conventional EGARCH-M
model is employed (Model 2a), the simple relation between ry,, and &f,y, 1S
positive, but insignificant. The simple relation becomes negative and highly
significant when the modified EGARCH-M model is employed (Model 2b).
Glosten et al. (1993) obtain results similar to Model 2b when they include r;,
in the conditional variance equation. They conclude that “the relation be-
tween conditional mean and conditional variance is negative and statisti-
cally significant.” I believe it is premature to draw conclusions about the
empirical relationships between ry;,, ¢4 , and rs: based on the results from
these conditional single-factor models. It appears that the significant nega-
tive relation between ry; , and 63 , found in Model 2b might be driven by the
significant positive relation between &3, and rs,. It is puzzling that the
strong persistence in conditional market variance evident in the conven-
tional EGARCH-M models (1a and 2a) vanishes when modified EGARCH-M
models (1b and 2b) are estimated. One plausible explanation is that the
well-documented negative relation between r;;, and r;, dominates the esti-
mation of both the conditional variance and conditional mean equations. It
appears that the positive relation between ¢4 , and rs, is accentuated and
the persistence of conditional market variance is suppressed. The resulting
estimates of A, in Model 2b are negative and significant. The puzzling re-
lationship between the market risk premium, conditional market variance,
and the one-month nominal T-bill yield is further examined in Section IV.

Figures 4 and 5 plot estimates of the expected market risk premium,
E,_1[rss:], which result from QML estimation of Models 2a and 2b, respec-
tively. The difference is dramatic. Since Model 2 implies a simple linear
relation between E, ,[ry,] and oj;,. the plots are closely related to the
associated plots of 7, , in Figures 2 and 3. In Figure 4. the expected market
risk premium is positive throughout the sample period. In Figure 5, the
negative value of A, results in a plot of E,_,[ry;,] that looks like an inverted
plot of 65 ,. E,_1[r:.] is negative for 13.94 percent of the sample period. The
negative values occur primarily in months following large return surprises
(the largest negative values occur in November 1987 and April 1980) and in
months when rf, is high. It is not surprising that a likelihood ratio test
rejects Model 2a in favor of Model 2b. The negative values of E,_[ra ] re-
sult in a better fit of the market excess return series.s

C. Estimates of Conditional Two-Factor Models

This section of the paper examines a conditional two-factor model in which
the long-term government bond return (rg,) is the second state variable. In
Model 3, the market risk premium is a linear function of conditional market

15 In simple regressions of ry;, on &3, ,. the adjusted R? was 0.000 for Model 2a and 0.017 for
Model 2b.
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Figure 4. Expected market risk premium for Model 2a. The figure plots conventional
EGARCH(1,1)-M estimates of E,_[ry;,] for U.S. monthly data for the sample period 1950:3 to
1994:12. The estimates of E,_[ry,] result from the quasi-maximum likelihood estimation of
Model 2a reported in Table III. Model 2a implies a simple linear relation between E,_,[ry,,] and
the estimates of 3, , plotted in Figure 2.

variance (63 ,) and conditional market covariance with the return on a long-
term government bond (7 ,;-,). QML estimates of the bivariate EGARCH(1,1)-M
system (equation (7)) are reported in Table IV. The four variants of Model 3
that are estimated differ only in their use of the instrumental variable r,.
Model 3a employs a conventional EGARCH-M model in which the param-
eters v, and yr are constrained to be zero. Models 3b(i), 3b(ii), and 3b(ii1)
employ modified EGARCH-M models of conditional second moments in which
the constraints on the parameters y,; and yr are relaxed. In addition to these
four two-factor models, I estimate a restricted variant of Model 3a which im-
poses the constraint Ay = 0. I refer to this conditional single-factor model as
Model 2a*.

Parameter estimates are very similar for the four variants of Model 3
reported in Table IV. Point estimates of the conditional market variance equa-
tion parameters (wys, ap. Ba. and ¢,,) are similar to those obtained for the
conventional univariate EGARCH-M models reported in Table III. Estimates
of By are again near 0.9, and estimates of aj, and 6,, indicate that ¥
increases symmetrically in response to large market return innovations. Es-
timates of B8r range from 0.95 to 0.98, indicating that the conditional vari-
ance of long-term bond returns is highly persistent. The half-life of a bond
volatility shock is approximately 27 months when Br = 0.97. Although the
estimates of By are close to one, the unit root hypothesis is rejected in every
case with a ¢ statistic greater than two. Estimates of ar and 6 indicate that
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Figure 5. Expected market risk premium for Model 2b. The figure plots modified
EGARCHI(1,1)-M estimates of E, [ry ] for U.S. monthly data for the sample period 1950:3 to
1994:12. The estimates of E, . [ra ] result from the quasi-maximum likelihood estimation of
Model 2b reported in Table III. Model 2b implies a simple linear relation between E,_,[ry ,] and
the estimates of 6§, , plotted in Figure 3.

conditional bond return variance increases in response to large bond return
innovations, and that it increases more in response to negative return shocks
than to positive return shocks. Estimates of the conditional correlation be-
tween market returns and bond returns, ppyr, are between 0.22 and 0.24.
These are close to the sample correlation of 0.276 reported in Table II.

Figures 6, 7, and 8 plot estimates of éfl, ¢ OFy, and G yp,, respectively, that
result from QML estimation of Model 3b(iii). The plot of 6%, in Figure 6 is
difficult to distinguish from that in Figure 2. This reflects the similarity of
the conditional market variance equation parameter estimates in Models 2a
and 3b(iii). The plot in Figure 7 provides graphic evidence of “volatility clus-
tering” in long-term bond returns. The substantial increase in bond market
volatility after the Federal Reserve regime change in September 1979 is
noteworthy. Due to the constant correlation assumption implicit in equa-
tion (7), the plot of ¢k, in Figure 8 displays characteristics from both Fig-
ures 6 and 7.

Estimates of the conditional mean equation parameters in Table IV pro-
vide evidence of a positive partial relation between r,;, and é'f,‘,. Estimates
of A, are positive and significant for every variant of Model 3. Estimates of
the partial relation between ry, and Jyr, are negative and statistically
significant for every model. The intercept, A,. is not significantly different
from zero. The sign of A suggests that the elasticity of marginal utility of
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wealth with respect to bond prices is positive. This is intuitively appealing.
Because marginal utility of wealth and the required rate of return are in-
versely related, investors require a lower return on the market portfolio at
times when dpr, is positive and high. This is consistent with Chen et al.
(1986), who find a negative risk premium associated with portfolio betas
measuring exposure to interest rate risk.1¢

Estimates of the parameter vy,, in models 3b(i) and 3b(iii) provide further
evidence of a significant positive relation between conditional market vari-
ance and the nominal one-month T-bill yield. The relation between 67, and
rr: is not as strong. Estimates of yr are positive, but not significantly dif-
ferent from zero in either Model 3b(ii) or Model 3b(iii). It is noteworthy that
inclusion of rs, in the conditional second-moment equations has no apparent
effect on estimates of Ay and Ar. A simple likelihood ratio test rejects
Model 3a in favor of Model 3b(i) at a 5 percent level of significance.

Model 2a* is estimated in Table IV by imposing the constraint Ay = y =
yr = 0 on equation (7). Estimates of the conditional second-moment param-
eters are very similar to those obtained for Model 3a. However, imposing the
constraint Ay = 0 results in an estimated simple risk-return relation that is
not statistically significant (Ay = 0.86, t = 0.30). Model 2a* is nested within
Model 3a. A simple likelihood ratio statistic rejects Model 2a* in favor of
Model 3a at a 5 percent level of significance.

Most papers on the intertemporal relation between the market risk pre-
mium and conditional market variance conclude that the simple relation is
insignificant or negative. The estimates of Model 3a provide support for the
omitted variable explanation of these results. If Model 3a is the “true” model,
equation (5) predicts that estimates of the parameter A, in Model 2a* would
have a bias of —6.67. Such a bias is sufficient to explain the insignificant
relation between the market risk premium and conditional market variance
found in Model 2a* and in most previous studies of the simple risk—return
relation.

Figure 9 plots estimates of the expected market risk premium which re-
sult from QML estimation of Model 3b(iii). These fitted values are negative
for 14.5 percent of the sample period. The negative values occur primarily in
the period of high conditional bond market volatility following the Federal
Reserve regime change of September 1979. This finding is consistent with
Boudoukh, Richardson, and Smith (1993), who report that a negative ex
ante risk premium is more likely to occur in states of the world where T-bill
rates are high or the term structure is downward-sloping. The existence of a
negative market risk premium is puzzling. It is intuitive that risk-averse
investors would demand a positive risk premium for bearing nondiversifi-
able risk. Although theoretically possible, it seems doubtful that hedging
demand for the market portfolio could be strong enough to result in a neg-
ative risk premium. There are also statistical reasons to treat the negative

16 The UTS variable employed by Chen et al. (1986) is similar to the excess bond return
series used in this paper.
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Table IV
Conditional Two-Factor Models of the Market Risk Premium

This table estimates conditional two-factor models of the relation between the market risk
premium (ry,), conditional market variance (6% ), and conditional market covariance with
long-term government bond returns (émr.) using U.S. monthly data for the period 1950:3 to
1994:12 (538 observations). The models estimated are nested within the following bivariate
EGARCH(1,1)-M system (equation (7)):

Fae = Ao+ AmGh. + ArOmp. + ém

TRe = MF t €F:
ln(&fl,l) = wy t aMg(¢M.l—l) + Bum ln(&gl,l-l) + YymTr.
In(6,) = wp + apgWr—1) + BrIn(GE 1) + yrry:

&MRt = ﬁMFé'M,td'Rt
EWni-1) = (I9ae-1l = V2/m) + Opriiage 1

g(‘,;F.t—l) = (ld;F,t—ll - \/2/77) + HFJ’F::—I-

Models 3a, 3b(i), 3b(ii), and 3b(iii) differ in the constraints they place on yy and yr. Model 2a*
is a conditional single-factor model that imposes the constraints A = 0 and yy = yr = 0. ry,
is the excess monthly return on the CRSP value-weighted total return index of NYSE-AMEX
stocks, rp, is the excess monthly return on the Ibbotson Associates (1995) long-term government
bond portfolio, and ry, is the yield on a one-month T-bill from Ibbotson Associates (1995). All
returns are continuously compounded. ¥y, = éy.(/6y, and ¥r, = ér,/6F, are standardized
conditional return innovations. Bollerslev and Wooldridge (1992) robust ¢ ratios are reported in
parentheses. L is the log likelihood function.

Parameter Model 2a* Model 3a Model 3b(i) Model 3b(ii) Model 3b(iii)

Panel A: Conditional Mean Equation Parameters

Ao (X100) 0.36 -0.11 0.14 -0.12 0.18
(t ratio) (0.80) (—0.20) (0.30) (-0.22) (0.38)
AMm 0.86 10.57 10.15 10.16 9.29
(¢ ratio) (0.30) (2.36) (2.05) (2.28) (1.88)
AF —49.75 —-59.83 —47.80 -57.74
(¢ ratio) (-2.12) (—2.03) (-2.00) (—1.95)
ur (X100) -0.10 -0.08 -0.09 -0.08 -0.08
(t ratio) (—2.18) (—1.86) (—2.03) (—-1.68) (—1.66)
Panel B: Conditional Second Moment Equation Parameters
wym -0.70 -0.49 -0.74 -0.50 -0.81
(t ratio) (-2.71) (—1.98) (—2.49) (—1.98) (—2.64)
ay 0.16 0.19 0.18 0.19 0.18
(¢ ratio) (2.34) (4.14) (3.44) (4.10) (3.18)
Bum 0.89 0.92 0.89 0.92 0.88
(t ratio) (22.33) (24.47) (20.84) (24.43) (19.88)
Om -0.60 -0.17 -0.21 -0.19 -0.26

(t ratio) (-1.20) (-0.70) (—0.73) (-0.76) (—0.85)
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Table IV—Continued

Parameter Model 2a* Model 3a Model 3b(i) Model 3b(ii) Model 3b(iii)
Panel B: Continued
M 11.85 13.85
(t ratio) (2.09) (2.20)
wF -0.17 -0.18 -0.17 -0.38 -0.40
(t ratio) (—2.33) (—2.45) (—2.39) (—2.28) (—2.40)
ar 0.38 0.38 0.37 0.37 0.36
(t ratio) (6.80) (6.91) (6.94) (6.19) (6.13)
Br 0.98 0.97 0.98 0.96 0.95
(¢t ratio) (105.65) (102.57) (108.00) (56.22) (55.68)
Or -0.23 -0.27 -0.28 -0.24 -0.24
(t ratio) (-1.91) (—2.27) (—2.36) (—-1.93) (—1.90)
YF 11.75 13.90
(t ratio) (1.27) (1.48)
PMF 0.23 0.24 0.22 0.23 0.22
(t ratio) (4.59) (4.97) (4.70) (4.79) (4.45)
L 3318.53 3321.76 3324.78 3323.29 3326.86

values plotted in Figure 9 with some skepticism. Although estimates of A,
and Ap are statistically significant, it is unlikely that they are estimated
with sufficient precision to make reliable inferences regarding the existence
of a negative risk premium.!”

IV. Relation to Previous Work
A. Using the T'Bill Yield as an Instrumental Variable

This section of the paper investigates the puzzling relationship between
TMi» Oape, and ry, reported in the empirical literature. Campbell (1987) and
Glosten et al. (1993) both report a strong negative relation between the mar-
ket risk premium and conditional market variance when the nominal one-
month T-bill yield is included in the conditioning information set. Similar
results are reported in Table III for Model 2b. When ry, is removed from the
conditioning information set (as in Model 2a), the significant negative risk-
return relation disappears. Campbell describes similar results as “perverse.”

Two distinct interest rate effects have received attention in the empirical
literature. The first is the well-established empirical relation between mar-
ket volatility and the level of short-term interest rates. Campbell (1987),
Breen et al. (1989), Shanken (1990), and Glosten et al. (1993) report a sig-
nificant positive relation between market variance and the nominal one-
month T-bill yield. The second effect is the direct relation between the market
risk premium and short-term interest rates. Fama and Schwert (1977), Camp-

17 Fama and Schwert (1977) make a similar argument.
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Figure 6. Conditional variance of excess market returns for Model 3b(iii). The figure
plots modified bivariate EGARCH(1,11-M estimates of 3, , for U.S. monthly data for the sam-
ple period 1950:3 to 1994:12. The estimates of i, result from the quasi-maximum likelihood
estimation of Model 3b(iii) reported in Table IV.

bell (1987). Ferson (1989). and Shanken (1990) find that nominal T-bill yields
are negatively correlated with future stock returns. If there are two distinct
interest rate effects. then forcing the interest rate to enter a two-equation
system (such as equation (6)) through the conditional variance equation could
distort estimates of the conditional mean equation parameters.

I explore this idea by estimating an ad hoc model in which r, enters
directly into both the conditional mean and conditional variance equations.

Fare = Ao+ Ayoir, + Aerp, + €xpy
In(Gi,) = wy + @y 8Wing—1) + BarIn(G i, 1) + yarree
Wiy 1) = G -1 = Eroqllng -1 + Oxpage-1. (8)

If there are two interest rate effects, estimating the system in equation (8)
should uncouple them. I refer to equation (8) as Model 4b. Model 4a imposes
the constraint vy, = 0. In these models, Ay; measures the partial risk-return
relation and A, measures the partial relation between the market risk pre-
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Figure 7. Conditional variance of long-term government bond excess returns. The fig-
ure plots modified bivariate EGARCH(1,1)-M estimates of ¢#, for U.S. monthly data for the
sample period 1950:3 to 1994:12. The estimates of ¢, result from the quasi-maximum likeli-
hood estimation of Model 3b(iii) reported in Table IV.

mium and the nominal one-month T-bill yield. Estimates of Models 4a and
4b are reported in Table III to permit comparison with Models 1a, 1b, 2a,
and 2b.

Estimates of the conditional variance equation parameters for Model 4a
are very similar to those obtained for Models 1a and 2a. However, estimates
of the conditional mean equation parameters are very different. The partial
risk-return relation is positive and marginally significant (Ay, = 7.43, t =
1.94), but the partial relation between ry, and rs,, is negative and signifi-
cant (A = —2.44, ¢t = —2.93).

In Model 4b, rr, appears in both the conditional mean and conditional
variance equations. The point estimate of B3, is 0.86, which is highly signif-
icant (¢t = 22.33) and similar to the point estimates obtained for Models 1a,
2a, and 4a. The news response function parameters, ay, and 6,, are similar
to those for Model 4a. It appears that including rf, as a second factor in the
conditional mean equation restores the persistence of conditional market
variance that was evident in Models 1a, 2a, and 4a. Yet, the strong positive
relation between 63, and r;, that emerges in Models 1b and 2b is also ev-
ident in Model 4b (y), = 24.78, t = 3.95). In Model 4b, conditional market
variance is both highly persistent and related to the level of the nominal
risk-free rate. Figure 10 plots the modified EGARCH(1,1)-M estimates of
4 . which result from QML estimation of Model 4b. The plot in Figure 10 is
similar in appearance to the plot in Figure 2. The relative smoothness of
both of these plots reflects the persistence of conditional market variance in



598 The Journal of Finance

0.0010 -

0.0009 1

0.0008 1

8 0.0007 |

[ =

«©

S 0.0006 +

3

O 0.0005

-]

[ =

2 0.0004 1

he

[ =4

S 0.0003 +

0.0002 {

0.0001 |

0.0000 A + = —t—t t : +—t +
(] ~) (Vo) D L] U o -— <r ™~ o (a3 [Sany D [t}
S L A S N O A
s 2 £ £ £ £ 2 2 £ £ £ &8 =2 £ 2

Month

Figure 8. Conditional market covariance with long-term government bond excess re-
turns. The figure plots modified bivariate EGARCH(1,1)-M estimates of 7, for U.S. monthly
data for the sample period 1950:3 to 1994:12. The estimates of «ryg, result from the quasi-
maximum likelihood estimation of Model 3b(iii) reported in Table IV.

Models 2a and 4b. The primary difference between the plot in Figure 10 and
the plot in Figure 2 is elevated market volatility in the 1979-1986 period.
Short-term interest rates are at their highest levels during this period.

Estimates of the conditional mean equation parameters in Model 4b are
similar to those in Model 4a. The partial relation between ry;, and &f,,, 18
positive and significant (A, = 17.07, t = 2.55) and the relation between ry;,
and r;, is negative and significant (A, = —6.86. t = —3.69). The intercept
term, Ag, is not significantly different from zero. Although Model 4b is ad-
mittedly ad hoc, these results suggest that a conditional two-factor model
might resolve the puzzling relationship between ry;,, 6% ,, and rg,. It ap-
pears that two distinct interest rate effects exist in the data: a conditional
mean effect and a conditional variance effect. In Model 2b, where these ef-
fects are convoluted, volatility persistence appears low and the simple rela-
tion between ry;, and ¢, is negative. These are the main results reported
by Glosten et al. (1993). In Model 4b. where the two interest rate effects are
uncoupled, market volatility is highly persistent and the partial relation
between ry;, and 4§, is positive.

B. Identification of the Market Portfolio and Priced Risk Factors

In Merton’s ICAPM., as in the traditional CAPM, the market portfolio con-
sists of all assets in the economy. Because the true market portfolio is un-
observable, empirical researchers must choose some proxy for market portfolio.
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Figure 9. Expected market risk premium for Model 3b(iii). The figure plots modified
bivariate EGARCH(1,1)-M estimates of E,_y[ry,] for U.S. monthly data for the sample period
1950:3 to 1994:12. The estimates of E,_[ry,] result from the quasi-maximum likelihood esti-
mation of Model 3b(iii) reported in Table IV. Model 3b(iii) implies that E,_;[ry,] is a linear
function of &, (plotted in Figure 6) and 7, (plotted in Figure 8).

This paper’s objective is to improve our understanding of the puzzling rela-
tionship between the market risk premium and conditional market variance
reported in the literature. Since comparability with previous research is de-
sirable, I use the CRSP value-weighted total return index of NYSE-AMEX
stocks as a proxy for the market portfolio.

Other researchers have tested the risk-return relation using “broader”
proxies for the market portfolio. Chan, Karolyi, and Stulz (1992) examine a
model similar to equation (4) in which the two factors are domestic and
foreign equity indices.!8 In general, they find that the U.S. market risk pre-
mium is positively related to its conditional covariance with a foreign equity
index, but unrelated to its own conditional variance. They also estimate sev-
eral nested models in which the conditional second moments are market-
weighted and the “price of risk” coefficients are constrained to be equal across
factors. These constrained models can be interpreted as conditional single-
factor models in which the market portfolio is an international equity index.
They find evidence of a significant positive risk-return relationship and gen-
erally fail to reject the conditional single-factor model in favor of the uncon-
strained conditional two-factor model. These results suggest that future studies
of the intertemporal risk-return relation may wish to consider a more broadly
defined proxy for the market portfolio.

18 Chan et al. (1992) examine daily data on the S&P 500, the MSCI EAFE and Japan indices
(1980-1989), and the Nikkei 225 index (1979-1989).
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Figure 10. Conditional variance of excess market returns for Model 4b. The figure plots
modified EGARCH(1.1)-M estimates of i , for U.S. monthly data for the sample period 1950:3
to 1994:12. The estimates of i, result from the quasi-maximum likelihood estimation of
Model 4b reported in Table III.

Bollerslev, Engle, and Wooldridge (1988) estimate a trivariate version of
the conditional CAPM in which the market portfolio consists of three assets:
a U.S. equity index, a twenty-year U.S. Treasury bond, and a six-month U.S.
Treasury bill. In their conditional single-factor model, each asset’s risk is a
value-weighted average of its conditional covariances with the three assets
in the market portfolio. The authors find that the market price of covariance
risk is positive and significant. They do not estimate an unconstrained model
in which the price of risk is allowed to vary across asset types. Whether
long-term bond returns should be included in the market portfolio or as a
second factor in a multifactor model remains an open question.

Asset pricing theory is generally silent regarding the identity of additional
priced risk factors. Identification of state variables is largely an empirical
matter. The long-term bond return employed as a state variable in this pa-
per has long been used in cross-sectional tests of multifactor asset pricing
models. Chen et al. (1986) and Shanken (1990) find that exposure to bond
price movements is priced in the stock market. Whether conditional market
covariance with other state variables affects the intertemporal behavior of
the market risk premium is another open question. In work related to this
paper, Scruggs (1996) tests a conditional two-factor model (equation (7)) using
alternative state variables motivated by Chen et al. (1986). The state varl-
ables tested include the inflation rate, a bond quality premium (the monthly
return on a low-grade corporate bond portfolio less the monthly return on a
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long-term Treasury bond), and the growth rate in industrial production. Con-
ditional covariances with these alternate state variables do not significantly
affect the expected market risk premium.

V. Conclusions

This paper investigates the intertemporal relation between the market
risk premium and conditional market variance. Previous papers on this topic
study the simple risk-return relation implied by a conditional single-factor
model motivated by the Sharpe-Lintner CAPM. That literature is inconclu-
sive. This paper examines the partial risk-return relation implied by a con-
ditional two-factor model derived from Merton’s ICAPM.

I find that the partial relation between the market risk premium and
conditional market variance is positive and significant in a constant corre-
lation bivariate EGARCH-M model that includes government bond returns
as a second factor. The partial relation between the market risk premium
and conditional market covariance with excess long-term government bond
returns is negative and significant. I show that omitting the bond factor
from the conditional mean equation results in estimates of the simple risk—
return relation that are biased downward. The magnitude of the bias is suf-
ficient to affect inference regarding the significance of the risk-return relation.

I also explore the negative simple relation between the market risk pre-
mium and conditional market variance reported by Glosten et al. (1993). 1
find that including the nominal risk-free rate in the conditional market vari-
ance equation distorts estimates of the simple risk-return relation sug-
gested by the conditional single-factor model. The strong negative relation
between ry;, and rs, appears to dominate the estimation of both the condi-
tional mean and variance equations. The positive relation between &jf,‘ . and
rrs is accentuated and the persistence of conditional market variance is sup-
pressed. Resulting estimates of the simple risk—return relation are negative
and significant. When I estimate an ad hoc model in which the two interest
rate effects are uncoupled, the sign of the risk-return relation becomes pos-
itive and the persistence of conditional market variance is restored.
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