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a b s t r a c t

The intertemporal capital asset pricing model of Merton (1973) is examined using the

dynamic conditional correlation (DCC) model of Engle (2002). The mean-reverting DCC

model is used to estimate a stock’s (portfolio’s) conditional covariance with the market

and test whether the conditional covariance predicts time-variation in the stock’s

(portfolio’s) expected return. The risk-aversion coefficient, restricted to be the same

across assets in panel regression, is estimated to be between two and four and highly

significant. The risk premium induced by the conditional covariation of assets with the

market portfolio remains positive and significant after controlling for risk premia

induced by conditional covariation with macroeconomic, financial, and volatility

factors.

& 2010 Elsevier B.V. All rights reserved.
1. Introduction

Merton (1973) introduces an intertemporal capital asset pricing model (ICAPM) in which an asset’s expected
return depends on its covariance with the market portfolio and with state variables that proxy for changes in
investment opportunity set. A large number of studies test the significance of an intertemporal relation between
expected return and risk in the aggregate stock market. However, even the existence of a positive risk-return
tradeoff for market indices has not been universally found in the existing literature. Due to the fact that the
conditional mean and volatility of stock market returns are not observable, different approaches and specifications
used by previous studies in estimating the two conditional moments are largely responsible for the conflicting empirical
evidence.

Our study extends time-series tests of the ICAPM to many risky assets. The prediction of Merton (1980) that expected
returns should be related to conditional risk applies not only to the market portfolio but also to individual stocks and stock
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portfolios. Expected returns for any stock should vary through time with the stock’s conditional covariance with the
market portfolio as well as the hedging demands. To be internally consistent, the relation should be the same for all stocks,
i.e., the predictive slope on the conditional covariance represents the average relative risk aversion of market investors. We
exploit this cross-sectional consistency condition and estimate the common time-series relation across 30 stocks in the
Dow Jones Industrial Average.

Using daily data from July 1986 to June 2009, the mean-reverting dynamic conditional correlation (DCC) model of Engle
(2002) is estimated to generate the time-varying conditional covariances between daily excess returns on each stock and
the market portfolio. Then, a system of time-series regressions of the stocks’ excess returns on their conditional
covariances with the market is estimated, while constraining all regressions to have the same slope coefficient. Our
estimation based on Dow 30 stocks and alternative measures of the market portfolio generates positive and highly
significant risk aversion coefficients, with magnitudes between two and four. The identified positive risk-return tradeoff is
robust to different market portfolios, different sample periods, alternative specifications of the conditional mean and
covariance processes, different data sets including stocks in the S&P 100 and S&P 500 indices, and including a wide variety
of state variables that proxy for the intertemporal hedging demand component of the ICAPM. The significance of an
intertemporal relation is investigated based on the value-weighted size, book-to-market, momentum, industry,
investment-to-assets, and return-on-assets portfolios. First, using daily data from January 1972 to June 2009, the DCC-
based conditional covariances between daily excess returns on equity portfolios and the market portfolio are estimated.
Then, the predictive panel regressions of the portfolios’ excess returns are run on their conditional covariances with the
market, while imposing the same risk aversion coefficient across portfolios. The results from various equity portfolios
provide evidence for a significantly positive link between risk and return, with economically sensible estimates of risk
aversion coefficients.

When the investment opportunity is stochastic, investors adjust their investment to hedge against unfavorable shifts in
the investment opportunity set and achieve intertemporal consumption smoothing. Hence, covariations with state of the
investment opportunity induce additional risk premium on an asset. A series of macroeconomic, financial, and volatility
factors are identified and then empirical tests are conducted to determine if their conditional covariances with individual
stocks (and stock portfolios) induce additional risk premia.

To explore how macroeconomic variables vary with the investment opportunity and test whether covariations of stocks
(portfolios) with them induce additional risk premia, the conditional covariances of these variables with daily excess
returns on each stock (portfolio) is estimated first and then empirical analyses are performed to detect how the stocks’
(portfolios’) excess returns respond to their conditional covariances with macroeconomic factors. Because of data
availability at daily frequency, the federal funds rate, default and term spreads are used as potential factors that may affect
the investment opportunity set. The parameter estimates show that incorporating the covariances of stock returns with the
aforementioned macroeconomic variables does not alter the magnitude and statistical significance of the relative risk
aversion coefficient. The common slope on the market covariance remains positive and highly significant. The results also
indicate that the slope coefficients on the conditional covariances with the changes in default and term spreads are
statistically significant, implying that unexpected news in macroeconomic variables do contain systematic risks rewarded
in the stock market.

Fama and French (1992, 1993) provide evidence on the significance of size and book-to-market variables in predicting
the cross-sectional and time-series variation in stock and portfolio returns. Jegadeesh and Titman (1993) and Carhart
(1997) present evidence on the significance of past returns (or momentum) in predicting the cross-sectional and time-
series variation in future returns on individual stocks and portfolios. Chen and Zhang (2009) introduce two new factors, the
investment-to-assets and the return-on-assets, that provide a better characterization of the cross-section of expected stock
returns. We examine whether the size (SMB), book-to-market (HML), and momentum (MOM) factors of Fama-French
(1993) and Carhart (1997) as well as the investment-to-assets (IA) and the return-on-assets (ROA) factors of Chen and
Zhang (2009) move closely with investment opportunities and whether covariations of individual stocks (portfolios) with
these factors induce additional risk premia on stocks (portfolios). Estimation shows that the covariances of daily stock
returns with the HML, IA, and ROA factors generate significantly positive slope coefficients. Hence, an increase in a stock’s
(portfolio’s) covariance with HML, IA, and ROA predicts a higher excess return on the stock (portfolio). The results also
indicate that the covariances of stocks (portfolios) with the SMB and MOM factors do not have robust, significant predictive
power for future returns on individual stocks (portfolios).

Following Campbell (1993, 1996), it is assumed that investors want to hedge against the changes in the forecasts of
future market volatilities. In this paper, implied volatility from the S&P 100 index options is used to test whether stocks
that have higher correlation with the changes in future market volatility yield lower expected return. The results indicate
that the risk premium induced by the conditional covariation of individual stocks (portfolios) with the market portfolio
remains economically and statistically significant after controlling for risk premia induced by conditional covariation with
the changes in implied volatility. The results also provide evidence for a significantly negative relation between expected
return and volatility risk, i.e., assets with higher association with the changes in future market volatility give lower
expected return.

The paper is organized as follows: Section 2 briefly discusses earlier studies on the intertemporal relation between
expected return and risk. Section 3 describes the data and estimation methodology. Section 4 presents the empirical
results. Section 5 concludes.
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2. Literature on the risk-return tradeoff

Dynamic asset pricing models starting with Merton’s (1973) ICAPM provide a theoretical framework that gives a
positive equilibrium relation between the conditional first and second moments of excess returns on the market portfolio.
However, Abel (1988), Backus and Gregory (1993), and Gennotte and Marsh (1993) develop models in which a negative
relation between expected return and volatility is consistent with equilibrium. Similarly, empirical studies are still not in
agreement on the direction of a time-series relation between expected return and risk.

Many studies fail to identify a robust and significant intertemporal relation between risk and return on the aggregate
stock market portfolio. French et al. (1987) find that the risk-return coefficient is not significantly different from zero when
they use past daily returns to estimate the monthly conditional variance. Follow-up studies by Baillie and DeGennaro
(1990), Campbell and Hentchel (1992), Glosten et al. (1993), Harrison and Zhang (1999), and Bollerslev and Zhou (2006)
rely on the GARCH-in-mean and realized volatility models that provide no evidence for a robust, significant link between
expected return and risk on the aggregate market portfolio.

Several studies even find that the intertemporal relation between risk and return is negative. Examples include
Campbell (1987), Breen et al. (1989), Nelson (1991), Glosten et al. (1993), Whitelaw (1994), Harvey (2001), and Brandt and
Kang (2004). Some studies do provide evidence supporting a positive and significant link between expected return and risk
(e.g., Bollerslev et al., 1988; Scruggs, 1998; Ghysels et al., 2005; Guo and Whitelaw, 2006; Lundblad, 2007; Bali, 2008).
3. The intertemporal relation between expected return and risk

Merton’s (1973) ICAPM implies the following equilibrium relation between risk and return:

mtþ1�rf ,t ¼ AUCovt rtþ1,rm,tþ1

� �
þCovt rtþ1,xtþ1ð ÞUB, ð1Þ

where rf,t is the risk free rate, mt + 1=E(rt + 1) is the n�1 vector conditional mean of stock returns rt + 1 at time t+1, rm,t + 1 is the
market return, and xt + 1 is a vector of k state variables that shift the investment opportunity set. Covt(rt +1, rm,t+ 1) is the
time-t expected conditional covariance between rt +1 and rm,t +1, i.e., the covariances are conditional on information
available at the time the assets are evaluated. Important restrictions implied by the theory are the fact that intercepts in
this equation are zero and that the slope coefficient A is a scalar that is appropriate for all assets and B is a k�1 vector that
prices all assets. This representation is equivalent to non-existence of arbitrage when the pricing kernel is a linear function
of the aggregate market return. Additional factors could be added and will be examined in the empirical work. There is no
restriction in the theory that the parameters A and B are time invariant although this is commonly applied and is
reasonable when the state variables are included to measure shifts in investment opportunity sets.

In the original Merton model, the parameters of the system and the covariances were all interpreted as constant but the
ability to model time variation in covariances makes it natural to include these directly in the analysis. The empirical
literature has generally recognized that the parameters may be time varying but not in a parametric fashion. In principle, if
the covariances are stochastic, they would represent additional sources of variation in the investment opportunity set and
potential hedging demand terms.

The expression in (1) can now be written as

Vt

rtþ1

rm,tþ1

xtþ1

0
B@

1
CA¼

Hr,r,tþ1Hr,m,tþ1Hr,x,tþ1

Hm,r,tþ1Hm,m,tþ1Hm,x,tþ1

Hx,r,tþ1Hx,m,tþ1Hx,x,tþ1

0
B@

1
CA, ð2Þ

Etðrtþ1Þ ¼ rf ,tþAUHr,m,tþ1þHr,x,tþ1UB,

Etðrm,tþ1Þ ¼ rf ,tþAUHm,m,tþ1þHm,x,tþ1UB: ð3Þ

If normality is assumed, then the first two moments are sufficient to define the distribution; hence, Eqs. (2) and (3)
define the process regardless of how many assets are being priced.

Various parameterizations of the covariance matrix (Vt) have been used in the literature. In this paper, several versions
of the DCC model are employed as this is very stable and parsimonious and is manageable for large numbers of assets.2

Furthermore, it is clear from (3) that the full dynamic covariance matrix of returns does not enter the pricing equation.
Thus a simplified estimation approach is employed for most of the analyses in this paper. In particular, the covariances
Hr,m,t + 1 and Hr,x,t+ 1 can be estimated first and used in a seemingly unrelated regression estimate of returns in (3). This is
described in more detail in Section 3.2.

In each case, the hypothesis that A equals zero and the hypothesis that the individual intercepts are jointly zero are
tested. For some state variables, B is found to be significantly different from zero, but the significance of state variables
does not affect the estimates of A. A notable point is that, volatilities; however, they are measured, are highly significant
2 The covariance matrix (Vt) is more explicitly defined in Section 3.2. The maximum likelihood estimation of Vt and the DCC model is provided in the

online supplement.
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but still do not alter our estimates for A. Allowing the state variables xt+ 1 to enter (3) directly does not change the estimates
appreciably.
3.1. Data

The latest stock composition of the Dow Jones Industrial Average is used. The ticker symbols and company names are
presented in Appendix A of the online supplement. In our empirical analyses, daily excess returns on Dow 30 stocks are
used for the longest common sample period from July 10, 1986 to June 30, 2009, yielding a total of 5795 daily observations.
Appendix B of the online supplement reports the mean, median, maximum, minimum, and standard deviation of daily
excess returns on Dow 30 stocks.

For the market portfolio, five different stock market indices are used: (1) the value-weighted NYSE/AMEX/NASDAQ
index, also known as the value-weighted index of the Center for Research in Security Prices (CRSP), can be viewed as the
broadest possible stock market index used in earlier studies, (2) New York Stock Exchange (NYSE) index, (3) Standard and
Poor’s 500 (S&P 500) index, (4) Standard and Poor’s 100 (S&P 100) index, and (5) Dow Jones Industrial Average (DJIA) can
be viewed as the smallest possible stock market index used in earlier studies. Our findings from alternative measures of the
market portfolio are very similar. To save space, results are reported only for the CRSP value-weighted index. The findings
from alternative market portfolios are provided in the online supplement and also in Bali and Engle (2007).

In addition to Dow 30 stocks, the value-weighted decile portfolios of size, book-to-market, momentum, industry,
investment-to-assets (IA), and return-on-assets (ROA) are used for the longest common sample from January 3, 1972 to
June 30, 2009 (9462 daily observations). The daily returns on the size, book-to-market, momentum, and industry portfolios
are obtained from Kenneth French’s online data library. The daily returns on the IA and ROA portfolios are obtained from
Long Chen’s and Lu Zhang’s online data library.

Appendix C of the online supplement presents the average daily excess returns on equity portfolios and the annualized
return differences between the extreme portfolios. The first column shows that there is no significant size premium for the
value-weighted portfolios. Specifically, the average return difference between the small and big size portfolios is only
�0.38% per annum and statistically insignificant. The results indicate significant value premium as the annual average
return on the value portfolio is 6.68% higher than the annual average return on the growth portfolio. The average return
difference between the winner and loser portfolios is 15.88% per year with a Newey–West t-statistic of 3.77, implying
economically and statistically significant momentum profits. There is no significant return difference between the extreme
industry portfolios. Specifically, the annualized return difference between the highest-return (Enrgy) and lowest-return
(Durbl) industry portfolios is 5.72% per annum with a Newey–West t-statistic of 1.58. Similar to the findings of Chen and
Zhang (2009), stocks in the low IA portfolio generates 8.92% higher return than those in the high IA portfolio and this return
difference is highly significant with a t-statistic of 4.44. The high and low ROA portfolios generate even higher spread of
13.12% per annum with a t-statistic of 4.11.

For state variables, the commonly used macroeconomic variables (fed funds rate, default spread, and term spread),
financial factors (size, book-to-market, momentum, investment, and ROA), and volatility measures (options’ implied,
GARCH, and range) are considered.
3.1.1. Macroeconomic variables

Daily data on the federal funds rate, 3-month Treasury bill, 10-year Treasury bond yields, BAA-rated and AAA-rated
corporate bond yields are obtained from the H.15 database of the Federal Reserve Board. In addition to the fed funds rate,
the term and default spreads are used as control variables. The term spread is calculated as the difference between the
yields on the 10-year Treasury bond and the 3-month Treasury bill. The default spread is computed as the difference
between the yields on the BAA-rated and AAA-rated corporate bonds.
3.1.2. Size, book-to-market, momentum, investment, and ROA factors

The SMB (small minus big) factor is the difference between the returns on the portfolio of small size stocks and the
returns on the portfolio of big size stocks. The average return on the SMB factor is positive but economically and
statistically insignificant; 0.81% per annum with a t-statistic of 0.52. The HML (high minus low) factor is the difference
between the returns on the portfolio of high book-to-market stocks and the returns on the portfolio of low book-to-market
stocks. The average return on the HML factor is positive and significant; 5.21% per annum with a t-statistic of 3.27.
The MOM (winner minus loser) factor is the difference between the returns on the portfolio of stocks with higher past 2- to
12-month cumulative returns (winners) and the returns on the portfolio of stocks with lower past 2- to 12-month
cumulative returns (losers). The average return on the MOM factor is large and highly significant; 8.66% per annum with a
t-statistic of 3.54.

The IA factor is the difference (low-minus-high I/A) between the average daily returns on the two low-I/A portfolios and
the average daily returns on the two high-I/A portfolios. The average return on the IA factor is economically and
statistically significant; 4.96% per annum with a t-statistic of 4.38. The ROA factor is the difference (high-minus-low ROA)
between the average daily returns on the two high-ROA portfolios and the average daily returns on the two low-ROA
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portfolios. The average return on the ROA factor is the largest among all these financial factors; 11.04% per annum with a t-
statistic of 5.06.

3.1.3. Alternative measures of market volatility

Implied volatilities are considered to be the market’s forecast of the volatility of the underlying asset of an option.
Specifically, the Chicago Board Options Exchange (CBOE)’s VXO implied volatility index provides investors with up-to-the-
minute market estimates of expected volatility by using real-time S&P 100 index option bid/ask quotes. The VXO is a
weighted index of American implied volatilities calculated from eight near-the-money, near-to-expiry, S&P 100 call and
put options based on the Black-Scholes (1973) pricing formula.

As an alternative to the VXO index, we could have used the newer VIX index, which was introduced by the CBOE on
September 22, 2003. The VIX is obtained from the European style S&P 500 index option prices and incorporates
information from the volatility skew by using a wider range of strike prices than just at-the-money series. However, the
daily data on VIX starts from January 2, 1990, which does not cover our full sample period (7/10/1986–6/30/2009). Hence,
the daily data on VXO are used starting from January 2, 1986 and spanning the full sample period of Dow 30 stocks.

In addition to the VIX and VXO implied volatility indices, the conditional variance of daily excess returns on the S&P 500
index is estimated using a GARCH(1,1) model and then the DCC-based conditional covariances are generated for daily
excess returns on individual stocks (portfolios) and the change in daily GARCH volatility. Our objective is to test whether
unexpected news in market volatility is priced in the stock market and then to check robustness of risk-aversion coefficient
after controlling for risk premium induced by the conditional covariation of stocks (portfolios) with the GARCH volatility of
the market portfolio.

As a further robustness check, the range volatility that utilizes information in the high frequency intraday data is used:

Rangem,t ¼ lnðPmax
m,t Þ�lnðPmin

m,t Þ, ð4Þ

where Pmax
m,t and Pmin

m,t are the highest and lowest stock market index levels on day t. In our empirical analysis, the maximum
and minimum values of the S&P 500 index are used over a sampling interval of one day. As pointed out by Alizadeh et al.
(2002) and Brandt and Diebold (2006), Eq. (4) can be viewed as a measure of daily standard deviation of the market. Note
that our findings are insensitive to the choice of volatility measures and available in the online supplement. To save space
results are reported only for the implied volatility.

3.2. Estimating time-varying conditional covariances

The DCC model of Engle (2002) parameterizes the volatilities and correlations separately. The general specification is

ytþ1 �

rtþ1

rm
tþ1

xtþ1

0
B@

1
CA¼ a0þa1ytþmtþetþ1, Vtðetþ1Þ ¼Dtþ1rtþ1Dtþ1, ð5Þ

where the mean is given by Eq. (1) for asset returns, and D is the diagonal matrix of conditional standard deviations given
by

D2
tþ1 ¼ b0þb1y2

t þb2D2
t , a0,a1,a2,b0,b1,b2,Dt diagonal: ð6Þ

The correlations are given by

rt ¼ diag Qtð Þ
�1=2Qtdiag Qtð Þ

�12, ð7Þ

where

Qtþ1 ¼ rþa1Uðutu
0
t�rÞþa2UðQt�rÞ, ut ¼D�1

t et , r¼ 1

T

XT

t ¼ 1

utu
0
t : ð8Þ

In many applications, a1 and a2 are considered to be scalars as in Engle (2002) and Engle (2009a, b), however we
consider a more flexible specification where these are symmetric positive definite matrices and multiplication is element
by element or Hadamard. This is shown by Ding and Engle (2001) to imply positive definiteness of the matrix Q and
consequently of the correlation matrix. In this way each return may have different parameters. Our estimation strategy
does not enforce positive definiteness as it consists of a series of bivariate estimations, but it does insure that all
correlations used in estimation lie in the interval (�1,1).

The likelihood function for this problem is constructed assuming conditional normality of the dependent variables. As is
generally true for multivariate GARCH models, this estimator is consistent even if the normality assumption is invalid as
long as the first two moment equations are correctly specified (see Bollerslev and Wooldridge (1992) for a proof).

Our estimation approach proceeds in steps:
(1)
 Any autoregressive elements in returns are taken out and univariate GARCH models are estimated for all returns and
state variables.
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(2)
3

corr
4

estim
5

et al
Standardized returns are constructed and the bivariate DCC estimates of the correlations are computed for each stock
(portfolio) and the market and for each stock (portfolio) and the state variables using the bivariate likelihood function.
(3)
 The expected return equation is estimated as a panel with the conditional covariances as regressors. The error
covariance matrix is specified as seemingly unrelated regression (SUR). A weighted least squares alternative divides
each equation by its estimated conditional standard deviation before estimating the panel by SUR.
In one case the entire system is jointly estimated and similar results are obtained.3

Although not reported in the paper to save space, both parameters of the mean-reverting DCC model (0oa1, a2o1) are
estimated to be positive, less than one, and highly significant. Similar to the findings of Engle (2002), the magnitude of a1 is
small, in the range of 0.01 to 0.06, whereas a2 is found to be large, ranging from 0.93 to 0.99. The persistence of the
conditional correlations of each stock (portfolio) with the market portfolio is measured by the sum of a1 and a2. For all
datasets used in the paper, the estimated value of (a1+a2) is less than one, implying mean reversion in the conditional
correlation estimates. Although not presented in the paper to preserve space, the conditional correlations exhibit
significant time variation for all stocks and portfolios and the correlations are pulled back to some long-run average level
over time, indicating strong mean reversion. A common observation is that when the level of conditional correlation is
high, mean reversion tends to cause it to have a negative drift, and when it is low, mean reversion tends to cause it to have
a positive drift.

To test whether the mean-reverting DCC model generates reasonable conditional covariance estimates, the equal-
weighted and price-weighted averages are computed for the conditional covariances of Dow 30 stocks with the market
portfolio. Then, the weighted average conditional covariances are compared with the benchmark of the conditional market
variance. The weighted-average covariances are found to be in the same range as the conditional variance of the market
portfolio. The two series move very closely together. Specifically, the sample correlation between the equal-weighted
average covariance and the market variance is 0.9931 and the sample correlation between the price-weighted average
covariance and the market variance is 0.9932. The affinity in magnitudes and time-series fluctuations between the
weighted average covariances and market variance provides evidence for reasonable conditional variance and covariance
estimates from the mean-reverting DCC model. A set of DCC parameter estimates as well as the time-series plot of the
conditional correlations are given in the online supplement.

3.3. The role of the DCC model in testing ICAPM

Asset allocation and risk management decisions depend on correlations, but a large number of correlations is often
required in practice. Optimal portfolio selection requires a forecast of the covariance matrix of asset returns. Similarly, the
calculation of the standard deviation, value-at-risk, or expected shortfall of a portfolio requires a covariance matrix of all
the assets in the portfolio. This necessitates estimation and prediction of large covariance matrices. Simple methods such
as rolling historical correlations and exponential smoothing are widely used, but they do not well capture the time-series
variation in correlations. More complex methods, such as varieties of multivariate GARCH models have been proposed and
investigated in the econometrics literature (e.g., Bollerslev et al., 1988; Bollerslev, 1990; Engle et al., 1990; Ding and Engle,
2001). In earlier studies, the authors generally use two or three assets, not more than five assets are considered in previous
studies, despite the apparent need for bigger correlation matrices.

The DCC model of Engle (2002) has clear computational advantages over multivariate GARCH models in that the
number of parameters to be estimated in the correlation process is independent of the number of series to be correlated.4

Therefore, potentially very large correlation matrices can be estimated with the DCC approach. Bollerslev et al. (1988)
provide the first multivariate test of the conditional CAPM. With their multivariate GARCH-in-mean model, Bollerslev et al.
(1988) were able to use three assets (not more than three) when investigating the significance of an intertemporal
relation.5 They obtained significant results only when they allowed intercepts (alphas) to vary across assets. Otherwise,
they found positive but statistically insignificant risk aversion coefficients.

In this paper, we have the flexibility to increase the number of assets to 10 (equity portfolios) and to 30, 100, and even
500 (stocks in the Dow Jones, S&P 100, and S&P 500 indices) because the DCC approach allows us to estimate a large
number of conditional covariances. By pooling a large number of time-series and cross-section together, we find that the
DCC-based conditional covariance estimates predict the time-series and cross-sectional variation in stock returns and they
generate significant and reasonable risk premium. The power of our methodology is coming from the fact that the first-
stage DCC estimation provides very accurate characterization of time-series variation in conditional covariances and the
second-stage SUR regressions well capture the cross-sectional correlations among assets. The robust, significant and
economically sensible estimates of risk aversion coefficients highlight the added benefits of using the DCC-based
The panel estimation methodology with SUR takes into account heteroskedasticity and autocorrelation as well as contemporaneous cross-

elations in the error terms.

The DCC model, which parameterizes the conditional correlations directly, is naturally estimated in two steps—a series of univariate GARCH

ates and the correlation estimate.

Testing the conditional CAPM with a large number of assets is not possible within the multivariate GARCH-in-framework introduced by Bollerslev

. (1988) and follow-up related studies.
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conditional measures of risk and simultaneously maintaining the large number of assets in cross-sectional testing of the
ICAPM.

4. Empirical results

Firstly, the estimation results on the risk-return tradeoff are presented assuming zero intertemporal hedging demand.
Secondly, our main findings are looked into whether they are driven by a particular set of individual stocks. Thirdly, some
evidence from the one-step estimation of the ICAPM with DCC is provided. Fourthly, the robustness of our main findings is
checked after controlling for unexpected news in macroeconomic variables and market volatility. Finally, the
intertemporal relation is estimated by including additional risk premia induced by the conditional covariation of stocks
(portfolios) with various macroeconomic, financial, and volatility factors.

4.1. Risk-return tradeoff without intertemporal hedging demand

Table 1 reports the common slope estimates (A) along with the t-statistics from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þei,tþ1, ð9Þ

where Ri,t+ 1 denotes the daily excess return on stock i (or portfolio i) at time t+1, Rm,t +1 denotes the daily excess return
on the market portfolio at time t+1, and sim,t + 1 is the time-t expected conditional covariance between Ri,t +1 and Rm,t +1. Ci is
the intercept for asset i and A is the common slope coefficient. Estimation is based on daily returns on the 10 value-
weighted size, book-to-market, momentum, industry, investment-to-assets (IA), and return-on-assets (ROA) portfolios for
the sample period of January 3, 1972 to June 30, 2009. The last row of Table 1 presents results for Dow 30 stocks for the
sample period of July 10, 1986 to June 30, 2009. The market portfolio is proxied by the value-weighted NYSE/AMEX/
NASDAQ index.

Table 1 shows that the risk-return coefficient on sim,t +1 is estimated to be positive and highly significant with the t-
statistics ranging from 3.82 to 8.68. The common slope estimates are stable across different test assets, between 1.59 and
3.32. Based on the relative risk aversion interpretation, the magnitudes of these estimates are economically sensible as
well.

To gain some insight about the economic significance of risk-return coefficients, Eq. (9) can be rewritten in a static
CAPM framework:

EðRiÞ ¼ CiþðAUs2
mÞU

sim

s2
m

� �
¼ CiþðAUs2

mÞUbi ¼ CiþEðRmÞUbi, ð10Þ

where expected excess return on stock i, E(Ri), is a linear function of market beta, bi, and ðAUs2
mÞ is a measure of expected

excess return on the market portfolio, i.e., EðRmÞ ¼ AUs2
m.

For the long sample of January 1972 to June 2009, the standard deviation of excess returns on the market portfolio is
1.04% per day, implying that the daily variance of the market portfolio, s2

m, is about 0.0001. As reported in Table 1, the
common slope (A) is estimated in the range of 1.59 and 3.32, which corresponds to AUs2

m =4.01% and 8.37% annualized
expected market risk premium assuming 252 trading days in a year. For the short sample of July 1986 to June 2009, the
standard deviation of excess returns on the market portfolio is 1.15% per day, implying that the daily s2

m is about 0.00013.
Table 1
Risk-return tradeoff without intertemporal hedging demand.

Test assets sim,t+ 1 Wald

Size 1.8558 (5.07) 13.29 [0.21]

Book-to-market 2.0546 (5.29) 15.73[0.11]

Momentum 3.3187 (8.68) 36.71 [0.00]

Industry 1.8532 (4.86) 9.53 [0.48]

IA 1.5904 (3.82) 30.35 [0.00]

ROA 2.2464 (6.09) 30.80 [0.00]

Dow 30 stocks 2.2139 (7.53) 18.17 [0.96]

Entries report the common slope estimates (A) and their t-statistics (in parentheses) from the following system of equations,

Ri,tþ1 ¼ CiþAsim,tþ1þei,tþ1 , i¼ 1,2,:::,n,

where Ri,t + 1 denotes the daily excess return on stock i (or portfolio i) at time t+1, Rm,t+ 1 denotes the daily excess return on the market portfolio at time

t+1, and sim,t + 1 is the time-t expected conditional covariance between Ri,t +1 and Rm,t+ 1. Ci is the intercept for asset i and A is the common slope coefficient.

Estimation is based on daily returns on the 10 value-weighted size, book-to-market, momentum, industry, investment-to-assets (ia), return-on-assets

(ROA), and the value-weighted NYSE/AMEX/NASDAQ market portfolio for the sample period of January 3, 1972 to June 30, 2009. The last row presents

results for Dow 30 stocks for the sample period of July 10, 1986 to June 30, 2009. The first column shows the common slope coefficients (A) on sim,t+ 1 and

their t-statistics in parentheses. The last column reports the Wald statistics and the p-values in square brackets from testing the joint hypothesis of all

intercepts equal zero, H0:Ci=0.
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As reported in the last row of Table 1, A is estimated to be 2.21 for Dow 30 stocks, which corresponds to AUs2
m =7.24%

annualized expected market risk premium.
In estimating the system of time-series relations, the intercepts are allowed to differ across stocks (portfolios). These

intercepts (or conditional alphas) capture the daily abnormal returns on each stock (portfolio) that cannot be explained by
the conditional covariances with the market portfolio. The last column of Table 1 reports the Wald statistics and the
p-values in square brackets from testing the joint hypothesis of all intercepts equal zero; H0: Ci=0. The Wald statistic is
very small for Dow 30 stocks; 18.17 with a p-value of 0.96 for 30 degrees of freedom, indicating that the conditional
covariances of Dow 30 stocks with the market portfolio have significant predictive power for the time-series and cross-
sectional variation in expected returns, i.e., the ICAPM with DCC holds.

The Wald statistics for the size, book-to-market, and industry portfolios are, respectively, 13.29, 15.73, and 9.53 with
the corresponding p-values of 0.21, 0.11, and 0.48. The significantly positive risk aversion coefficients and the insignificant
Wald statistics indicate that the DCC-based conditional covariances capture the time-series and cross-sectional variation in
returns on size, book-to-market, and industry portfolios because the two essential tests of the ICAPM are passed: (i)
positive common slope (A40) and (ii) zero intercepts (Ci=0).

Another notable point in Table 1 is that the conditional CAPM does not hold for the momentum, IA, and ROA portfolios.
Although there is a positive and significant link between expected return and risk on these portfolios (A40), the Wald
statistics from testing the joint hypothesis of zero intercepts are very high, in the range of 30.35 to 36.71, with zero
p-values. Overall, the GARCH methodology with DCC resurrects the conditional CAPM for individual stocks and stock
portfolios with relatively small cross-sectional spreads. However, the tests reject the conditional CAPM for portfolios with
significantly large cross-sectional spreads between extreme portfolios [momentum (winner vs. loser); IA (low IA vs. high
IA); and ROA (high ROA vs. low ROA)].

4.2. Stocks in the S&P 500 and S&P 100 indices

To determine whether the results are driven by a particular data set, our main findings are replicated with individual
stocks in the S&P 500 and S&P 100 indices. First, the DCC based conditional covariances of each stock in the S&P 500 index
with the market portfolio are estimated and then the SUR panel regression is run. The common slope on sim,t + 1 is found to
be 2.67 with a t-statistic of 6.21, indicating a positive and highly significant relation between expected return and risk on
S&P 500 stocks. We also test the joint hypothesis of all intercepts equal zero and the Wald statistic has a p-value of 0.95,
implying that the conditional alphas are jointly zero, i.e., the ICAPM with DCC holds. For the sample of S&P 100 stocks, the
risk aversion coefficient is estimated to be 4.58 with a t-statistic of 7.50, giving a significantly positive link between
expected return and risk on S&P 100 stocks. The Wald statistic from testing the joint hypothesis of zero intercepts has a p-
value of 0.91 for the S&P 100 sample. These results provide evidence that the significantly positive relation between risk
and return is robust across different stock samples.

4.3. One-step estimation with Dow 30 stocks

The risk aversion coefficient has so far been estimated in two steps; first obtain the conditional covariances with DCC
and then use the covariance estimates in the panel regression with a common slope coefficient. Some readers might be
concerned that the covariance matrices implied by the DCC model were not used in estimating risk premia or in computing
their standard errors. A common worry in testing asset pricing models is that time-varying covariances are measured with
error. Since this is the first study that utilizes DCC based conditional covariances in examining an asset pricing model, the
reader is not aware of the significance of measurement errors in covariances.

As pointed out by earlier studies, estimating multivariate GARCH-in-mean models with time-varying conditional
correlations is an extremely difficult task, especially if the number of assets gets bigger. Early work on time-varying
covariances in large dimensions was carried out by Bollerslev (1990) in his constant correlation model, where the
volatilities of each asset were allowed to vary through time but the correlations were time invariant (see Tse (2000) and
Engle (2009a) for a review of this topic). Recently, the DECO model of Engle and Kelly (2007) and the MacGyver estimation
method of Engle (2009b) deal with the computation of correlations for a large number of assets with an assumption that
the correlation amongst assets changes through time but is constant across the cross-section of assets.6 Note that
estimating time-varying correlations based on a multivariate GARCH model with a constant mean is easier than estimating
time-varying correlations based on a multivariate GARCH-in-mean model. In this paper, the time-varying conditional
correlations as well as the parameters of time-varying conditional mean are estimated in one step using a multivariate
GARCH-in-mean framework.

To ease the parameter convergence, correlation targeting is used assuming that the time-varying correlations mean
reverts to the sample correlations. To reduce the overall time of maximizing the conditional log-likelihood, all pairs of the
6 An alternative method was suggested by Engle (2009b) where he fit many pairs of bivariate estimators, governed by simple dynamics, and then

took a median of these estimators. This method is known as the MacGyver estimation strategy. Engle et al. (2008) introduce a new estimation

methodology that has some similarities to the MacGyver strategy, but it is more efficient.
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bivariate GARCH-in-mean model are estimated first and then the median values of A, a1 and a2 are used as starting values
along with the bivariate GARCH-in-mean estimates of variance parameters (b0, b1, b2). Even after going through these
steps to increase the speed of parameter convergence, it takes very long time to obtain the full set of parameters in the
multivariate GARCH-in-mean model with 30 stocks and 5,795 time-series observations.

The common slope and the intercepts are estimated using daily returns on the Dow 30 stocks for the period July 10,
1986 to June 30, 2009. The market portfolio is proxied by the value-weighted CRSP index. The risk-return coefficient (A) on
sim,t +1 is estimated to be 2.86 with a t-statistic of 5.67. The magnitude and statistical significance of the common slope
turns out to be similar to our earlier findings from the two-step estimation. As shown in Table 1, the risk aversion
parameter (A) is estimated to be 2.21 with t-stat.=7.53 from the SUR panel regression. The joint hypothesis of all intercepts
equal zero is tested in the multivariate GARCH-in-mean model. The Wald statistic has a p-value of 0.71. Overall, the one-
step and two-step estimation results provide similar evidence such that there is a significantly positive relation between
risk and return on Dow stocks and the abnormal daily returns are economically and statistically insignificant.
4.4. Controlling for unexpected news in macroeconomic variables

Merton (1973) indicates that any variable that affects future investment opportunities could be a priced risk factor in
equilibrium. Ross (1976) further documents that securities affected by such systematic risk factors should earn risk premia
in a risk-averse economy. Macroeconomic variables are excellent candidates for these systematic risk factors because
innovations or unexpected changes in macro variables can generate global impact on firms’ fundamentals, such as their
cash flows, risk-adjusted discount factors, and investment opportunities.

To determine whether unexpected news in macroeconomic factors can influence time-series variation in stock returns
and hence may affect the risk-return tradeoff, the changes in macroeconomic variables are directly incorporated to the
system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þBUXtþei,tþ1, ð11Þ

where Xt denotes a vector of control variables; the change in the default spread DDEFt, the change in the term spread
DTERMt, and the change in the federal funds rate DFEDt.

Table 2 tests the significance of common slope (A) on the conditional covariance of individual stocks (portfolios) with
the market portfolio after controlling for DDEFt, DTERMt, and DFEDt. The first column of Table 2 shows that the risk aversion
coefficient is significantly positive, in the range of 1.58 to 3.07, with the t-statistics ranging from 3.17 to 7.27. This provides
evidence for a significantly positive link between expected return and risk after controlling for macroeconomic factors.

An interesting observation in Table 2 is that the common slope (B) on DDEFt is positive and highly significant for all test
assets, whereas the common slope on DFEDt is statistically insignificant. The time-series relation between returns and
DTERMt is negative for all portfolios and Dow 30 stocks, but the relation is not strong statistically for all test assets. The
common slope on DTERMt is negative and significant for the Momentum, Industry, and ROA portfolios.

The last column of Table 2 reports the Wald statistics and the p-values in square brackets from testing the joint
hypothesis of all intercepts equal zero. The Wald statistics are smaller than the critical value for the size, book-to-market,
industry, and IA portfolios as well as Dow 30 stocks, implying that the DCC-based conditional covariances capture the
time-series and cross-sectional variation in returns on these test assets. For the Momentum and ROA portfolios, although
the first essential test of the ICAPM is passed, positive common slope (A40), the model fails on the second test, zero
Table 2
Risk-return tradeoff after controlling for macroeconomic variables.

Test assets sim,t+ 1 DDEFt DTERMt DFEDt Wald

Size 1.9343 (3.17) 1.5479 (2.49) –0.2412 (–1.29) 0.0043 (0.20) 13.73 [0.19]

Book-to-market 2.1126 (4.70) 1.7678 (2.93) –0.2516 (–1.31) 0.0126 (0.35) 4.64 [0.91]

Momentum 3.0663 (6.97) 2.1292 (3.61) –0.4722 (–2.52) 0.0263 (0.74) 18.43 [0.05]

Industry 1.5785 (3.49) 2.0149 (3.87) –0.4478 (–2.71) –0.0154 (–0.49) 8.18 [0.61]

IA 1.7598 (3.69) 1.5394 (2.50) –0.2923 (–1.49) 0.0052 (0.14) 9.81 [0.46]

ROA 2.3972 (5.60) 1.7150 (2.99) –0.3682 (–2.02) 0.0363 (1.06) 29.14 [0.00]

Dow 30 stocks 2.1424 (7.27) 2.1514 (3.67) –0.2737 (–1.53) –0.0734 (–1.62) 18.08 [0.96]

Entries report the common slope estimates and the t-statistics (in parentheses) from the following system of equations,

Ri,tþ1 ¼ CiþAsim,tþ1þBXtþei,tþ1 ,

where Ri,t + 1 denotes the daily excess return on stock i (or portfolio i) at time t+1, Rm,t+ 1 denotes the daily excess return on the market portfolio at time

t+1, and sim,t + 1 is the time-t expected conditional covariance between Ri,t+ 1 and Rm,t+ 1. Ci is the intercept for asset i , and A and B are the common slope

coefficients. Xt denotes a vector of control variables; the change in the default spread DDEFt, the change in the term spread DTERMt, and the change in the

federal funds rate DFEDt. The first four columns show the common slope coefficients on sim,t +1 and control variables (A,B), and the corresponding t-

statistics in parentheses. The last column reports the Wald statistics and the p-values in square brackets from testing the joint hypothesis of all intercepts

equal zero, H0:Ci=0.
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intercepts (H0:Ci=0), because the Wald statistics are large for the Momentum (p-value=0.05) and ROA (p-value=0.00)
portfolios.

4.5. Controlling for unexpected news in market volatility

Earlier studies examine the significance of an intertemporal relation between the conditional mean and conditional
volatility of excess returns on the market portfolio. The results from testing if the conditional volatility of the market
portfolio predicts time-series variation in future returns on the market portfolio have so far been inconclusive. This section
investigates whether unexpected news in future market volatility can predict time-series variation in asset returns. Tests
are conducted to determine whether incorporating market volatility risk into the ICAPM has any impact on the daily risk-
return tradeoff. The significance of unexpected news in market volatility is determined by estimating the following system
of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þBUDVOLm,tþei,tþ1, ð12Þ

where DVOLm,t is the change in the implied market volatility (VXOt) obtained from the S&P 100 index options.
Table 3 provides strong evidence for a significant link between expected returns on individual stocks (portfolios) and

their conditional covariances with the market portfolio even after controlling for unexpected news in future market
volatility. For all test assets, the risk-return coefficients (A) are estimated to be positive, in the range of 1.70–3.16, and
highly significant with the t-statistics ranging from 3.78 to 7.40. Another notable point in Table 3 is that the common slope
(B) on the change in options’ implied volatility is found to be positive and statistically significant for all portfolios and Dow
30 stocks. These results indicate that an increase in daily market volatility brings about an increase in expected returns on
individual stocks and portfolios over the next trading day.

Similar to our findings in Table 2, the Wald statistics from testing the joint hypothesis of zero intercepts are
insignificant for the size, book-to-market, industry, and IA portfolios and Dow 30 stocks, resurrecting the conditional CAPM
for these test assets. However, the Wald statistics are still large for the Momentum and ROA portfolios. Although the risk
aversion coefficient is estimated to be positive and significant for these portfolios, the tests reject the equality of zero
intercepts because the time-varying conditional covariances do not capture the extremely large cross-sectional spreads
between returns on winner-loser momentum and high-low ROA portfolios.

4.6. Risk-return tradeoff with intertemporal hedging demand

This section tests the significance of risk premium induced by the conditional covariation with the market portfolio
after controlling for risk premia induced by the conditional covariation of asset returns with macroeconomic variables,
financial factors, and volatility measures.

4.6.1. Risk premia induced by conditional covariation with macroeconomic variables

Financial economists often choose certain macroeconomic variables to control for stochastic shifts in the investment
opportunity set. The widely used variables include the short-term interest rates, default spreads on corporate bond yields,
and term spreads on Treasury yields. To investigate how these macroeconomic variables vary with the investment
opportunity and whether covariations of individual stocks (portfolios) with them induce additional risk premia, we first
Table 3
Risk-return tradeoff after controlling for market volatility.

Test assets sim,t+ 1 DVOLm,t Wald

Size 2.1969 (5.95) 0.0344 (2.36) 12.22 [0.27]

Book-to-market 2.2008 (4.92) 0.0121 (2.16) 4.66 [0.91]

Momentum 3.1630 (7.20) 0.0307 (5.60) 18.54 [0.05]

Industry 1.7042 (3.78) 0.0247 (5.09) 8.08 [0.62]

IA 1.8406 (3.87) 0.0290 (5.06) 9.76 [0.46]

ROA 2.4507 (5.73) 0.0310 (5.81) 29.11 [0.00]

Dow 30 stocks 2.1800 (7.40) 0.0181 (3.53) 18.15 [0.96]

Entries report the common slope estimates and the t-statistics (in parentheses) from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þBUDVOLm,tþei,tþ1 ,

where Ri,t +1 denotes the daily excess return on stock i (or portfolio i) at time t+1, Rm,t+ 1 denotes the daily excess return on the market portfolio at time

t+1, sim,t + 1 is the time-t expected conditional covariance between Ri,t +1 and Rm,t+ 1, and DVOLm,t is the change in the implied market volatility (VXOt)

obtained from the S&P 100 index options. Ci is the intercept for asset i , and A and B are the common slope coefficients. The first column shows the

common slope coefficient (A) on sim,t+ 1, the second column presents the common slope coefficient (B) on DVOLm,t. The t-statistics in are reported in

parentheses. The last column reports the Wald statistics and the p-values in square brackets from testing the joint hypothesis of all intercepts equal zero,

H0:Ci=0.
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Table 4
Risk premia induced by conditional covariation with macroeconomic variables.

Test assets sim,t+ 1 si,DDEF,t+ 1 si,DTERM,t +1 si,DFED,t+ 1 Wald

Momentum 3.7563 (6.20) 12.527 (2.48) –2.2856 (–2.45) –0.4076 (–1.82) 26.25 [0.00]

ROA 4.5288 (6.86) 17.415 (3.45) –2.1571 (–1.98) 0.2189 (1.25) 26.12 [0.00]

Dow 30 stocks 2.5524 (5.87) 11.884 (3.58) –2.5583 (–3.67) –0.1403 (–0.32) 21.10 [0.88]

Entries report the common slope estimates and the t-statistics (in parentheses) from the following system of equations,

Ri,tþ1 ¼ CiþAUsim,tþ1þB1Usi,DDEF ,tþ1þB2Usi,DTERM,tþ1þB3Usi,DFED,tþ1þei,tþ1 ,

where sim,t + 1 measures the time-t expected conditional covariance between the excess returns on stock i (or portfolio i) and the market portfolio,

si,DDEF,t +1 measures the time-t expected conditional covariance between Ri,t +1 and the change in the default spread (DDEFt+ 1), si,DTERM,t +1 is the time-t

expected conditional covariance between Ri,t+ 1 and the change in the term spread (DTERMt+ 1), and si,DFED,t+ 1 is the time-t expected conditional

covariance between Ri,t + 1 and the change in the federal funds rate (DFEDt +1). Ci is the intercept for asset i, and A, B1, B2, and B3 are the common slope

coefficients. The t-statistics are given in parentheses. The last column reports the Wald statistics and the p-values in square brackets from testing the joint

hypothesis of all intercepts equal zero, H0:Ci=0.
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estimate the conditional covariance of these variables with excess returns on each stock (portfolio) and then analyze how
the stocks’ (portfolio’s) excess returns respond to their conditional covariance with these economic factors. In estimating
the conditional covariances, the changes in default spreads, term spreads, and federal funds rates are used.

Table 4 reports the common slope estimates (A, B1, B2, B3) and their t-statistics from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þB1Usi,DDEF,tþ1þB2Usi,DTERM,tþ1þB3Usi,DFED,tþ1þei,tþ1, ð13Þ

where si,DDEF,t + 1, si,DTERM,t +1, and si,DFED,t +1 measure the time-t expected conditional covariance between Ri,t + 1 and the
change in the default spread (DDEFt +1), the change in the term spread (DTERMt+ 1), and the change in the federal funds rate
(DFEDt + 1), respectively.

The parameter estimates in Table 4 reveal several important results.7 First, incorporating the covariance of asset returns
with any of these macroeconomic variables does not alter the magnitude and statistical significance of the risk aversion
estimates. In all cases, the common slope coefficient (A) on sim,t + 1 is positive, in the range of 2.55 and 4.53, and highly
significant with the t-statistics between 5.87 and 6.86. Second, the slope coefficient (B1) on si,DDEF,t +1 is positive and
significant with the t-statistics ranging from 2.48 to 3.58. The positive slope on si,DDEF,t +1 indicates that individual stocks
and equity portfolios that have higher covariance with the change in default spreads are expected to generate higher
returns next period. Third, the common slope (B2) on si,DTERM,t +1 is negative and significant even though the relation is
somewhat weaker for the ROA portfolios. The negative slope on si,DTERM,t +1 implies that stocks (portfolios) that have higher
association with the change in term spread are expected to generate lower returns next period. Among the macroeconomic
variables, the federal funds rate does not have significant risk premia since the conditional covariance of returns with the
change in fed funds rate does not predict the time-series variation in stock and portfolio returns.

4.6.2. Risk premia induced by conditional covariation with financial factors

This section takes the size (SMB), book-to-market (HML), and momentum (MOM) factors of Fama-French (1993) and
Carhart (1997), and the investment-to-assets (IA) and the return-on-assets (ROA) factors of Chen and Zhang (2009) to
describe the state of the investment opportunity and to examine whether covariations of stocks (portfolios) with these
financial factors induce additional risk premia. The conditional covariances of each stock (portfolio) with the financial
factors are estimated first and then the following SUR panel regression is run:

Ri,tþ1 ¼ CiþAUsim,tþ1þB1Usi,SMB,tþ1þB2Usi,HML,tþ1þB3Usi,MOM,tþ1þei,tþ1, ð14Þ

Ri,tþ1 ¼ CiþAUsim,tþ1þB4Usi,IA,tþ1þB5Usi,ROA,tþ1þei,tþ1,

where si,SMB,t+ 1 is the time-t conditional covariance between Ri,t +1 and SMBt+ 1, si,HML,t + 1 is the time-t conditional
covariance between Ri,t + 1 and HMLt + 1, si,MOM,t+ 1 is the time-t conditional covariance between Ri,t + 1 and MOMt + 1, si,IA,t+ 1 is
the time-t conditional covariance between Ri,t + 1 and IAt +1, and si,ROA,t +1 is the time-t conditional covariance between Ri,t +1

and ROAt+ 1. From the estimates of B1, B2, B3, B4, and B5, one can learn how investors react to the covariations of stock
returns with financial factors.

Table 5 provides strong evidence for a significant link between expected returns on stocks (portfolios) and their
conditional covariances with the market after controlling for risk premia induced by the conditional covariation with the
SMB, HML, MOM, IA, and ROA factors. The risk-return coefficients (A) are estimated to be in the range of 2.72 to 4.52 and
highly significant with the t-statistics ranging from 2.42 to 8.67. The conditional covariances of stock (portfolio) returns
with the size and momentum factors do not have robust, significant predictive power for one day ahead returns on Dow 30
7 Starting with Table 4 results are presented for the Momentum and ROA portfolios, and Dow 30 stocks to save space.
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Table 5
Risk premia induced by conditional covariation with financial factors.

Test assets sim,t +1 si,SMB,t+ 1 si,HML,t+ 1 si,MOM,t+ 1 si,IA,t+ 1 si,ROA,t +1 Wald

Momentum 2.3999 (2.42) 0.3258 (0.10) 0.6487 (0.17) –4.3437 (–1.71) 32.21 [0.00]

Momentum 4.5230 (6.20) 16.091 (2.22) 6.6121 (2.61) 29.83 [0.00]

ROA 2.9451 (3.36) –3.3770 (–1.22) 5.9732 (2.38) 1.1687 (0.64) 15.72 [0.11]

ROA 4.1639 (6.62) 11.982 (2.11) 3.5994 (3.37) 12.86 [0.23]

Dow 30 stocks 2.7215 (5.75) –3.8006 (–1.27) 8.5071 (2.72) 3.9670 (2.01) 16.84 [0.97]

Dow 30 stocks 3.5959 (8.67) 17.886 (2.49) 2.2097 (0.68) 15.62 [0.99]

Entries report the common slope estimates and the t-statistics (in parentheses) from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þB1Usi,SMB,tþ1þB2Usi,HML,tþ1þB3Usi,MOM,tþ1þei,tþ1 ,

Ri,tþ1 ¼ CiþAUsim,tþ1þB4Usi,IA,tþ1þB5Usi,ROA,tþ1þei,tþ1 ,

where sim,t + 1 is the time-t expected conditional covariance between the excess returns on stock i (or portfolio i) and the market portfolio, si,SMB,t +1 is the

time-t conditional covariance between Ri,t+ 1 and SMBt +1, si,HML,t+ 1 is the time-t conditional covariance between Ri,t+ 1 and HMLt+ 1, si,MOM,t +1 is the time-t

conditional covariance between Ri,t+ 1 and MOMt +1, si,IA,t+ 1 is the time-t conditional covariance between Ri,t +1 and IAt+ 1, and si,ROA,t+ 1 is the time-t

conditional covariance between Ri,t+ 1 and ROAt+ 1. Ci is the intercept for asset i, and A, B1, B2, B3, B4, and B5 are the common slope coefficients. The t-

statistics are reported in parentheses. The last column reports the Wald statistics and the p-values in square brackets from testing the joint hypothesis of

all intercepts equal zero, H0:Ci=0.
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stocks, Momentum, and ROA portfolios. In other words, the SMB and MOM factors are not consistently priced in the ICAPM
framework.

Another notable point in Table 5 is that the common slopes (B2, B4, B5) on si,HML,t+ 1, si,IA,t +1, and si,ROA,t +1 are positive in
all cases and statistically significant for most test assets considered in the paper. Thus, an increase in the covariance of a
stock (portfolio) return with the HML, IA, and ROA factors predicts an increase in the stock’s (portfolio’s) expected excess
return over the next trading day. The positive slope estimates on si,HML,t +1, si,IA,t + 1, and si,ROA,t+ 1 suggest that upward
movements in the HML, IA, and ROA factors predict favorable shifts in the investment opportunity set, implying that these
are priced factors that are correlated with innovations in investment opportunities.8
4.6.3. Risk premium induced by conditional covariation with market volatility risk

Following Campbell (1993, 1996), investors are assumed to hedge against unexpected changes in future market
volatility defined here as the first-difference of the options implied volatility of S&P 100 index return (DVXOm,t + 1). This
section tests whether stocks (portfolios) that have higher correlation with the change in future market volatility yield
lower expected return.

When considering stochastic investment opportunities governed by innovations in future market volatility, the
intertemporal relation is estimated from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þBUsi,DVOLm,tþ 1
þei,tþ1, ð15Þ

where si,DVOLm,t + 1 measures the time-t expected conditional covariance between Ri,t +1 and the change in expected future
volatility of the market portfolio denoted by DVOLm,t + 1.9

Under the null hypothesis of Campbell’s (1993, 1996) ICAPM, the common slope (A) on sim,t+ 1 should be positive and
significant, and the common slope (B) on si,DVOLm,t +1 should be negative and significant. As shown in Table 6, the risk-
return coefficient (A) on sim,t +1 is estimated to be in the range of 1.57 to 2.07 with the t-statistics ranging from 2.76 to 4.17,
implying a positive intertemporal relation between expected return and risk.

The common slope (B) on si,DVOLm,t +1 is estimated to be negative, between –0.31 and –0.76, and highly significant with
the t-statistics ranging from –2.60 to –4.30. These results imply a negative intertemporal relation between expected return
and volatility risk.10 In other words, stocks (portfolios) that have higher correlation with the changes in future market
volatility yield lower expected return next period.
8 Our finding that the HML is a priced factor is consistent with the recent empirical evidence provided by Campbell and Vuolteenaho (2004), Brennan

et al. (2004), and Petkova and Zhang (2005) as well as with the recent theoretical models of Gomes et al. (2003) and Zhang (2005). However, the

explanation of value premium within the conditional CAPM framework is still a subject of an intense debate. Lettau and Ludvigson (2001) and Ang and

Chen (2007) find that the conditional CAPM helps explain the value premium, but Lewellen and Nagel (2006) provide evidence that is not in agreement

with the findings of Ang and Chen (2007).
9 At an earlier stage of the study, three alternative measures of DVOLm,t+ 1 are used: (1) The change in the GARCH conditional volatility of S&P 500

index; (2) The change in the option implied volatility of S&P 100 index; and (3) The change in the range volatility of S&P 500 index. The qualitative results

turn out to be similar and they are available in the online supplement. To save space, results are reported only for the options’ implied volatility.
10 Bakshi and Kapadia (2003) find the volatility risk premium to be negative in index options markets. We examine whether the volatility risk

premium is negative within the ICAPM framework of Campbell (1993, 1996) using individual stocks and equity portfolios.
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Table 6
Risk premium induced by conditional covariation with unexpected market volatility.

Test assets sim,t+ 1 si,DVOLm,t +1 Wald

Momentum 1.6810 (2.76) –0.7550 (–4.30) 17.21 [0.07]

ROA 2.0736 (4.17) –0.5183 (–2.79) 26.57 [0.00]

Dow 30 stocks 1.5712 (4.02) –0.3073 (–2.60) 17.29 [0.98]

Entries report the common slope estimates and the t-statistics (in parentheses) from the following system of equations:

Ri,tþ1 ¼ CiþAUsim,tþ1þBUsi,DVOLm,tþ 1
þei,tþ1 ,

where sim,t +1 measures the time-t expected conditional covariance between the excess returns on stock i (or portfolio i) and the market portfolio.

si,DVOLm,t+ 1 measures the time-t expected conditional covariance between Ri,t +1 and the change in the option implied volatility of S&P 100 index

(DVXOm,t+ 1). Ci is the intercept for asset i, and A and B are the common slope coefficients. The first column shows the common slope coefficient (A) on

sim,t+ 1, and the second column presents the common slope coefficient (B) on si,DVOLm,t+ 1. The t-statistics in are reported in parentheses. The last column

reports the Wald statistics and the p-values in square brackets from testing the joint hypothesis of all intercepts equal zero, H0:Ci=0.
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These results are consistent with Campbell (1993, 1996) that provides a two-factor ICAPM in which an unexpected
increase in future market volatility represents deterioration in the investment opportunity set or a decrease in optimal
consumption. As shown in Table 3, there is a positive and significant link between returns and innovations in market
volatility. Risk-averse investors will demand more of an asset, the more positively correlated the asset’s return is with
changes in market volatility because they will be compensated by a higher level of wealth through positive correlation of
the returns. That asset can be viewed as a hedging instrument. In other words, an increase in the covariance of returns with
volatility risk leads to an increase in the hedging demand, which in equilibrium reduces expected return on the asset. Thus,
in the context of Campbell’s (1993, 1996) ICAPM, a positive covariance of returns with volatility shocks (or innovations in
market volatility) predicts a lower return on the risky asset.

5. Conclusion

The daily intertemporal relation is estimated between expected return and risk using a cross section of 30 stocks in the
Dow Jones Industrial Average as well as various equity portfolios. By so doing, not only the cross-sectional consistency of
the intertemporal relation is guaranteed, but also additional statistical power is gained by pooling multiple time-series and
cross-section together for a joint estimation with common slope coefficients. The average relative risk aversion is
estimated to be positive, highly significant, and robust to variations in the market portfolios, sample periods, data sets,
estimation methodologies, and the conditional mean and covariance specifications. The positive risk-return tradeoff
remains intact after controlling for unexpected news in macroeconomic variables and market volatility. The magnitude of
the risk-return coefficient is also economically sensible, ranging from two to four.

When investigating the intertemporal hedging demands and the associated risk premia induced by the conditional
covariation of test assets with a set of macroeconomic variables, the common slopes on the conditional covariances of
returns with the changes in default and term spreads are found to be statistically significant, implying that the innovations
in these macro factors contain systematic risks rewarded in the stock market. Statistical tests are conducted to determine
whether the SMB, HML, MOM, IA, and ROA factors move closely with investment opportunities and whether covariations
with these financial factors induce additional risk premia on individual stocks and portfolios. The results indicate that
although the SMB and MOM factors are not priced in the ICAPM framework, the HML, IA, and ROA are priced factors and can
be viewed as a proxy for investment opportunities. Finally, investors are assumed to hedge against the changes in future
market volatility and options’ implied volatility is used to test if assets that have higher correlation with the innovations in
future market volatility yield lower expected return. The parameter estimates provide strong evidence for a significantly
negative relation between expected return and volatility risk. However, incorporating the conditional covariation with any
of these state variables does not change the positive risk premium induced by the conditional covariation of stock returns
with the market portfolio.

Appendix A. Supplementary material

Supplementary data associated with this article can be found in the online version at doi:10.1016/j.jmone-
co.2010.03.002.
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