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Abstract

We explore the intertemporal relation between the conditional mean and the
conditional variance of industry portfolio returns and the Fama-French 25 size/book-to-
market portfolio returns using data from Australia. We estimate the portfolio conditional
covariance with the market and test whether it can predict the time-variation in the portfolio
expected returns. We find strong and consistent evidence of a positive risk aversion
relation, implying that the market returns do carry a positive risk premium in the Australian
market. Our results suggest that the value factor is relevant for determining the variation of
asset returns on bhoth the industry portfolios and the size/book-to-market portfolios.
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1. Introduction

Finance theory postulates a positive relation between risk and expected returns.
If investors perceive a given asset to be highly risky they require higher return. This
risk-return relation is particularly important for asset valuation since the present
values of future cash flows or dividends are calculated by discounting them using
the required rate of return. Therefore, correctly accounting for the risk-return
relation can provide a better understanding of assets’ required rates of return and the
valuation of these assets.
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The risk of an asset can be measured as the covariance of the asset’s return with
the market return in the context of Sharpe’s (1964) capital asset pricing model
(CAPM). Asset’s risk can also be measured as the covariance with other common
factors related to the investors’ marginal utility in Merton’s (1973) intertemporal
capital asset pricing model (ICAPM). If the asset is itself the market portfolio, risk is
the conditional variance of the market return.

Building upon the ICAPM, Merton (1980) argues that conditional expected
excess returns are positively related to the conditional variance. The coefficient of
the conditional variance can be interpreted as the relative risk aversion. Theory
suggests that the relative risk aversion parameter should be significantly positive as
investors require a larger risk premium whenever the stock market becomes riskier.
However, available empirical evidence on this contention is largely inconclusive.
For example, French et al. (1987), Chou (1988), Bollerslev et al. (1988), Ghysels et
al. (2005), Bali and Peng (2006), and Bali (2008) support a statistically significant
positive relation. However, Campbell and Hentschel (1992), Chan et al. (1992), and
Goyal and Santa-Clara (2003) fail to detect any significant relation. Indeed, results
in Campbell (1987), Nelson (1991), Glosten et al. (1993), and Harvey (2001)
suggest instead a significantly negative relation. Attempting to explain these
conflicting results, Glosten et al. (1993) and Harvey (2001) argue that the relative
risk aversion is particularly sensitive to model specifications.

Most prior research examines the time series relation between risk and returns
using the market portfolio. Yet, Merton’s (1980) hypothesis applies to both
individual and portfolio returns. In this paper, we analyze the intertemporal risk-
return relation in the case of Australia using portfolio data that include industry
returns and the 25 Fama-French size and book-to-market sorted portfolio returns.

Australia has become a major financial center in the Asian Pacific region. As of
June 30, 2008, there were 2,226 companies listed on the Australian exchange with
market capitalization of AUD 1.29 trillion, making the Australian stock market the
eighth largest in the world and second only to Japan in the Asian Pacific region.

Previous research on the volatility of the Australian stock market includes
Brailsford and Faff (1993), Kearns and Pagan (1993), and Nicholls and Tonuri
(1995), who use variants of the GARCH model to examine the time-variation in
volatility. In addition, Kearney and Daly (1998) examine possible causes of stock
market volatility, while Sault (2005) investigates asset price volatility at the firm and
industry levels. However, none of these studies examines the intertemporal risk-
return relation in the Australian market.

We explore the intertemporal relation in Australia between the conditional
mean and the conditional variance of the industry portfolio returns and the Fama-
French 25 size/book-to-market (Size/BM) portfolios using a variant of the GARCH
model proposed by Baba et al. (1991), henceforth the BEKK-GARCH model. We
estimate a portfolio’s conditional covariance with the market returns and test
whether the conditional covariance helps predict the time-variation in the portfolio
expected returns. Our results indicate the presence of a significantly positive relation
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between asset returns and the market returns in Australia. We further find some
evidence linking asset returns to the size and value factors.

This paper also contributes to the literature in two additional ways. First, we
test the intertemporal risk-return relation in Australia by performing out-of-sample
tests. Our results strongly support the positive risk-return relation that some studies
document for the US market using portfolio data. Second, this paper represents the
first attempt to investigate in the Australian context the risk-return relation using
both the industry portfolios and the Fama-French 25 Size/BM portfolios.

The rest of the paper is structured as follows. Section 2 discusses the
methodology. Section 3 presents the data and the associated summary statistics.
Section 4 discusses the empirical results. Section 5 concludes.

2. Methodology
In the Merton (1973) setting, the equilibrium risk-returns relation is:
u=AY+0B, @

where u is the vector of expected excess returns, A measures the representative
agent’s relative risk aversion, > is the covariance matrix of excess asset returns
with the excess market returns, Q is the covariance matrix between asset returns
and state variables related to investment opportunities, and B is the coefficient
matrix denoting the sensitivities of asset returns to state variables. The ICAPM
postulates that an asset’s return is determined by its covariance with the market
portfolio and with the state variables.

Following Bali (2008), we use a two-stage estimation method. In the first stage,
we extract the conditional covariance between asset returns and the market returns
from a bivariate BEKK-GARCH model." In the second stage, we examine the
relation between asset returns and the estimated conditional covariance. In the
BEKK-GARCH(1,1) model, the mean equations include constants and conditional
variances using BEKK-GARCH(1,1) specifications of the forms:

Rl, t+1 = al; + gl‘ t+1? (2)

Rm,t+1 = a(T + gm‘ t+1 1 (3)

Ho=n+ rllHtrl + rzlgtgz,rz ) (4)
where R, and R, are excess returns on asset i and the market portfolio at time

t+1, respectively, and &, and V, have the forms:

_ Si
& = 5m,1 ' (5)



30 International Journal of Business and Economics

H hli‘l him,t
v him,t hmm,t , (6)
where r,, r,,and r,, are 2x2 matrices.

For models with other factors, we estimate the conditional covariance between
asset return i and each factor f , denoted h, , using similar specifications as those
in (2)-(4) by replacing the terms associated with R, by the terms associated with

f, .. We use the maximum likelihood method to estimate the parameters and

extract the conditional covariance of each asset return with the market return.

3. Data and Summary Statistics

Our data consist of the monthly industry portfolio returns and the Fama-French
25 Size/BM. The sample spans the period January 1982 to December 2006. All other
data come from the Centre of Research in Finance (CRIF) database and the Reserve
Bank of Australia.?

The market return data are monthly value weighted returns on the AllOrd
market index. To represent the Australian short-term monthly interest rate, we use
the 13-week Treasury bill rate. The excess market return is the market return minus
the short-term interest rate. Although Campbell (1987) suggests that the level of
short-term interest rates may help forecast stock returns, more recent studies like
Campbell (1991) and Lettau and Ludvigson (2001) de-trend short-term interest rates
due to its non-stationarity. We construct the relative short bill rate as the 13-week
Treasury bill rate minus its 12-month backward moving average. The term spread is
the difference between the 10-year commonwealth government bond yield and the
13-week Treasury bill rate.

Monthly data on dividend yield for the Australian stock market index is
available only for recent years in the database. However, Shares magazine (and its
predecessors, SXJ) and the Australian Stock Exchange Journal provide average
dividend yield and the P/E ratio data over the full estimation period for all traded
companies in the Australian Stock Exchange (ASX). We also use the GICS
classified monthly industry returns from the CRIF database that contains 25 industry
groups.® We dropped three groups (G8, G9, and G22) due to many missing values,
leaving a final sample of 22 industry groups.

Recent research on asset pricing models focuses on portfolios sorted on size
and book-to-market ratio since, compared to industry or beta portfolios, they reveal
more variations in mean returns across firms and across industries (Cochrane, 2006).
Fama-French 25 Size/BM portfolios produce size effect, where small size firms have
higher average returns than large size firms, and value effect, where firms with high
book-to-market ratios have higher average returns than firms with low book-to-
market ratios. Given this data characteristic, we also use Size/BM portfolios to test
the risk-return relation in Australia.
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The Fama-French data are similar to those used by O’Brien (2008), who sorts
into the 25 portfolios based on size and book-to-market of all firms traded in the
ASX from January 1982 to December 2006 utilizing the procedures of Fama and
French (1992, 1993, 1996). O’Brien’s databases include the CRIF monthly stock
price file for stock return and size, and his own accounting information compiled
from firm’s annual reports for every listed firm. Small minus big (SMB) is
constructed as the difference between the average returns on small firm portfolios
and the average returns on large firm portfolios, and high minus low (HML) is
constructed as the difference between average returns on high book-to-market firm
portfolios and the average returns on low book-to-market portfolios.

Table 1 gives summary statistics for the portfolio returns. Panel A reports the
return summary statistics for the 22 industry portfolios. The mean returns on the
industry portfolios (between 0.33% and 2.18%) show less variability than the mean
returns on the 25 Size/BM portfolios. The first-order autocorrelation coefficients are
low for most industry portfolios. Panel B displays the return statistics of the 25
Size/BM portfolios sorted on the intersections of firm size and book-to-market ratio.
S1B1 stands for the portfolio in the smallest size and lowest book-to-market ratio
group, while S5B5 stands for the portfolio in the largest size and highest book-to-
market ratio group. The data show that the small size portfolios have higher average
returns compared to large size portfolios. The mean monthly returns for the large
size portfolios range from 0.74% to 1.84%, while those for the small size portfolios
range from 3.19% to 3.79%. In larger size groups (e.g., S5, S4, and S3), the mean
returns monotonically increases with the book-to-market ratios in each group.
However, this is not the case in smaller size groups (e.g., S1 and S2). The
autocorrelation for most portfolio returns are between 10% and 20%. Panel C reports
summary statistics for the market return, the risk-free rate, SMB, HML, the de-
trended risk-free rate, the term spread and the dividend yield. The mean return is
1.20% for the value weighted market portfolio and 0.69% for the risk-free rate. The
mean return on SMB and HML is 0.47% and 0.69%, possibly suggesting the
presence of value and size premium in the Australian market. We also observe very
high autocorrelations of the de-trended risk-free rate, the term spread, and the
dividend yield.

Table 2 reports the summary statistics for the conditional covariance. We give
the sample means, standard deviations, minimum, maximum, first-order
autocorrelation, and 12th-order autocorrelation of the estimated conditional series.
We also report the unconditional covariance and beta. For both the 22 industry
portfolios and the 25 Size/BM portfolios, the unconditional covariance is very close
to the mean of the conditional covariance. The standard deviation of the conditional
covariance are similar to the mean for both the industry portfolios (Panel A), and the
Size/BM portfolios (Panel B). Conditional covariance also exhibits high persistence
as measured by the first-order autocorrelation, with most of them being larger than
0.50 for both the industry portfolios and the Size/BM portfolios.
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Table 1. Summary Statistics for the Portfolio Returns

Panel A: Summary Statistics of the 22 Industry Returns

Portfolio Mean Median Std Dev Min Max @)
Gl 1.16 1.46 6.74 -37.94 29.86 0.16
G2 1.19 1.48 5.46 -35.48 19.11 0.01
G3 1.33 0.98 6.60 —42.78 20.22 -0.04
G4 1.25 1.47 5.41 -32.99 19.89 0.04
G5 1.49 1.81 5.83 -33.86 14.42 0.00
G6 1.06 0.96 6.52 -32.11 30.00 -0.04
G7 1.04 0.34 8.58 -39.66 48.89 0.21
G10 2.18 2.38 10.10 -55.38 42.68 0.11
G11 1.64 1.69 5.97 -25.38 47.16 0.13
G12 1.42 1.39 4,97 -37.00 16.69 0.07
G13 1.48 1.20 5.85 -46.96 27.55 -0.04
Gl4 1.31 1.75 6.20 -35.56 15.77 -0.07
G15 1.67 1.06 7.42 -28.22 30.40 0.14
G16 1.57 1.86 5.58 —-28.76 22.09 -0.01
G17 1.44 2.07 5.00 -34.52 21.19 0.03
G18 1.87 1.63 8.10 -50.56 39.49 -0.04
G19 1.55 1.40 6.33 -52.43 18.96 0.01
G20 1.24 1.14 3.32 -24.10 10.95 -0.08
G21 0.33 0.19 11.01 -46.30 49,51 0.14
G23 1.55 0.79 11.80 -46.73 37.20 -0.03
G24 1.65 1.37 6.92 -40.33 34.33 0.02
G25 1.29 111 8.07 —45.03 34.92 0.01
Panel B: Summary Statistics of the 25 Fama-French Portfolio Returns

Portfolio Mean Median Std Dev Min Max p@)
S1B1 3.55 1.55 12.01 -34.04 64.31 0.20
S1B2 3.34 2.40 11.63 -32.07 70.12 0.13
S1B3 3.79 212 10.25 -36.32 48.74 0.16
S1B4 3.19 251 8.99 -30.17 54.43 0.11
S1B5 3.75 2.92 8.78 —-29.07 43.06 0.18
S2B1 1.52 0.92 10.66 -32.14 43.37 0.17
S2B2 2.18 0.98 9.03 -27.09 43.28 0.22
S2B3 154 1.24 7.62 —-22.55 36.25 0.16
S2B4 1.71 1.38 6.58 -25.63 25.98 0.20
S2B5 1.87 1.19 7.08 -34.97 24.21 0.21
S3B1 -0.22 -1.23 7.95 -35.16 28.70 0.10
S3B2 0.84 1.20 6.18 -27.97 21.40 0.29
S3B3 1.06 1.13 5.47 -28.15 23.63 0.22
S3B4 1.27 1.03 4,90 -23.44 14.09 0.26
S3B5 1.57 1.40 6.18 -32.09 23.64 0.15
S4B1 0.42 0.43 6.41 -32.96 18.93 0.20
S4B2 0.92 0.85 5.00 —-29.69 19.60 0.19
S4B3 1.00 1.06 4.81 -32.25 18.10 0.29
S4B4 1.07 1.08 4.41 -32.29 1291 0.14
S4B5 1.54 1.57 5.71 -36.58 24.94 0.09
S5B1 0.74 0.68 5.23 -35.26 19.04 0.06
S5B2 1.00 1.25 5.01 -40.94 14.38 0.00
S5B3 1.29 1.67 5.12 -32.48 16.54 0.05
S5B4 1.48 1.66 5.72 -38.97 21.01 0.02
S5B5 1.84 1.73 6.76 -26.27 33.60 0.09
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Panel C: Summary Statistics of the Explanatory Variables

Variables Mean Median Std Dev Min Max p@)
RM 1.20 1.49 4.59 -39.53 15.08 0.01
RF 0.69 0.52 0.33 0.34 1.49 0.98
SMB 0.47 0.08 5.48 -19.37 25.16 0.25
HML 0.69 0.66 3.36 -12.40 13.85 0.11
RREL -0.01 0.00 0.12 -0.42 0.37 0.88
TRM 0.05 0.07 0.14 -0.33 0.38 0.92
DP 4.05 3.76 0.94 2.53 7.02 1.00

Notes: Figures are in percentages except for p(1) . Panel A reports the summary statistics of the monthly
industry portfolio returns. See endnote 4 for the 22 industry group categorizations. Panel B reports the
summary statistics of the Fama-French 25 size/book-to-market portfolio returns sorted on the interaction
of firm size and book-to-market ratio. “S1B1” denotes the portfolio in smallest size and lowest book-to-
market ratio group, while “S5B5” denotes the portfolio in the largest size and highest book-to-market
ratio group. Panel C reports the summary statistics of the explanatory variables. RM is the return on the
value-weighted market indices. RF is the return on the risk-free asset represented by the 13-week
Treasury bill rate. SMB is the returns on the small group minus the return on the large group, and HML is
the returns on the highest book-to-market ratio group minus the return on the lowest book-to-market ratio
group. RREL is the relative risk-free rate. TRM is the term spread between the ten-year government bond
yield and the 13-week Treasury bill rate. DP is the 12-month moving average market dividend yield.

Table 2. Summary Statistics for the Conditional Covariance Estimates

Panel A: The 22 Industry Portfolios

Industry Uncon Mean StdDev Min Max o) »(12)
(x100) (x100) (x100) (x100) (x100)
G1 0.21 0.19 0.12 -0.02 0.50 0.98 0.55
G2 0.21 0.24 0.32 0.07 3.15 0.85 0.14
G3 0.25 0.28 0.30 0.07 2.74 0.87 0.16
G4 0.20 0.19 0.11 0.08 0.88 0.96 0.18
G5 0.19 0.21 0.27 0.06 2.72 0.83 0.17
G6 0.12 0.12 0.12 0.00 0.93 0.89 0.26
G7 0.16 0.16 0.14 0.00 1.14 0.90 0.17
G10 0.30 0.28 0.29 0.00 2.35 0.85 0.18
Gl1 0.15 0.15 0.27 -0.36 3.23 0.79 0.10
G12 0.17 0.19 0.29 0.02 2.46 0.90 0.34
G13 0.18 0.16 0.16 -0.02 1.14 0.97 0.15
Gl14 0.20 0.20 0.26 -0.80 2.32 0.69 0.10
G15 0.16 0.18 0.30 0.03 4.56 0.42 0.05
G16 0.18 0.16 0.10 0.06 0.66 0.92 0.65
G17 0.17 0.18 0.15 0.06 1.79 0.71 0.34
G18 0.24 0.26 0.32 0.02 2.89 0.49 0.28
G19 0.23 0.23 0.22 0.04 1.65 0.92 0.16
G20 0.10 0.10 0.19 0.03 3.16 0.13 -0.02
G21 0.24 0.27 0.33 -0.16 3.43 0.66 0.08
G23 0.27 0.21 0.21 -0.03 1.42 0.56 0.49
G24 0.18 0.17 0.15 0.02 1.00 0.63 0.74
G25 0.26 0.31 0.48 0.01 3.31 0.97 0.18
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Panel B: The Fama-French 25 Size/BM Portfolios

. Uncon Mean StdDev Min Max
Portfolio  100)  (x100)  (x100)  (x100)  (x100) PO r(2)
S1B1 022 0.25 0.27 0.00 251 0.81 0.24
s1B2 021 0.22 0.26 020 1.59 0.87 0.06
S1B3 020 0.2 0.22 -0.03 1.45 0.93 0.18
S1B4 017 017 0.17 028 112 0.87 0.16
S1B5 0.9 0.23 0.30 0.6 265 0.90 0.13
S2B1 025 0.25 0.20 ~0.06 1.42 0.90 0.24
s2B2 021 0.24 0.26 0.05 2.04 0.91 0.15
s2B3 017 0.20 0.20 ~0.08 1.34 0.92 0.15
S2B4 015 0.15 0.12 064 0.7 0.64 0.16
S2B5 0.9 0.18 0.12 0.04 0.72 0.73 0.30
S3B1 023 0.25 0.26 0.06 256 0.85 0.19
s3B2 017 0.16 0.16 066 1.91 0.52 0.00
$3B3 015 0.16 0.17 012 1.82 0.73 0.08
s34 014 0.16 0.23 0.00 3.06 0.56 0.17
s3B5 018 0.19 0.26 0.06 2.92 0.76 0.09
S4Bl 021 0.23 0.27 0.08 2.96 0.80 0.13
saB2 017 017 0.28 017 3.94 0.47 0.07
s4B3 017 0.15 0.18 0.06 235 0.56 0.05
S4B4 016 0.15 0.10 0.04 0.66 0.45 0.14
s4B5 017 0.15 0.17 002 122 0.87 0,07
ssB1 021 0.21 0.21 0.04 153 0.94 0.40
ssB2 021 0.20 0.13 0.05 1.09 0.74 0.46
ssB3 021 0.23 0.24 0.05 183 0.91 0.30
S5B4 020 0.24 0.28 002 230 0.89 0.22
S585 0.8 0.19 0.23 024 287 0.62 0,03

Notes: The table reports summary statistics for the conditional covariance and conditional beta estimates
between excess asset returns and the excess market returns. Panel A reports the results for the 22 industry
portfolios, while Panel B does the same for the 25 Fama-French portfolios sorted on size and book-to-
market ratio. In each panel, the unconditional covariance (Uncon), mean, standard deviation, minimum,
maximum, and first- ( p(1) ) and 12th-order ( p(12) ) coefficients of the conditional covariance are
presented. See also notes to Table 1.

4. Empirical Results

We use Hansen’s (1982) general method of moments (GMM) to estimate the
risk-return relation using the conditional covariance extracted from a bivariate
BEKK-GARCH(1,1) as given in (2)—(6). The moment restriction for asset i is:

Ri, - Ci - 7him,x+1 - B’hif,wl
9..= (Ri,t+l -G _7him,1+1 - B'hif,nl)him,nl =0,i=1...,N, O]
(Ri,t+l _Ci _7’him, 1 B'hif,nl)@ h,

im, t+1
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where B is a vector of loadings on the k factors, h, ., is the vector of the
conditional covariance between excess asset returns and other factors including
SMB and HML, and ® denotes a Kronecker product. N =22 is the number of
industry portfolios, N = 25 for the Fama-French portfolios sorted on size and book-
to-market ratio, and N =47 for the combined portfolios system. Following Bali
(2008), we restrict the relative risk aversion to be the same for each asset in order to
enhance the statistical power of the estimates and provide consistent slope estimates.
Specifically, we restrict the slope estimate y and/or B to be the same across all
assets but allow abnormal returns C, to differ in each asset. We estimate the system
of equations by an iterated GMM where the estimator weighting matrix is
continuously updated until convergence.*

4.1 The Conditional Covariance with the Market Returns

We begin by examining the relation between excess asset returns and their
conditional covariance with the excess market returns. Panel A of Table 3 uses the
GMM method on the system of which the moment restriction for asset i is:

Ri,t+1 - Ci - 7him,t+1

o= =0, i=1...,N.
glv t <Ri,t+1 - Ci - mim,m)him,m (8)

For example, the system for the 22 industry portfolios has 44 moment
restrictions with 23 parameters to be estimated. Thus, the system is over-identified
with 21 degrees of freedom. The GMM slope estimate () in Panel A is the
coefficient of relative risk aversion of the representative market investor. We also
report beneath the slope estimates the Newey-West (1987) statistics with four lags to
correct for residual autocorrelation (higher lags give similar results). The relative
risk aversion estimate is 1.29 for the 22 industry portfolios and 2.13 for the 25
Size/BM portfolios; both of these estimates are highly significant (t-statistics are
4.46 and 5.37, respectively). The combined industry and Size/BM portfolios system
yields similar results (y = 2.48 and t-statistic=10.26).

Taken together, these results consistently suggest the presence of a significantly
positive relation between asset return and the market risk in Australia. Moreover, the
coefficients of relative risk aversion of about 1 to 3 appear economically reasonable
and of similar magnitudes to those reported by Bali (2008) for the US market.

One might question the sensitivity of our results to possible structural breaks. In
particular, the first part of our sample (1982-1992) witnessed several important
developments that may have caused structural breaks, including the floating of the
Australian dollar in 1983, the deregulation of the banking industry during 1983—
1985, the stock market crash in October 1987, and the recession of 1989-1992.
Merging this apparently tense period with the rest of the data may have smoothed
out the data and masked instability evidence in the full sample estimates. However,
it is reassuring that our main conclusion derived in the full sample regarding the
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significantly positive risk-return relation in Australia remains intact in the first
turbulent period (see Panel A of Table 3).°

Table 3. The Intertemporal Risk/Returns Relation

Panel A
Portfolios Full Sample 1982:1-1992:12
22 Industry Portfolios 1.29™ 152"
(4.46) (4.87)
25 Size/BM Portfolios 2.13™ 2.80™"
(5.37) (4.90)
Both 1.82"
(10.26)
Panel B
Full Sample 1982:1-1994:12
Market Portfolios -0.38 -0.31
(-0.57) (-0.51)

Notes: Panel A displays the coefficient estimates of relative risk aversion ( ) from the model moment
conditions. The system is estimated by iterated GMM with the constraints that the slope estimates y be
the same for all assets. The heteroskedasticity- and autocorrelation-consistent t-statistics (computed using
the Newey-West (1987) standard errors with 4-lag corrections) are in parentheses below the slope
estimates. The results for the turbulent period (January 1982—-December 1992) are also presented. Panel B
estimates equation (9). ™,

To what extent are our results sensitive to using aggregate market indices? To
check this aspect, we estimate the Australian risk-return relation on the basis of the
aggregate market index using the equation:

Rm,t+1 = C + }/hmm,wl + gi,t+1 1 (9)

where h_ .. is the market conditional volatility extracted from a GARCH(1,1)
model for the single excess market return series. Panel B of Table 3 reports the
results. The estimated coefficient of the relative risk aversion is statistically
insignificant both in the full sample and also in the first (turbulent) sub-period. This
illustrates the failure of using single market return series for identifying risk-return
relations.® The strong positive risk-return relation we find from the Australian
portfolio data lends support to Bali’s (2008) contention that the use of a large cross-
section of return series, while constraining them to share the same slope, provides
cross-sectional consistency in pricing all portfolios according to the same risk-return
relation. Such a practice enhances the statistical power for detecting credible and
economically sensible risk-return coefficients.

4.2 Relation with the Conditional Covariance and SMB/HML Factors

The results in the previous section suggest that there is a significantly positive
intertemporal relation between asset return and the market risk in Australia. As
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Fama and French (1992, 1993, 1996) and Cochrane (2005, p. 160) argue, state
variables such as SMB and HML can predict shifts in future investment
opportunities and are thus important factors in the Merton ICAPM. In this section,
we examine the intertemporal relation between asset return and its covariance with
the SMB and HML factors in addition to the market factor. The GMM system is
represented in (7), where h, . is a vector of the estimated conditional covariance
between excess asset returns and the SMB factor (h ., ) and the estimated
conditional covariance between excess asset returns and the HML factor (h, .., ). We
extract h .. and h, . from the bivariate GARCH(1,1) model using similar
specifications as those under equations (2)—(6) by replacing the terms associated
with the market returns by those associated with SMB and HML, respectively.

Table 4 reports the estimation results we obtained from the GMM system (7).
To preserve cross-sectional consistency, we constrain the slope coefficients for the
market risk, y, for the SMB factor, B_, and for the HML factor, B, , to be the same
in all moment restrictions. We begin by estimating the SMB and HML. The beta for
the SMB factor is positive only for the 25 Size/BM portfolios (coefficient 7.50, t-
statistic=8.36), implying that portfolios which have higher covariance with the size
factor tend to have higher expected returns. However, the SMB beta for the industry
portfolio is insignificant at conventional levels. On the other hand, the beta estimates
for the HML factor in the Fama-French three-factor model reverses sign (becoming
negative) and are significant at conventional levels. For example, in the 25 Size/BM
portfolios, the beta estimate of the HML factor is —2.42 with a t-statistic of —2.49.
Nevertheless, for both sets of portfolios, the estimates of the market risk aversion
remain positive and highly significant (i.e., for the 22 industry portfolios, y = 3.45
with t-statistic=11.62).

In sum, our finding of a robust and positive risk-return relation in Australia
persists even after accounting for the size and value factors.

4.3 Relation with the Macroeconomic Variables

A number of macroeconomic variables may also predict future shifts in
investment opportunities, thus representing risk factors in the ICAPM. The
usefulness of the relative Treasury security rate for predicting US stock returns are
documented in Campbell (1991) and Hodrick (1992). Fama and French (1989)
underscore the predictive power of the term spread. Market dividend yields may also
have some predictive power (Shiller, 1984; Campbell and Shiller, 1988; and Fama
and French, 1988). Consequently, we examine in this section the possible sensitivity
of the risk-return relation in Australia to three key macroeconomic variables, namely,
the relative Treasury bill rate (RREL,), changes in the term spread (TRM,), and
changes in the dividend-price ratio ( DP).
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Table 4. The Conditional Covariance with the SMB, HML and Idiosyncratic Volatility

Portfolio v b, b,
22 Industry 0.88
@.17)
22 Industry -2.96"
(-2.52)
22 Industry 3.45™ -0.67 -1.83"
(11.62) (-1.46) (-2.66)
25 Size/BM 7.507"
(8.36)
25 Size/BM 2427
(-2.49)
25 Size/BM 5.06™" 3777 -1.43™
(14.45) (10.21) (-3.24)

Notes: This table reports the estimated coefficient of relative risk aversion ( y ) and/or the betas for SMB,
HML, and idiosyncratic volatility factor from the model moment conditions. The system is estimated by
iterated GMM with the constraint that the slope estimates » and B be the same for all assets. See also
notes to Table 3.

Panel A of Table 5 gives the loading estimates on the conditional covariance
factors with the three macro variables. Following Bali (2008), these variables enter
the model with one lag (the main evidence of a positive risk-return relation between
asset returns and the market factor is robust to using different lags). We extract the
conditional covariance between excess asset returns and the macro variables from
the bivariate BEKK-GARCH(1,1) model. As before, we restrict the slope estimate
y and B, to be the same for all equations.

The results in Panel A indicate that the risk aversion estimates for market factor
do not noticeably change (compared to the estimate for the combined SMB/HML
factor in Table 4). That is, these estimates remain positive and highly significant in
the presence of these macro variables. The beta estimate for the relative Treasury
bill rate are positive for the industry portfolios, suggesting that the covariance
between asset excess returns with the short interest rate provides an additional risk
premium necessary for investors to hold the asset. On the other hand, the beta
estimate for the term spread is statistically negative for the Size/BM portfolios,
indicating any downward movement in this variable would predict favorable shifts
in the investment opportunity. The results further indicate that the dividend-price
ratio bears significantly negative coefficients for the industry portfolios but has
significant and positive coefficients for the Size/BM portfolios.
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Table 5. Relations with the Macroeconomic Variables

Panel A: With the Conditional Covariance Factors

Portfolio y [ [ b,
22 Industry 2.24™ 109.55™"
(8.19) (8.75)
22 Industry 0.85™ 17.87
(4.00) (0.48)
22 Industry 7.73™ -12.80""
(17.81) (-5.47)
25 Size/BM 1.92"" -15.63
(7.17) (-0.91)
25 Size/BM 1.25"" -364.65""
(4.64) (-7.24)
25 Size/BM 3.37™ 14.99™
(8.10) (4.99)
Panel B: With the Macroeconomic Factors
Portfolio 4 Doeer D b
22 Industry 2.70%** —3.83***
(7.81) (-4.27)
22 Industry 6.10%** -0.89
(10.62) (-1.04)
22 Industry 1.34%*** —-0.23**
(6.30) (-2.01)
25 Size/BM 1.65%*** —4.39%**
(5.61) (-4.09)
25 Size/BM 2.77%** —5.48***
(8.25) (-5.07)
25 Size/BM 12.65%** —0.97***
(14.54) (-6.35)

Notes: This table presents the estimates of the loadings on three macroeconomic variables from the model
moment conditions. The system is estimated by GMM with the constraints that the slope » and B, be
the same for all the equations. Panel A uses the conditional covariance factors. h, ., is the estimated

ix, t+1

conditional covariance between excess asset returns and the relative Treasury Bill rate ( RREL, ), changes
in the term spread (TRM, ), and changes in the dividend-price ratio ( DF,). The h, . are extracted from
a bivariate BEKK-GARCH(1,1) model. Panel B incorporates macroeconomic variables.

Next, we directly include the macroeconomic variables into the GMM system,
yielding an error term of the form:

1= Ri,t+l_Ci _7’him,t+1_BXx ,i1=1L.,N, (10)

where X, contains the relative Treasury bill rate, the term spread, the dividend-price
ratio and the lagged excess market return. Panel B in Table 5 reports the results,
which indicate that adding macroeconomic variables directly into the GMM system
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do not alter the estimates of market risk aversion either. Again, this suggests that the
conditional covariance with the market returns do matter for asset pricing in that
when an asset’s conditional covariance with the market portfolio rises, the expected
return on the asset will also rise. The coefficients y are positive and large (ranging
between 2 and 13) and statistically significant. The market dividend yield remains
significant in both portfolios. The negative sign of the beta estimate suggests that a
higher dividend yield in any given month causes a lower expected excess portfolio
return in the following month. One major difference in the results between Panels A
and B of Table 5 is that beta estimates on the relative Treasury bill rate in Panel B
are statistically significant and negative. This negative sign suggests that rising
short-term interest rates predict lower one-month ahead excess returns. This finding
is consistent with the evidence reported by Ang and Bekaert (2007) and Bali (2008)
that short-term interest rates are negatively associated with low excess returns at
short horizons.

5. Conclusion

We investigate the intertemporal relation between the conditional mean and the
conditional variance in Australia using a bivariate BEKK-GARCH framework. Our
sample consists of two sets of portfolios: 22 industry portfolio returns and the Fama-
French 25 Size/BM portfolios sorted on size and book-to-market value.

We test whether the estimated portfolio’s conditional covariance matters for
predicting the time-variation in the portfolios’ expected returns in Australia. The
results robustly support the presence of a significantly positive relation between
asset returns and the market returns for both set of portfolios. We further explore
asset returns with the SMB (size) and HML (value) factors, and the results persist in
their support for a statistically positive risk-return relation even after controlling for
the size and value factors. There is also some evidence of a positive relationship
between returns on Size/BM portfolios with the size factor but a negative
relationship between returns on both portfolios and the value factor. In addition, we
examine the sensitivity of our results to incorporating three key macroeconomic
variables (the relative Treasury bill rate, the term spread, and the market dividends)
in the GMM system. Again, the results continue to reveal highly significant market
risk aversion estimates even after accounting for these macroeconomic variables.

The significantly positive risk aversion we find in the Australian market implies
that market returns do carry a positive risk premium. When a stock’s conditional
covariance with the market returns is low, the expected return required on this stock
will also be low because investors prefer stocks that do well when the expected
market returns fall. This empirical finding has practical implications for asset pricing.
Investors price an asset in such a way that its mean excess return must be
proportional to its conditional covariance with the market returns. Regulators in the
public utility industry, for example, can also use this risk-return relation to obtain the
proper discount rate for determining the maximum price these firms can charge.
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Notes

1. One advantage of the BEKK formulation over standard bivariate GARCH models is that the BEKK
formulation imposes positive definiteness on the variance matrix.

2. We thank Michael O’Brien for supplying us with the Fama-French 25 portfolio data.

3. The categories are: Energy (G1), Material (excluding Metals & Mining) (G2), Metals & Mining
(G3), Capital Goods (G4), Commercial Services & Supplies (G5), Transportation (G6), Automobile
& Components (G7), Consumer Durables & Apparel (G8), Consumer Services (G9), Media (G10),
Retailing (G11), Food & Staples Retailing, Household & Personal Products (G12), Food Beverage
& Tobacco (G13), Health Care Equipment & Service (G14), Pharmaceuticals & Biotechnology &
Life Sciences (G15), Banks (G16), Diversified Financials (G17), Insurance (G18), Real Estate
(excluding REITs) (G19), and Real Estate Investment Trusts (G20), Software & Service (G21),
Technology Hardware & Equipment (G22), Telecom Services (G23), Utilities (G24), and GICS
pending (G25).

4. Ferson and Foerster (1994) argue that the iterated GMM performs better than the two-stage GMM in
small samples.

5. Results from the Chow test corroborate the structural stability of the estimates. Details are available
upon request.

6. The inability of single market return series to reveal significant risk-return relations is not confined
to using the GARCH(1,1) specification. Results (available upon request) from using both the Nelson
(1991) EGARCH and the Glosten et al. (1993) GARCH models fail to produce reliable risk-return
relations.
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