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Abstract 
 

This paper studies the empirical performance of a linearised version of the classic 
CCAPM in the Australian market. The studies of Faff and Oliver (1998) and Faff (1998) 
are extended by employing more recent data and utilising 25 size/BM portfolios as well as 
industry portfolios. By comparison, the CAPM and the Fama-French three-factor model are 
also considered. There is evidence that the market factor, the size and value factors can 
explain the time-series but not the cross-sectional variation in portfolio returns. By contrast, 
though the CCAPM is inferior to the CAPM and the Fama-French three-factor model in the 
time-series regressions, the restricted estimation results show that there exists a statistically 
positive estimate of the market price of consumption risk, which implies that an asset’s 
expected return rises with its consumption risk. Using the lagged portfolio returns, the 
CCAPM is generally not rejected for both the industry portfolios and the 25 size/BM 
portfolios. This supports a linear equality between reward and risk implied by the CCAPM. 
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1.  Introduction 
Cochrane (2005) notes that the consumption-based capital asset pricing model (CCAPM) is the 
simplest and most intuitive of all asset-pricing models. The model follows from the first-order 
condition for a utility-maximising agent’s intertemporal consumption and investment choice problem. 
In short, the representative agent invests to the point where the marginal utility lost from foregoing 
current consumption equals the discounted expected marginal utility gained from that investment in the 
future. This equilibrium has direct implications for asset prices, returns and our concept of risk. 

Despite its intuitive appeal, the CCAPM of Lucas (1978) and Breeden (1979) is often regarded 
as the poor cousin of other models (for example, the CAPM of Sharpe (1964) and Lintner (1965), or 
the three-factor model of Fama and French (1993)). There are a number of likely reasons for this. First, 
while the CAPM is a mere specialisation of the more-general CCAPM framework, it was developed 
and popularised many years earlier. Second, from an empirical perspective, estimating and testing the 
CCAPM presents econometric challenges. 

More than anything, however, the empirical performance of the CCAPM has been 
underwhelming at best. The seminal empirical papers of Hansen and Singleton (1982, 1983) reject the 
classic CCAPM using US market data. The model is also rejected for international markets in tests of 
international equity market integration (Wheatley, 1988). In cross-sectional tests of asset returns, the 
classic CCAPM underperforms the CAPM with respect to individual stocks (Mankiw and Shapiro, 
1986), industry and bond portfolios (Breeden, Gibbons and Litzenberger, 1989), and equity size 
portfolios (Cochrane, 1996). To summarise, Campbell and Cochrane (2000, p.2864) note that the 
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CCAPM has failed the test of time: “twenty-five years after the development of the CCAPM, almost 
all applied work in finance still uses portfolio-based models to correct for risk, to digest anomalies, and 
to provide cost of capital estimates.” 

Nevertheless, both theoretical and empirical work continues on the CCAPM. As Cochrane 
(2006, p.26) notes “at some level, the consumption-based model must be right if economics is to have 
any hope of describing stock markets.” The most fruitful avenue for exploration is in the specification 
of the utility function employed in the CCAPM such as the habit-formation models of Abel (1990), 
Constantinides (1990) and Campbell and Cochrane (1999). 

Apart from the non-linear consumption models, there is a growing literature on linear 
consumption asset pricing models in which a linear relation between the stochastic discount factor and 
consumption variables is derived. This literature starts with Breeden, Gibbons and Litzenberger (1989) 
who study the performance of a linearised version of the consumption CAPM (hereafter called “the 
linearised classic CCAPM”). The linearised classic CCAPM provides a positive linear association 
between average asset returns and consumption betas. 

While the CAPM quantifies the tradeoffs between asset returns and market risk, the CCAPM 
quantifies the relationship between asset returns and consumption risk. Under the CCAPM, the 
expected return on an asset is high if such an asset has a high consumption risk (consumption beta). 
Theoretically, consumption beta is preferred over market beta in measuring the risk of an asset. 
Mankiw and Shapiro (1986) provide two reasons. First, the CCAPM considers the intertemporal nature 
of portfolio decisions in the theoretical models such as Merton (1973) and Breeden (1979). Second, 
while the CAPM only incorporates stock market wealth, the CCAPM implicitly incorporates many 
other forms of wealth that are useful for measuring systematic risk. The theoretical importance of the 
CCAPM is also asserted in Kocherlakota (1996). 

Breeden, Gibbons and Litzenberger (1989) examine a linearised version of the classic CCAPM 
using a set of industry portfolios in the US. They examine the relation between average portfolio 
returns and betas computed relative to consumption growth and conclude that the performance of the 
CCAPM is comparable to the CAPM. Mankiw and Shapiro (1986) compare the performance of market 
beta and consumption beta in explaining the cross section of stock returns in the US, and they find that 
a stock’s market beta provides more information about stock returns than its consumption beta. The 
classic CCAPM is also studied in other markets such as Hamori (1992) in the Japanese market, Hyde 
and Sherif (2005) in the UK market, Sauer and Murphy (1992) in the German market, Rubio (1989) in 
the Spanish market, and Chen (2003) in the Taiwanese market. 

Despite the importance of consumption-based models, there is a paucity of empirical work on 
the CCAPM in Australia. Faff (1998) investigates the performance of a linearised version of the classic 
CCAPM with quarterly data spanning 1974 to 1992. Using 23 Australian industry portfolios as the test 
assets, he reports that the classic CCAPM is generally supported, yet evidence favours the traditional 
CAPM. Using a similar framework, Faff and Oliver (1998) compare the sensitivity of stock returns to 
consumption growth and market returns. While market betas are statistically significant and provide 
reasonable explanatory power, consumption betas reveal very little sensitivity of returns to 
consumption growth. Faff and Oliver (1998, p.514) conclude that the results are “very unflattering to 
the CCAPM”. 

Given the theoretical appeal of the CCAPM, it is important to investigate how a simple linear 
consumption factor model performs. The purpose of this study is to re-examine the performance of the 
linearised classic CCAPM in Australia by extending the studies of Faff (1998) and Faff and Oliver 
(1998). While Faff (1998) and Faff and Oliver (1998) use quarterly Australian industry data spanning 
1974 to 1992, I use data until the fourth quarter of 2006, which covers more than 30 years. The market 
was less volatile in the period starting from 1993 than the period studied by Faff (1998) and Faff and 
Oliver (1998). There were lots of significant events happening in the early period (e.g., the Australian 
dollar floatation in 1983, the banking industry deregulation between 1983 and 1985, the 1987 October 
stock market crash, and the recession period from the last quarter of 1989 until the third quarter of 
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19921). It is interesting to see whether including more recent data will affect the consumption risk-
return relation. 

I also extend the tests to the Fama-French 25 size/book-to-market (BM) portfolios in Australia, 
which became available only recently. In the US, recent empirical studies typically use size/BM 
portfolios rather than industry portfolios as the former show much more variation in average returns 
(Cochrane, 2006). 

I use the maximum likelihood approach to jointly estimate consumption betas of Australian 
equity portfolios and the price of consumption beta risk. Using more recent data and industry portfolios 
as well as 25 size/BM portfolios, I find that two-quarter lagged portfolio returns show a much stronger 
relationship with current consumption growth in both the 19 industry portfolios and the 25 size/BM 
portfolios than contemporaneous portfolio returns. My results support Faff and Oliver’s (1998, p.516) 
suggestion that “non-contemporaneous relationships must be examined in studies which seek to 
uncover links between stock markets and macroeconomic variables”. Furthermore, the log likelihood 
ratio tests show that using the lagged portfolio returns, the CCAPM is generally supported for both the 
19 industry portfolios and the 25 size/BM portfolios. 

The remainder of the paper is organised as follows: Section 2 introduces the linearised classic 
CCAPM, Section 3 gives the details of econometric estimation, Section 4 describes the data, Section 5 
presents empirical results, and Section 6 concludes. 
 
 

2.  Model Development 
Breeden, Gibbons and Litzenberger (1989) linearise a simple consumption-based capital asset pricing 
model with the assumption that a representative investor has a power utility function. For a specific 
asset i, the first-order condition describing the investor’s optimal consumption and investment decision 
is 

( ) ( )( )1 , 11 ,t t t i tU C E U C Rβ + +⎡ ⎤′ ′= +⎣ ⎦  (1) 
where 1, +tiR  is the return on asset i. Re-arranging (1) gives the asset pricing model: 
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1  Recession period is as defined by the Melbourne Institute of Applied Economic and Social Research. 
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where 1
1

t t
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Δ = is consumption growth. 

Next, Breeden, Gibbons and Litzenberger (1989) assume that the representative investor has a 
time-separable power utility function with constant relative risk aversion: 
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where γ > 0 is the coefficient of relative risk aversion. This implies that ( )t tU C C γ−′ = , and 
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Substituting (7) into (4), one obtains 

( ) ( )1 , 1 , 11 0.t t i t Z tE C R Rβ γ + + +⎡ ⎤− Δ − =⎣ ⎦  (8) 
Taking an unconditional expectation, one obtains 

( )( )1 , 1 , 11 0.t i t Z tE C R Rβ γ + + +⎡ ⎤− Δ − =⎣ ⎦  (9) 
Breeden, Gibbons and Litzenberger (1989) note that the return on any asset i can be written as a 

linear function of consumption growth, 
, 1 , 1 , 1,i t i C i t i tR Cα β ε+ + += + Δ +  (10) 

where ( ) ( ), 1 , 1i i t C i tE R E Cα β+ += − Δ is a regression constant, ,C iβ is the consumption beta of asset i, and 

, 1i tε + is a disturbance term. The return on a zero consumption beta portfolio is 

, 1 0 , 1,Z t Z tR λ ε+ += +  (11) 
where 0λ  is the expected return on the zero-beta portfolio, and , 1Z tε +  is a disturbance term uncorrelated 
with consumption growth. Substituting (10) and (11) into (9), one obtains the CCAPM: 

( ), 1 0 , 1,i t C iE R λ β λ+ = +
 (12) 

where ( )1 1 1var( ) 1t tC E Cλ γ γ+ += Δ − Δ⎡ ⎤⎣ ⎦  is the market price of consumption beta risk, which is also 
called consumption factor risk premium. Under the hypothesis that the CCAPM holds, asset returns are 
linearly related to consumption growth, and it is expected that 1λ is positive and significant. 

Taking the unconditional expectation of (10), one obtains 
, 1 , 1( ) ( ).i t i C i tE R E Cα β+ += + Δ  (13) 

(12) and (13) implies the following theoretical restriction: 
( )0 , 1 1( ) .i C i tE Cα λ β λ += + − Δ  (14) 

The restriction (14) can be tested using a likelihood ratio statistic which will be described in the 
next section. 
 
 
3.  Econometric Estimation 
I estimate the coefficients in (10) using the maximum likelihood method which is described in 
Campbell, Lo and MacKinlay (CLM) (1997, pp.226-228). (10) can be written in a vector form by 
denoting 1t+R  as an ( 1)N ×  vector of returns on N portfolios of assets at time t+1: 
 

1 1 1,t t tC+ + += + Δ +CR α β ε  (15) 
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where Cβ  is an ( 1)N ×  vector of consumption factor betas, and 1t+α  and 1t+ε are ( 1)N ×  vectors of 
regression intercepts and disturbance terms at time t+1, respectively. The maximum likelihood 
estimators for the unrestricted model (15) are 

ˆˆ ,C= − ΔCα R β  (16) 
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Δ = Δ∑ , and Σ̂ is the estimated variance-covariance matrix of residuals. 

The variances of the estimated coefficients can be estimated using GMM (see Cochrane, 2005, 
p.234): 
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Next, I introduce the estimators for the restricted model. The vector form of the restriction (14) 
is 

0 1( ( )),tE Cλ λ= + − ΔCα ι β  (21) 
where ι  is an ( 1)N ×  vector of unity. Setting 0 0γ λ= , and 1 1 1( )tE Cγ λ += − Δ , one can obtain 
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Therefore the maximum likelihood estimators for the restricted model are 
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where [ ]0 1γ γ γ ′≡  (CLM, 1997, pp.227-228). The variance for the γ estimates is 
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Ω = Δ −Δ∑ This variance for the γ estimates will be used for making inference of 

the consumption factor risk premium. 
The maximum likelihood estimators for the restricted model can be obtained using iterations 

with ˆ
Cβ  in (17) and Σ̂  in (18) as the starting values for *ˆ

Cβ  in (23) and *Σ̂  in (25), respectively. 
The restriction imposed on the asset pricing model can be tested using the log likelihood ratio 

(LRT) test statistic (CLM, 1997, p.222): 
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* 2
1

ˆ ˆ1 ln ln .
2 N K
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 (27) 
The test statistic is Chi-square distributed with degrees of freedom equal to 1N K− − , where 

K is the number of factors ( 1K =  in the linearised CCAPM). 
Researchers often consider whether a particular factor is priced or not in an asset pricing model. 

In the linearised CCAPM, one is concerned about whether the consumption factor risk premium 1λ is 
econometrically reasonable and statistically significant. CLM (1997, pp.231-232) present estimators of 
the factor risk premiums for the above maximum likelihood estimation in four cases. When the factor 
is consumption growth, which is not a traded portfolio (Case 3 in CLM), the estimator of the 
consumption factor risk premium 1λ  is equal to the estimator of 1γ  plus the mean of consumption 
factor realisations: 

1 1
ˆ ˆ ,Cλ γ= +Δ  (28) 

and the variance of 1λ  is 

[ ]1 1
1ˆ ˆ ˆ ,Var Var
T

λ γ⎡ ⎤ = Ω+⎣ ⎦  (29) 
where [ ]1̂Var γ  is the variance-covariance matrix of the consumption factor from (26). The significance 
of the consumption factor can be tested using the usual t-test. 

For comparison, I also examine the CAPM and the Fama-French three-factor model. Although 
the beta estimators in these models are similar to those for the CCAPM, the estimators for factor risk 
premium are different from the one for the consumption factor as the factors in these models are traded 
portfolios. When the factor is a traded portfolio under the Black version of the asset pricing model 
(Case 2 in CLM) (in which excess stock returns are obtained by deducting the return on the zero-beta 
portfolio rather than the riskfree rate), the estimate for the factor risk premium is the difference 
between the sample mean of the factor portfolios and the estimated zero-beta return: 

0
ˆ ˆˆ ,K Kλ μ γ= −ι  (30) 

where ˆKμ is the sample mean of factor return. Accordingly, the variance of ˆ
Kλ is 

[ ]0
1ˆ ˆ ˆ '.K KVar Var
T

λ γ⎡ ⎤ = Ω +⎣ ⎦ ιι
 (31) 

I use (30) and (31) to estimate and test the factor risk premiums for factors such as the market 
factor in the CAPM and the size and value factors in the Fama-French three-factor model. 
 
 
4.  Data 
The consumption data, obtained from the Australian Bureau of Statistics, is the household non-
durables and services consumption expenditure on a seasonally-adjusted basis. It is calculated as Total 
Household Final Consumption Expenditure less Clothing and Footwear, Furnishings and Household 
Equipment, and Purchase of Vehicles ($m, seasonally adjusted in current prices). Using population 
data and the consumer price index from the Reserve Bank of Australia, a real per capita consumption 
series are created. The market returns are calculated using a value-weighted market index from the 
database supplied by the Centre for Research in Finance (CRIF) at the Australian Graduate School of 
Management. The quarterly per capita consumption growth and market returns are adjusted by the 
inflation rate to obtain the real series. The inflation rate is constructed from the CPI (Consumer Price 
Index), which is a weighted average of all groups index of eight capital cities, with base index 1989-90 
= 100. 
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This study uses two kinds of equity portfolio data. One is the discrete returns on the 19 valued-
weighted industry portfolios. There are 26 GICS classified monthly industry price relatives in the CRIF 
database from the first month of 1974 to the last month of 20062. The monthly price relatives are 
converted to quarterly returns by compounding them over the three months of that quarter.3 The 
inflation rate is deducted from all returns to obtain real returns. The 26 GICS classified industries are: 
Energy (G1), Materials (excluding Metals and Mining) (G2), Metals and Mining (G3), Capital Goods 
(G4), Commercial Services & Supplies (G5), Transportation (G6), Automobile & Components (G7), 
Consumer Durables and Apparel (G8), Consumer Services (G9), Media (G10), Retailing (G11), Food 
& Staples Retailing, Household & Personal Products (G12), Food Beverage & Tobacco (G13), Health 
Care Equipment & Services (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 and Services (G21), Technology Hardware & Equipment 
(G22), Telecommunication Services (G23), Utilities (G24), GICS Pending (G25), and GICS Unknown 
(G26). I drop G6, G8, G9, G21, G22, G23 and G26 from the sample because these series contain many 
missing values in the database during the period I study. 

I also obtain discrete returns on 25 Size/BM portfolio data4. The portfolios are formed 
following Fama and French (1996): at the end of December of each year t, all stocks listed on the 
Australia Stock Exchange (ASX) are allocated to five groups (S, 2, 3, 4, B) based on whether their 
December market equities lie above or below the quintile breakpoints. Independently, all stocks are 
sorted into five book-to-market (BM) groups (L, 2, 3, 4, H) based on the quintile breakpoints for the 
book-to-market value. The BM value used to form portfolios in December of year t is the book 
common equity value for the fiscal year ending in June of year t divided by the equity value at June of 
year t. The 25 size/BM portfolios are constructed as the intersections of the five size groups and the 
five BM groups. Value-weighted monthly returns on the portfolios are then calculated from this 
December to November next year. SMB is the difference between the average of the returns on small 
stocks and the average returns on large stocks. HML is the difference between the average of the 
returns on high BM stocks and the average of the returns on low BM stocks. The monthly nominal 
portfolio returns are converted to quarterly real returns by deducting the inflation rate. 
 
Table 1: Summary Statistics 
 
Panel A: Summary Statistics of Consumption Growth 
 

Consumption 
Growth Mean Median Std Dev Min Max (1)ρ  

 0.50 0.48 0.83 -2.21 2.58 -0.20 
 
Panel B: Summary Statistics of 19 Industry Returns 
 

Portfolio Mean Median Std Dev Min Max (1)ρ  
G1 3.41 2.75 18.85 -48.97 81.60 0.05 
G2 2.25 2.13 10.79 -35.43 34.71 -0.10 
G3 2.53 3.23 11.88 -38.90 26.88 0.08 
G4 2.85 3.57 10.21 -39.06 24.45 0.01 
G5 3.41 4.69 11.32 -34.16 39.86 -0.02 
G7 2.46 1.24 18.87 -54.70 107.21 -0.03 
G10 4.58 3.93 18.77 -52.11 66.00 0.12 
G11 3.68 2.87 12.17 -30.04 76.12 0.07 

                                                 
2  7 industries are excluded in the analysis as they contain many missing values. 
3  For example, if the price relatives are pr1 in January 1974, pr2 in February 1974, and pr3 in March 1974, the return on the 

first quarter of 1974 is ret=pr1*pr2*pr3-1. 
4  See O’Brien (2008) for full details of the construction of the 25 Size/BM portfolios. I am grateful to Michael O’Brien for 

making the data available. 
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G12 2.74 3.04 9.23 -36.14 32.94 -0.03 
G13 2.94 2.81 10.87 -39.75 31.94 0.00 
G14 2.87 2.91 11.07 -35.76 26.79 0.01 
G15 3.55 3.47 14.25 -39.80 67.15 0.03 
G16 3.29 3.37 12.22 -49.30 42.65 -0.07 
G17 2.70 3.08 10.34 -40.46 31.64 0.03 
G18 3.93 3.60 16.01 -41.99 59.31 0.14 
G19 3.80 3.56 14.58 -55.69 52.28 -0.02 
G20 2.39 3.03 6.39 -27.69 19.37 -0.08 
G24 4.18 3.62 15.38 -51.96 107.34 -0.07 
G25 2.73 2.12 15.90 -42.88 90.78 0.07 
       
VWM 2.36 2.53 9.14 -41.22 23.52 0.01 
RF 0.61 0.73 1.14 -3.94 3.10 0.51 

 
Panel C: Summary Statistics of 25 Fama-French Portfolio Returns 
 

Portfolio Mean Median Std Dev Min Max (1)ρ  
S5B1 2.26 2.34 9.37 -43.45 21.69 -0.13 
S5B2 3.03 3.58 9.19 -38.51 29.47 -0.16 
S5B3 3.93 4.71 9.57 -31.41 26.45 -0.07 
S5B4 4.44 5.55 10.22 -29.66 31.70 0.08 
S5B5 5.81 4.83 13.82 -44.68 53.37 -0.14 
S4B1 1.50 0.69 13.01 -40.19 31.92 0.18 
S4B2 2.92 2.96 10.40 -37.49 28.89 0.05 
S4B3 3.17 3.47 10.31 -38.93 36.21 0.26 
S4B4 3.37 2.13 9.40 -37.15 29.06 -0.06 
S4B5 4.82 5.43 11.16 -47.36 40.03 0.12 
S3B1 -0.46 -2.48 14.92 -40.63 34.28 0.18 
S3B2 2.83 2.43 13.36 -36.53 44.83 0.21 
S3B3 3.36 2.76 11.44 -30.83 41.76 0.14 
S3B4 4.01 4.24 10.38 -36.04 36.28 0.21 
S3B5 4.94 4.39 12.30 -42.30 41.95 0.21 
S2B1 5.28 4.10 22.29 -47.33 70.91 0.15 
S2B2 7.17 6.55 19.57 -41.28 76.05 0.08 
S2B3 5.03 4.03 16.50 -31.45 64.79 0.15 
S2B4 5.55 6.33 14.47 -43.66 59.38 0.15 
S2B5 6.05 4.69 15.30 -48.41 52.17 0.10 
S1B1 12.17 7.88 29.19 -46.25 147.09 0.07 
S1B2 11.29 7.64 28.39 -45.51 146.70 0.00 
S1B3 12.24 10.63 22.58 -45.75 110.34 0.02 
S1B4 10.45 10.03 21.13 -44.76 124.38 0.10 
S1B5 12.17 10.10 20.38 -39.17 97.27 0.15 
       
SMB 1.69 0.55 12.36 -31.46 55.71 0.03 
HML 2.13 2.07 6.73 -15.28 23.45 -0.05 

Notes: Mean, median, standard deviation, and minimum, maximum and the first-order autocorrelation coefficients are 
reported. Panel A reports summary statistics of the real consumption growth. Panel B reports summary statistics of 
the real quarterly industry portfolio returns. VWM is the real return on the value-weighted market indices. RF is 
the real return on the risk-free asset which is proxied by the 13-week Treasury note rate. There are 26 GICS 
classified industries: Energy (G1), Materials (excluding Metals and Mining) (G2), Metals and Mining (G3), 
Capital Goods (G4), Commercial Services & Supplies (G5), Transportation (G6), Automobile & Components 
(G7), Consumer Durables and Apparel (G8), Consumer Services (G9), Media (G10), Retailing (G11), Food & 
Staples Retailing, Household & Personal Products (G12), Food Beverage & Tobacco (G13), Health Care 
Equipment & Services (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 and Services (G21), Technology Hardware & Equipment (G22), Telecommunication Services 
(G23), Utilities (G24), GICS Pending (G25), GICS Unknown (G26). G6, G8, G9 G21 G22, G23, G26 are 
excluded from the sample due to the missing values. 
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The numbers are in percentage except for ρ(1). The sample period for the industry portfolio returns is from the first 
quarter of 1974 to the fourth quarter of 2006. 
Mean, median, standard deviation, and minimum, maximum and the first-order autocorrelation coefficients are 
reported. Panel C reports summary statistics of the 25 Size/Book-to-Market portfolio returns sorted on the 
interaction of firm size and book-to-market ratio. ‘S1B1’ stands for the portfolio in smallest size and lowest book-
to-market ratio group, ‘S5B5’ stands for the portfolio in the largest size and highest book-to-market ratio group. 
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. The numbers are in 
percentage except for ρ(1). 
The sample period for the 25 Size/Book-to-Market portfolio returns is from the first quarter of 1982 to the fourth 
quarter of 2006. 

 
Table 1 reports summary statistics of consumption growth and portfolio returns. Mean, median, 

standard deviation, and minimum, maximum and the first-order autocorrelation coefficients are 
reported. Panel A reports summary statistics of the real consumption growth. On an annualised basis, 
consumption growth measured by nondurables plus services has a mean of 2%. Note that the variance 
of consumption growth is much lower than the variance of (real) equity returns. Consumption growth 
exhibits modest negative first-order autocorrelation suggesting mean-reversion. 

Panel B reports summary statistics of the returns on 19 industry portfolios. The sample period is 
from the first quarter of 1974 through the fourth quarter of 2006 (132 observations). The mean returns 
on the industry portfolios (between 2.25% to 4.58%) have less variability than the mean returns on the 
25 size/BM portfolios (between -0.46% and 12.24%). However, relative to the means, the returns on 
the industry portfolios exhibit higher time-series variation than on the 25 size/BM portfolios. The first-
order autocorrelation coefficients are low for the industry portfolios. 

Panel C reports summary statistics of the 25 Size/BM portfolio returns sorted on the 
intersections of firm size and book-to-market ratio. ‘S1B1’ stands for the portfolio with the smallest 
size and lowest book-to-market ratio, and ‘S5B5’ stands for the portfolio with the largest size and 
highest book-to-market ratio. The sample period for the 25 Size/BM portfolio returns is from the first 
quarter of 1982 through the fourth quarter of 2006 (100 observations). Panel B shows that the small 
size portfolios have higher average return than the large size portfolios in the Australian stock market. 
The mean real quarterly returns for the large size portfolios range from 2% to 6%; by contrast, the 
mean real quarterly returns for the small size portfolios range from 10% to 12%. In the larger size 
groups (such as S5, S4, and S3), the mean returns monotonically increase with the book-to-market 
ratios. However, this is not the case in the smaller size groups (S1 and S2). O’Brien (2008) reports that 
there are no significant differences between the mean returns for the growth value firms within 
quintiles S1 and S2. Another phenomenon which is difficult to explain is that the mean return for S3B1 
is less than 0, the lowest among all the portfolios. 

The autocorrelation for the portfolio returns are mostly small and positive except for the large 
size group. The mean return on SMB and HML is 1.69% and 2.13%, and the corresponding t-test 
statistics (not reported in the table) for the null hypothesis that the mean return is zero are 1.37 and 
3.16, respectively. This suggests that there is a value premium in the Australian stock market. 
 
 

5.  Empirical Results 
This section presents the results of empirical testing for the CCAPM. For comparison, I also report 
empirical results for the CAPM and the Fama-French three-factor model. Faff and Oliver (1998) and 
Faff (1998) empirically examine the CCAPM using industry portfolios in Australia. Their sample 
period is from 1974Q2 to 1992Q4. I re-examine the CCAPM using industry portfolios, but I use a 
much longer sample period, which is from 1974Q1 to 2006Q4. In addition, I use 25 size/BM portfolios 
which have much wider variation in average returns than industry portfolios. 

Table 2 shows maximum likelihood estimates for the Black versions of asset pricing models. 
The tested asset pricing models include the CAPM, the Fama-French three-factor model, and the 
noncontemporaneous CCAPM in which consumption growth is linearly related to asset returns lagged 
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by two quarters. The coefficient estimates of the intercept and factor betas for each portfolio are from 
the restricted regression – the time-series equations for all assets and the cross-sectional restrictive 
equation are jointed estimated.5 The restricted equation is ( )γ= −α ι β  (CLM, 1997, p.197). The 
corresponding t-values are reported below the coefficients in parentheses. I also report the adjusted 

2R  statistics. The test assets in Panel A are industry portfolios and the sample starts from 1974Q1 
through 2006Q4. The test assets in Panel B are 25 Fama-French size/BM portfolios and the sample 
starts from 1982Q1 through 2006Q4. 

In Table 3, I report the estimates for the returns on the zero-beta asset and factor risk premiums, 
which are jointly estimated with the beta estimates reported in Table 2. Below the coefficient estimates 
are reported their associated t-statistics in parentheses. I perform the log likelihood ratio test (LRT) for 
the restriction, ( )γ= −α ι β  (e.g., Eq. (14) for the linearised CCAPM), imposed upon asset pricing 
models. The null hypothesis of the LRT is that the restrictions for the model hold across test assets. 
The LRT statistic is a chi-square statistic with N-K-1 degrees of freedom where N is the number of test 
assets and K is the number of factors. Its associated p-value statistic is reported in parentheses. Table 3 
has two panels. Panel A uses industry portfolios and Panel B uses 25 size/BM portfolios. 
 
 
5.1. CAPM 

First, consider the CAPM. The time-series regression equation for the CAPM is , , ,i t i i m t i tR Rα β ε= + + . 
Panel A of Table 2 shows that all the estimates for the market factor are statistically significant at the 
1% level. The media (G10) and energy (G1) industries have the highest beta estimates, while the real 
estate investment trusts (G20) has the lowest beta estimate. The adjusted 2R statistics generally range 
from 40% to 70%, which is similar to the findings of Faff and Oliver (1998). The results suggest that 
the market factor can explain a large portion of the time-series variation in stock returns. 

Panel A of Table 3 shows that the estimated return on the zero-beta asset γ0 is 1.4% which is 
statistically significant (t-statistic=2.49), and economically reasonable. Lettau and Ludvigson (2001) 
note that the average zero-beta rate should be greater than the riskless borrowing rate but smaller than 
the riskless lending rate. The annualised estimated zero-beta rate is about 5.6%, which is greater than 
the average historical 13-week Treasury note rate, 2.4%, but smaller than the estimated values from 
most typical US studies, which are generally between 12% and 16%. The log likelihood ratio test 
(LRT) for the null hypothesis that the CAPM holds and thus the restricted model and the unrestricted 
model give same estimation results is rejected at the 5% significance level. Furthermore, the market 
risk premium is not statistically significant (t-statistic=1.05). This suggests that the CAPM is not 
supported by the industry portfolios, which accords well with Faff’s (1998) finding for the period 
1974-1992 using monthly data. 

Panel B of Table 2 presents the estimation results for 25 Fama-French size/BM portfolios. 
Similar to the findings for the industry portfolios, all the estimates for the market factor are significant 
at the 1% level. The adjusted 2R statistics for the large size portfolios are generally larger than for the 
small size portfolios, which is not unexpected as the component stocks in the large size portfolios have 
higher weighting in the value-weighted market index, and thus their movements are more similar to the 
market movement. Panel B of Table 3 show that the estimated factor risk premiums are much smaller 
than the one for the industry portfolios, and the t-statistics are close to 0. This suggests that even 
though market betas are significant for the portfolios in the time-series regressions, there is no 
significant positive relation between market betas and average portfolio returns at the cross-sectional 
level. Again, the CAPM is rejected on the 25 size/BM portfolios based on the LRT. 

                                                 
5  The beta estimates for the unrestricted models are very similar to those for the restricted models, and thus are not reported 

in tables. 
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Table 2: Beta Estimates for Restricted Asset Pricing Models 
 
Panel A: Industry Portfolios 
 

 CAPM Fama-French three-factor model CCAPM 
(noncontemporaneous) 

Portfolio α βm R2 α βm s h R2 α βc R2 
G1 0.002 1.366*** 0.43 -0.002 0.99*** 0.00 0.13 0.39 0.014 4.200*** 0.04 
 (0.14) (10.01) 0 (-0.19) (7.69) (-0.01) (0.76)  (0.75) (2.10) 0 
G2 -0.002 1.033*** 0.77 -0.001 1.07*** -0.12*** 0.04 0.75 0.014 1.724 0.02 
 (-0.41) (20.71) 0 (-0.09) (16.56) (-2.78) (0.43)  (1.25) (1.49) 0 
G3 0.000 1.091*** 0.70 0.002 1.02*** 0.06 -0.03 0.64 0.020* 1.149 0.00 
 (-0.07) (17.54) 0 (0.21) (12.37) (1.10) (-0.25)  (1.65) (0.90) 0 
G4 0.006 0.940*** 0.70 0.003 1.01*** -0.05 -0.01 0.69 0.015 2.638*** 0.05 
 (1.24) (17.35) 0 (0.40) (14.37) (-1.05) (-0.08)  (1.48) (2.43) 0 
G5 0.011 0.964*** 0.59 0.017** 0.92*** -0.1 -0.22* 0.52 0.019 3.092*** 0.05 
 (1.71) (13.66) 0 (1.99) (9.66) (-1.55) (-1.77)  (1.62) (2.56) 0 
G7 0.007 0.753*** 0.13 0.002 0.84*** 0.02 0.12 0.11 0.017 1.426 0.00 
 (0.43) (4.46) 0 (0.08) (3.42) (0.12) (0.38)  (0.86) (0.70) 0 
G10 0.012 1.415*** 0.46 0.006 1.63*** 0.14 0.33 0.45 0.034* 2.463 0.00 
 (0.99) (10.60) 0 (0.34) (8.82) (1.14) (1.38)  (1.74) (1.20) 0 
G11 0.021 0.654*** 0.23 0.007 0.98*** 0.27*** 0.17 0.46 0.023* 2.605** 0.02 
 (2.18) (6.29) 0 (0.68) (8.25) (3.26) (1.08)  (1.88) (1.98) 0 
G12 0.009 0.788*** 0.60 0.01 0.93*** -0.12*** 0.04 0.65 0.016* 2.135** 0.04 
 (1.66) (13.93) 0 (1.57) (13.41) (-2.62) (0.42)  (1.74) (2.16) 0 
G13 0.011 0.794*** 0.43 0.005 0.94*** -0.09 0.3*** 0.54 0.016 2.598** 0.04 
 (1.44) (10.08) 0 (0.57) (10.72) (-1.45) (2.61)  (1.47) (2.22) 0 
G14 0.008 0.881*** 0.52 0.006 0.82*** 0.09 -0.04 0.46 0.015 2.682** 0.04 
 (1.14) (11.90) 0 (0.72) (8.47) (1.38) (-0.34)  (1.36) (2.25) 0 
G15 0.017 0.806*** 0.26 0.002 1.09*** 0.18* 0.42** 0.37 0.030** 1.048 0.00 
 (1.47) (6.78) 0 (0.13) (7.25) (1.70) (2.16)  (2.00) (0.67) 0 
G16 0.009 0.996*** 0.54 0.012 1.00*** -0.17*** 0.14 0.55 0.018 3.039** 0.04 
 (1.25) (12.45) 0 (1.39) (10.86) (-2.71) (1.16)  (1.45) (2.32) 0 
G17 0.005 0.948*** 0.69 0.005 1.08*** 0.03 0.06 0.72 0.021** 1.113 0.00 
 (0.90) (17.24) 0 (0.78) (15.40) (0.55) (0.64)  (1.98) (0.99) 0 
G18 0.012 1.143*** 0.41 0.004 1.42*** 0.03 0.26 0.55 0.022 3.453** 0.02 
 (1.11) (9.63) 0 (0.35) (10.77) (0.34) (1.51)  (1.33) (2.00) 0 
G19 0.008 1.262*** 0.61 0.009 1.16*** -0.01 -0.07 0.63 0.017 4.183*** 0.05 
 (0.99) (14.34) 0 (1.02) (12.29) (-0.08) (-0.57)  (1.16) (2.70) 0 
G20 0.013 0.455*** 0.41 0.01* 0.52*** 0.01 0.15** 0.43 0.017*** 1.275* 0.03 
 (2.96) (9.57) 0 (1.93) (9.26) (0.18) (2.09)  (2.58) (1.90) 0 
G24 0.019 0.958*** 0.31 0.01 0.94*** 0.12 0.21 0.31 0.023 3.703** 0.03 
 (1.64) (7.72) 0 (0.82) (6.77) (1.23) (1.18)  (1.46) (2.24) 0 
G25 0.001 1.105*** 0.40 -0.003 0.92*** 0.57*** -0.11 0.53 0.021 1.257 0.00 
 (0.11) (9.35) 0 (-0.22) (6.59) (6.01) (-0.61)  (1.31) (0.73) 0 
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Panel B: 25 Size/BM Portfolios 
 

 CAPM Fama-French three-factor model CCAPM 
(noncontemporaneous) 

Portfol
io 

α βm R2 α βm s h R2 α βc R2 

S5B1 -0.003 1.015*** 0.79 0.003 1.00*** -0.07* -0.25*** 0.83 0.007 3.410*** 0.02 
 (-0.73) (18.98) 0 (0.74) (19.73) (-1.97) (-3.79) 0 (0.58) (2.51) 0 
S5B2 0.004 1.033*** 0.85 0.005 1.06*** -0.05* -0.03 0.85 0.014 3.585*** 0.06 
 (1.04) (23.15) 0 (1.16) (23.12) (-1.68) (-0.55) 0 (1.31) (2.72) 0 
S5B3 0.014*** 1.003*** 0.74 0.009 1.04*** 0.09** 0.10 0.74 0.022* 3.722*** 0.01 
 (2.54) (15.91) 0 (1.54) (16.30) (1.99) (1.24) 0 (1.90) (2.65) 0 
S5B4 0.022*** 0.877*** 0.49 0.008 1.01*** -0.01 0.49*** 0.58 0.027** 3.818*** 0.01 
 (2.78) (9.44) 0 (1.06) (11.65) (-0.09) (4.40) 0 (2.16) (2.54) 0 
S5B5 0.033*** 0.966*** 0.33 0.010 1.18*** -0.05 0.91*** 0.52 0.039*** 4.110*** 0.05 
 (2.69) (6.64) 0 (0.85) (9.50) (-0.59) (5.64) 0 (2.38) (2.07) 0 
S4B1 -0.015 1.169*** 0.54 -0.013 0.98*** 0.39*** -0.18 0.71 -0.002 3.246* 0.02 
 (-1.59) (10.70) 0 (-1.52) (10.57) (6.16) (-1.49) 0 (-0.13) (1.73) 0 
S4B2 0.004 0.991*** 0.61 -0.003 0.93*** 0.32*** 0.16* 0.75 0.012 3.543*** 0.05 
 (0.57) (12.33) 0 (-0.55) (13.77) (7.01) (1.81) 0 (0.99) (2.36) 0 
S4B3 0.007 0.975*** 0.60 -0.002 0.94*** 0.28*** 0.23*** 0.71 0.015 3.602*** 0.06 
 (1.00) (12.07) 0 (-0.31) (13.14) (5.69) (2.52) 0 (1.22) (2.43) 0 
S4B4 0.010* 0.914*** 0.63 0.003 0.93*** 0.18*** 0.20*** 0.68 0.016 3.630*** 0.07 
 (1.72) (12.90) 0 (0.44) (13.55) (3.79) (2.30) 0 (1.48) (2.71) 0 
S4B5 0.026*** 0.867*** 0.40 0.007 0.93*** 0.32*** 0.57*** 0.56 0.030*** 3.948*** 0.10 
 (2.78) (7.88) 0 (0.79) (9.68) (4.90) (4.57) 0 (2.35) (2.52) 0 
S3B1 -0.034*** 1.143*** 0.40 -0.028*** 0.79*** 0.68*** -0.39*** 0.78 -0.021 2.865 0.02 
 (-2.68) (7.74) 0 (-3.16) (8.16) (10.23) (-3.14) 0 (-1.18) (1.33) 0 
S3B2 0.002 1.025*** 0.39 -0.005 0.85*** 0.69*** 0.01 0.80 0.010 3.489* 0.02 
 (0.20) (7.99) 0 (-0.70) (10.88) (12.83) (0.05) 0 (0.63) (1.80) 0 
S3B3 0.012 0.869*** 0.39 0.000 0.77*** 0.60 0.17* 0.78 0.016 3.597** 0.02 
 (1.21) (7.83) 0 (0.04) (11.17) (12.81) (1.87) 0 (1.13) (2.17) 0 
S3B4 0.020*** 0.776*** 0.37 0.004 0.76*** 0.51*** 0.38*** 0.70 0.022* 3.749*** 0.04 
 (2.30) (7.53) 0 (0.62) (10.26) (10.11) (3.94) 0 (1.82) (2.50) 0 
S3B5 0.026*** 0.902*** 0.36 0.004 0.87*** 0.67*** 0.55*** 0.78 0.031** 3.929** 0.05 
 (2.47) (7.22) 0 (0.62) (11.61) (13.07) (5.64) 0 (2.10) (2.22) 0 
S2B1 0.016 1.458*** 0.29 0.009 1.17*** 1.18*** -0.28 0.75 0.032 3.936 0.00 
 (0.78) (6.22) 0 (0.68) (8.11) (11.90) (-1.49) 0 (1.20) (1.20) 0 
S2B2 0.041** 1.203*** 0.25 0.020* 1.06*** 1.19*** 0.21 0.77 0.051** 4.358 0.03 
 (2.22) (5.56) 0 (1.79) (8.66) (14.26) (1.35) 0 (2.16) (1.53) 0 
S2B3 0.026* 0.953*** 0.22 0.006 0.79*** 1.08*** 0.30*** 0.82 0.030 3.932* 0.04 
 (1.67) (5.24) 0 (0.68) (8.84) (17.58) (2.56) 0 (1.54) (1.66) 0 
S2B4 0.031*** 0.945*** 0.28 0.008 0.86*** 0.93*** 0.46*** 0.85 0.035** 4.022* 0.04 
 (2.36) (6.08) 0 (1.23) (11.79) (18.79) (4.89) 0 (2.05) (1.93) 0 
S2B5 0.032*** 1.110*** 0.35 0.005 1.03*** 0.92*** 0.62*** 0.85 0.041** 4.117* 0.01 
 (2.38) (7.03) 0 (0.78) (13.53) (17.52) (6.31) 0 (2.21) (1.83) 0 
S1B1 0.089*** 1.296*** 0.13 0.050*** 1.14*** 2.02*** 0.41* 0.76 0.097*** 5.289 0.01 
 (2.91) (3.64) 0 (2.95) (6.13) (15.77) (1.68) 0 (2.74) (1.23) 0 
S1B2 0.084*** 1.123*** 0.10 0.055*** 0.97*** 1.92*** 0.07 0.74 0.087*** 5.029 -0.01 
 (2.83) (3.22) 0 (3.10) (4.99) (14.45) (0.26) 0 (2.51) (1.20) 0 
S1B3 0.094*** 1.130*** 0.17 0.052*** 1.12*** 1.64*** 0.68*** 0.80 0.097*** 5.276 0.01 
 (3.90) (4.02) 0 (4.22) (8.34) (17.81) (3.91) 0 (3.55) (1.60) 0 
S1B4 0.079*** 1.010*** 0.15 0.041*** 0.99*** 1.47*** 0.63*** 0.75 0.079*** 4.869 -0.02 
 (3.56) (3.90) 0 (3.23) (7.05) (15.38) (3.49) 0 (3.08) (1.56) 0 
 S1B5 0.093*** 1.126*** 0.20 0.050*** 1.15*** 1.54*** 0.77*** 0.88 0.097*** 5.268* 0.00 
 (4.28) (4.43) 0 (5.58) (11.62) (22.76) (5.99) 0 (3.93) (1.75) 0 

Notes: This table shows time-series regression results of the Black version of asset pricing models on test assets. The 
time-series regression equation for the CAPM is 

, , , 1, ...,,i t i i m t i tR R i Nα β ε= + + = , 
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where ,i tR  is the excess stock returns on portfolio i, ,m tR is the return on the market portfolio. The time-series 
regression equation for the Fama-French three-factor model is 

, , , 1, ...,,i t i i m t i t i t i tR R s SMB h HML i Nα β ε= + + + + =  
where tSMB and tHML are size and value factors, respectively. The time-series regression equation for the non-
contemporaneous CCAPM, in which consumption growth is related to asset returns lagged by two quarters, is 

, 2 , 1, ...,,i t i i t i tR C i Nα β ε
+

= + Δ + = , 
where 2tC

+
Δ is the real per capita consumption growth at t+2. Estimation is by the maximum likelihood method 

with the restricted equation is ( )γ= −α ι β for each model. The reported intercept and beta estimates are from the 
restricted regressions. The corresponding t-statistics are reported below the coefficients in parentheses and the 

adjusted 
2

R  are also reported. ***, **, * indicate the coefficients are statistically significant at 1%, 5%, and 10%, 
respectively. 
The test assets in Panel A are industry portfolios and the sample starts from 1974Q1 through 2006Q4. 
The test assets in Panel B are 25 Fama-French size/BM portfolios and the sample starts from 1982Q1 through 
2006Q4. 

 
Table 3: Estimating and Testing of Restricted Asset Pricing Models 
 
Panel A: Industry Portfolios 
 

Zero-Beta Rate Factor Risk Premium LRT Model 
γ0 λm λs λh λc χ2 (p-value) 

0.014*** 0.010    31.53** CAPM (2.49) (1.05)    (0.02) 
0.000 0.026*** 0.017 0.022***  30.19** Fama-French three-

factor model (-0.04) (2.57) (1.26) (2.43)  (0.04) 
0.017***    0.005** 5.67 CCAPM 

(noncontempo-raneous) (3.31)    (2.27) (1.00) 
 
Panel B: 25 Size/BM Portfolios 
 

Zero-Beta Rate Factor Risk Premium LRT Model 
γ0 λm λs λh λc χ2 (p-value) 

0.025** 0.001    109.46*** CAPM 
(2.30) (0.05)    (0.00) 

Fama-French three-
factor model -0.009*** 0.034*** 0.026** 0.030***  73.72*** 
 (-7.49) (4.16) (2.08) (4.43)  (0.00) 
CCAPM 
(noncontempo-raneous) -0.160    0.053** 20.80 
 (-1.57)    (2.15) (0.59) 

Notes: This table reports the estimated returns on the zero-beta asset, the estimates of factor risk premium and the log 
likelihood ratio test (LRT) statistics for restricted asset pricing models. The models are the CAPM, the Fama-
French three-factor model, and the noncontemporaneous CCAPM in which consumption growth is related to asset 
returns lagged by two quarters. See Notes to Table 2 for the model specifications. Estimation is by the maximum 
likelihood method with the restricted equation is ( )γ= −α ι β for each model. Below the coefficient estimates are 
reported their associated t-statistics in parentheses. The null hypothesis of the LRT is that the restrictions for the 
model hold across test assets. The LRT is a chi-square statistic with N-K-1 degrees of freedom where N is the 
number of test assets and K is the number of factors, and its associated p-value is reported in parentheses. 
***, **, * indicate that the coefficient estimates (or the LRT statistics) are statistically significant at 1%, 5%, and 
10%, respectively. 
The test assets in Panel A are industry portfolios. The sample starts from 1974Q1 through 2006Q4. 
The test assets in Panel B are 25 Fama-French size/BM portfolios. The sample starts from 1982Q1 through 
2006Q4. 
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5.2. Fama-French Three-Factor Model 

Size and book-to-market ratios are documented to be relevant in explaining the cross-sectional 
variation in US stock returns (Fama and French, 1992). This explanatory power has also been 
documented in other markets (see Chen and Zhang, 1998; Fama and French, 1998). I now examine the 
performance of the Black version of the Fama-French three-factor model. Panel A of Table 2 and Panel 
A of Table 3 report estimation results for industry portfolios, and Panel B of Table 2 and Panel B of 
Table 3 report estimation results for 25 size/BM portfolios. The time-series estimation equation for the 
Fama-French three factor model is 

, , , ,i t i i m t i t i t i tR R s SMB h HMLα β ε= + + + +  
where tSMB is the size factor and tHML is the value factor. The results show that, in terms of the 
adjusted 2R  statistics, adding two additional factors into the CAPM does not improve the model’s 
power to explain the time-series variation in returns on the industry portfolios. Few beta estimates for 
the size and value factors are positive and statistically significant. In contrast, for the 25 size/BM 
portfolios, the Fama-French three-factor model generally improves the model’s explanatory power 
compared to the CAPM. Most of the adjusted 2R  statistics are between 70% and 80%. Furthermore, 
most beta estimates for the size factor and value factor are positive and significant. 

Panel B of Table 3 shows that the factor risk premium is 0.026 for the size factor (t-statistic of 
2.08) and 0.03 for the value factor (t-statistic of 4.43), which suggests that the size and value factors 
are priced for the 25 size/BM portfolios. Nevertheless, the LRT statistics for both the industry 
portfolios and size/BM portfolios are significant at the 5% level, indicating the restriction is rejected 
and thus the Fama-French three-factor model is not supported. This suggests that the model cannot 
explain the cross-sectional variation in average portfolio returns across both the industry portfolios and 
the size/BM portfolios. 
 
5.3. Linearised Contemporaneous CCAPM 

Next, I consider a linearised version of the classic CCAPM. The time-series regression equation is 
(15), and the restricted equation is (21). In Table A1 of Appendix, I report consumption beta estimates 
of 19 industry portfolios for the contemporaneous CCAPM in which portfolio returns have a linear 
relation with consumption growth. All the beta estimates are statistically insignificant (the absolute 
values of t-statistics are all below 0.5). Furthermore, the adjusted 2R  statistics are close to zero. This 
suggests that portfolio returns are insensitive to the contemporaneous consumption growth, and 
therefore the non-contemporaneous relationship should be explored. The risk premium for the 
consumption factor is also insignificant at conventional significance levels. Similar patterns are 
revealed for the 25 size/BM portfolios as shown in Table A2 of Appendix. In short, the CCAPM on the 
contemporaneous basis does not provide any explanation for the variation in portfolio returns. 
Consistent with Faff and Oliver (1998), the results are “very unflattering to the CCAPM”. 
 
5.4. Linearised Noncontemporaneous CCAPM 

One issue associated with the CCAPM is that consumption data are smoothed due to the data collection 
nature; by contrast, stock returns can quickly respond to news released to the market. Poon and Taylor 
(1991) find that stock prices usually lead macroeconomic variables (including consumption variable). 
Parker and Julliard (2005) suggest that consumption data may be slow to respond to news and stock 
market movements. Faff and Oliver (1998) test the CCAPM using 23 Australian industry portfolios. 
They find that portfolio returns are insensitive to the contemporaneous consumption growth. However, 
when quarterly returns are measured using two monthly lagged industry index prices, they find that 
most consumption betas are positive and statistically significant. 

I now consider the CCAPM in which the noncontemporaneous relationship between portfolio 
returns and consumption growth is examined. Specifically, I investigate the relationship between 
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consumption growth and a one-month lag, a two-month lag, a one-quarter lag, a two-quarter lag and a 
three-quarter lag in portfolio returns. Most of the portfolio returns show little sensitivity to the 
consumption growth factor except the two-quarter lag in portfolios6. For brevity, I only report the 
results using the portfolio returns lagged by two quarters. Panel A of Table 2 shows that 11 out of 19 
industries have positive and statistically significant consumption beta estimates. The beta estimates 
range from 1 to 4. Compared to the contemporaneous model, the adjusted 2R statistics are higher, but 
all of them are less than 5%, which are far less than those for the CAPM and the Fama-French three-
factor model. 

As shown in Panel A of Table 3, the estimate of the expected zero-beta portfolio return γ0 is 
1.7% with a t-statistic of 3.31. The estimate is larger than the one obtained by Faff (2008), but 
comparable to the γ0 estimate for the CAPM. In addition, the risk premium for the consumption factor 
λc is statistically significant, and the annualised value is 2%, which is comparable to the finding of Faff 
and Oliver (1998) where the risk premium estimate is 1.6%. The null hypothesis of the LRT test is that 
the CCAPM holds and the restricted equation is valid. The LRT is χ2 distributed with 17 degrees of 
freedom. The table shows that the p-value of the LRT test statistic is close to 1, which lends further 
support to the CCAPM7. This result is consistent with Faff’s (1998) findings for the period from 
1974Q2 to 1992Q4: the CCAPM is well supported using industry portfolio data. 

Both Panels B in Table 2 and Table 3 show estimation results for the Black CCAPM on the 25 
size/BM portfolios. The beta estimates for the smaller size groups (S1 and S2) in the size/BM 
portfolios are generally larger than in the industry portfolios. As seen in Table 1, the average portfolio 
returns in the smaller size groups are larger than in other groups and industry portfolios, and thus 
higher beta estimates in the smaller size groups may signal the positive consumption risk-return 
relationship. γ0 is statistically insignificant, implying that a risk-free version of the CCAPM is more 
appropriate. The estimate for the consumption factor λc is statistically significant at conventional 
significance levels, suggesting that consumption beta is useful in explaining the difference in average 
returns across the 25 size/BM portfolios. Moreover, the LRT test shows that the CCAPM is not 
rejected for the 25 size/BM portfolios, providing further evidence in favour of the CCAPM. 

To summarise, the results provide support for the CCAPM in Australia when portfolio returns 
lagged by two quarters are used. Breeden, Gibbons and Litzenberger (1989) also find favourable 
support for the CCAPM in the US. The positive estimate of market price of consumption risk implies 
that expected return increases as the consumption risk increases. Furthermore, the LRT suggests that 
there is a linear equality between reward and risk implied by the CCAPM. 
 
 
6.  Conclusion 
This study provides an empirical examination of the Black version of the classic CCAPM using the 
maximum likelihood estimation method. I extend the studies of Faff and Oliver (1998) and Faff (1998) 
by employing more recent data and utilising 25 size/BM portfolios as well as industry portfolios. In 
comparison, I also provide estimation results for the CAPM and the Fama-French three-factor model. 

There is evidence that the market factor in the CAPM can explain the time-series variation in 
returns on both the industry portfolios and the 25 size/BM portfolios, and the size and value factors in 
the Fama-French three-factor model can explain the time-series variation in returns on the 25 size/BM 
portfolios. However, neither model is supported in the restriction tests. In other words, the factors in 
these models cannot explain the cross-sectional variation in average portfolio returns. 

I find that portfolio returns are insensitive to the consumption factor when consumption growth 
is measured contemporaneously, which is consistent with the findings of Faff and Oliver (1998). By 
contrast, two-quarter lagged portfolio returns show a much stronger relationship with current 

                                                 
6  Little sensitivities of portfolio returns to consumption growth are found using the two-month lag in industry portfolio, 

which is inconsistent with the finding of Faff and Oliver (1998). 
7  It may be due to the fact that the tests lack of power as the consumption betas are imprecisely estimated (Faff, 1998). 
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consumption growth for both the 19 industry portfolios and the 25 size/BM portfolios. The results 
support Faff and Oliver’s (1998, p.516) suggestion that “non-contemporaneous relationships must be 
examined in studies which seek to uncover links between stock markets and macroeconomic 
variables”. Nevertheless, the CCAPM is inferior to the CAPM and the Fama-French three-factor model 
in the time-series regressions, as the model has far less power in explaining the variation in portfolio 
returns. 

In the restricted estimation tests, I find a statistically positive estimate of the market price of 
consumption risk. This implies that an asset’s expected return increases as its consumption risk 
increases. I perform log likelihood ratio tests of the null hypothesis that the CCAPM holds and the 
restricted equation is valid. The results show that using the lagged portfolio returns, the CCAPM is 
generally not rejected for both the industry portfolios and the 25 size/BM portfolios. This supports a 
linear equality between reward and risk implied by the CCAPM. 

The study has several practical implications. The evidence that the CCAPM is supported 
suggests that the CCAPM can be useful for investors and financial managers in determining cost of 
capital, evaluating portfolio performance and making investment decisions. Regulators can also use the 
model to assess the risk of a particular firm or industry in setting the upper limit of the price the firm or 
industry can charge. 

However, there are several issues limiting the practical application of the CCAPM. First, 
consumption data are usually sampled at a quarterly frequency, and thus the observations are relative 
small and the model might not be appropriate for use in short-term decisions. Second, the estimation 
and testing of the CCAPM may be biased as consumption data suffer from the “summation bias” and 
measurement error problems, or “many consumers do not actively take part in the stock market” as 
argued by Mankiw and Shapiro (1986, p.458). Finally, the explanatory power of the consumption 
factor to explain the time-series variation in stock returns is low. 
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Appendix: Linearised Contemporaneous CCAPM 
 
Table A1: Industry Portfolios 
 

Unrestricted Model Restricted Model Industry α β R2 α β R2 
G1 0.049*** -3.054 0.02 0.049*** -3.089 0.02 
 (2.58) (-1.53) 0 (2.59) (-1.55) 0 
G2 0.025** -0.479 0.00 0.024** -0.381 0.00 
 (2.26) (-0.42) 0 (2.22) (-0.33) 0 
G3 0.025** 0.098 0.00 0.025** -0.007 0.00 
 (2.06) (0.08) 0 (2.10) (-0.01) 0 
G4 0.029*** -0.034 0.00 0.030*** -0.254 0.00 
 (2.76) (-0.03) 0 (2.86) (-0.23) 0 
G5 0.036*** -0.355 0.00 0.038*** -0.766 0.00 
 (3.11) (-0.29) 0 (3.28) (-0.63) 0 
G7 0.022 0.579 0.00 0.023 0.438 0.00 
 (1.14) (0.29) 0 (1.17) (0.22) 0 
G10 0.054*** -1.751 0.01 0.058*** -2.464 0.00 
 (2.85) (-0.88) 0 (3.03) (-1.23) 0 
G11 0.039*** -0.412 0.00 0.041*** -0.929 0.00 
 (3.13) (-0.32) 0 (3.32) (-0.71) 0 
G12 0.026*** 0.310 0.00 0.027*** 0.089 0.00 
 (2.76) (0.31) 0 (2.87) (0.09) 0 
G13 0.030*** -0.164 0.00 0.031*** -0.403 0.00 
 (2.73) (-0.14) 0 (2.83) (-0.35) 0 
G14 0.037*** -1.695 0.02 0.037*** -1.693 0.02 
 (3.31) (-1.44) 0 (3.31) (-1.44) 0 
G15 0.034*** 0.329 0.00 0.037*** -0.236 0.00 
 (2.34) (0.22) 0 (2.52) (-0.15) 0 
G16 0.031*** 0.456 0.00 0.033*** -0.016 0.00 
 (2.46) (0.35) 0 (2.64) (-0.01) 0 
G17 0.021** 1.180 0.01 0.023** 0.855 0.01 
 (2.03) (1.07) 0 (2.18) (0.78) 0 
G18 0.049*** -2.070 0.01 0.051*** -2.463 0.01 
 (3.05) (-1.22) 0 (3.17) (-1.45) 0 
G19 0.044*** -1.217 0.00 0.046*** -1.673 0.00 
 (2.97) (-0.78) 0 (3.11) (-1.07) 0 
G20 0.024*** -0.037 0.00 0.024*** -0.062 0.00 
 (3.71) (-0.05) 0 (3.73) (-0.09) 0 
G24 0.048*** -1.317 0.00 0.051*** -1.920 0.00 
 (3.09) (-0.80) 0 (3.26) (-1.17) 0 
G25 0.028* -0.099 0.00 0.029* -0.258 0.00 
 (1.72) (-0.06) 0 (1.76) (-0.15) 0 
       
LRT    Factor Risk Premium 
 γ0 γ1 χ2  λΔc  
 0.023*** -0.008*** 8.796  -0.003  
 (4.66) (-4.23) (0.95)  (-1.60)  

Notes: This table shows the maximum likelihood estimation results of the Black version of the classic CCAPM on the 
industry portfolios. The contemporaneous relationships between asset returns and consumption growth are 
examined. Unrestricted and restricted estimation results are presented. The unrestricted estimation equation 
is , ,i t i i i i tR Cα β ε+ Δ += , where ,i tR  is the excess stock returns on portfolio i, iCΔ is the real per capita consumption 

growth at t. The restricted equation is ( )γ= −α ι β . The estimated coefficients for the intercept and beta are reported 
and the corresponding t-values are reported below the coefficients. The adjusted R2 are also reported. The 
estimated return on the zero-beta asset and the log likelihood ratio test for the restriction are given on left-side of 
the bottom of the table. The estimated factor risk premium and its associated t-statistic are given on the right-side 
of the bottom of the table. The sample starts from 1974Q1 through 2006Q4. ***, **, * indicate the coefficients are 
statistically significant at 1%, 5%, and 10%, respectively. 
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Table A2: 25 size/BM portfolios 
 

Unrestricted Model Restricted Model 
Portfolio α β R2 α β R2 
S5B1 0.027*** -1.011 0.01 0.021* 0.431 -0.01 
 (2.42) (-0.76) 0 (1.81) (0.32) 0 
S5B2 0.032*** -0.379 0.00 0.029*** 0.330 0.00 
 (2.90) (-0.29) 0 (2.60) (0.25) 0 
S5B3 0.035*** 0.853 0.00 0.038*** 0.219 0.00 
 (3.06) (0.63) 0 (3.32) (0.16) 0 
S5B4 0.047*** -0.614 0.00 0.044*** 0.133 0.00 
 (3.84) (-0.42) 0 (3.55) (0.09) 0 
S5B5 0.052*** 1.327 0.00 0.058*** -0.036 0.00 
 (3.12) (0.67) 0 (3.50) (-0.02) 0 
S4B1 0.025 -2.175 0.01 0.013 0.523 -0.02 
 (1.62) (-1.18) 0 (0.80) (0.28) 0 
S4B2 0.031*** -0.372 0.00 0.028** 0.346 0.00 
 (2.47) (-0.25) 0 (2.20) (0.23) 0 
S4B3 0.037*** -1.022 0.00 0.030*** 0.304 -0.01 
 (2.95) (-0.70) 0 (2.44) (0.21) 0 
S4B4 0.037*** -0.728 0.00 0.032*** 0.280 -0.01 
 (3.28) (-0.54) 0 (2.86) (0.21) 0 
S4B5 0.054*** -1.125 0.01 0.048*** 0.076 0.00 
 (3.99) (-0.71) 0 (3.56) (0.05) 0 
S3B1 0.003 -1.639 0.01 -0.008 0.799 -0.01 
 (0.17) (-0.77) 0 (-0.46) (0.37) 0 
S3B2 0.026 0.606 0.00 0.027* 0.367 0.00 
 (1.58) (0.32) 0 (1.65) (0.19) 0 
S3B3 0.041*** -1.679 0.01 0.032*** 0.272 -0.01 
 (3.02) (-1.03) 0 (2.34) (0.17) 0 
S3B4 0.044*** -0.783 0.00 0.039*** 0.192 0.00 
 (3.50) (-0.53) 0 (3.13) (0.13) 0 
S3B5 0.062*** -2.670 0.02 0.049*** 0.046 -0.01 
 (4.22) (-1.54) 0 (3.31) (0.03) 0 
S2B1 0.072*** -4.126 0.02 0.053** -0.015 -0.01 
 (2.70) (-1.31) 0 (1.97) (-0.00) 0 
S2B2 0.087*** -3.220 0.01 0.073*** -0.266 0.00 
 (3.70) (-1.16) 0 (3.09) (-0.10) 0 
S2B3 0.063*** -2.761 0.01 0.050*** 0.032 -0.01 
 (3.20) (-1.18) 0 (2.52) (0.01) 0 
S2B4 0.064*** -1.715 0.01 0.056*** -0.029 0.00 
 (3.65) (-0.83) 0 (3.19) (-0.01) 0 
S2B5 0.077*** -3.551* 0.03 0.061*** -0.116 -0.01 
 (4.24) (-1.65) 0 (3.31) (-0.05) 0 
S1B1 0.149*** -5.798 0.02 0.126*** -0.980 0.00 
 (4.27) (-1.41) 0 (3.60) (-0.24) 0 
S1B2 0.144*** -6.740* 0.03 0.117*** -0.868 0.00 
 (4.28) (-1.69) 0 (3.43) (-0.22) 0 
S1B3 0.129*** -1.325 0.00 0.127*** -0.947 0.00 
 (4.73) (-0.41) 0 (4.66) (-0.29) 0 
S1B4 0.118*** -2.835 0.01 0.108*** -0.715 0.00 
 (4.64) (-0.95) 0 (4.24) (-0.24) 0 
S1B5 0.135*** -2.906 0.01 0.126*** -0.952 0.00 
 (5.53) (-1.01) 0 (5.15) (-0.33) 0 
LRT    Factor Risk Premium  
 γ0 γ1 χ2  λΔc  
 0.055 -0.077 32.267*  -0.072  
 (0.78) (-1.59) (0.09)  (-1.50)  

Notes: This table shows the maximum likelihood estimation results of the Black version of the classic CCAPM on the 25 
size/BM portfolios. The contemporaneous relationships between asset returns and consumption growth are 
examined. The sample is from 1982Q1 to 2006Q4. 


