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Risk and return: CAPM and CCAPM
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Abstract

Can consumption growth risk (or consumption beta) serve a better measure of risk than market
beta? This paper answers this question by testing and comparing the performance of the traditional
Capital Asset Pricing Model (CAPM) and consumption-based CAPM (CCAPM) across seven financial
market sub-sectors in the emerging Taiwan stock market. The empirical performance of the CAPM is
encouraging. The relationship between stock returns and beta is statistically significant and the coefficient
of determination of the regression is high across all of seven industry sub-sectors. In comparison, the
CCAPM fails to explain the Taiwan stock market although the consumption beta should offer a better
measure of systematic risk theoretically.
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1. Introduction

Measuring the systematic (market or nondiversifiable) risk plays a critical role in the theories
of capital asset pricing. The standard Lintner–Sharpe Capital Asset Pricing Model (CAPM)
(Lintner, 1965; Sharpe, 1964) measures the risk of a security by the security’s covariance with
the stock market return. This covariance is the so-called market beta. The individual security’s
expected return simply equals the risk-free rate plus the value of the market beta times the
risk premium. In other words, the expected equity premium (excess return) is proportional to
the market beta. In comparison, the standard consumption-based CAPM (CCAPM) (Breeden,
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1979; Lucas, 1978) measures the risk of a security by the covariance of its return with per capita
consumption. This covariance is known as the consumption beta. The expected equity premium
here is proportional to the consumption beta. Hence, beta measures the systematic tendency of
individual securities to follow the market movements.

It is believed that riskier assets must earn a higher expected return to give investors an
incentive to hold them. The CAPM quantifies such a relationship between risk and return. Due
to its mathematically simple form of relation between risk and return, the CAPM has been widely
used in the financial industry, for example, in a firm’s capital budgeting, portfolio construction
and project evaluations. Policymakers also employ the CAPM to measure the effect of policy
change on risk.

On the other hand,Mankiw and Shapiro (1986)argued that the consumption beta should
offer a better measure of systematic risk. Their rationale is that the consumption beta should
be preferable on theoretical grounds. First, it incorporates the intertemporal nature of portfolio
decisions, as inMerton (1973)andBreeden (1979). Second, it implicitly incorporates other
forms of wealth beyond stock market wealth that are relevant for measuring systematic risk
in principle. Kocherlakota (1996)also asserted that the CCAPM is actually more important
than the CAPM due to its integral role in modern macroeconomics and international eco-
nomics. Nonetheless, the existing literature reports that the CCAPM of the standardLucas
(1978)cannot explain the asset returns in U.S. (Hansen & Singleton, 1982; Mehra & Prescott,
1985; Mankiw & Zeldes, 1991; Campbell, 1993, 1996; Kocherlakota, 1996) and in the in-
ternational stock markets (Cumby, 1990). In contrast to the findings in the above literature,
Hamori (1992)found that the CCAPM does explain the Japanese asset markets. He argued that
the CCAPM can explain the Japanese asset markets but not the asset returns in U.S. probably
due to institutional differences between two countries, such as tax distortion and monetary
factors.

Based on the implication that assets with higher systematic risk should yield high mean
returns,Mankiw and Shapiro (1986)empirically tested whether high market and consumption
beta stocks also earn higher returns working with U.S. data. They found that the traditional
CAPM accounts for the excess returns better than the CCAPM ofLucas (1978)with a standard
CRRA power utility function.

Most of the empirical tests of the CAPM and CCAPM have been only conducted for devel-
oped financial markets. This study alternatively examines whether consumption beta can serve
a better measure of risk than market beta in the emerging Taiwan stock market. We evaluate the
CAPM and CCAPM based on their exact pricing performance across seven different industry
(or financial) sub-sectors in the Taiwan stock market over the period July 1991 to March 2000.
The emerging financial market in Taiwan is historically characterized by extremely high equity
returns and high volatility. The financial market behavior generally differs from that in the U.S.
or other developed counties. Hence, the study of pricing performance of CAPM and CCAPM
in the Taiwan stock market can empirically provide another comparative examination of both
models.

Note that our motivation for testing the performance of the CAPM and CCAPM is in line
with Mankiw and Shapiro (1986), namely, to examine a better measure of systematic risk
and develop a closer linkage between asset market and economic fundamentals. This view is
also consistent with the Arbitrage Pricing Theory (APT) ofRoss (1976)and the models of
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Merton (1973), Cox, Ingersoll, and Ross (1985), Chen, Roll, and Ross (1986), andCochrane
(1996).

We use the traditional single market factor CAPM model to examine its pricing performance
in the seven industry sub-sectors working with historical data on stock price indices and cash
dividends from each sector. Based on the CAPM with market segmentation, the expected sector
returns rely on the covariance between the sector returns and the market return. For CCAPM,
we exploit the representative agent model of asset returns ofLucas (1978). Particularly, we
employ theLucas (1978)model with the endowment growth rate following a first-order Gaus-
sian autogressive process based onBurnside (1998). This framework offers exact closed-form
solution for the price-dividend ratio in theLucas (1978)model, which in turn can be used to
generate the exact theoretical asset returns. The CCAPM used below describes the asset returns
in seven industry sectors based on their respective dividend data. We then compare the realized
asset returns with those implied by the CAPM and CCAPM in each sector to see which model
does a better job of explaining the cross-sectional and time-series variation of stock returns in
Taiwan.

As in Chen et al. (1986), we also perform a joint hypothesis test of whether the market risk
and/or consumption growth is significantly related to asset returns assuming a linear relationship
between returns and/or risk and consumption growth.Asprem (1989)employed imports as a
measure of consumption to alternatively examine the CCAPM. We also follow his approach to
assess the CAPM and CCAPM from a different prospective. The simple form of the CCAPM
here,ad hoc linear consumption growth factor models, can be considered as the linearized
version of the consumption-based model inBrown and Gibbons (1985)or the consumption
growth factor model inCochrane (1996).

The paper is organized in six sections.Section 2briefly describes the CAPM, CCAPM, and
two alternative joint hypotheses tests based onChen et al. (1986)andAsprem (1989). Section 3
discusses the historical data across the seven financial sectors and the stock market as a whole
in Taiwan.Section 4summarizes the empirical results.Section 5compares the performance
of the CAPM and CCAPM in explaining the observed equity returns.Section 6concludes the
paper with a discussion of the main findings of the study.

2. Asset pricing models

2.1. CAPM

Based on the traditional static CAPM, it is well known that the expected return on an asset
i, E(Ri), equals:

E(Ri) = Rf + βi[E(Rm)− Rf ], (1)

whereRf is the risk-free interest rate,E denotes the expectation operator,E(Rm) is the expected
market return andβi is the market beta, a measure of the systematic risk of asseti:1

βi = cov(Ri, Rm)

var(Rm)
. (2)



372 M.-H. Chen / The Quarterly Review of Economics and Finance 43 (2003) 369–393

We can simply regress excess stock returns on the market risk premium to estimateβi, which
is equivalent to the slope of the following regression:2

Ri − Rf = β̂i(Rm − Rf )+ εi. (3)

The matrix notation of the general stochastic linear regression (3) for each financial sector
can be given by:

r = MΓ + e, (4)

wherer is aT ×1 vector of observed excess stock returns, theT ×1 regressor matrixM contains
the variable of market premium,Γ is a 1× 1 vector of unknown market beta parameters,e is a
T × 1 vector of random errors with a zero mean and constant varianceσ2, i.e.,e ∼ (0, σ2IT ),
andT is the number of observations.

Consequently, the ordinary least squares (OLS) estimatorb, (M′M)–1M′r, is unbiased and
efficient and its covariance matrix equalsσ2(M′M)–1. However, when heteroskedasticity or
autocorrelation or both exist in the errorse, the covariance matrix forb is no longer equal
to σ2(M′M)−1. The least squares estimatorb is not efficient any more and the standard er-
rors computed for the least squares estimatorb are not appropriate either. Hence, the con-
fidence intervals and hypothesis tests based on inappropriate standard errors could be
misleading.

To account for the presence of both heteroskedasticity and autocorrelation,Newey and West
(1987)proposed an alternative that can yield consistent estimates of the covariance matrix,
which equals:

(M ′M)−1Ω(M ′M)−1 (5)

where

Ω =
{

T∑
t=1

e2
t mtm

′
t +

q∑
i

(
1 − i

q+ 1

) T∑
t=i+1

(mtetet−im′
t−i +mt−iet−ietm′

t)

}
, (6)

et is the least squares residual, and the truncation lagq is the number of autocorrelations
used to approximate the dynamics of the residualset, which equals 4(T/100)2/9 following the
suggestion ofNewey and West (1987).

As Cochrane (1996, p. 591) noted, it is usually advised that we should make sure the point
estimates that correct standard errors for residual heteroskedasticity and correlation are not
significantly different from the OLS estimates.

2.2. CCAPM

Lucas (1978)examined the stochastic behavior of equilibrium asset prices in a one-good, pure
exchange economy with identical consumers and developed a general method of constructing
equilibrium prices. He described the economy with a representative agent having a standard
utility function, and maximizing the expected present discounted value of lifetime utility. In
this economy, the dividend payment from the aggregate stock market is equivalent to aggregate
output, which also equals aggregate consumption. Then, an exogenous consumption process
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and utility specification can be employed to derive the equilibrium stochastic discount factor
by using the necessary first-order Euler conditions for the model. Hence, asset prices can be
generated explicitly by using the exogenous consumption process and the stochastic discount
factor.

The representative agent faces the following problem:

max
ct,st+1

E0

{ ∞∑
t=0

θtU(Ct)

}
, (7)

subject to the budget constraint:

Ct + St+1Pt ≤ (Dt + Pt)St, (8)

whereCt is consumption,St represents units of the single asset,Pt the price per unit of the
asset,Dt the endowment (dividend), andθ is the discount factor (0< θ < 1).

We employ the constant relative risk aversion (CRRA) utility function given by

U(C) = C1−γ

1 − γ , (9)

whereγ is the coefficient of relative risk aversion,γ > 0.
The first-order Euler equation of the model is

C
−γ
t Pt = EtθC−γ

t+1(Pt+1 +Dt+1). (10)

Since consumption equals dividends, i.e.,Ct = Dt, we can rewriteEq. (10)as

Pt = Etθ
(
Dt+1

Dt

)−γ
(Pt+1 +Dt+1). (11)

Let vt denote the price-dividend ratio,vt ≡ Pt/Dt and assume that the real dividend growth
rate,xt ≡ ln(Dt/Dt−1), stochastically follows an AR (1) process based onBurnside (1998)

xt = (1 − η)µ+ ηxt−1 + εt, (12)

with εt ∼ i.i.d.N(0, σ2) and|η| < 1 to ensure the stationarity of the AR(1) process.
Based on this framework,Burnside (1998)derived the price-dividend ratio as

vt =
∞∑
i=1

θi exp[ai + bi(xt − µ)], (13)

where

ai = µαi+ 1

2
α2

[
σ2

(1 − η)2
] [
i− 2

(
η

1 − η
)
(1 − ηi)+ η2

(
1 − η2i

1 − η2

)]
, (14)

and

bi = α
(

η

1 − η
)
(1 − ηi). (15)



374 M.-H. Chen / The Quarterly Review of Economics and Finance 43 (2003) 369–393

The condition forvt to be finite requires thatρ defined inEq. (16)be less than 1 (seeBurnside,
1998, Theorem 1)

ρ ≡ β exp

[
(1 − γ)µ+ 1

2
(1 − γ)2 σ2

(1 − η)2
]
< 1. (16)

Equilibrium gross equity returnsRt on assets held from periodt through periodt + 1 equal:

Rt =
(
Pt+1 +Dt+1

Pt

)
. (17)

Consequently, usingvt ≡ Pt/Dt andxt ≡ ln(Dt/Dt−1), the CCAPM-implied equity returns
can be represented as

Rt =
(

1 + vt+1

vt

)
exp(xt+1). (18)

2.3. Alternative assessment: Chen et al. (1986) and Asprem (1989)

Following Chen et al. (1986), we can do a joint hypotheses test of whether the market risk
and/or consumption growth rate risk are priced significantly. Since dividends are equivalent to
consumption in the standardLucas (1978)model, we do the test using the dividend growth
(DG) instead of consumption growth.

The alternative hypothesis based onChen et al. (1986)examines

Rj,t − Rf
t = β̂m

j (R
m
t − Rf

t )+ β̂c
jDGj,t + ζj,t. (19)

The null hypothesis of the CCAPM is thatβc is positive andβm equals zero.
Similarly, Asprem (1989)proposed using imports as an alternative factor for examining the

CCAPM. His rationale is that changes in imports are primarily triggered by changes in con-
sumption and investment. The increase in domestic private consumption could drive imports up
especially in those trade-oriented countries where imports account for a relatively large propor-
tion of the national GDP or GNP. The higher volatility of imports over time than consumption
should better capture the big swings in stock prices. Consequently, the growth rates of imports
(IG) could be a good proxy for consumption growth rates and a useful indicator of changes in
people’s preferences for saving.

The relevant alternative hypothesis here is

Rj,t − Rf
t = β̂m

j (R
m
t − Rf

t )+ β̂I
jIGj,t + ξj,t. (20)

The null hypothesis is thatβI is positive andβm equals zero.

3. DATA

The 4 monthly time series data covered in this study include stock price indices, dividend
payments, risk-free rates, and the consumer price index over the period July 1991 to March
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2000. Taken from the Central Bank of China publications, the market composite stock price
index is the monthly Taiwan capitalization-weighted stock index (TWSE) of the Taiwan Stock
Exchange (TSE). The monthly dividend-price yields (in percent) equal to cash dividends divided
by the stock price index are obtained from the Taiwan Stock Exchange Corporation publications.
Due to the limited availability of data, we only study seven financial market sectors based on
the TSE classification, which include cement and ceramics, construction, electrical, finance,
foods, plastic and chemicals, and textiles. For each market sector, the price indices and dividend
yields are taken from the Financial Database of the Taiwan Economic Journal. The monthly
consumer price index with the base period of June 1996 (equal to 100) is taken from the
Taiwan Statistical Data Book. Based on these four basic series, we compute real stock prices
and real dividends as well as their growth rates in order to calculate the annualized equity
returns.

Table 1provides summary statistics for the stock returns over the entire sample period in
each sector and the entire market return as a whole. In general, the historical behavior of the
stock markets in Taiwan is quite different from the U.S. The emerging market in Taiwan exhibits
extremely high equity returns and high volatility.

As shown inTable 1a, the average annualized real stock returns in the Taiwan stock market
and in each financial sector are very high ranging from 35.25% in the textiles sector to 64.13%
in the electrical sector. They are also extremely volatile. The standard deviation is 86.58% for
the entire market. For each of the seven individual sectors, the returns are more volatile than
the market as a whole. Their volatility varies from 88.84% in the cement and ceramics sector to
150.46% in the finance sector. The Sharpe ratio, given by mean returns divided by their standard
deviation, is an indicator of the relative risk-return tradeoff. The cement and ceramics sector
has the highest Sharpe ratio of 0.52, while the finance sector is the least risk-rewarding sector
with a Sharpe ratio of 0.24.

In order to test the CAPM, we calculate series of the risk premium and the equity premium
in each sector. The former equals the real stock market returns minus the real risk-free interest
rates while the latter is series equals the real equity returns in each sector minus the real risk-free
rates. We also compute the dividend growth rate as well as import growth rate series, which
are required for the joint hypotheses tests of the market beta and consumption (import) beta in
Chen et al. (1986)andAsprem (1989).

Table 1a also reports statistical tests of the null hypothesis of normality (the Lagrange Mul-
tiplier (LM) test) and of zero sample autocorrelations (Ljung–BoxQ-statistic). The skewness
test measures the asymmetry of the data distribution about the mean, while kurtosis in excess
of three implies that it is fat tailed.

The Ljung–BoxQ-statistics for the series of stock return indicate that the real stock re-
turns have no statistically significant sample autocorrelations in general, whileQ-statis-
tics for the square values of the stock returns show the possible nonlinear dependence and
presence of autoregressive conditional heteroscedasticity (ARCH) for real stock returns only
in the Composite sector. In addition, the equity returns in all sectors are positively
skewed and fat tailed. The LM test fails to reject the normality hypothesis for this series
only in the electrical, foods and textiles sectors. The autocorrelation coefficients in
Table 1b imply that there might be a seasonal at the 12-month lag in the textiles
sector.
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Table 1
Summary statistics

Sector Composite
Rm

Cement and
ceramics
Rc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicals
Rp&c

Textiles
Rtext

(a)
Sample size 105 105 105 105 105 105 105 105
Mean 43.16 46.17 44.85 64.13 36.27 35.14 43.01 35.25
Maximum 271.39 318.33 554.54 502.37 798.60 353.32 406.23 24.15
Minimum −112.30 −115.84 −176.17 −271.66 −176.53 −204.45 −187.86 −167.58
S.D. 86.58 88.84 115.73 133.94 150.46 103.79 108.92 108.91
Sharpe ratio 0.50 0.52 0.39 0.48 0.24 0.34 0.39 0.32
Skewness 0.72 (0.24) 0.62 (0.24) 1.09 (0.24) 0.37 (0.24) 2.61 (0.24) 0.22 (0.24) 0.57 (0.24) 0.43 (0.24)
Kurtosis 3.37 (0.48) 3.43 (0.48) 5.97 (0.48) 3.54 (0.48) 13.68 (0.48) 3.42 (0.48) 3.71 (0.48) 3.00 (0.48)
LM Q-statistics 9.55∗ 7.53∗ 59.51∗ 3.65 618.23∗ 1.59 7.91∗ 3.18

For R
Q(6) 10.58 2.71 4.87 2.08 3.16 3.84 2.50 5.27
Q(12) 20.19 12.45 12.67 11.46 11.84 13.18 11.58 11.10
Q(18) 35.48∗ 14.89 19.08 14.32 18.17 23.37 15.33 22.10

For R2

Q(6) 13.85∗ 1.86 1.64 3.54 0.86 4.20 3.64 8.74
Q(12) 27.56∗ 5.18 4.32 8.41 20.93 10.35 8.41 15.19
Q(18) 32.01∗ 6.62 5.55 11.30 25.46 16.61 9.62 15.92

(b)
ρ1 0.27 0.03 0.11 0.11 0.01 0.12 −0.03 0.12
ρ2 −0.10 −0.15 −0.09 −0.02 −0.09 −0.09 −0.12 −0.10
ρ3 −0.06 −0.04 −0.08 0.02 −0.07 −0.02 −0.03 −0.07
ρ5 0.01 0.02 0.12 −0.01 −0.00 −0.06 0.01 −0.04
ρ6 −0.10 0.00 −0.05 −0.07 −0.11 −0.09 −0.08 −0.13
ρ7 −0.02 −0.10 0.02 0.19 0.00 −0.03 0.13 −0.00
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ρ9 0.20 0.18 0.13 0.12 0.14 0.17 0.16 0.15
ρ10 0.08 0.11 0.17 0.01 0.15 0.16 0.01 0.08
ρ11 −0.08 −0.11 0.03 −0.02 −0.05 −0.04 −0.11 −0.03
ρ12 −0.15 −0.06 −0.10 −0.08 −0.17 −0.07 −0.15 −0.13
S.E. (ρ) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Note:R and S.D. denote equity return and standard deviation, respectively. Sharpe ratio, mean return over standard deviation, is an indicator
of the relative risk-return tradeoff in each sector. The standard errors for skewness and kurtosis shown in parentheses are (6/T)1/2 and (24/T)1/2,
respectively.T is the number of sample observations. LM statistic is the LM test statistic for the null hypotheses that the coefficients of skewness
and kurtosis are equal to zero and three, respectively. It is a test for normality. The LM test statistic is defined as [(T/6)b1

2 + (T/24)(b2 − 3)2] ∼ x2
2,

whereb1 is the coefficient of skewness, andb2 is the coefficient of kurtosis (seeBowman & Shenton, 1975; Jarque & Bera, 1980). The critical
value at the 5% significance level is 5.99. The symbol (∗) indicates statistical significance at the 5% level.Q-statistic,Q(n), is theLjung and Box
(1978)Q-statistic at lagn, used to test whether a group ofn autocorrelations is significantly different from zero.Q(n) is distributed asx2

n. Critical
values forn = 6, 12, and 18 at the 5% level are 12.59, 21.03, and 28.87, respectively. The symbol (∗) indicates statistical significance at the 5%
level. The symbolρs is the autocorrelation coefficient at lags; S.E.(ρ), equal to 1/(T − 1)1/2, is the approximate standard error ofρ under the null
hypothesis of zero autocorrelation.
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4. Empirical results

4.1. CAPM

The regression results of the CAPM based onEq. (3)are shown inTable 2. The adjusted̄R2

from the CAPM regression is defined as

R̄2 = 1 −
(
T − 1

T − i− 1

) [
S.D.(ε)

S.D.(ER)

]2

, (21)

whereT is the time-series sample size, ER is the time-series of excess returns, (Ri,t −Rf
t ), and

S.D.(ε) and S.D.(ER) are the sample standard deviation ofε and ER, respectively.
For each industry sector, the adjustedR̄2 value is fairly high, ranging from 0.30 in the cement

and ceramics sector to 0.50 in the textiles sector. The estimated market betas are all statistically
significant at the 1% level and have the expected positive signs. TheDurbin and Watson (1950)
bounds tests indicate no residual autocorrelation. As shown inTable 3, the diagnostic checks on
residuals for normality based on LM test reject the normality hypothesis only in the construction
and finance sectors. Hence, the estimated market betas are efficient in general.3 The Ljung–Box
Q-statistics for residuals from CAPM regression indicate no significant sample autocorrelations
overall, which is also evidenced by Durbin–Watson statistics inTable 2. Q-statistics for the
square residuals show the possible existence of ARCH only in the foods sector.

4.2. CCAPM

We calibrate the endowment process using dividend data for each sector since dividends
equal consumption in the standardLucas (1978)model. First, we estimate the autoregressive
process given inEq. (12)with the growth rates of real dividends for each coefficientγ, we obtain
the CCAPM-implied equity returns given inEq. (18). We then compute the sample average for
model-implied equity returns and compare it with the average historical returns for each sector.

We estimated the autoregressive process AR(p) for the real dividend growth rates for each
sector for all values ofp ranging fromp = 0 to 4.Table 4reports the values of the Akaike
Information Criterion (AIC) and the Schwarz Bayesian Criterion (SBC) for each model. These
are two most commonly used model selection criteria. We base the model selection choice on
the SBC since the AIC tends to favor larger (over-parameterized) models. Consequently, we
find that the AR(0) model is preferred for dividend growth rates in all seven financial market
sectors.

The LM tests for normality and the Ljung–BoxQ-statistics for serial correlation on the
residuals of the chosen models are reported inTable 5. The Ljung–BoxQ-statistics indicate
that for all seven sectors the residuals from preferred AR(0) models are serially uncorrelated,
negatively skewed, and fat tailed. The LM test also rejects the normality hypothesis in each
sector.

We report the parameter estimates of the chosen dividend growth rate processes inTable 6.
We calculate the price-dividend ratios based onEqs. (13)–(15)using several realistic values
of the discount factorθ and the coefficient of the relative risk aversionγ. All combinations of
θ andγ that we use must satisfy the convergence condition for the price-dividend ratio to be
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Table 2
CAPMRi,t − Rf

t = β̂i(Rm
t − Rf

t )+ εi,t
Sector Cement and

ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

OLS
β̂i 0.7388 (0.0774)∗∗∗ 0.9674 (0.0873)∗∗∗ 1.1184 (0.1085)∗∗∗ 1.1249 (0.1169)∗∗∗ 0.7886 (0.0835)∗∗∗ 0.8431 (0.0892)∗∗∗ 0.8987 (0.0798)∗∗∗

R̄2 0.30 0.47 0.39 0.44 0.40 0.38 0.50
DW 1.88 1.99 2.16 2.35 2.00 2.42 2.28

Note: The standard errors are shown in parentheses. The symbol (∗∗∗) indicates statistical significance at the 1% level.R̄2 is the adjusted̄R2, which is defined
as:R̄2 = 1− [(T −1)/(T − i−1)][S.D.(ε)/S.D.(ER)]2, whereT is the time-series sample size, ER is the time-series of excess returns, (Ri,t −Rf

t ), and S.D.(ε)
and S.D.(ER) are the sample standard deviation ofε and ER, respectively. DW is theDurbin and Watson (1950)statistic, DW= ∑T

t=2(ε̂t − ε̂t−1)
2/

∑T

t=1ε̂t
2.

Based on the Durbin–Watson bounds test, there is no residual autocorrelation if DW is greater than the upper critical value bound, which equals 1.69 when
T = 100.
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Table 3
Diagnostic checks on residualsεt and squared residualsεt2

Sector Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

Normality test for residuals
Skewness 0.36 (0.24) 0.25 (0.24) −0.09 (0.24) 1.69 (0.24) −0.31 (0.24) 0.18 (0.24) 0.11 (0.24)
Kurtosis 3.86 (0.48) 4.35 (0.48) 3.22 (0.48) 9.25 (0.48) 3.97 (0.48) 3.35 (0.48) 2.75 (0.48)
LM 5.50 8.98∗ 0.36 221.05∗ 5.80 1.10 0.47

Q-statistics forεt
Q(6) 4.11 4.54 4.99 7.83 4.67 16.17∗ 8.84
Q(12) 12.31 8.56 8.29 16.04 7.78 20.74 12.72
Q(18) 16.22 12.55 11.43 25.04 18.44 22.20 14.34

Q-statistics forε2
t

Q(6) 1.89 2.22 12.29 2.64 19.17∗ 3.39 10.87
Q(12) 3.73 4.06 13.79 20.34 24.01∗ 6.54 12.98
Q(18) 7.14 25.04 19.76 26.49 27.42 9.87 13.74

Note: LM statistic is the LM test statistic for normality, which is defined as [(T/6)b1
2 + (T/24)(b2 − 3)2] ∼ x2

2, whereb1 is the coefficient of
skewness, andb2 is the coefficient of kurtosis (seeBowman & Shenton, 1975; Jarque & Bera, 1980). The critical value at the 5% significance level
is 5.99. The symbol (∗) indicates statistical significance at the 5% level. The OLS estimator is efficient only under normality assumption. TheLjung
and Box (1978)Q-statistic at lagn is used to test whether a group ofn autocorrelations is significantly different from zero.Q(n) is distributed as
x2
n with critical values 12.59, 21.03, and 28.87 at the 5% level forn = 6, 12, and 18, respectively. The symbol (∗) indicates statistical significance

at the 5% level.
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Table 4
Summary of estimated dividend growth rate processes

Model Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

AR(0)
AIC −283.45 −201.34∗ −176.74 −208.92∗ −245.25 −245.42∗ −198.30∗

SBC −280.80∗∗ −198.68∗∗ −174.08∗∗ −206.26∗∗ −242.60∗∗ −242.77∗∗ −195.65∗∗

AR(1)
AIC −281.46 −200.68 −178.14∗ −207.04 −247.51∗ −244.24 −196.43
SBC −276.15 −195.37 −172.83 −201.74 −242.20 −238.93 −191.13

AR(2)
AIC −285.09∗ −198.68 −176.35 −206.41 −246.55 −242.33 −194.46
SBC −277.13 −190.72 −168.38 −198.45 −238.59 −234.36 −186.49

AR(3)
AIC −283.76 −196.95 −175.77 −204.72 −244.61 −245.58 −192.80
SBC −273.15 −186.33 −165.16 −194.10 −233.99 −234.96 −182.19

AR(4)
AIC −282.18 −195.26 −173.80 −203.09 −243.52 −244.01 −194.06
SBC −268.91 −181.99 −160.53 −189.82 −230.25 −230.74 −180.79

Note: AIC is the Akaike information criterion (Judge, Griffiths, Hill, Lutkepohl, & Lee, 1985) and SBC is the
Schwartz Bayesian criterion (Schwarz, 1978).

AIC = T ln(sum of residual squares)+ 2n, SBC= T ln(sum of residuals quares)+ n ln(T)

These are two most commonly used model selection criteria. We choose the model with the smallest AIC or the
smallest SBC. It is well-known that the AIC has a tendency to pick larger models. Therefore, we base the model
selection choice on the SBC. The symbols (∗) and (∗∗) indicate the smallest number for AIC and SBC, respectively,
in the column.

finite, as given inEq. (16). Given these price-dividend ratios, we then calculate the mean of the
model-implied equity returns obtained fromEq. (18). Calibration results are reported inTable 7.
We find that the mean of the model-implied equity returns is closest to the historical average
value for the cement and ceramics, construction, plastic and chemical, and textiles sectors using
θ = 0.97 andγ = 0.9, and usingθ = 0.97 andγ = 1.2 for the electrical, finance, and foods
sectors.

4.3. Chen et al. (1986) and Asprem (1989)

To investigate theChen et al. (1986)hypotheses based onEq. (19)above, we begin by
testing for any multicollinearity in the regressors by checking for correlation between the risk
premium and dividend growth rates (DG) in each sector. As shown inTable 8, those two series
are far from perfectly correlated. It appears that there is no problem of multicollinearity. The
regression results are reported inTable 9. Compared to the regression results that use only the
risk premium inTables 2 and 3, the adjusted̄R2 value decreases in each sector. The estimated
market betas are all still statistically significant at the 1% level.
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Table 5
Diagnostic checks on residualsε̂t from each chosen AR model

Sector Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

Chosen model AR(0) AR(0) AR(0) AR(0) AR(0) AR(0) AR(0)
Mean −0.00 0.00 −0.00 −0.00 −0.00 −0.00 −0.00
Skewness −0.81 (0.24) −1.61 (0.24) −0.07 (0.24) −0.04 (0.24) −0.45 (0.24) −0.29 (0.24) −2.37 (0.24)
Kurtosis 6.73 (0.48) 12.14 (0.48) 7.83 (0.48) 12.23 (0.48) 6.28 (0.48) 6.39 (0.48) 11.51 (0.48)
LM Q-statistic 72.41∗ 410.71∗ 102.16∗ 372.89∗ 50.67∗ 51.87∗ 414.80∗

Q(6) 9.38 1.37 1.95 2.74 2.38 6.05 4.03
Q(12) 20.84 6.17 11.77 17.17 7.96 12.75 11.24
Q(18) 47.32 15.83 22.84 23.79 12.19 18.34 17.45

Note: The standard errors for skewness and kurtosis shown in parentheses are (6/T)1/2 and (24/T)1/2, respectively.T is the number of sample
observations. Lagrange multiplier (LM) is the test for normality under the null hypothesis that the coefficients of skewness and kurtosis are equal
to zero and three, respectively. The LM test statistic is defined as [(T/6)b1

2 + (T/24)(b2 − 3)2] ∼ x2
2, whereb1 is the coefficient of skewness, and

b2 is the coefficient of kurtosis (seeBowman & Shenton, 1975; Jarque & Bera, 1980). The critical value at the 5% significance level is 5.99. The
symbol (∗) indicates statistical significance at the 5% level.Q-statistic,Q(n), is theLjung and Box (1978)Q-statistic at lagn, used to test whether
a group ofn autocorrelations is significantly different from zero.Q(n) is distributed asx2

n. Critical values forn = 6, 12, and 18 at the 5% level are
12.59, 21.03, and 28.87, respectively. The symbol (∗) indicates statistical significance at the 5% level.
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Table 6
Parameter estimates of dividend growth rate processes:(xt − µ) = η(xt−1 − µ)+ εt , |η| < 1, andεt ∼ i.i.d. N(0,σ2)

Sector Cement and
ceramicsRc&c

Construction
Rcon

ElectricalRelec FinanceRfinan FoodsRfood Plastic and
chemicalsRp&c

TextilesRtext

µ −0.0062 (0.0061) 0.0053 (0.0089) 0.0154 (0.0100) 0.0086 (0.0087) 0.0066 (0.0073) 0.0014 (0.0073) 0.0039 (0.0092)
σ2 0.0039 (0.0005)∗ 0.0084 (0.0011)∗ 0.1043 (0.0014)∗ 0.0079 (0.0011)∗ 0.0054 (0.0008)∗ 0.0056 (0.0008)∗ 0.0088 (0.0012)∗

Note: xt is the monthly real dividend growth rates, ln(Dt /Dt−1). Based on the SBC values fromTable 4, an AR(0) process is chosen for all
sectors. Thus,η ≡ 0 for all sectors. The standard errors are shown in parentheses. The symbol (∗) indicates statistical significance at the 5% level.
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Table 7
CCAPM-implied mean stock returns

Discount
factorθ

Coefficient of
relative risk
aversionγ

Mean equity returnsRe

Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

0.97 0.90 12.32∗ 12.34∗ 12.62 12.51 12.48 12.40∗ 12.38∗

0.97 1.00 12.32 12.33 12.64 12.52 12.49 12.39 12.37
0.97 1.20 12.30 12.32 12.68∗ 12.54∗ 12.50∗ 12.39 12.36
0.98 0.90 12.20 12.21 12.50 12.38 12.35 12.27 12.25
0.98 1.00 12.19 12.21 12.52 12.39 12.36 12.27 12.25
0.98 1.20 12.17 12.19 12.55 12.41 12.38 12.26 12.24
0.99 0.90 12.07 12.09 12.37 12.26 12.23 12.15 12.13
0.99 1.00 12.07 12.08 12.39 12.27 12.24 12.14 12.12
0.99 1.20 12.05 12.07 12.43 12.29 12.25 12.14 12.11

Note:Re is the mean of the model-impliedRe
t , obtained fromEq. (18)in the text. All combinations ofβ andγ satisfy the convergence condition

for the price-dividend ratio to be finite, i.e.,ρ ≡ θ exp[(1 − γ)µ + (1/2)(1 − γ)2(σ2/(1 − η)2)] < 1 (seeEq. (16)in the text). The symbol (∗)
indicates the largest number in the column.
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Table 8
Correlation between risk premium and dividend growth

Sector Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

Correlation
coefficient

−0.15 −0.11 −0.08 −0.13 −0.11 −0.02 −0.12

Table 9also shows the hypothesis test at the 5% significance level that the market beta equals
0 against the alternative that it is not 5%. Since thet-value is greater than the criticalt-value in
each sector, we reject the null hypothesis and conclude that market beta does not equal 0. In
comparison, the estimated consumption betas are only statistically significant at the 10% level
in the electrical sector and at the 5% level in the plastic and chemicals, and textiles sectors.
However, the estimated consumption betas have the wrong sign in both these sectors. Therefore,
the dividend (consumption) growth rate risk is not significantly priced in general.

Table 10reports the alternative test results based onAsprem (1989)as summarized inEq. (20)
above using the import growth rate (IG) series. The correlation between risk premium and
import growth rates is 0.16. The adjustedR̄2 value decreases in each sector compared with the
regression results using the risk premium alone inTables 2 and 3. None of the estimated import
(consumption) betas are statistically significant, while the estimated market betas are all still
statistically significant at the 1% level. The hypothesis test inTable 10also rejects that market
beta equals 0. Again, the import (consumption) growth rate risk is not significantly priced.

5. Evaluation: CAPM versus CCAPM

The joint hypotheses tests based onChen et al. (1986)andAsprem (1989)do not support the
CCAPM. We further evaluate the two models based on their implied equity returns.Table 11
reports the summary statistics of model-implied equity returns. When compared with the his-
torical returns summarized inTable 1, the CAPM obviously outperforms the CCAPM in terms
of its ability to predict the mean returns and return variation.

5.1. Goodness-of-fit

We can evaluate the goodness-of-fit of the CAPM regressions by theR-squared value adjusted
by the degrees of freedom. However, it is not straightforward to assess the goodness-of-fit of
the nonlinear CCAPM ofLucas (1978). To examine and compare the pricing performance of
the two models, we compute the coefficient of determination (R2) suggested byHarvey (1992),
which is similar to theTheil (1966)measure as reported inBower, Bower, and Logue (1984).
The coefficient of determination measures the goodness-of-fit by measuring the proportion of
the total variation in excess stock returns that is explained by the CAPM or the CCAPM relative
to a simple random walk (naı̈ve) model.

Let vt denote the pricing error of the stock returns at timet, i.e.,vt is equal to the expected
stock returnR̂t at time t minus the historical stock returnRt at time t, vt = R̂t − Rt. The
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Table 9
Alternative test of the CCAPM based onChen et al. (1986): Ri,t − Rf

t = β̂m
i (R

m
t − Rf

t )+ β̂c
iDGt + ζi,t , H0: βm = 0, H1: βm �= 0

Sector Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

β̂m 0.6875 (0.0637)∗∗∗ 0.9532 (0.0883)∗∗∗ 1.1042 (0.1065)∗∗∗ 1.1065 (0.1189)∗∗∗ 0.7740 (0.0841)∗∗∗ 0.8209 (0.0877)∗∗∗ 0.8608 (0.0789)∗∗∗

β̂c −0.0320 (0.1000) 0.0183 (0.0763) 0.1526 (0.0799)∗ −0.0178 (0.1047) 0.0360 (0.0878) −0.1956 (0.0923)∗∗ −0.1385 (0.0663)∗∗
AdjustedR̄2 0.29 0.46 0.41 0.42 0.39 0.39 0.51

t-value 10.80 10.80 10.37 9.31 9.20 9.36 10.91
Hypothesis

test
RejectH0 RejectH0 RejectH0 RejectH0 RejectH0 RejectH0 RejectH0

Note: The standard errors are shown in parentheses. The symbols (∗), (∗∗) and (∗∗∗) indicate statistical significance at the 10%, 5% and 1% level, respectively. Thet-value
equals(β̂m − βm)/(S.E.). The criticalt-value at 5% level and 102 degrees of freedom is approximately equal to 1.99. Whent-value is greater than the criticalt-value, we reject
the null hypothesisH0, which implies that market beta does not equal 0.
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Table 10
Alternative test of the CCAPM based on imports:Ri,t − Rf

t = β̂m
i (R

m
t − Rf

t )+ β̂I
i IGt + ζi,t , H0: βm = 0, H1: βm �= 0

Sector Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

β̂m 0.6891 (0.0790)∗∗∗ 0.9505 (0.0890)∗∗∗ 1.0906 (0.1081)∗∗∗ 1.1069 (0.1208)∗∗∗ 0.7584 (0.0854)∗∗∗ 0.8100 (0.0902)∗∗∗ 0.8757 (0.0813)∗∗∗

β̂I −7.0758 (54.4292) 16.3599 (62.9227) 84.0423 (76.4021) 5.7018 (81.4543) 57.3177 (60.3344) 84.3039 (63.8666) 31.1444 (57.6748)
AdjustedR̄2 0.28 0.47 0.41 0.42 0.39 0.38 0.49

t-value 8.72 10.68 10.09 9.16 8.88 8.98 10.77
Hypothesis

test
RejectH0 RejectH0 RejectH0 RejectH0 RejectH0 RejectH0 RejectH0

Notes: The standard errors are shown in parentheses. The symbols (∗), (∗∗) and (∗∗∗) indicate statistical significance at the 10%, 5% and 1% level, respectively. The
t-value equals(β̂m − βm)/(S.E.). The criticalt-value at 5% level and 102 degrees of freedom is approximately equal to 1.99. Whent-value is greater than the critical
t-value, we reject the null hypothesisH0, which implies that market beta does not equal 0.
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Table 11
Summary statistics of forecasted equity returns implied by the CAPM and CCAPM

Model Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

CAPM
Mean 27.19 39.75 42.82 56.51 33.46 34.36 38.77
Maximum 161.93 248.03 269.04 362.87 204.89 211.07 241.26
Minimum −66.23 −102.46 −111.30 −150.80 −84.30 −86.91 −99.61
S.D. 51.96 79.15 85.84 115.78 65.48 67.43 77.00

CCAPM
Mean 12.32 12.34 12.68 12.54 12.50 12.40 12.38
Maximum 15.45 15.97 18.46 18.77 15.44 15.69 15.13
Minimum 10.04 7.31 8.30 8.68 8.99 9.87 7.98
S.D. 0.73 1.01 1.26 1.11 0.90 0.90 1.02

coefficient of determination equals:

R2 = 1 − SSPE

SSPER
, (22)

where SSPE is the sum of squared pricing errors from the model under consideration and
SSPER is the sum of squared pricing errors from a random walk with drift (naı̈ve) model for
stock returns. Therefore,

SSPE=
T∑
t=1

(vt)
2, (23)

SSPER=
T∑
t=1

(R̃− Rt)2, (24)

The näıve model for the stock returns is

Rt = R̃+ et, (25)

whereet ∼ i.i.d.(0, σ2).
The näıve model is a good benchmark as it is a very simple model but nonetheless has been

found to fit most time series surprisingly well. Indeed, a negative value ofR2, indicating a worse
fit of a model than a naı̈ve model, should not be seriously considered. As shown inTable 12, the
coefficient of determination in each sector based on the CCAPM is negative, implying that the
CCAPM does not even do well as the naı̈ve model. In comparison, the CAPM outperforms the
näıve model although the model still leaves 50% (in the textiles sector) to 70% (in the cement
and ceramics sector) of the sample variance unexplained.
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Table 12
Goodness-of-fit (against the random walk model)

R2 Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

CAPM 0.30∗ 0.47∗ 0.40∗ 0.43∗ 0.40∗ 0.38∗ 0.50∗

CCAPM −0.16 −0.08 −0.15 −0.03 −0.05 −0.08 −0.05

Note: The coefficient of determinationR2 = 1 − (SSPE/SSPER), where SSPE is the sum of squared pricing
errors from the model under consideration and SSPER is the sum of squared pricing errors from a random walk with
drift (näıve) model:Rt = R̃ + et , whereet ∼ i.i.d.(0, σ2). HigherR2 value indicates a better goodness-of-fit. The
symbol (∗) shows the largest number in the column.

5.2. Pricing errors

To further evaluate the pricing performance of the two models, we use two common bench-
marks, the mean squared pricing error (MSPE) and the mean average pricing error (MAPE).
These are defined as

MSPE= 1

T

T∑
t=1

(vt − v̄)2, (26)

and

MAPE = 1

T

T∑
t=1

|vt − v̄|, (27)

wherev̄ is the mean of the pricing errorsvt,

v̄ = 1

T

T∑
t=1

vt. (28)

The MSPE measures uncertainty of pricing whereas the MAPE measures accuracy of pricing.
As shown inTable 13, both the MSPE and MAPE from CAPM in each sector are smaller than
those from the CCAPM. Therefore, the CAPM offers more accurate and precise pricing than
the CCAPM.

In addition, we also employTheil’s (1961)U-statistic given byEq. (29)below to check the
ability of the two models to forecast turning points in the observed asset returns:

U =
√

1/n
∑n
t=1(R̂t − Rt)2√

1/n
∑n
t=1R̂

2
t +

√
1/n

∑n
t=1R

2
t

, (29)

whereR̂t is the expected stock return for periodt, Rt is the observed stock return in periodt and
n is the number of periods being forecasted. The turning point error occurs when the values of
the real and forecasted changes in asset prices from periodt to periodt+1 have different signs;
for example, the actual change in asset prices is positive(Rt+1 − Rt > 0) and the predicted
change is negative(R̂t+1 − R̂t < 0) and vice verse. Thus,U indicates a comparison of the
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Table 13
Pricing performance of the CAPM and CCAPM

Model Cement and
ceramicsRc&c

Construction
Rcon

Electrical
Relec

Finance
Rfinan

Foods
Rfood

Plastic and
chemicalsRp&c

Textiles
Rtext

CAPM
MSPE 2.36∗ 2.42∗ 2.52∗ 2.62∗ 2.40∗ 2.43∗ 2.38∗

MAPE 56.94∗∗ 64.54∗∗ 81.54∗∗ 94.19∗∗ 61.00∗∗ 66.01∗∗ 60.73∗∗

CCAPM
MSPE 2.46 2.60 2.67 2.75 2.54 2.57 2.57
MAPE 67.82 87.07 105.74 101.39 81.60 85.00 88.25

Note: The mean squared pricing error (MSPE) measures uncertainty of pricing and the mean average pricing
error (MAPE) measures accuracy of pricing, which are respectively defined as

MSPE= 1

T

T∑
t=1

(vt − v̄)2, MAPE = 1

T

T∑
t=1

|vt − v̄|,

whereT is the sample size, and̄v is the mean of pricing errorsvt . The symbols (∗) and (∗∗) indicate the smallest
number in each sector for MSPE and MAPE, respectively.

forecasted change with the observed change.U equals 0 if the model prices assets perfectly,
i.e., R̂t = Rt for each period. WhenU approaches 1, it implies a poor ability of the model to
predict the change in realized asset prices. Consequently, the model is flawed ifU equals 1. The
Theil’s U for CAPM and CCAPM in each sector shown inTable 14reinforces the superiority
of the CAPM.

In conclusion, the CCAPM-implied returns are smooth and unable to capture the large swings
in the actual equity returns. In comparison, the CAPM substantially outperforms the CCAPM
and can better explain the cross-sectional and time series variation of stock returns in the Taiwan
stock market.

Table 14
Theil’s U-statistic

U Cement and
ceramics

Construction Electrical Finance Foods Plastic and
chemicals

Textiles

CAPM 0.44∗ 0.40∗ 0.46∗ 0.40∗ 0.43∗ 0.43∗ 0.37∗

CCAPM 0.85 0.89 0.90 0.88 0.92 0.88 0.88

Note: TheTheil’s (1961)U-statistic measures the ability of the two models to forecast turning points in the
observed asset returns

U =
√

1/n
∑n

t=1(R̂t − Rt)2√
1/n

∑n

t=1R̂
2
t + √

1/n
∑n

t=1R
2
t

,

whereR̂t is the expected stock return for periodt, Rt is the observed stock return in periodt andn is the number of
periods being forecasted. The model is perfect ifU = 0, while the model is faulty ifU = 1. The symbol (∗) shows
the smallest number in the column.
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6. Conclusion

To examine whether consumption beta can better measure the risk of equity, we empirically
analyze seven industry sub-sectors in the Taiwan stock market based on the CAPM and CCAPM.
We find that the relationship between stock returns and beta is statistically significant at the
1% level and the overall adjusted̄R2 of the regression based on the traditional CAPM is high
across seven industry sub-sectors in the Taiwan stock market, ranging from 0.30 in cement
and ceramics sector to 0.50 in the Textile sector. This generally means that the market betaβ

alone can explain almost 50% of the movements in the equity returns in the textiles market
sector. Overall, the CAPM outperforms the CCAPM in terms of goodness-of-fit, accuracy of
equity pricing, and ability to predict the change in observed stock prices. Moreover, this market
systematic factor is statistically significant at the 1% level in all seven market financial sectors
with or without other factors, such as dividend and import growth rates. Apparently, the market
beta remains a useful measure of risk and return.

Unlike the CAPM, we find that the empirical performance of the CCAPM across seven
industry sub-sectors in the Taiwan stock market is disappointing although the CCAPM and
consumption beta should offer a better measure of systematic risk theoretically. The CCAPM
could not even outperform the simple random walk model. The joint hypotheses tests ofChen
et al. (1986)andAsprem (1989)do not favor the CCAPM either. One possible reason, asMankiw
and Shapiro (1986)noted, is that many consumers do not participate in the stock market. Hence,
the per capita consumption growth of the active stock traders rather than the overall per capita
consumption growth, should be substituted into the first-order Euler conditions of theLucas
(1978)model, as also pointed out byCampbell (1993). In addition, some authors have pursued
modifications of the power CRRA utility function (time-separable preferences) with varying
degrees of success. For example,Epstein and Zin (1991)used a generalized expected utility and
Campbell and Cochrane (1999)added a habit to the standard power utility function. Whether
their approaches can help explain the high equity returns here deserves further exploration.

Notes

1. The traditional (or unconditional) CAPM assumes a constant variation in risk and ex-
pected returns.Gibbons and Ferson (1985), andFerson, Kandel, and Stambaugh (1987)
examined the condition CAPM assuming the constant covariances of asset returns
and allowing time variation in expected returns. For a conditional framework of the
CAPM with time-varying risk and returns, seeBollerslev (1987), French, Schwert, and
Stambaugh (1987), andBodurtha and Mark (1991).

2. The one-factor (market factor) CAPM is a special case of the multi-factor Arbitrage
Pricing Theory (APT). AsBrown and Otsuki (1993)noted, a multi-factor model that
applies to individual assets also applies to indices composed of those assets. But note
that the reverse inference does not follow.

3. The OLS estimators are efficient only under normality assumption. The estimates based
on Newey–West correction for residual heteroskedasticity and autocorrelation are not
significantly different form the OLS estimates, and are not reported here.
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