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This paper investigates whether dynamic and moment extensions to the traditional CAPM can improve its

CAPM empirical performance and offer some alternative explanation to the cross-section of average returns on port-

Higher-moments
Conditional models
Regime switching

folios of stocks double sorted on book-to-market ratios and size. We consider three extensions. First, we introduce
time-varying factor loadings obtained from a multivariate GARCH and dynamic conditional correlations. Second,
we extend the model to a four-moment CAPM, which incorporates coskewness and cokurtosis. Finally, we allow

for time-varying risk premia, based on a Markov-switching process. Our results confirm that the higher-moment
CAPM does not perform well in its unconditional version, but its performance is significantly improved when we
introduce a conditional version that accounts for both time-varying factor loadings and time-varying risk premia.
The four-moment CAPM tests lead to a positive total risk premium estimate of 0.67% per month over the period
1926-2021, with all risk premia (beta, coskewness, and cokurtosis) exhibiting the expected theoretical signs.

1. Introduction

The traditional Capital Asset Pricing Model (CAPM) of Sharpe
(1964), Lintner (1965) and Mossin (1966) has generally failed to satis-
factorily explain the cross section of average returns after several de-
cades of empirical testing (Black, Jensen, & Scholes, 1972; Douglas,
1969; Fama & French, 1992; Fama & MacBeth, 1973; Lintner, 1965).
Yet, its simplicity and theoretical appeal have cemented its position as
the most popular model used by US companies to estimate the cost of
equity capital (Graham & Harvey, 2001).

Attempts to improve on the simple CAPM while retaining the spirit of
the systematic risk principle have led to two different streams, the
conditional and the unconditional. The conditional stream recognises
that the CAPM is actually a conditional model and may not hold un-
conditionally even if it holds conditionally (Jagannathan & Wang,
1996). Conditional versions of the CAPM have so far presented mixed
results (Lettau & Ludvigson, 2001; Vendrame, Guermat, & Tucker,
2018).

The second stream focuses on the specification of the unconditional
model by adding more proxies for systematic risk. Within this stream,
there are two approaches. One approach implies that the market port-
folio is not the only relevant risk factor. The most prominent models
include the three-factor model of Fama and French (1993) and the four-
factor model of Carhart (1997). Unfortunately, despite their popularity,
and despite several attempts to create additional factors, these types of

models have not been able to successfully explain expected returns
(Fama and French, 2004).

Critics of this approach argue that the problem lies in the (in)ability
of the second moment to fully account for systematic risk. The problem
is the choice of moments rather than the choice of (market versus non-
market) portfolios. Kraus and Litzenberger (1976) pioneered extensions
based on increasing the moments of the investor optimisation problem
and introduced skewness as an additional term to the CAPM, while
Dittmar (2002) introduced the fourth moment, kurtosis. Empirical evi-
dence on the relevance of skewness and kurtosis within the uncondi-
tional stream is provided by Vendrame, Tucker & Guermat (2016).

This paper combines both streams by considering higher moments in
a conditional context. Unlike the multifactor models, higher moment
models are not ad-hoc and share with the CAPM the fact that they are
grounded on sound economic theory. They are also more intuitive and
simpler to apply in practice. Indeed, higher moment models only require
the market portfolio, making it straightforward to apply in emerging
markets. Higher moment models are also supported by ample evidence
that stock returns exhibit skewness and a heavy-tailed distribution
(Taylor, 2005). Vendrame et al. (2016) discuss various advantages of the
higher moment model over the standard CAPM.

During the past few decades, financial markets have seen extreme
gains and losses in episodes of crises and recoveries, starting with the
1987 crash and ending with the 2019 Covid-19 pandemic, and at a rate
of at least one major crisis every decade. This increased frequency and
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amplitude of financial market turbulence calls for a greater under-
standing of market risk. Considering return distributions with higher
moments is one way of capturing the complexity of market risk. Further,
the fact that markets sometimes shift from states of relative calm to
states of extreme turmoil gives conditional asset pricing models more
power to account for time varying systematic risks and risk premia.

Indeed, unconditional asset pricing models unrealistically assume
that systematic risks and risk premia do not vary across time. For
example, the marginal utility of consumption does vary over the busi-
ness cycle and so then should the risk premium (Cochrane, 2001; Yogo,
2006). Several studies have also confirmed that systematic risks are
time-varying (Adrian & Franzoni, 2009; Avramov & Chordia, 2005).

Our paper makes several contributions to the literature, including
extending both factors and moments in asset pricing models, and
exploring these moments and factors in a conditional setting. This en-
ables us to deal with a number of complexities. First, the true market
portfolio is unobservable and replacing it with a proxy can lead to
missing factors that may be correlated with portfolios such as the Fama
and French (1993) small-minus-big (SMB) and high-minus-low (HML)
portfolios. Second, using a static (unconditional) CAPM, when the true
model is conditional, can also give rise to a second factor (Jagannathan
& Wang, 1996). Thus, even if investors are optimising in a mean-
variance universe, beta alone may not be sufficient to explain average
returns. Third, investors may, in reality, be optimising in a mean-
variance-skewness-kurtosis world, thereby giving rise to systematic
risks which are missing from the empirical CAPM. Employing a four-
moment CAPM should mitigate this limitation.

In this paper we test a conditional four-moment CAPM with time-
varying betas, obtained via a dynamic conditional correlation (DCC)
model, and time-varying risk premia. The betas and risk premia are
assumed to follow a dynamic process and to evolve over the business
cycle. More specifically, we assume the presence of two distinct sets of
risk premia: one associated with bullish markets and another with
bearish markets. It is argued that a large risk premium attached to an
extremely bearish market might help explain the empirical anomalies of
the CAPM.

The remainder of the paper is structured as follows. Section 2 dis-
cusses the literature underpinning the higher moment CAPM, followed
by the literature concerning conditional pricing models in Section 3. In
Section 4 the general four-moment CAPM is briefly outlined together
with the methodology. The data and the empirical results are presented
and discussed in Section 5. Section 6 summarises and concludes.

2. Literature review

A significant body of the finance literature highlights the importance
of extending the standard CAPM for both skewness and kurtosis. Despite
the predominance of the mean-variance approach in asset pricing, the
literature is abundant with arguments in favour of incorporating higher
moments. Not long after the CAPM was developed, researchers argued
that rational risk-averse investors have a preference for positive skew-
ness (Arditti and Levy, 1972) and an aversion to kurtosis (Scott and
Horvath, 1980).

The first known work to incorporate skewness in the standard CAPM
is Kraus and Litzenberger (1976). Consistent with expectations, they
find a significant positive beta premium, and a significant and negative
coskewness premium. Friend and Westerfield (1980), Lim (1989) and
Harvey and Siddique (2000a, 2000b) test conditional versions of the
three-moment CAPM. The latter authors show that adding skewness to
the standard CAPM increases the adjusted R-squared.

Fang and Lai (1997) and Athayde and Flores (1997) appear to be the
first to test the four-moment CAPM. Fang and Lai (1997) triple-sort
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portfolios on beta, coskewness, and cokurtosis, and show an improved
R-squared for the four-moment CAPM and a positive and significant risk
premium for cokurtosis. In contrast, Athayde and Flores (1997)
conclude that skewness is more important than kurtosis.

Hwang and Satchell (1999) estimate an unconditional four-moment
CAPM for emerging market stocks and find that the multi-moment
model shows better explanation of the variability of average stock
returns. Dittmar (2002) is the first to test a conditional version of the
four-moment CAPM and shows a significant reduction in the pricing
errors. UK stocks are tested by Kostakis, Muhammad, and Siganos
(2012), who find a negative risk premium for coskewness and a positive
risk premium for cokurtosis risk. Again, the addition of coskewness and
cokurtosis improves the explanatory power of the FF and momentum
factors. In the US, Lambert and Hubner (2013) extend the four-moment
CAPM to include the Fama and French factors. They find that cokurtosis
risk is more relevant for low book-to-market portfolios, whereas small
portfolios are more sensitive to coskewness risk. More importantly, they
find that coskewness and cokurtosis complement rather than replace the
Fama and French factors. In any case, adding higher moments always
results in increased R-squared. Young, Christoffersen, and Jacobs (2013)
examine US daily data and show that high exposure to market skewness
(kurtosis) yields lower (higher) returns. The same conclusion is reached
by Moreno and Rodriguez (2009) for coskewness.

3. The conditional model literature

Essentially, asset pricing models express expected excess returns in
terms of the product of systematic risks (or sensitivities) and the prices of
those risks (risk premia). For example, for the simple CAPM we have

E(R,—Ry) = 25, M

where f is systematic risk, 4 is the price of risk (risk premium), R is the
return for stock i at time t, and Ry is the risk free rate. However, although
these models may hold period by period, they do not necessarily hold
unconditionally. In other words, expected returns, risk premium and
systematic risk vary over time.

E(Ry—Rf|1—1) = A8, 2

Conditional models differ in the way they deal with time-varying
systematic risks (e.g. fi) and risk premia (e.g. ;). Cochrane (2001) ar-
gues that asset price variations are mainly due to the expectation of
future returns. Campbell and Shiller (1988) argue that risk premia are
related to the business cycle. Finally, Ferson and Harvey (1991) argue
that most of the variation in expected returns is due to changes in risk
premia rather than betas.

In practice, conditional models need to address two main issues. The
first is the choice of the time-varying parameters. For example, should 4
or § or both be conditioned? As we see below, many studies have
adopted approaches that condition both systematic risks and risk pre-
mia. The second, and more important, issue is how to model the time-
varying parameters. That is, how A; evolves from t to t + 1.

Some authors use instrumental variables to model time-varying pa-
rameters, including macroeconomic variables and firm specific charac-
teristics. Jagannathan and Wang (1996) models conditional risk
premium as a linear function of the default premium. Lettau and Lud-
vigson (2001) use the consumption to aggregate wealth ratio to capture
time variation. Both studies favour the conditional CAPM over the static
CAPM. Bauer, Cosemans, and Schotman (2010) use the default spread,
size, and the book-to-market ratio. Their conditional version of the
three-factor model offers better explanation of expected returns than the
static version. Avramov and Chordia (2005) relate sensitivities to firm



V. Vendrame et al.

characteristics and macro variables. They conclude that the conditional
three-factor Fama and French model provides the best explanation of
average returns.

Other researchers have adopted statistical techniques to model the
time variation. Bodurtha and Nelson (1991) employ an autoregressive
process to model the risk premium and the systematic risk and firmly
reject the static CAPM. Bali and Engle (2010) use a dynamic conditional
correlation (DCC) to model conditional covariance. Their model ex-
plains most asset pricing anomalies with the exception of momentum.

The Ang and Chen (2007) version of the conditional CAPM models
conditional betas as an endogenous AR(1) process, and the risk premium
as a mean-reverting process. They find that betas are highly time-
varying and positively correlated with the risk premium. Lewellen and
Nagel (2006) calculate conditional betas via a short window time-series
rolling regression approach. While their conditional betas are time-
varying, they do not explain the large pricing errors of the uncondi-
tional CAPM. Finally, Jostova and Philipov (2005) use a stochastic
mean-reverting process to model conditional betas. Their approach ap-
pears to outperform GARCH, rolling regressions, constant beta, and
other conditional specifications of beta.

A different statistical approach focuses on the idea that risk premia
change with the states of the market or market regimes. Pettengill,
Sundaram, and Mathur (1995) were the first to indicate that upward
markets are associated with positive risk premia, while downward
markets are associated with negative risk premia. However, these au-
thors use an ad-hoc rule to determine the state of the market. An
improved version is proposed by Vendrame, Guermat, & Tucker (2018)
who use a Markov switching model to determine the probability of up
and down markets. These authors find that upmarkets (bull markets) are
associated with a positive realised risk premium, while downmarkets
(bear markets) are associated with a negative realised risk premium.

4. Method

Let Ry and Ry, be the return of stock i and market return, respec-
tively, at time t. The (unconditional) four-moment CAPM can be ob-
tained via a mean-variance-skewness-kurtosis optimisation (Jurczenko
& Maillet, 2001), which implies that expected returns are given by

E(ry ® 1) E("n o )
E(R; — Rf) = PN T M) L SE T orfn +yk7’"’
A A ®

=V +rsi+ 7'k

where rys = Ryt — E(Ry), E(.) is the time expectation, and Ryis the risk-free
rate. The expected excess return is a function of covariance (f), cos-
kewness (s) and cokurtosis (k) systematic risks.

The risk premia y* and /< are expected to be positive because in-
vestors prefer lower second and fourth moments. The skewness pre-
mium, 5%, is expected to be negative as investors have preference for
higher skewness (Vendrame et al., 2016). Note that the coskewness is
not standardized (by E(rrgn)) due to the possibility of a symmetric dis-
tribution for the market return (Vendrame et al., 2016).

The expected excess return for the market portfolio is

E(Rm - Rf) = yﬂ +7 s+ 7k C)]

Following the argument of Pettengill et al. (1995), we assume that
there are two states: bull and bear regimes. At any point in time, the
market is in a bull state with probability p;, and a bear state with
probability g = 1 — p.. These state probabilities are obtained from a
Markov switching model as explained below. Similarly, given a risk
premium for bull markets (y,), and another for bear markets (y4), the
conditional expectation of the risk premium at any point in time is I, =
D&/u + qua- A time series test can then be carried out on I'; to test specific
hypotheses implied by the conditional four-moment CAPM.

Although the expected risk premium is time-varying, the bull and
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bear market premia are constant. This specification does not impose ad-
hoc rules in the determination of states, but instead considers that the
state is a stochastic process whose probability can be estimated via a
Markov switching process.

The bull and bear premiums cannot be estimated via the Black et al.
(1972) cross section approach, or the Fama and MacBeth (1973) time
series approach. The reason is that we have two parameters and one
explanatory variable (beta risk). Instead, y, and y4 can be estimated
directly from a fixed effects panel regression. For example, for the
conditional CAPM we have

R = yﬁptﬂir + 7{;(1rﬁi, + & (5)

where 74 and 7/} are estimated and tested directly from the regression.
The hypothesis that the up and down premia are equal is tested via the
fixed effects panel regression

Ry = yfdptﬁir + J’ﬁﬁil + & (6)

where 723 = y& — y} is tested directly.

Similarly, the up and down premia for the conditional four-moment
CAPM can be estimated and tested via a panel regression with condi-
tional beta, coskewness, and cokurtosis as regressors

Ry — Rﬁ = Fﬁrﬁir + Tysie + ik + €1 (@]
where Ty = pol + qulh Tse = pori + qors and Tie = pork + qud are,

respectively, the probability weighted covariance, coskewness, and
cokurtosis premia.

4.1. Hypotheses

The first hypothesis for the four-moment CAPM regards the uncon-
ditional test of the model, that is, whether the up and down risk premia
for the co-moments are equal:

pth=o
Ho: {7, —7=0
Ve =74=0

versus the alternative that at least one equality is rejected:

=7 #0
Hyid 77, #0
rh—1h#0

The hypotheses for the equality of up and down premia are tested by
estimating a panel regression model as in Eq. (6), namely:

Ri=y,+ V{:dl’rﬁ[ + Vgﬁi +VoaleSi T VS + 7];411’!]‘1' + 71:1"" +é&i ®)

where the coefficients ylq = yl, — 7 for j = §, s, k are tested directly.

The second hypothesis relates to the sign of the three co-moments.
The premia for the standardized covariance and cokurtosis are ex-
pected to be positive, whereas coskewness should have a negative pre-
mium, as investors have a preference for positive skewness and an
aversion to variance and kurtosis

E(ly)=0
Hy:4q E(I'y)=0
E(Fk,) = 0
against
E(Ip)>0
HA : E(Fxt)<0
E(I'y)>0

The rejection of the null confirms partially or fully the four-moment



V. Vendrame et al.

International Review of Financial Analysis 86 (2023) 102524

Table 1
Descriptive statistics for the Fama and French 25 ME/BM portfolios.
B1 B2 B3 B4 B5 B1 B2 B3 B4 B5
Panel A. 1926-2021
Means Standard Deviation
S1 0.64 0.74 1.01 1.17 1.35 12.11 9.80 8.94 8.33 9.30
S2 0.68 0.97 1.00 1.05 1.24 7.98 7.50 7.25 7.42 8.70
S3 0.76 0.92 0.94 1.02 1.13 7.40 6.48 6.49 6.92 8.50
S4 0.77 0.79 0.86 0.96 1.04 6.23 6.09 6.38 6.86 8.68
S5 0.67 0.64 0.72 0.65 0.94 5.34 5.27 5.61 6.60 8.56
Skewness Excess Kurtosis
S1 3.10 2.91 2.16 2.71 3.05 32.56 33.56 18.85 31.25 30.66
S2 0.73 1.48 1.77 2.05 1.75 9.27 17.55 20.02 22.40 18.17
S3 0.82 0.11 1.01 1.69 1.82 9.09 5.71 13.27 19.47 18.39
S4 -0.19 0.49 1.31 1.51 1.96 3.85 9.92 17.19 18.49 22.37
S5 -0.13 0.35 0.91 1.12 1.74 4.97 8.16 16.14 16.77 22.21
Panel B. 1980-2021
Means Standard Deviation
S1 0.28 0.92 0.85 1.04 1.07 7.93 6.89 5.78 5.59 5.99
S2 0.64 0.95 0.95 0.93 0.95 7.13 5.90 5.32 5.24 6.16
S3 0.73 0.95 0.82 0.93 1.05 6.56 5.45 4.97 5.11 5.75
S4 0.89 0.85 0.79 0.84 0.90 5.91 5.18 5.04 4.99 5.72
S5 0.78 0.73 0.74 0.54 0.79 4.65 4.52 4.47 4.91 5.91
Skewness Excess Kurtosis
S1 0.02 0.21 -0.52 -0.53 -0.19 2.50 4.66 2.62 4.03 6.30
S2 -0.39 -0.72 —-0.85 -0.84 —0.90 1.66 291 3.23 2.94 4.14
S3 —-0.49 —-0.62 -0.70 —-0.72 —0.90 1.64 2.96 2.48 3.49 4.42
S4 -0.29 -0.79 -0.85 -0.91 -0.92 2.04 3.56 3.56 4.89 4.45
S5 -0.39 -0.57 —0.52 -0.94 —-0.49 1.34 2.27 2.59 4.10 2.51

The table shows the descriptive statistics for portfolios double sorted on market capitalization and the book-to-market ratio from July 1926 to February 2021 and from
July 1926 to February 2021. S1 through S5 show the five quintiles (from the smallest to the largest) in terms of market capitalization. B1 through B5 show the five
quintiles (from the lowest to the highest) in terms of the book-to-market ratio. The means are the average excess returns over the risk-free rate of a Treasury bill.

conditional CAPM. The above test is performed by first constructing
three time series I, =pg + Qs for j = B, s, k and then testing the mean
of each series via robust regression.

4.2. Estimating state probabilities

The up and down states are determined by a Markov switching model
applied to the market excess return. We assume following the stochastic
process:

Ry — Ry = py; + omii ()]

The coefficients, pupg;, and op, i = u, d take one of two values,
depending on the state, and ¢; is a random disturbance assumed to be
normally distributed. Details can be found in Hamilton (1989).

Briefly, the up and down states evolve across time via a first-order
Markov chain. A given state at any time can take one of two values,
St =1u, d. Let pyy, = Prob(S; = u|S;_1 = u) be the probability of staying in
state u, and p,q = Prob(S; = u|S;_1 = d) be the probability of moving from
state d to state u. The probabilities and the likelihood functions are then
calculated recursively:

Ttt—1 = Puufbr—1)1—1 +pua(l — ﬂt—l\r—l) (10)
LogLik, = log{my—1fu(Rut|Qi-1,0) + (1 = Ty 1yfis (Rone|Q4-1,0) } an
The updated probabilities are obtained from the likelihood function

P ”z\z—]ﬁ( (le ‘Qz—l ) 9)
M T Rl 1,0) + (1 — 7ty 1 Vs (R |1, 0)

(12)

where 0 is the vector of parameters in the likelihood function. These are
estimated via non-linear maximum likelihood method. We assume a
conditional normal density for f,(.) and f4(.) representing the two sets of

mean and variance in eq. (9).

The (filtered) probability of a bull regime, p;, is obtained using the
Expected Maximization (EM) algorithm of Hamilton (1989). These
probabilities are used in eq. (8) to obtain the up and down risk premia
for each of the three co-moments.

5. Empirical results

The conditional models discussed in Section 3 are estimated using
the 25 ME/BM portfolios for both the full sample (1926-2021) and the
more recent subsample (1980-2021). Subsequently, we augment the 25
portfolios with 40 industry portfolios for robustness checks. The recent
subsample presents the greatest challenge for the CAPM. Fama and
French (1993) show that the CAPM is vulnerable to the size and value
anomalies, especially in the period following the 1970s. The subsample
choice is justified for two main reasons. First, the shorter period of
1980-2021 is more likely to have seen a limited number of regimes.
Thus, our simple two regimes Markov switching model is likely to be
more appropriate for the subsample than the full sample. Second, the
recent 40 years represent the greatest challenge to the CAPM.

5.1. Data and descriptive statistics

In this paper we employ the 25 Fama and French portfolios, which
are sorted on market capitalization and the book-to-market ratio. These
portfolios are formed by intersecting five size (ME, market value equity)
portfolios and five book-to-market (BM, book equity-to-market value
equity) portfolios. The size breakpoints are based on market equity
quintiles at the end of June in each year. Similarly, the BM breakpoints
are quintiles obtained from the ratio of end of fiscal year book equity to
the end of December market equity of the same year. Portfolios are
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Table 2 Table 3
Test of the unconditional CAPM using Fama and MacBeth (1973). Dual test of Pettengill et al. (1995) for the four-moment CAPM.
1926-2021 1980-2021 1926-2021 1980-2021
Standard CAPM Bull Bear Bull Bear
a 0.0064 0.0101 a 0.0140 —0.0013 0.0161 0.0038
(2.60)* [0.00] (3.17)* [0.00] (5.43)* (—0.43) (4.84)* (0.74)
I 0.0026 (0.89) [0.19] —0.0021 (—0.56) [0.69] 7 0.0270 —0.0397 0.0210 (5.606) —0.0417
(8.378)* (-12.76)* * (—8.191)*
7 22.7918 16.2572 —21.0973 12.2451
(1.325) (0.991) (-1.243) (0.6202)
Four-moment CAPM ~ ~0.0006 0.0000 ~0.0151 0.0008
a 0.0089 0.0104 (—0.828) (0.038) (—2.551)* (0.936)
(2.99)* [0.00] (3.23)* [0.00] 7+ Psm 00262 —0.0396 0.01925 —0.0409
7 0.0092 0.0015 +75 (8.871)* (-13.12)* (5.299)* (—8.187)*
s (5123302) [0.09] 50'1119) [0.45] This table reports the results of the monthly cross-sectional regressions for the 25
r a '00) [0.83] ((') 01) [0.50] ME/BM portfolios on the four-moment CAPM. The coefficients are averages of
x C0.0132 —0.0080 the premiums for conditional beta, conditional coskewness, and conditional
(~1.73) [0.96] (=0.77) [0.77] cokurtosis. The last coefficient is the estimated overall premium for the four-
P+ P+ 7~ —0.0007 ~0.0028 moment CAPM. The t-statistics are reported in parentheses, and significant co-

(—0.25) [0.60] (-0.77) [0.77]

This table reports the results of the monthly cross-sectional regressions for the 25
ME/BM portfolios on the CAPM and the four-moment CAPM. The coefficients
are reported for the beta premium, and for skewness and kurtosis premia for the
four-moment CAPM. The last coefficient, 7 + /*sm + 7%, is the estimated market
risk premium for the four-moment CAPM. The time series of the risk premia for
the CAPM, y{’, is obtained from the cross section regression R;  — Ry, ; = V/ti/fi, 1
Similarly, the covariance, skewness and kurtosis premia are obtained from the
cross section regression: R; ; — Ry, ; = y{’/}i, -1+ 7S -1 + y’[‘ki, 1 for the four
moment CAPM. The t-statistics are reported in parentheses. The tests are based
on sample averages and t-statistics of the time series of risk premia. The boot-
strap p-values are shown in square brackets.

rebalanced in July of each year.

Descriptive statistics for the 25 double sorted portfolios are shown in
Table 1. Panel A shows statistics for the full sample (1926-2021). The
average excess return increases with the BM ratios for four of the five
size (S1-S4) portfolios. For example, for the bottom size quintile (S1),
excess returns range from 0.64% for the lowest book-to-market ratio
(B1) to 1.35% for the highest book-to-market ratios (B5). For the top size
quintile excess returns tend to increase but not monotonically. For all
sizes, excess returns are clearly an increasing function of the BM ratio.
On the other hand, excess returns are strictly decreasing with size for the
top three BM ratios (B3-B5). For the bottom two BM ratios, the pattern is
not clear but appears to show a hump-shaped pattern. In any case, for all
BM portfolios, excess returns are generally decreasing with size.

There is a different pattern for total risk (standard deviation). While
the standard deviation is (mostly) strictly decreasing with size, it shows
a smile pattern across the BM quintiles. For example, for S1, the standard
deviation decreases from 12.11 (B1) to 8.33 (B4) and then increases to
9.30 (B5). Note, however, that the pattern is not the same for all sizes.
For S2 the decrease is between B1 and B3, while for S3-S5 the decrease is
only between B1 and B2.

Finally, both skewness and kurtosis generally decrease with size and
increase with BM. This suggests that higher moments (especially
cokurtosis) might help explain the observed returns.

Panel B shows the descriptive statistics for the 25 ME/BM portfolios
for the subsample (1980-2021). The evidence of a value premium is less
obvious than for the full sample. Although returns show some increase
with BM ratios, it is not monotonic and it is only for the bottom three size
quintiles. The excess returns are increasing with size for the top four BM
quintiles, but are decreasing for the lowest BM quintile.

The standard deviations, skewness and kurtosis are lower for all
portfolios compared with the full sample, suggesting that this period is
much less volatile than the 1926-1979 period. Otherwise, the general
pattern is unchanged. The standard deviations decrease with market
capitalization for all BM quintiles, suggesting a greater volatility of small
stocks. Similar to the full period, we observe a smile pattern for the BM

efficients at the 5% level are indicated with an asterisk. The time series of risk
premia are obtained from the cross-sectional regression R; ; — Ry, ; = y{’ﬂi, -1+
ViSi -1+ }’It(ki, 1 at each point in time. The bull (bear) premium is obtained by
splitting the time series sample of premia (£, 7}, and y¥) into positive (negative)
market excess return. The same procedure is applied on the market risk pre-
mium, 7 + 7%, + 7K.

quintile. Again, the smile effect is different for different size quintiles.
Skewness figures are mostly negative and small in terms of absolute
value. There is no obvious correlation between skewness or kurtosis and
size. Skewness is decreasing in BM for the bottom four size quintiles (S1-
S4), but no obvious pattern is noted for the top size quintile (S5). In
contrast, kurtosis is generally increasing in BM for all size quintiles.

5.2. Fama-MacBeth test

The results of the standard Fama and MacBeth methodology (Fama
and MacBeth, 1973) to test the CAPM and four-moment CAPM are re-
ported in Table 2 for the periods 1926-2021 and 1980-2021, respec-
tively. The conditional co-moments are estimated as sample co-moments
based on rolling windows as in FM. At each point in time, premia are
obtained via cross-sectional regressions. A t-test is then conducted on the
time series of each premium.

The static CAPM is rejected for both the full sample and the sub-
sample. The market premium is positive but not significant for the full
sample and even negative, though insignificant, for the subsample
1980-2021. For both the full sample and the subsample, the four-
moment CAPM is rejected as the risk premium, 7 + y’s;; + yk, is nega-
tive though insignificant. The unconditional four-moment CAPM, thus
does not perform well using the Fama and MacBeth methodology. The
introduction of higher co-moments does not rescue the model in its static
form.

5.3. Pettengill et al. (1995) test

Table 3 shows the introduction of two regimes, bull and bear, based
on the ex-post excess market return, using the Pettengill et al. (1995) test
of the CAPM.

Following Pettengill et al. (1995), we split the sample into upmarket
and downmarket periods, defined as months with positive or negative
ex-post market excess returns, respectively. Having estimated beta,
coskewness and cokurtosis from a first pass, we define a conditional
four-moment CAPM as:

Rir_Rﬁ = am"‘ﬂ,'@'ﬁ,""?}, L X .Sir+?‘1(,'5r'kt+/};§, 1 (1 _5r)
of,+750(1-5) os,»,Jr?; o(1—5,) 0k +e;
13)
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Table 4

Markov switching parameters for the market model.
Parameters Coeff. T-Stat.
251 0.0100 7.71
H2 0.0 -
P12 0.0179 3.13
P 0.1114 3.40
21 0.0378 37.07
[ 0.1056 22.88

This table shows the parameters of the Markov switching process for the market
model. The parameters reported are the two means, the transition probabilities,
and the standard deviations.

where 5, = 1 if the realised market excess return is positive, and
0 otherwise.

The model is estimated for each ¢, that is, there are T cross sectional
regressions, yielding T risk premia. These are then split into two samples
depending on whether the excess market return implies an upmarket
regime (positive) or a downmarket regime (negative). A systematic
conditional relationship between the co-moments and realised returns is
supported if.

¥’ + ¥’sm+ ¥* > 0 in upmarket and * + ¢°s,, + y* < 0 in downmarket.

The results confirm the asymmetry in market premia, with a positive
and significant return of 2.62% in bull markets and a significant nega-
tive return of —3.96% in bear markets for the full period 1926-2021. For
the subsample period 1980-2021, the bull and bear premia are similar at
1.93% and —4.09%, respectively.

The market premia are virtually identical to the beta premia, sug-
gesting that skewness and kurtosis are irrelevant. Indeed, all but one of
the skewness and kurtosis premia are small and insignificant. There is a
clear asymmetric beta premium, with a significant positive beta pre-
mium in bull markets and a larger significant negative beta premium in
bear markets. This asymmetry is slightly more pronounced in the sub-
sample 1980-2021 with a greater spread between the bull and bear
premia.

5.4. Markov switching model

A well-known limitation of the Pettengill et al. (1995) approach is
that the sign of the market return is not necessarily associated with a bull
or bear market. Indeed, an overall positive (negative) price trend may
well contain negative (positive) returns. However, the Markov Switch-
ing approach allows for this possibility. More importantly, given that the
bull and bear regimes are latent processes, we can only estimate the
probability of their realisation.

In this section, we apply the conditional methodology based on the
Markov Switching model described in Section 4. The two regimes are
estimated with a different mean and standard deviation for each regime.
Table 4 shows the results for the regime switching model applied to the
market return. The results show that the bull regime is more likely. The
probability of moving from bull to bear market is only 0.0179, whereas
the probability of moving from bear to bull market is 0.1114. However,
both transition probabilities are small, which suggests that both regimes
are persistent.

The bull market shows a positive and statistically significant average
return of 1% and a standard deviation of 3.78%. For the bear market we
initially obtain a negative but insignificant (at the 5% level) average
return, . We therefore re-estimate the model, imposing a zero average
bear market return. The results reveal a low (zero) return on average but
a high standard deviation of 10.56%. Thus, the bull market is charac-
terized by a positive return and low volatility, suggesting a steady
regime. In contrast, the bear market is characterized by high volatility
and low (zero) average returns. This is typical of a highly unstable
regime that contains boom-and-bust cycles.

Fig. 1 shows the filtered probabilities of the up and down markets for

International Review of Financial Analysis 86 (2023) 102524

the full period (1926-2021). The market is in a bullish regime most of
the time. The bullish regime is typical of the 1940s, 1950s, and the
1980s, and is especially prolonged in both the 1990s and the recovery
following the dotcom crisis in the early 2000s. The bear regime is typical
of the year 1929, the mid 1970s, the early 1980s, the end of the 1980s,
the high volatility period of the late 1990s, the early 2000s, the financial
crisis of 2007, and the recent Covid-related crisis.

5.5. Individual-fixed effects panel for the CAPM and the four-moment
CAPM

In individual fixed-effects panel data, the intercepts are allowed to
vary across individual assets (the 25 ME/BM-sorted portfolios), but not
over time. The intercepts will therefore capture an individual effect that
drives the portfolios but does not change over time. The effect is that the
intercept is removed, with only the two risk premia remaining. This
allows us to focus on: (i) the coefficients of the risk premia; (ii) the tests
of the unconditional four-moment CAPM; and (iii) the weighted average
risk premium.

The conditional models are obtained by first using a DCC GARCH
approach covering the full sample, and then using a panel for the period
1926-2021. More specifically, the conditional betas are first estimated
using a multivariate DCC GARCH approach for the full period
1926-2021 for the estimation process. The results are reported in
Table 5.

Similar to Vendrame, Guermat, & Tucker, 2018, the conditional
CAPM is able to rescue the model. The risk premium is 1.01% and highly
significant for the whole sample. The static CAPM is rejected as the risk
premia for bullish and bearish markets are significantly different. The
risk premium is positive in the bullish market (1.27%) and negative in
the bearish markets, as expected (—0.57%). This gives a highly signifi-
cant difference of 1.84%, which gives further support for the regime
based conditional CAPM.

Table 5 also shows the results for the four-moment CAPM. Focusing
on bull markets, all risk premia are significant and have the expected
sign. The risk premiums for beta is 1.37%, —280.81 for coskewness and
0.21% for cokurtosis. In bear markets the coefficients are significant and
have the expected signs, with the beta risk premium of —3% and cos-
kewness positively rewarded at 65.42. The only exception is for cokur-
tosis that is positive even in bear markets, although very small at only
0.02%. The symmetry hypotheses are clearly rejected for all co-
moments. For example, the difference between the up and down beta
premia is 4.36% and is highly significant.

For the weighted co-moment risk premia, a time series regression
with Heteroscedasticity and Autocorrelation Consistent (HAC) standard
errors using a Newey-West window with four lags is used to test for the
means. Our choice is driven by the fact that the estimated risk premia
have low dispersion and are highly serially correlated.

All weighted risk premia are significant and have the expected sign.
The beta risk premium is significant and positive, with a coefficient of
0.75% per month and with a t-statistic of 10.98. The coskewness pre-
mium is negative and significant (as expected), and the cokurtosis pre-
mium is positive and significant, though very small (0.18%). Therefore,
the conditional coefficients of the risk premia are consistent with theory.
Investors require a risk reward for covariance and cokurtosis risks and
are willing to forego some returns in exchange for positive coskewness.

The overall market risk premium is positive (0.67%) and highly
significant. More importantly, the addition of higher moments to the
simple CAPM reduces the market risk premium from 1.01% to 0.67% per
month. Overall, the conditional four moment CAPM seems to be a better
description of average returns than the conditional CAPM.

To check that our results are robust to the number of portfolios used,
we repeat the same procedure using 65 portfolios (25 book-to-market
and size sorted portfolios plus 40 industry portfolios). The results are
also reported in Table 5. For the simple CAPM, the results are qualita-
tively and quantitatively similar. Indeed, the sign of up and down
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Fig. 1. Filtered probabilities of the bull and bear regimes for the period 1926-2021.

markets (beta) risk premia is unchanged and so is the statistical signif-
icance of asymmetry and the market risk premium. The static CAPM is
firmly rejected as the risk premia are statistically different in bull and
bear markets. Moreover, the coefficient estimates are very similar. For
example, the overall risk premium is positive and significant at 0.62%.

The same applies to the four-moment CAPM. The beta risk premium
is 0.86% in the bullish market and — 2.52% in the bearish market (both
significant), coskewness is negatively rewarded in the bullish market

and positively rewarded in the bearish market, whereas cokurtosis is
always positively and significantly rewarded. The weighted average risk
premium is 0.37% and significant, coskewness is negatively rewarded as
theoretically expected and it is —140.13, whereas cokurtosis is posi-
tively rewarded as theoretically expected and it is 0.16% per month.
Beta is also positively rewarded with 0.38% per month. The introduction
of the higher moments produces a slightly lower risk premium from
0.38% to 0.37% but, overall, the beta-CAPM seems to be enough to
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Table 5 Table 6
Test of the MS conditional CAPM (25 ME/BM Portfolios/All Portfolios). Time series explanation of size, value, and momentum.
25 ME/BM All Portfolios Panel A.
Bull Bear Bull Bear Static Four-Moment CAPM Conditional Four-Moment CAPM
1926-2021 1926-2021
AR 0.0127 —0.0057 0.0091 —0.0113
(6.60)* (—2.80)* (7.94)* (—8.51)* Mean T-stat Mean T-stat
- 0.0184 (13.33)* 0.0204 (22.71)*
5 " " (p-val) (p-val)
Tw=pis+  0.0101 (34.96)* [0.00] 0.0062 (19.54)* [0.00]
quﬁ Intercept 0.0083 3.547 (0.000)* —0.0022 —1.422 (0.155)
size 0.0022 2.001 (0.046)* 0.0002 0.293 (0.770)
value 0.0032 2.036 (0.042)* 0.0025 2.510 (0.012)*
momentum —0.0037 —1.179 (0.239) —0.0009 —0.463 (0.643)
Four-moment CAPM 1926-2021 Four-moment CAPM 1926-2021
Bull Bear Bull Bear
ﬁ | 0.0137 (7.10)* —0.0300 0.0086 (7.48)* —0.0252 Panel B.
p *
d (~13.50)* (~18.06)* - —
A _980.81 65.42 (40.01)* _169.38 37.48 (47.25)* Static CAPM 1926-2021 Conditional CAPM 1926-2021
79 (—24.61)* (—30.04)* Mean T-stat Mean T-stat
Vﬁ | 0.0021 (8.35)* 0.0002 (2.44)* 0.0017 (7.99)* 0.0006 (6.51)*
y’j (p-val) (p-val)
}’ﬁ - 0.0436 (27.32)* 0.0338 (34.10)* Intercept 0.0100 4.222 (0.000)* —0.0024 —1.489 (0.137)
}’ﬁ size 0.0020 2.205 (0.028)* 0.0000 0.049 (0.961)
v — —346.22 (—27.85)* —206.86 (—37.48)* value 0.0028 2.499 (0.013)* 0.0031 3.144 (0.002)*
Ya momentum —0.0009 —0.410 (0.682) 0.0013 0.630 (0.529)
w— 0.0018 (6.22)* 0.0012 (4.55)* h
~ This table reports the test on sample means of the loadings 43, A, and A{"obtained
Iy 0.0075 (10.98)* [0.00] 0.0038 (7.17)* [0.00] from T cross-sectional regressions based on the model: R3¢ = 12 4 AS5m + ARghmt
I —231.85 (—42.70)* [0.00] —140.13 (—43.20)* [0.00] + A7BE°™ + & as described in Section 5.6. The tests are for the 25 ME/BM
Tk 0.0018 (63.20)* [0.00] 0.0016 (85.20)* [0.00] portfolios over the period 1926-2021.
I'm 0.0067 (10.83)* [0.00] 0.0037 (7.60)* [0.00]

This table reports the results for the regime switching conditional CAPM for the
25 ME/BM portfolios and All Portfolios (25 ME/BM Portfolios plus 40 Industries
Portfolios) over the period 1926-2021. The up and down probabilities, p; and g,
=1 — p,, are obtained from a Markov switching model. The conditional co-
moments (covariance, coskewness and cokurtosis) are obtained from DCC
GARCH models. The up and down risk premia, and their differences, are esti-
mated and tested based on panel data regressions with individual-fixed effects.
The weighted average risk premia, I'y, I'; and I are first computed as the
average of the time series I'j; = p[y’,'l + qty{i, for j = p, s, k. These averages are then
tested for significance using a time series regression with HAC standard errors
using a Newey-West window with four lags. The same procedure is applied for
the market risk premium, I',,, which is computed as the average of the time
series I'y = Iy + IgSme + 'k The t-statistics are reported in parentheses and
significant coefficients at the 5% level are indicated with an asterisk. The
bootstrap p-values are shown in square brackets.

explain the cross section of average returns.

5.6. Time series and cross-sectional explanation of returns

Although the statistical significance of the estimated conditional risk
premia is useful evidence that our conditional model is a reasonable
improvement on the static CAPM and static four-moment CAPM
(henceforth 4-CAPM), especially for the whole sample, this evidence is
nevertheless incomplete and should be complemented by contrasting
the cross sectional and time series performance of the conditional model
with that of the static model. In this section, we first provide some time
series results on the premiums associated with size, value, and mo-
mentum. We then discuss the pricing errors of the static and conditional
models (for both the CAPM and the 4-CAPM).

If our conditional model explains size, value, and momentum, then
the loadings from the three factors should not be priced. Thus, we run T
cross-sectional regressions with the three factors on net returns:

Ry = A0+ BBy + APy + 27 + 4 a4

it

The time series test is then performed on sample means of 1, /1?, and
f". The net returns are given by RY = Ryt — Ry — I'pefie — Lsisie — Diekir
For the conditional 4-CAPM (the conditional betas are obtained from a
DCC model). For the static 4-CAPM, the net returns are given by Ri =

Rit — Rt — ApPit — AsSit — Axki, where the betas are obtained from a five
year rolling window and lambdas are the standard 4-CAPM estimated
risk premia. The loadings, ™, g™ and °™ are estimated from time
series models using five year rolling windows

RS = By + By RS, + B SMB, + B HML, + ;" MOM, + & (15)
where R® indicates excess return. Table 6 provides tests for the (time)
average risk premia for the three factor sensitivities. For the conditional
4-CAPM, only the value premium is significant. It is important to note
that the intercept becomes insignificant compared to the static 4-CAPM.
Size and momentum appear to be explained by the model. On the other
hand, for the static 4-CAPM size remains unexplained with a significant
large intercept. For the cross-sectional comparison, we calculate the
pricing errors from the two models as follows:

&7 =E(Ry —Ry) — E(T'p)E(B,) — E(I')E(sit) — E(T ) E (ki) (16)
— Cov( Ty, By) — Cov(Tys, sit) — Cov(Tiy, kir)

&' = E(Ry — Ry) — JE(B,,) — AE(si)) — ME(ky) 17)

where, as before, the conditional betas are from a DCC model, the
standard 4-CAPM betas are from five year rolling univariate regressions,
and 1y, A, Ax are the standard 4-CAPM estimated risk premia. The pricing
error from the static CAPM and 4-CAPM are much larger than that of the
conditional 4-CAPM. The average absolute error is 0.20% for the con-
ditional 4-CAPM model, against 1.45% for the static model. Another
way of looking at the pricing error is by visually comparing the per-
formance of the two models.

In Fig. 2, the fitted expected returns from the conditional 4-CAPM
and CAPM are plotted against realised average returns. We do the
same for the static CAPM. Ideally, the fitted returns should be close to
the 45-degree line. However, none of the fitted models achieve a perfect
fit. Nevertheless, the conditional models show substantial improvements
over the static model. The static CAPM suggests returns that are way
below their average realised returns. It is clear from the figure that the
returns predicted by the static CAPM bear no relation to realised returns.
The slope is indistinguishable from a flat line, reflecting an insignificant
risk premium.
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Fig. 2. Average fitted returns and average realised returns.

Table 7

Cross-sectional regression of factor sensitivities on pricing errors. Table 8
Panel A Standard one-pass betas Average rolling betas Markov switching parameters for the market model 1980-2021.
Coefficient  t-stat (p-val) Coefficient  t-stat (p-val) Parameters Coeff. T-Stat.
Static CAPM H 0.0117 5.46
Intercept 0.0051 12.352(0.000) 0.0050 13.770 (0.000) H2 0.0 -
% % P12 0.0459 2.05
size 0.0010 2.275 (0.034)* 0.0015 3.450 (0.002)* P21 0.0414 1.39
value 0.0035 5.404 (0.000)* 0.0036 6.006 (0.000)* o1 0.0264 9.53
momentum 0.0165 3.010 (0.007)* 0.0272 3.647 (0.002)* 02 0.0562 14.77
R?/ Adj R? 0.63/0.57 0.69/0.65 . o
Cor{ ditig)nal /! / This table shows the parameters of the Markov switching process for the market
CAPM model. The parameters reported are the two means, the transition probabilities,
Intercept ~0.0027 ~5.524 ~0.0027 ~6.038 and the standard deviations.
(0.000)* (0.000)*
size —0.0006 —1.152 —0.0001 —0.171 For the conditional models, the fitted returns are closer to the real-
(0.262) (0.866) . .
value 0.0043 5.622 (0.000)*  0.0044 5.983 (0.000)* ised average returns, though the models over-predict expected returns.
momentum 0.0246 3.818(0.001)*  0.0370 4.049 (0.001)* The models do not perform particularly well for low average realised
R?/ Adj R? 0.64/0.59 0.67/0.63 returns, and the slope is substantially less than the ideal 45 degrees,
perhaps due to low variability in the co-moment estimates, which re-
duces the correlation between fitted and realised average returns.
Panel B Standard one-pass betas Average rolling betas Nevertheless, for returns above 0.8% both the proximity of returns and

Coefficient t-stat (p-val) Coefficient  t-stat (p-val)

Static 4-CAPM

Intercept 0.0106 15.409 0.0107 18.459
(0.000)* (0.000)*

size 0.0023 3.136 (0.005) 0.0034 4.810 (0.000)

value 0.0092 8.458 (0.000) 0.0095 10.087
* (0.000)*

momentum 0.0141 1.533 (0.140) 0.0281 2.374 (0.027)

R? / Adj R? 0.80/0.77 0.85/0.83

Conditional 4-

CAPM

Intercept —0.0022 —4.024 —0.0022 —4.762
(0.001)* (0.000)*

size —0.0002 —0.364 0.0004 0.650 (0.523)
(0.720)

value 0.0034 4.006 (0.001) 0.0037 4.936 (0.000)

momentum 0.0180 2.515 (0.020) 0.0341 3.675 (0.001)
¥ *

R?/ Adj R? 0.46/0.38 0.59/0.53

This table reports the results of a cross-sectional regression ¢ = f

(b, g, gmomy where ¢; is the pricing error obtained from the conditional
CAPM (Eq. (16)) and the static CAPM (Eq. (17)). The standard one-pass multi-
variate betas are obtained from N time series four factor model (Eq. (18)). The
average rolling betas are obtained from T regressions for each portfolio (Eq.
(19)). The tests are for the 25 ME/BM portfolios over the period 1926-2021.

the slope are good. The conditional 4-CAPM provides better fit than the
conditional CAPM, producing less outliers and closer predictions to the
45 degrees line. Both types of outliers coincide with the bottom BM
(growth) stocks, confirming the failure of the conditional models to
explain the value anomaly. Overall, the conditional returns from the 4-
CAPM fit the realised returns better than the conditional CAPM, con-
firming the improvement obtained by adding the higher moments to the
conditional version of the CAPM.

Finally, we regress both sets of pricing errors on the size, value, and
momentum sensitivities using two types of estimates. The first is stan-
dard multivariate betas, obtained from a single time series for each
portfolioi=1, ..., N

R, = Py + PINRG, + B SMB, + f" HML, + " MOM, + &, s)

The second set of sensitivities is obtained from five year rolling re-
gressions for each portfolio, and averaging sensitivities. That is, for each
portfolioi =1, ..., N, we perform T regressions
RS = By + PR, + By SMB, + " HML, + ;" MOM, + &, 19

—mom.

The cross section of sensitivities, (Z’s'"b,/_n’w, p ) are obtained by
averaging across time. Table 7 presents the cross-sectional regression
results of pricing errors on the factor sensitivities. There is little differ-
ence between the multivariate and rolling betas, except that the rolling
betas are slightly more correlated with the pricing errors as can be seen
by the coefficient of determination. Regardless of the sensitivity esti-
mates, the conditional 4-CAPM clearly explains away the size effect as
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Fig. 3. Bull and Bear Market probabilities for the period 1980-2021.

the slope associated with the size beta is highly insignificant. The static
CAPM and 4-CAPM, on the other hand, do not explain size. Both con-
ditional and static models, however, fail to explain value and mo-
mentum effects in the cross section.

5.7. Conditional CAPM and conditional 4-CAPM for period 1980-2021

One of the possible ways to improve the conditional models over the
last 40 years is to conduct a Markov switching for this period rather than
for the full all sample 1926-2021. The market dynamics may have
changed over such a long period of time, and the last 40 years’ dynamics

10



V. Vendrame et al.

Table 9

Test of the MS conditional CAPM (25 ME/BM Portfolios and All Portfolios).

25 ME/BM All Portfolios
Bull Bear Bull Bear

A1/ 0.0104(3.44)  —0.0002 0.0102 (5.99)  —0.0004
(—0.06) * (—0.24)

-7 0.0106 (8.02)* 0.0106 (11.81)*

Tpe 0.0049 (14.07)* 0.0047 (13.45)*
Four-moment CAPM Four-moment CAPM
Bull Bear Bull Bear

7174 0.0033 (0.756) 0.0029 —0.0018 0.0034 (1.83)

(0.866) (—0.69)

7o lvs  —34.05 37.27 (4.75)*  —95.68 (-2.79)  54.89 (10.05)
(—0.646) * *

A 1/%  0.0031 (3.07)* 0.0002 (1.49)  0.0034 (4.95)* 0.0003 (2.92)

N

Yh—74  0.0004 (0.10) —0.0052 (—1.92)

n—vy  —71.32(-1.32) —~150.56 (—4.26)*

A—/5  0.0029 (2.86)* 0.0031 (4.50)*

Iy 0.0031 (227.29)* [0.00] 0.0009 (5.19)* [0.00]

Ty 2.59 (1.10) [0.99] —~18.32 (—3.67)* [0.00]

Tk 0.0016 (16.56)* [0.00] 0.0018 (17.22)* [0.00]

I'm 0.0040 (14.20)* [0.00] 0.0029 (10.96)* [0.00]

This table reports the results for the regime switching conditional CAPM for the
25 ME/BM portfolios and All Portfolios (25 ME/BM plus 40 Industries Portfo-
lios) over the period 1980-2021. The up and down probabilities, p,and g, =1 —
Du, are obtained from a Markov switching model. The conditional co-moments
(covariance, coskewness and cokurtosis) are obtained from DCC GARCH
models. The up and down risk premia, and their differences, are estimated and
tested based on panel data regressions with individual-fixed effects. The
weighted average risk premia, Iy, I's and I'; are first computed as the average of
the time series I';, = pty’{l + qt;/'d, for j = p, s, k. These averages are then tested for
significance using a time series regression with HAC standard errors using a
Newey-West window with four lags. The same procedure is applied for the
market risk premium, I',,, which is computed as the average of the time series I',
= I'pt + I'sSme + e The t-statistics are reported in parentheses and significant
coefficients at the 5% level are indicated with an asterisk. The bootstrap p-values
are shown in square brackets.

may be better captured by two regimes specific to such a subsample.
Therefore, we repeat the Markov switching regime methodology for the
period 1980-2021, giving the results shown in Table 8.

The bullish regime has a positive return of 1.17% whereas the
bearish regime is characterized by null return and a higher volatility of
5.62%. The two regimes are very sticky as can be observed from Fig. 3. It
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is now apparent that the market has been characterized by alternate
regimes. Of particular interest is the bearish regime brought about by
the Covid-19 pandemic. We therefore repeat our analysis for the con-
ditional CAPM and conditional 4-CAPM for the last four decades.

Interestingly, for the 25 double sorted portfolios, the risk premium is
positive and significant with a reasonable magnitude. We observe a risk
premium of 0.49%, with a bull risk premium of 1% and an insignificant
risk premium in bear markets (the effect of the boom-and-bust cycles).
This result is also confirmed by the 65 portfolios in Table 9. For the
conditional 4-CAPM we obtain a risk premium of 0.40% with positive
beta and cokurtosis premia of 0.31% and 0.16%, respectively, both of
which are significant. However, the coskewness premium is insignifi-
cant. The risk premium demanded for cokurtosis and therefore for
extreme returns cannot be ignored if one is to explain the cross section of
returns.

When repeating the analysis for the 65 portfolios the results show a
positive and significant risk premium 0.29%, with a positive beta and
cokurtosis premium and a negative and significant coskewness pre-
mium, as theory predicts.

Based on the 25 ME/BM portfolios and the extended 65 portfolios
samples, the full sample and the more recent sample, it is clear that beta
alone cannot explain the cross section of returns. Both skewness and
kurtosis are priced. However, although the pricing sign is as expected
when we use the full 1926-2021 sample, the recent 40 years sample
shows one important discrepancy, namely that the coskewness premium
is insignificant for the 25 ME/BM portfolios. However, this could be
explained by the high cokurtosis premium. We could tentatively spec-
ulate that in the last 40 years investors have been particularly averse to
extreme losses and demanded high premium for kurtosis.

Overall, the implementation of the Markov switching regime for the
last 40 years improves both models, and, in particular, the conditional
CAPM (for the 25 double-sorted portfolios). Most interestingly, perhaps,
the conditional 4-CAPM now exhibits an insignificant and much lower
intercept than in the case of the conditional CAPM. In Fig. 4, we report
the fitted conditional returns of both the conditional CAPM and the
conditional 4-CAPM against the realised returns, together with the static
CAPM average returns. The fitted returns for the conditional 4-CAPM
seem to fit much closer the 45-degree line. The conditional 4-CAPM
has an average conditional pricing error of 0.29% against 0.33% for
the conditional CAPM and 1.12% for the static CAPM.

5.8. Robustness tests

As pointed out by a referee, our results may be sensitive to the choice
of breakpoints. As a robustness test, we re-run the previous set of tests by

Conditional Average Returns
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Fig. 4. Average fitted returns and average realised returns.
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Table 10 Table 11
Test of the MS conditional CAPM (Decile Breakpoints Portfolios. 1926-2021). Test of the MS conditional CAPM (Decile Breakpoints Portfolios. 1980-2021).
ME/BM All Portfolios ME/BM All Portfolios
Bull Bear Bull Bear Bull Bear Bull Bear
AR 0.0129 —0.0047 0.0110 —0.0080 AR 0.0088 —0.0011 0.0092 —0.0008
(11.92)* (—3.94)* (12.71)* (—8.09)* (5.84)* (—0.66) (7.59)* (—0.65)
- 0.0176 (20.63)* 0.0190 (27.40)* -7 0.0098 (13.66)* 0.0100 (16.23)*
Ly :Pﬁ’z + 0.0104 (37.60)* [0.00] 0.0083 (27.83)* [0.00] Ty =Pt}’{i + 0.0037 (11.40)* [0.00] 0.0041 (12.17)* [0.00]
Qz}’ﬁ Qz}/r;
Four-moment CAPM 1926-2021 Four-moment CAPM 1926-2021 Four-moment CAPM 1980-2021 Four-moment CAPM 1980-2021
Bull Bear Bull Bear Bull Bear Bull Bear
M | 0.0125 (11.59) —0.0233 0.0104 (12.02) —0.0237 y{i | yﬁ —0.0012 0.0026 (1.55) —0.0021 0.0031 (2.26)
p * *
] * (-17.97)* * (—22.52)* (-0.52) (-1.15) *
7o | —166.83 34.63 (52.96)* —154.01 32.63 (61.79)* vy |7 —81.35 (—2.80) 34.08 (8.39)* —96.72 (—3.96) 42.19 (11.79)
79 (—35.86)* (—40.93)* * *
Vﬁ | 0.0002 (1.16) 0.0007 (10.72) 0.0004 (2.89)* 0.0007 (11.97) yﬁ | y’é 0.0038 (6.92)* 0.0025 (3.13) 0.0038 (7.94)* 0.0003 (3.86)
k % % % *
7d
y{f - 0.0359 (37.32)* 0.0340 (44.42)* yﬂ - yﬁ —0.0038 (—1.70) —0.0052 (—2.75)*
7 vy —115.43 (~3.86)* ~138.91 (-5.53)*
v — —201.46 (—39.61)* —186.64 (—45.36)* yﬁ - y’é 0.0035 (6.34)* 0.0035 (7.24)*
79 I'y 0.0008 (6.21)* [0.00] 0.0005 (6.66)* [0.00]
w— —0.0005 (—2.57)* —0.0003 (—1.49) I —22.05 (—5.75)* [0.00] —25.35 (—5.50)* [0.00]
vd T 0.0020 (16.80)* [0.00] 0.0020 (16.94)* [0.00]
Iy 0.0075 (13.28)* [0.00] 0.0055 (10.39)* [0.00] I'n 0.0034 (15.24)* [0.00] 0.0032 (14.09)* [0.00]
I —138.34 (—43.79)* [0.00] —127.62 (—43.61)* [0.00] . . 1. ..
e 0.0002 (33.39)* [0.00] 0.0005 (114.11)* [0.00] This table reports the results for the regime switching conditional CAPM for the
I'm 0.0061 (12.14)* [0.00] 0.0045 (9.41)* [0.00] 96 ME/BM portfolios using decile breakpoints and All Portfolios (96 ME/BM

This table reports the results for the regime switching conditional CAPM for the
70 ME/BM portfolios using decile breakpoints and All Portfolios (70 ME/BM
Portfolios plus 40 Industries Portfolios) over the period 1926-2021. The up and
down probabilities, p, and ¢, = 1 — p,, are obtained from a Markov switching
model. The conditional co-moments (covariance, coskewness and cokurtosis)
are obtained from DCC GARCH models. The up and down risk premia, and their
differences, are estimated and tested based on panel data regressions with
individual-fixed effects. The weighted average risk premia, I's, I's and I'y are first
computed as the average of the time series I';; = pty{, + qtyjd, for j = p, s, k. These
averages are then tested for significance using a time series regression with HAC
standard errors using a Newey-West window with four lags. The same procedure
is applied for the market risk premium, /',, which is computed as the average of
the time series I'y = I'p; + I'sSme + I'ke- The t-statistics are reported in parentheses
and significant coefficients at the 5% level are indicated with an asterisk. The
bootstrap p-values are shown in square brackets.

using different breakpoints to ascertain that the results are not affected
by the breakpoint choice. We test the conditional versions of the CAPM
and Higher-moment CAPM using ME/BM portfolios formed using dec-
iles as breakpoints as opposed to quintiles. Furthermore, we the 100 ME/
BM portfolios formed using decile breakpoints.

However, unlike the 25 ME/BM portfolios, for which full returns
data are available, both the full sample (1926-2021) and the subsample
(1980-2021) suffer from data attrition due to missing values. Indeed, 30
of the 100 ME/BM portfolios formed using decile breakpoints have
missing values throughout the full sample period, and 4 portfolios in the
subsample have continuous missing values. It is perhaps for this reason
that the 25 ME/BM portfolios have kickstarted the current debate and
research in asset pricing. Nevertheless, it is interesting to test the
robustness of our findings in earlier sections. The robustness results for
the ME/BM and Full portfolios are reported in Tables 10 and 11 for the
full sample and the sub-sample respectively. The Full portfolios include
the ME/BM and the industry portfolios.

By contrasting Table 5 and Table 10 it is apparent that the results are
qualitatively identical. The coefficient signs, scale, and test conclusions are
unchanged. The estimates are very similar. For example, the bull premium
for ME/BM portfolios changed marginally from 0.0127 to 0.0129, whereas
the bear premium changed from —0.0057 to —0.0047. The risk premium
for the conditional CAPM changed from 0.0101 to 0.0104.
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Portfolios plus 40 Industries Portfolios) over the period 1980-2021. The up and
down probabilities, p, and ¢, = 1 — p,, are obtained from a Markov switching
model. The conditional co-moments (covariance, coskewness and cokurtosis)
are obtained from DCC GARCH models. The up and down risk premia, and their
differences, are estimated and tested based on panel data regressions with
individual-fixed effects. The weighted average risk premia, /'y, I'; and I'; are first
computed as the average of the time series I';, = Pl + qrly, for j = B, s, k. These
averages are then tested for significance using a time series regression with HAC
standard errors using a Newey-West window with four lags. The same procedure
is applied for the market risk premium, I',, which is computed as the average of
the time series I'y = I’y + 'S¢ + I'ie- The t-statistics are reported in parentheses
and significant coefficients at the 5% level are indicated with an asterisk. The
bootstrap p-values are shown in square brackets.

The Four-Moment conditional tests are also unchanged. For ME/BM
portfolios, the market risk premium drops marginally from 0.0067 to
0.0061. The beta premium is unchanged at 0.0075, while the skewness
premium increases from —231.85 to —138.34. However, the only large
difference is the kurtosis premium, which drops substantially from
0.0018 to 0.0002. Nevertheless, the kurtosis remains positive and sig-
nificant in the decile portfolios. The same goes for the extended portfolio
set.

The sub-sample results are also largely similar. By comparing Table 9
and Table 11, it is seen that the sign and scale of estimates are un-
changed, although we note some marginal differences. Focusing on the
ME/BM portfolios, the four-moment beta premium drops from 0.0031 to
0.0008 when we use the deciles breakpoints. In contrast, the skewness
premium becomes negative and significant at —22.05 (similar to the ‘All
portfolios’ sample for both quintile and decile breakpoints). Thus, it
seems that the choice of breakpoint might have some impact on the
results for the more recent sample (1980-2021). In contrast to the full
(1926-2021) sample, the kurtosis premia are virtually unchanged across
the two tables, changing marginally from 0.0016 to 0.0020. Finally, the
market risk premium drops marginally but remains positive and statis-
tically highly significant.

Overall, the results confirm our previous analysis. The conditional
CAPM is a good explanation of the cross-section of returns. More
particularly, the coskewness and beta remain the two most important
factors in the explanation of the cross-section of returns in the full
1926-2021 sample, with kurtosis playing a greater role in the more
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recent sub-sample (1980-2021).

We also repeated the time series tests for size, value and momentum
shown in Table 6, as well as the cross-sectional tests on the pricing errors
shown in Table 7, using decile breakpoints. For the sake of space, we do
not report the results in this paper (results are available upon request).
For the time series tests the conclusions reported in Table 6 are un-
changed apart from marginal change in the significance of the average
value loading for the statistic four-moment CAPM (the p-value changes
from 4.2% in the quintile breakpoint portfolios to 6.8% in the decile
breakpoint portfolios).

For the cross-sectional tests on the pricing errors, the 32 tests shown
on Table 7 are mostly unchanged, except from two important cases. For
the conditional 4-CAPM, the size is not significant for the quintile
portfolio case (Table 7) for both one-pass and rolling beta. This is
reversed for the decile portfolios where both size coefficients become
highly significant.

6. Conclusion

This paper aims to investigate whether further extensions to the
traditional CAPM can improve its empirical performance, and to offer
some alternative explanation to the average cross-section of returns on
portfolios of stocks double sorted on book-to-market ratios and size. In
particular, we make the following contributions to current asset pricing
theory: (i) we use time-varying factor loadings obtained from a multi-
variate GARCH and dynamic conditional correlations; (ii) we introduce
coskewness and cokurtosis; and (iii) we use time-varying risk premia,
which are assumed to change according to the regime of the market and
with regimes defined by a Markov-switching process.

The assumption of a constant required rate of return may be too
strong for the real world. Risk premia should be related to uncertainty,
commonly measured as volatility, and to risk aversion. Therefore, it is
reasonable to assume that risk aversion is time-varying. More specif-
ically, investors are expected to be less (more) risk averse and more
optimistic (pessimistic) when financial market performance and eco-
nomic news are both positive (negative), and hence more risk averse at
those times when volatility is also expected to be greater given under-
lying uncertainty.

The assumption is made in this paper that there are two regimes,
each with a probability that is returned by a Markov switching process,
and it is assumed that there are two distinct sets of risk premia for each
regime. Whereas the factor loadings are still conditional and determined
through a multivariate GARCH, the risk premia are estimated in a panel
data regression, and the average risk premia are calculated as the mean
of the time series of the weighted average of the two risk premia where
the weights are given by the probability of being in each regime. A
further objective of this paper was to investigate whether the addition of
time-varying factor loadings and time-varying risk premia can explain
the cross-section of US average stock returns.

Our results confirm that the higher-moment CAPM does not perform
well in its unconditional version, but its performance is significantly
improved by introducing a conditional version that accounts for both
time-varying factor loadings and time-varying risk premia. Both condi-
tionings are required to rescue unconditional models. The four-moment
CAPM tests lead to a positive total risk premium estimate of 0.67% per
month over the period 1926-2021, with all factors (beta, coskewness,
and cokurtosis) exhibiting the expected theoretical sign, more specif-
ically, a beta premium of 0.75%, a non-standardized coskewness pre-
mium of —231.85, and a cokurtosis premium of 0.18%. More
interestingly, the model shows a positive return of 0.40% over the later
subsample period 1980-2021, with a positive premium for all of the
factors apart from coskewness (insignificant, while coskewness should
in theory have a negative return reward). Importantly, accounting for
cokurtosis allows us to find a positive and significant risk premium
whereas a beta-CAPM produces an insignificant risk premium. One clear
result that emerges is that unconditional versions of asset pricing models
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are rejected in our study in favour of conditional versions, and that
cokurtosis has become a critical risk factor in the last few decades,
probably due to the high market volatility experienced during that time.

The implication of our study for portfolio managers and investors is
fairly straightforward: stocks with higher betas (or a small market
capitalization given the positive correlation between SMB and beta),
with higher exposure to market kurtosis, and with lower coskewness do
indeed perform better on average and are rewarded commensurately by
the market.

Our relatively simple model offers significant improvement over the
static CAPM, thanks to a combination of higher moments and condi-
tional models. However, some limitations remain. One main limitation
is the error-in-variable problem. Indeed, our models are based on esti-
mated regime probabilities and co-moments. This is a well-known lim-
itation of all two-step regressions, which are usually mitigated via
instrumental variables method. For example, lagged co-moments could
be used as instruments which are correlated with contemporaneous co-
moments but not with the error term. However, this is not straightfor-
ward in the context of panel data. We leave this question for further
studies. A second limitation relates to small-growth portfolios. Although
our model reduces the pricing errors, some portfolios such as small-
growth remain difficult to explain.

Our study could be extended in at least two directions. First, we use
DCC to determine the time-varying co-moments. However, as Caporin
and McAleer (2013) stated, the DCC has many shortcomings, including
that it does not yield dynamic conditional correlations, and that it gives
inconsistent two step estimators. Thus, future work should consider
other estimation alternatives such as short-window rolling regressions,
or high frequency approaches. Second, although a large number of new
factors have been proposed as complements to or replacement of the
original three Fama-French factors, liquidity based extensions seem to
be promising. For example, Virk and Butt (2022) propose a three-factor
model based on sensitivity to changes in market liquidity. Future work
could consider extending the Fama-French three factor model with
momentum and liquidity portfolios.

References

Adrian, T., & Franzoni, F. (2009). Learning about beta: Time-varying factor loadings,
expected returns, and the conditional CAPM. Journal of Empirical Finance., 16(4),
537-556.

Ang, A., & Chen, J. (2007). CAPM over the long run: 1926-2001. Journal of Empirical
Finance., 14, 1-40.

Arditti, F., & Levy, H. (1972). Distribution moments and equilibrium: A comment.
Journal of Financial and Quantitative Analysis., 7, 1429-1433.

Athayde, G., & Flores, R. (1997). A CAPM with higher moments: Theory and econometrics.
Ensaios Economicos. 317, Rio de Janeiro.

Avramov, C., & Chordia, T. (2005). Asset pricing models and financial market anomalies.
Review of Financial Studies., 19, 1001-1040.

Bali, T. G., & Engle, R. F. (2010). Resurrecting the conditional CAPM with dynamic
conditional correlations. NYU Working Paper No. FIN-08-037. https://ssrn.com/abstr
act=1354524.

Bauer, R., Cosemans, M., & Schotman, P. (2010). Conditional asset pricing and stock
market anomalies in Europe. European Financial Management., 16, 165-190.

Black, F., Jensen, M., & Scholes, M. (1972). The capital asset pricing model: Some empirical
tests. Studies in the theory of capital markets. New York: Praeger Publishers.

Bodurtha, J., & Nelson, M. (1991). Testing the CAPM with time-varying risks and returns.
Journal of Finance., 46, 1485-1505.

Campbell, J., & Shiller, R. (1988). The dividend-price ratio and expectations of future
dividends and discount factors. Review of Financial Studies., 1, 195-227.

Caporin, M., & McAleer, M. (2013). Ten things you should know about the dynamic
conditional correlation representation. Econometrics, 1(1), 115-126.

Carhart, M. (1997). On persistence in mutual fund performance. Journal of Finance., 52
(1), 57-82.

Cochrane, J. (2001). Asset pricing. Princeton University Press.

Dittmar, R. (2002). Nonlinear pricing kernels, kurtosis preference and cross-section of
equity returns. Journal of Finance., 57, 369-403.

Douglas, G. (1969). Risk in the equity markets: An empirical appraisal of market
efficiency. Yale Economic Essays., 9, 3-45.

Fama, E., & French, K. (1992). The cross-section of expected stock returns. Journal of
Finance., 47, 427-465.

Fama, E., & French, K. (1993). Common risk factors in the returns on stocks and bonds.
Journal of Financial Economics, 33, 3-56.


http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0005
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0005
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0005
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0010
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0010
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0015
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0015
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0020
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0020
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0025
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0025
https://ssrn.com/abstract=1354524
https://ssrn.com/abstract=1354524
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0030
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0030
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0035
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0035
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0040
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0040
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0045
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0045
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0050
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0050
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0055
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0055
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0060
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0065
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0065
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0070
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0070
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0085
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0085
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0090
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0090

V. Vendrame et al.

Fama, E., & French, K. (2004). The capital asset pricing model: Theory and evidence.
Journal of Economic Perspectives., 18, 25-46.

Fama, E., & MacBeth, J. (1973). Risk, return and equilibrium: Some empirical tests.
Journal of Political Economy., 81, 607-636.

Fang, H., & Lai, T. (1997). Co-kurtosis and capital asset pricing. The Financial Review., 32,
293-307.

Ferson, W., & Harvey, C. (1991). The variation of economic risk premiums. Journal of
Political Economy., 99, 385-415.

Friend, 1., & Westerfield, R. (1980). Co-skewness and capital asset pricing. Journal of
Finance., 35, 897-914.

Graham, J., & Harvey, C. R. (2001). The theory and practice of corporate finance:
Evidence from the field. Journal of Financial Economics, 60, 187-243.

Hamilton, J. (1989). A new approach to the economic analysis of nonstationary time
series and the business cycle. Econometrica., 57, 357-384.

Harvey, C., & Siddique, A. (2000a). Conditional skewness in asset pricing tests. Journal of
Finance., 55, 1263-1295.

Harvey, C., & Siddique, A. (2000b). Time-varying conditional skewness and the market
risk premium. Research in Banking and Finance., 1, 25-58.

Hwang, S., & Satchell, S. (1999). Modelling emerging market risk premia using higher
moments. International Journal of Finance and Economics., 4, 271-296.

Jagannathan, R., & Wang, Z. (1996). The conditional CAPM and the cross-section of
expected returns. Journal of Finance., 51, 3-54.

Jostova, G., & Philipov, A. (2005). Bayesian analysis of stochastic betas. Journal of
Financial and Quantitative Analysis., 40, 747-778.

Jurczenko, E., & Maillet, B. (2001). The three-moment CAPM: Theoretical foundations and
an asset pricing models comparison in an unified framework. Working paper. University
of Paris.

Kostakis, A., Muhammad, K., & Siganos, A. (2012). Higher co-moments and asset pricing
on London Stock Exchange. Journal of Banking and Finance., 36, 913-922.

Kraus, A., & Litzenberger, R. (1976). Skewness preference and the valuation of risk
assets. Journal of Finance., 31, 1085-1100.

14

International Review of Financial Analysis 86 (2023) 102524

Lambert, M., & Hubner, G. (2013). Comoment risk and stock returns. Journal of Empirical
Finance., 23, 191-205.

Lettau, M., & Ludvigson, S. (2001). Resurrecting the (C)CAPM: A cross-sectional test
when risk premia are time-varying. Journal of Political Economy., 109, 1238-1287.

Lewellen, J., & Nagel, S. (2006). The conditional CAPM does not explain asset-pricing
anomalies. Journal of Financial Economics, 82, 289-314.

Lim, K. (1989). A new test of the three-moment capital asset pricing model. Journal of
Financial and Quantitative Analysis., 24, 205-216.

Lintner, J. (1965). The valuation of risk assets and the selection of risky investments in
stock portfolios and capital budgets. Review of Economics and Statistics., 47, 13-37.

Moreno, D., & Rodriguez, R. (2009). The value of coskewness in mutual fund
performance evaluation. Journal of Banking and Finance., 33, 1664-1676.

Mossin, J. (1966). Equilibrium in a capital asset market. Econometrica., 34, 768-783.

Pettengill, G., Sundaram, S., & Mathur, I. (1995). The conditional relation between beta
and returns. The Journal of Financial and Quantitative Analysis., 30, 101-116.

Scott, R., & Horvath, P. (1980). On the direction of preference for moments of higher
order than the variance. Journal of Finance., 35, 915-919.

Sharpe, W. (1964). Capital asset prices: A theory of market equilibrium under conditions
of risk. Journal of Finance., 19, 425-442.

Taylor, S. (2005). Asset Price dynamics, Volatility and prediction. Princeton.

Vendrame, V., Guermat, C., & Tucker, J. (2018). A conditional regime switching CAPM.
International Review of Financial Analysis., 56, 1-11.

Vendrame, V., Tucker, J., & Guermat, C. (2016). Some extensions of the CAPM for
individual assets. International Review of Financial Analysis., 44, 78-85.

Virk, N. S., & Butt, H. A. (2022). Asset pricing anomalies: Liquidity risk hedgers or
liquidity risk spreaders? International Review of Financial Analysis, 81, Article 102104.

Yogo, M. (2006). A consumption-based explanation of expected stock returns. The
Journal of Finance., 61, 539-580.

Young, B., Christoffersen, P., & Jacobs, K. (2013). Market skewness risk and the cross-
section of stock returns. Journal of Financial Economics, 107(1), 46-68.


http://refhub.elsevier.com/S1057-5219(23)00040-6/opt6yB8PO51Rd
http://refhub.elsevier.com/S1057-5219(23)00040-6/opt6yB8PO51Rd
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0095
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0095
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0100
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0100
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0105
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0105
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0110
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0110
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0115
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0115
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0120
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0120
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0130
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0130
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0135
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0135
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0140
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0140
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0145
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0145
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0150
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0150
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0155
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0155
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0155
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0165
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0165
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0170
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0170
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0175
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0175
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0180
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0180
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0185
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0185
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0190
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0190
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0195
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0195
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0200
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0200
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0205
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0210
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0210
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0215
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0215
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0220
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0220
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0225
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0235
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0235
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0230
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0230
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0240
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0240
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0245
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0245
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0250
http://refhub.elsevier.com/S1057-5219(23)00040-6/rf0250

	A conditional higher-moment CAPM
	1 Introduction
	2 Literature review
	3 The conditional model literature
	4 Method
	4.1 Hypotheses
	4.2 Estimating state probabilities

	5 Empirical results
	5.1 Data and descriptive statistics
	5.2 Fama-MacBeth test
	5.3 Pettengill et al. (1995) test
	5.4 Markov switching model
	5.5 Individual-fixed effects panel for the CAPM and the four-moment CAPM
	5.6 Time series and cross-sectional explanation of returns
	5.7 Conditional CAPM and conditional 4-CAPM for period 1980–2021
	5.8 Robustness tests

	6 Conclusion
	References


