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Four-Moment Asset Pricing Model  

Computation Standards and Specification Tests for Moment-Related Risk Premia 

The mean-variance security valuation developed through the Capital Asset Pricing Model 
(CAPM hereafter) by Sharpe (1964), Lintner (1965) and Mossin (1966) has dominated the asset 
pricing area for years. On the basis of a linear relationship between risk and return, securities 
are priced for their contribution (or beta) to the variance of the Markowitz (1952) efficient 
portfolio, i.e. the market aggregate. Black, Jensen and Scholes (1972) and Fama and MacBeth 
(1973) confirmed empirically this particular pricing through the evidence of a positive 
relationship between average stock return and market beta before 1969. 

Around the same time, Rubinstein (1973a) interpreted the mean-variance approach as being 
embedded in a more general parameter-preference model. He describes individuals as single-
period maximizers of the expected utility of their future wealth. This general framework implies 
that an investor adjusts his portfolio until the expected rate of return of each security equals the 
risk-free rate plus a risk premium made up of the sum of the co-moments of the stock return 
with his future wealth, each term being weighted by an individual measure of risk aversion. 
Further assumptions, like the hypothesis of homogeneous subjective probabilities and the two-
fund separation theorem, enable the disaggregation of each portion of this premium into the 
product of a market measure of security risk and a market measure of risk aversion. The CAPM 
thus makes strong hypotheses regarding either the stock return distribution or the utility 
function by implying a simple linear relationship between risk and return. While the former 
relies on spherically distributed returns, the latter qualifies investment products of “inferior 
goods” through the consideration of a quadratic utility function in compliance with risk aversion 
(Samuelson, 1970). These theoretical restrictions induce, in particular, that the buy and hold 
strategy, which consists of investing in the riskless and the market portfolio, is the optimal 
strategy (Harvey and Siddique, 2000).  

Such assumptions are, though, difficult to maintain for portfolios that use options or dynamic 
strategies (Henriksson and Merton, 1981; and Rubinstein and Leland, 1995). Moreover, it does 
not explain why risk averse agents might participate in risky games (e.g., Kahneman and 
Tversky, 1979; and Golec and Tamarkin, 1998). Quite naturally thus, these hypotheses are open 
to empirical inconsistencies. For instance, Reinganum (1981) and Lakonishok and Shapiro 
(1986) demonstrate that the explanatory power of beta, as a proxy for what is priced by the 
market, vanished during the period 1962-1981. Some authors (e.g., Roll, 1977; Breen and 
Korajczyk, 1995; Kim, 1995; and Jagannathan and Wang, 1996) attribute this insignificance to 
statistical issues such as errors-in-variables, time-varying risk premia, bias in data or 
inefficiencies of the aggregate portfolio. For others, some firm characteristics seem to provide 
systematically higher returns than those predicted by the CAPM. Studies  have shown the 
following to be able to justify higher returns for their corresponding stock: low capitalized firms 
(Banz, 1981; and Chan and Chen, 1991), distressed firms with high book-to-market ratios 
(Stattman, 1980; Rosenberg, Reid and Lanstein, 1985; and Chan, Hamao and Lakonishok, 
1991), highly leveraged firms (Bhandari, 1988), firms with poor price-earnings ratios (Basu, 
1983) and finally short-term winners (Jegadeesh and Titman, 1993). 

These empirical failures led to alternative specifications of the link between risk and return. 
Among others, two specific streams of research started to study the reasons that make a 



 

particular stock return deviate from its traditional asset pricing expectation. These approaches 
implicitly recognize that not all the financial risks have been taken into account in traditional 
asset pricing models. They provide extensions to the classical CAPM. 

First of all, the “catch-all proxy argument” of Ball (1978), under which the price-earnings 
ratio is a proxy for unnamed risks to be priced, is extended to other market fundamentals such 
as book-to-market, leverage, and size. All are considered as different ways to scale stock prices 
on the basis of their riskiness (Keim, 1988). In addition, Fama and French (1992) point to the 
joint roles of size and book-to-market ratio to explain shared variations in US stock returns over 
the 1963-1990 period. They construct accordingly a three-factor model where stocks are not 
only priced for their sensitivity to the market portfolio but also for their co-variations with two 
hedge portfolios that play on the return differential between small and big capitalizations and 
between value and growth stocks (Fama and French, 1993). Furthermore, Jegadeesh and Titman 
(1993) display evidence that buying stocks that have done relatively well in the recent past and 
selling stocks that have done poorly would lead to an abnormal profit with regard to the CAPM. 
In line with these results, Carhart (1997) completes the valuation problem by including a 
momentum factor able to capture the difference in returns between the highest and the lowest 
prior return portfolios. 

Secondly, another stream of literature tackles the pricing failures of the CAPM from the point 
of view of its underlying hypotheses. Arditti (1967, 1969), Levy (1969), Jean (1971), 
Rubinstein (1973a) and Scott and Horvath (1980), among others, state that, if returns are not 
normally distributed, moments of higher order than the variance matter in the maximizing of the 
investors’ expected utility. In other words, higher asset co-moments with the market aggregate 
should be priced (as shown in Kraus and Litzenberger, 1976; Fang and Lai, 1997; Harvey and 
Siddique, 2000; and Dittmar, 2002, for the most referenced studies). As a result, one possible 
explanation for the CAPM failures to capture the expected returns of small size, value and 
momentum portfolios might be found in the non-linearities of their return distributions (e.g., 
Hung, Shackleton and Xu, 2004; and Hung, 2007). Within this framework, the Fama-French 
(1993) and Carhart (1997) empirical factors are just proxies for higher-order asset co-variations 
with the market portfolio that should in reality be priced (e.g., Barone-Adesi, Gagliardini, and 
Urga, 2004; Chung, Johnson and Schill, 2006; and Hung, 2007). 

This paper elaborates on this intuition and considers the prospect of a moment-related capital 
asset pricing model that would support portfolio return formation. Although evidence for the 
pricing of an asset’s co-moments with the market has been largely documented, the literature 
has failed to evaluate empirically the underlying return-generating process. Indeed, such a tiny 
proportion has been devoted to the construction of the related risk premia that no standards 
around their construction can be found. Our intention is, therefore, to build risk premia that 
capture the shared variation in stock returns related to three alternative measures of risk 
recognized by the “Positive Preference Theory” (e.g., Pratt, 1964; Arrow, 1971; Kimball, 1990; 
and Kimball, 1993), i.e. covariance, coskewness and cokurtosis1.  

In this way, this research contributes to the literature on systematic co-moments of a stock 
return distribution by its pricing of higher-order risks. Specifically, through a methodology 
similar to Fama and French (1993), it derives US monthly market prices for these extended 

                                                 
1 See infra for the explicit derivation of preference direction for distribution moments on the a priori grounds 
of the Positive Preference Theory. 



 

measures of risk aversion over the period 1996-2006. In line with the evidence that the 
empirical risk factors of Fama-French and Carhart proxy for higher-order co-variation rewards, 
we conduct our study around a comparative analysis and drive specification tests of the newly-
built risk premia. 

The rest of the paper is structured as follows. The first part poses the theoretical foundations 
of our research. Section two builds a comprehensive framework for computing “zero-
investment” portfolios able to mimic commonly the empirical risk factors of size, book-to-
market (BTM hereafter) and momentum (sometimes referred to as MOM) and the moment-
related rewards for an asset’s covariance, coskewness and cokurtosis with the market portfolio. 
A description of the data used for the estimates of these risk benchmarks completes the research 
design. Section three displays descriptive statistics on the elaborated risk premia. Tests of our 
moment-related valuations do not lie exclusively in the realism of the underlying methodology 
but are also to be seen in the accuracy of their predictions for observable security returns. 
Therefore, in Sections four and five, we check the ability of these newly-built risk premia to 
reward investment risk exposure. Section four carries specification tests of the related risk 
premia for three size-, three BTM- and three momentum-sorted portfolios from our dataset. The 
out-of-sample analysis of Section five operates on much finer SIZE / BTM / MOM dependent 
portfolio sorts from the CRSP2 database. Section six concludes the paper. 

1. LITERATURE REVIEW OF HIGHER-MOMENT PREFERENCES AND THEORETICAL 
FOUNDATIONS FOR A FOUR-MOMENT ASSET PRICING MODEL  

Mean-variance security valuation can lead to spurious performance analyses as shown in Leland 
(1999). This can scarcely be defended for the following reasons. First, the normality hypothesis 
does not seem realistic as there is strong empirical evidence for fat tails and left- or right-
asymmetry in the unconditional distribution of stock returns (see for instance, Badrinath and 
Chatterjee, 1988; Longin, 1996; Peiro, 1999; and Aparicio and Estrada, 2001). Second, the 
assumptions that consider investment products as inferior goods and the wealth satiation 
implied by the decreasing marginal quadratic utility were highly criticized (see, Pratt, 1964; 
Arrow, 1971; Kahneman and Tversky, 1979; and Kimball, 1990). Besides, Kimball (1993), with 
his notion of standard risk aversion, considers a complex representative agent that does not 
regard upside and downside risks with equal distaste. His desire to avoid disappointment and his 
fear of extreme outcomes better qualify his attitude towards risk. As a consequence, an 
examination of investors’ preferences in risky situations shows that the certainty of payoffs, the 
possibility of a loss, and the amount of the maximum possible loss are likely to influence their 
choice (e.g., Edwards, 1961; Kogan and Wallach, 1967; and Alderfer and Bierman, 1970). 

Without exhaustiveness, the behavioral studies of Coombs and Pruitt (1960), Alderfer and 
Bierman (1970), Prakash et al. (1996), and Golec and Tamarkin (1998) and the analytical work 
of Arditti (1967, 1969), Levy (1969), Scott and Horvath (1980), and Benishay (1992) have 
linked these risk attitudes to preference directions for moments of an investment distribution. 
The framework where investors’ aversion towards financial risk is totally captured by the return 
dispersion of an investment around its mean is extended to include more information than just 
the first and second moments. For instance, the importance attached to the potential of loss is 
proxied by the skewness statistics (i.e. the measure of the asymmetry in the investment 
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probability distribution). Specifically, a rational investor would prefer positive to negative 
skewness. Moreover, with regard to their fear of extreme outcomes, investors express reluctance 
towards investments with high kurtosis (i.e. investments with large frequencies in the tails of 
their return distribution).  

Rubinstein (1973a) and Kraus and Litzenberger (1976) were the first to extend Modern 
Portfolio Theory to include these non-linear measures of risk. Their work relates the expected 
return of an asset to the weighted sum of the unconditional covariance and coskewness risk 
aversions by the asset systematic risks. Their theoretical foundations investigated a stream of 
research that attempted to introduce higher-moment preferences in an equilibrium asset pricing 
model upon a parametric approach of the utility-based function. As investors require returns for 
bearing additional systematic variance, investors may forego some returns for the benefit of a 
positively skewed portfolio. In other words, they support the fact that investors prefer positive 
coskewness with the market when the aggregate portfolio return is positively skewed but 
present risk aversion to it otherwise. Empirical evidence from US data prior to 1970 for this 
three-moment Capital Asset Pricing Model supports the research. Sareewiwatthana and Malone 
(1985), among others, also showed evidence for the Kraus and Litzenberger (1976) model on 
the Securities Exchange of Thailand around the 1970s. 

Subsequent empirical studies on different exchange markets and at different periods, 
however, have offered mixed results. Although the studies support the pricing of negative 
skewness (see, Conine and Tamarkin, 1985; and Chunhachinda et al., 1997), Friend and 
Westerfield (1980), Barone-Adesi (1985), Grauer (1985), and Lim (1989) for example, 
invalidated the parametrization of Kraus and Litzenberger (1976). The sign and significance of 
the risk premia rewarding skewness risk seem to be highly dependent on the time period and the 
estimation procedure of the test. Some others have attributed these conflicting results to 
specification errors (e.g., Sears and Wei, 1985) and failed to disprove the Kraus and 
Litzenberger (1976) model when statistical correcting measures are brought into play (Homaifar 
and Graddy, 1987).   

More recently, Harvey and Siddique (2000), Guedhami and Sy (2005) and Smith (2007) have 
found evidence that conditional coskewness helps to explain the cross-section of stock returns. 
Barone-Adesi, Gagliardini and Urga (2004) also confirmed the pricing power of coskewness by 
testing the restrictions it imposes on the coefficients of a quadratic market model. In particular, 
the work of Harvey and Siddique (2000) has highlighted the fact that the empirical significance 
of the Fama-French risk fundamentals such as size and book-to-market could be spurious and 
that this partly accounts for the real pricing of conditional coskewness. They also developed the 
intuition that a coskewness factor could be constructed in the same way as the SMB and HML 
risk premia of Fama and French (1993). Barone-Adesi, Gagliardini and Urga (2004) expressed 
the same feeling with regard to the size factor and emphasized the likely misspecification of 
forgetting the coskewness effect on the cross-sectional variation of asset returns. 

Finally, Fang and Lai (1997) and Satchell, Damant and Hwang (2000) showed empirically 
that a stock’s contribution to the market unconditional kurtosis (co-kurtosis or systematic 
kurtosis) may also be determinant in the evaluation of its relative attractiveness. In the same 
spirit, Leland (1999) extended the classical risk measure of the CAPM to account for variance, 
skewness, kurtosis and higher moments. 



 

Intuitions for higher-moment preferences can also be found in a parametric approach of the 
return distribution such as in Simaan (1993). Distribution-based models impose, however, 
strong hypotheses on the return-generating process in order to yield results consistent with the 
pricing of negative skewness, and of positive excess kurtosis (see for instance, Brockett and 
Kahane, 1992). Non-parametric approaches have also been documented by authors such as 
Bansal and Viswanathan (1993). The main result is the superiority of nonlinear kernel asset 
pricing models over linear asset pricing models in explaining cross-sectional variation in 
expected returns.  

Finally, half-way between a parametric and a non-parametric approach, Dittmar (2002) 
presents a conditional non-linear pricing kernel that is consistent with the Positive Preference 
Theory. A four-moment model is derived from arguments on investors’ risk attitudes, such as 
decreasing absolute prudence and decreasing absolute risk aversion. The empirical part of his 
paper provides support for the rewards of a stock positive covariance and cokurtosis and of a 
stock negative coskewness with the aggregate investment returns. His work constitutes the 
theoretical foundations of our empirical approach. 

Theoretical Foundations 

This subsection details the derivation of the Dittmar (2002) four-moment factor model in a 
Kernel Asset Pricing Framework. From a given set of assumptions on investors’ preferences, 
we show how Dittmar incorporates the effect of higher co-moments into asset valuation. As in 
Jurczenko and Maillet (2002), our approach differs from Dittmar (2002) by the identification of 
the premia of the asset pricing relationship. 

As a basic case, the Kernel Asset Pricing Theory considers the two-period intertemporal 
consumption behavior of a representative economic agent3. Results can, however, easily be 
extended to a multi-period analysis. Dittmar (2002) examines the particular situation of an 
investor whose satisfaction towards a specific good (hereafter, a numeraire good consumed in 
quantity n, without loss of generality) is modeled through a von Neumann-Morgenstern utility 
function u, which complies with the definition of standard risk aversion of Kimball (1993). 
Beyond the common properties of positive but decreasing marginal utility, sufficient conditions 
are to be found in the notions of decreasing absolute risk aversion (Arrow, 1971) and decreasing 
absolute prudence (Kimball, 1990). The former simply differentiates investment products from 
inferior goods, while regarding the latter, investors are reluctant to undertake any investment 
that presents a possibility of a large loss and only a limited gain. 

If we denote the agent’s consumption, his wealth, the  price of the good and its gross cash 
flow by, respectively, c, w, p and x, his allocation problem consists of fixing the quantities ct 
and ct+1 that maximize his satisfaction,  

       i.e. ),(    Max 1, 1 ++ ttcc ccU
tt

,                   (1)  

and comply with his budget constraints,  

              i.e. ttt npwc −=  and 11 ++ = tt nxc .         (2) and (3)  

                                                 
3 See Cochrane (2001) for a complete review of the theory. 



 

Note that both 1+tx and 1+tc are random quantities. An investor can only be insecure about his 
investment outcomes. And, as he cannot know with accuracy what his level of wealth will be 
tomorrow, nor can he fix his consumption with certainty. 

Using the time-separable property of the von Neumann-Morgenstern utility function, we 
express ),( 1+tt ccU  as:  

               [ ])()(),( 11 ++ += ttttt cuEcuccU β ,                             (4) 

so that the maximization problem implies:  
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It follows immediately that: 
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For more convenience, we define the notion of the stochastic discount factor, mt+1, as: 
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The following basic pricing formula is derived from (6) and (7):  

            )( 11 ++= tttt xmEp .                   (8) 

Intuitively, the way the payoff will be discounted in order to be related to its current price, i.e. 
mt+1, will depend on its risky nature. The particular case of an asset that, for a price of 1 at time 
t, provides a gross riskless return of Rf at time t+1, poses that:  

               
)(

1
mE

R f = .                  (9) 

Defining the t+1 gross return of an asset i (of current price tp and future payoff 1+tx ), 1, +tiR  
as:    

        
t

t

p
x 1+ ,                                                       (10) 

Hansen and Jagannathan (1991) present the Euler equation,  

      i.e. [ ] 111, =ΩΙ++ ttti mRE ,                  (11) 



 

as the solution to an investor’s portfolio allocation to an asset i according to the information set 
tΩ  available to him at time t. Using the bi-linear property of the covariance operator 

conditionally to time t (as denoted by the time subscript), 

     i.e. )()()(),(cov 1,11,11,1 ++++++ −= tittttitttitt REmERmERm ,                (12) 

we can reformulate equation (11) into a “beta” pricing relationship: 

                      ),(cov)()(1 1,11,1 ++++ += titttittt RmREmE .    (13) 

Assuming the existence of a conditionally risk-free asset of gross return fR  in equation (13), 
we obtain: 
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Similarly, 
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The development of equation (15) requires assumptions about 1+tm . Let us reconsider 
equation (7) and the way the pricing kernel is related to Positive Preference Theory. The 
existence of a representative economic agent allows the expression of the pricing kernel as a 
function of the aggregate consumption (C). Therefore, in a static setting where aggregate 
consumption simply equals aggregate wealth (W), we reformulate the pricing kernel as: 
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Asset pricing models differ thus primarily by the specification of the utility function. For 
example, if we restrict the representative utility function to a quadratic form, the corresponding 
pricing kernel will take a specific linear shape and comply with the classical CAPM. But rather 
than imposing strong functional form on the pricing kernel, Dittmar (2002) approximates an 
unknown utility function by its Taylor’s expansion around the initial wealth. He then lets the 
Positive Preference Theory sign the moments of the return distribution that matter for the 
investors. 

In a static setting defined in time t+1, where data from time t are considered as exogenous, 
equation (16) can be rewritten as: 
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is the aggregate portfolio return, (:))(nu is the n-th derivative of the utility 

function of the representative investor and )( tWo  is the Taylor’s remainder.  



 

Note that this pricing kernel formalization has been derived without any implicit assumptions 
regarding the investor’s behavior towards risk. Postulates on investors’ preferences will now 
guide the specification of the pricing kernel and the truncation of the Taylor’s polynomial in 
three steps.  

First, common arguments on investors’ attitudes towards risk taking, such as positive 
marginal utility and risk aversion, are used. Accordingly, we consider an investor that prefers 
more to less wealth with no satiation and requires a higher expected return for an investment 
with a greater variability in return. These economic restrictions, respectively, induce the 
situation whereby 0' >U  and 0'' <U . 

Second, we argue that, the greater his wealth, the smaller the risk premium the investor 
requires for any given risk. This argument of decreasing absolute aversion developed by Arrow 
(1971) allows the signing of the third term of the expansion (Arditti, 1967). Mathematically, 
with 2σ , the variance of income and π , and Pratt’s definition (1964) of the local risk premium,  

                 i.e. 
'
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decreasing absolute aversion implies that: 
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Since 'U  > 0, '''U  > 0.4 

Finally, we acknowledge that the desire to avoid disappointment in investments is related to 
the precautionary savings motive. The argument of decreasing absolute prudence in the 
investor’s risk attitude (Kimball, 1993) implies that:  
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Since ''U  < 0 and '''U  > 0, ''''U  < 0. 

Higher-order derivatives are not considered to be informative for pricing since Preference 
Theory is not instructive regarding the sign of additional polynomial terms. We implicitly 
assume them to be 0. 

All this lets the pricing kernel finally stand as:  

      3
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2
1,1,1 )()( ++++ +++= tWttWttWttt rdrcrbam     (21) 

with bt < 0, ct > 0 and dt < 0, according to the restrictions made on investors’ preferences. 

                                                 
4 '''U  > 0 was derived for local risk aversion but, according to Pratt (1964), decreasing local risk aversion is 
equivalent to decreasing global risk aversion so that the results do not lose on generality. 



 

Substituting the pricing kernel specification into the beta pricing formulation (15), we have: 
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where )( 1,
2

+tWt rm , )( 1,
3

+tWt rm  and )( 1,
4

+tWt rm  are, respectively, the conditional expected 
variance, skewness and kurtosis of the aggregate wealth portfolio. 

The four-moment valuation relationship follows immediately: 
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Under the hypothesis of separation between financing and investing decisions, measures of 
b1t, b2t and b3t of eq. (25) express the marginal contribution of the asset i to, respectively, the 
variance, the skewness and the kurtosis of the market portfolio. The λs of eq. (24) measure then 
risk aversion to those specified risks. In other words, if the λs express the market rewards for 
supporting risk, the bs express the relative exposures of investors’ portfolios to those specified 
risks. 

In a framework where investors are afraid of high variance, positive excess kurtosis and 
negative skewness, the return offered by a particular security can be interpreted as a 
remuneration for their risk aversion, which is proportional to the stock relative risk exposure. 
The higher the systematic variance and kurtosis and the lower the systematic skewness, the 
higher the expected return. Therefore, the four-moment asset pricing model relates linearly the 
expected return on a specific security to the return of the riskless asset, to the return of a 
portfolio that spans variance, to the return of a portfolio that spans skewness and finally to the 
return of a portfolio that spans kurtosis. This introduces the specification of three particular 
portfolios. The first one must express a perfect correlation with the market portfolio but zero 
higher-order co-moments. The returns on the second and third portfolios must have a unitary 
conditional covariance with, respectively, the squared and the cubed market returns and zero 
values for other co-moments. 

Moreover, according to the valuation relationship (22), these portfolios constitute risk premia 
to be derived and are related to future levels of aggregate wealth. This result is twofold. First, it 
implies that their proxies must be informative regarding future returns. Secondly, their 
estimation requires the assumption of constant relative risk aversion. That follows immediately 
from our standard of risk aversion (following Arrow, 1971; and Kimball, 1993), since absolute 
risk aversion decreases by so much in proportion to the increase in present wealth (see, 
Rubinstein, 1973b for a discussion).  



 

Such properties enable the estimation of the moment-related factors by the rewards of 
investment strategies based on the hypothesis that the following are preferred by investors: 
small variance, positive skewness and negative excess kurtosis. The following sections will 
infer on this basis US market prices for investor risk aversion towards second to fourth co-
moments.  

2. RESEARCH DESIGN 

The objective of this paper is to build risk premia that consistently price the exposure to 
variance, skewness and kurtosis for the US markets and that are able to give an economic 
interpretation to the significance of the Fama-French and Carhart empirical risk factors.  

To this end, we develop a standard methodology that is able to price commonly moment-
related and empirical risks. This takes the form of arbitrage strategies that are about to make 
profit based on the hypothesis that, on the one hand, small variance, high skewness and low 
kurtosis are preferred by investors, and on the other hand, that small size, high BTM and high 
momentum capture common risk fundamentals in returns. Our methodology relies mainly on an 
extension of the one first elaborated by Fama and French in 1993.  

This section outlines our research through its standards for the computation of risk premia 
and the data used for their estimates.  

(i) Standards for the Computation of Risk Premia 

Our methodology uses an arbitrage argument to infer the abnormal returns of zero-investment 
strategies that cannot be explained by exposure to risk factors other than the one underlying the 
investment tactic. More specifically, it consists of buying assets that score highly on a certain 
measure and of selling assets that demonstrate a low score on the same measure. Each month t, 
according to the information available to the investors, we rank stocks on the selected risk 
dimensions and constitute portfolios for three levels of the risk fundamentals. Their specific 
returns in the month following the ranking are then related to the reward of the risks incurred in 
the portfolios. 

Our approach to stock risks is multivariate: we consider a three-way classification of two risk 
dimensions. Specifically, empirical and moment-related factors are examined along three risk 
proxies. 

From the empirical point of view, we follow the literature and consider that the stocks of 
small firms, of value firms, and finally of short–term winners must be rewarded beyond their 
co-movements with the market (see, for example, Fama and French, 1992; and Jegadeesh and 
Titman, 1993, among others). This poses the variables of market capitalization, BTM ratio and 
momentum criterion as market risk fundamentals. To be precise, we designate by market value 
at month t, the quoted share price multiplied by the number of ordinary shares in issue at that 
time, by company total debt at year y (D), all interest bearing and capitalized lease obligations 
(long and short term debt) at the end of the year, and by company total asset at year y (A), the 
sum of current and long term assets owned by the company for that year. We use linear 
interpolation to transpose annual Debt and Asset values into quarterly data, as this is the usual 
publishing frequency in the US markets: 
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for k = 3,6,9,12, i.e. kth month of year y. 

The company book value is defined as the net accounting value of the company assets, i.e. the 
value of the assets net of all debt obligations. BTM at month t is then computed as the book 
common equity for the last fiscal quarter divided by the market equity at the end of the month 
considered. As in Fama-French (1993), negative or zero book values that result from particular 
cases of persistently negative earnings are excluded from the analysis. We also ignore 
unrealistic values5 of BTM for the US markets, i.e. higher than 12,5 in line with the empirical 
study of Mahajan and Tartaroglu (2006). Following Jegadeesh and Titman (1993, 2001) and 
Carhart (1997), the one-year momentum anomaly for month t is defined as the trailing eleven-
month return lagged one month (t-11 to t-1). To ensure that the results are not driven by illiquid 
stocks, we exclude from the computation stocks that present a price below $5 at the beginning 
of the holding period. Stocks that do not have a price at the end of month t-12 are naturally not 
considered. 

To conclude, to be included  at time  t+1 in the three-way classification underlying our 
empirical risk pricing, a stock must possess a value for the three ranking fundamentals, i.e. a 
market value at time t, a book value related to the previous quarter, and 12 lags of return. 

With regard to the moment-related approach, we consider that beyond the classical co-
movements of an asset with the market, the non-diversified skewness and kurtosis of its return 
distribution must be priced (e.g., Fang and Lai, 1997). In the same way that a covariance 
premium must reward an asset’s marginal contribution to the variance of the market portfolio 
returns, an asset’s price must be penalized if the asset contributes to the decrease in market 
portfolio skewness or to the increase in market portfolio kurtosis. In addition, interpreting the 
third standardized co-moment as the covariance between the returns of an asset and the variance 
of the market, assets with positive coskewness present higher returns in exchange for higher 
market variance. According to Portfolio Theory, they must be rewarded to a lesser extent 
(Moreno and Rodriguez, 2006). Similarly, assets with positive cokurtosis display a high 
covariance with the cube of the market returns so that higher excess returns are expected for less 
asymmetry risk. To explain this anomaly we must make the hypothesis that cokurtosis is priced 
(Fang and Lai, 1997).  

To elaborate on these factors, we follow the approach of Kraus and Litzenberger (1976), 
Harvey and Siddique (2000) and Barone-Adesi, Gagliardini and Urga (2004) for estimating 
coskewness and consider similar measures for covariance and cokurtosis. The respective studies 
of these authors infer the third co-moment from the regression of the asset returns on the square 
of the market returns. Therefore, we rely on an extension of the traditional market model of 
Sharpe (1964) into a non-linear return-generating process including the square and the cube of 
the market returns as additional factors, i.e.: 
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5 We allow a variation of one standard deviation around the US average BTM over the period 1995-2002. 



 

where itr , ftr and mtr  are the monthly discrete return on the security i, on the three-month 

Treasury bills and on the market portfolio; mtr is the average market return in the 36 preceding 
months. 

Proxies for, respectively, beta, coskewness and cokurtosis correspond to the loadings on the 
market premium ( ic1 ), on the square of the market excess returns ( ic2 ) and on the cube ( ic3 ). 
These are estimated monthly. 

Six risk factors are derived from both these three-way classifications. First, empirical risk 
factors account for a size, a BTM and a momentum risk premium similar to the ones of Fama 
and French (1993). Specifically, the size factor (SMB for Small Minus Big) remunerates the 
purchase of small cap and the sale of big cap risks. The return differential between portfolios of 
value stocks and of growth stocks constitutes the HML risk factor (HML for High Minus Low 
BTM). Finally, a “Winner Minus Loser” portfolio (WML) rewards the momentum strategy. 
Second, the moment-related approach accounts for three hedge portfolios mimicking the 
required rewards implied by a high covariance (C), a high cokurtosis (K) and a low coskewness 
(S) with the market portfolio.  C and K correspond to the difference in returns of two portfolios 
displaying, respectively, the highest and lowest values of the risk characteristics. S, however, 
reports the excess returns of the lowest scored portfolio on the highest. 

Nevertheless, since each premium must reward only one type of risk, we must establish a rule 
of construction that annihilates the effects of the other risks incurred. One primary way to deal 
with this problem would be to operate an independent ordering on the three retained risk 
dimensions and then to form 27 value-weighted portfolios at the intersections of the ranking. 
For example, an S/ G / L portfolio would contain the smallest stocks that have performed the 
worst in a short time window and that present very low book value with regard to their market 
value. Among these 27 portfolios, we would consider only the ones that respectively score at a 
high and low level on the risk dimension to be priced and that offer the same risk profile on the 
other two dimensions. The arithmetic difference between the high scored and low scored 
portfolios with respect to the control risk variables would give 9 new portfolios. The risk premia 
would then be simply defined as the arithmetic average of these 9 portfolios. Note that as in 
Fama and French (1993), we use value-weighted portfolios to allow for more accuracy in the 
estimation of the investment strategy returns: return variance is, indeed, negatively correlated 
with size (Fama and French, 1993). 

This methodology presents, however, some drawbacks. It does not, in fact, take into account 
the interaction between the three independent sorting procedures. Even if the correlations across 
the risk dimensions are not extreme, they could influence the ranking. For instance, it is well 
established that “firms with low market equity are more likely to have poor prospects, resulting 
in low stock prices and high BTM” (Fama and French, 1992, p. 446). Consequently, “using 
independent size and book-to-market sorts of stocks to form portfolios means that the highest 
BTM portfolio is tilted towards the smallest stocks” (Fama and French, 1993, p. 12). This 
becomes more serious when considering the coskewness-covariance relationship. There, it 
could be quite difficult to find firms that score, respectively, lowly and highly on the two risk 
dimensions, with the consequence of some portfolios being left empty. 

Therefore, we start by breaking up the AMEX, NASDAQ, and NYSE stocks into three 
groups (the bottom 30%, the middle 40%, and the top 30%) according to one of the three 



 

criteria. We then successively divide each newly elaborated category into three classes 
according to one of the two other fundamentals. We end up with 27 value-weighted portfolios, 
of which we only consider the 18 that score at a high or low level on the last risk dimension. 9 
portfolios are constituted from the difference between high and low scored portfolios, which 
display the same ranking on the other two risks (used as control variables). Finally, we compute 
the risk factor (corresponding to the last criterion on which the ranking was made) as the 
arithmetic average of these 9 portfolios.  

Our approach differs from the Fama-French methodology on various points. First, we 
consider a comprehensive approach of three dimensions of risks. Then, we prefer a consistent 
sorting of all listed stocks over an arbitrary split according to NYSE stocks. A monthly 
rebalancing6 of the portfolios captures more realistically the returns that a financial agent can 
expect from his exposure to different risks. Finally, we avoid spurious significance in risk 
factors related to a correlation between the rankings underlying the construction of the 
benchmarks. 

(ii) US Dataset 

To analyze the US stock markets, we construct a database that covers listed stocks on the 
AMEX, NASDAQ and NYSE stock exchanges for the period ranging from November 1992 to 
December 2006. More particularly, from a total of 19,538 dead and 7,501 live stocks available 
on the Thompson Financial DATASTREAM as of March 2007, we collect 3,509 dead and 
5,369 live stocks for which the following information is available: the company annual total 
debt, the company annual total asset, the official monthly closing price adjusted for subsequent 
capital actions and the monthly market value. We use end-of-month estimations.  

Discrete monthly returns and market values are recorded for observations where the stock 
return does not exceed 100%. This is to avoid outliers that could result from errors in the data 
collection process. Observations of negative or zero market value are also ignored. Temporary 
disappearances or missing values in any firm time-series simply exclude the related stocks from 
the analysis for that time. 

The market return and the risk-free rate correspond to, respectively, the value-weighted return 
on all AMEX, NASDAQ, and NYSE stocks and to the DATASTREAM three-month Treasury 
bill rate. 

The appropriateness of the database was verified against selection and survivorship biases. 
First, the aggregate portfolio expresses a return correlation of nearly 98.5% with the Fama-
French market portfolio formed on CRSP data. This constitutes evidence of the robustness of 
our dataset. Although it does not consider the whole of the listed stocks on the US stock 
exchanges and was constructed from the Thompson Financial Datastream, it can be considered 
as comparable to the CRSP dataset used by Kenneth R. French. Second, our selection considers 
both dead and live stocks. 

                                                 
6 Note that this monthly rebalancing of the portfolios involves on average more than 1000 stocks per period. 



 

3. EMPIRICAL RESULTS 

This section analyzes the US market prices for bearing non-zero covariance, non-zero 
coskewness, and non-zero cokurtosis risks during the period 1996-2006. We examine the extent 
to which our proxies of the Fama-French and Carhart empirical risk factors can be related to 
those moment-related premia.  

Descriptive statistics on the empirical factors, the moment-related risk premia and the Fama-
French benchmarks are first displayed in Tables 1 to 5. 

With more than a 4% level of volatility, the aggregate portfolio ( mR ) of all AMEX, 
NASDAQ, and NYSE listed stocks offers an average excess monthly return of 1.2% over the 
period considered. This constitutes the reward of a portfolio more diversified than its Fama-
French benchmark, as the normality of its return distribution cannot be rejected at the 1% level. 
Yet, at a lesser degree of confidence (95%), our market proxy denotes significant tracks of 
negative skewness and positive excess kurtosis. Maybe as a consequence, it presents a gap in 
return with the risk premium that captures co-variation of order two with the market portfolio. 
An intuitive explanation follows: by construction, the market risk premium does not present 
zero-correlation with its squared or cubed forms. The premium can thus span more than the 
second standardized moment. Descriptive statistics on the covariance factor report, though, a 
significant positive excess kurtosis. It would, therefore, not be surprising to find some 
correlation between these two moment-related risk premia. (See Table 1 for Descriptive 
Statistics on Second-moment Risk Factors)  

Descriptive analyses of the third- and fourth-moment risk factors are shown in Table 2. The 
cokurtosis (K) and coskewness (S) factors7 both offer approximately 0.2% of return for a 
volatility half the level displayed by the covariance and the market risk premia. If the first one 
of these factors compensates the purchase of assets that contribute to the increase of portfolio 
extreme occurrences, the second remunerates the risk of presenting highly negative outcomes. 
The first thing to be noted is that the cokurtosis premium presents statistics consistent with its 
pricing: significant fat tails in its return distribution imply the pricing of positive cokurtosis with 
the market portfolio. Moreover, as noted in Lim (1989), the elimination of the asymmetry risk 
raises more extreme risks. The positive skewness of the cokurtosis factor is thus a normal 
consequence of a negative relationship between these types of risk. As for the coskewness 
factor, although its return distribution deviates from a normal law at the threshold of 5%, it 
shows only slightly negative skewness. It could be that the spread in skewness between the 
extreme portfolios is not significant. For this reason, we follow Harvey and Siddique (2000) and 
consider the difference in return between low coskewness (resp. high cokurtosis) stocks and the 
Treasury bills (denoted, respectively, by LS and HK ). We do not, however, account for any 
improvements above S and K. These new mimicking portfolios, in fact, show more return 
variability for less accuracy in the pricing of asymmetry and extreme risks. If they capture more 
spread in returns, they seem to be associated with other risks than the one to be priced. 

LS presents, for instance, greater volatility than does S and also non-significant higher-order 
moments. In comparison with K, HK loses some kurtosis risk for greater volatility and a higher 
level of skewness risk. 

                                                 
7 Both factors are defined as the difference between portfolios that score high (resp. low) and low (resp. high) 
on the risk characteristics. 



 

Our way of scaling stocks for pricing coskewness and cokurtosis is, however, slightly 
different from those previously documented. According to Harvey and Siddique (2000) and 
subsequent authors (Moreno and Rodriguez, 2006; and Kole and Verbeek, 2007), coskewness 
and cokurtosis risk premia should be defined as the difference in returns between portfolios that 
concentrate 30% of stocks with the “most” negative (resp. positive) and the “most” positive 
(resp. negative) values on the risk dimension. Our “step-by-step” sorting procedure would, 
however, not allow such a ranking, since it could lead to unbalanced or even empty portfolios. 
For instance, it would be impossible to gather 30% of stocks that display positive cokurtosis 
with the market when their return distribution has shown a third co-moment statistics among the 
lowest and a medium value for covariance. Even worse, by successively sorting on covariance, 
on cokurtosis and finally on coskewness, it could become difficult to find stocks that have 
scored highly on the two first sortings and still present negative coskewness with the market.  

Nevertheless, to infer whether this would have had an impact on our pricing, we consider two 
new risk premia PMNK  and NMPS , defined as the difference in returns between portfolios that 
display the 30% most positive, resp. negative and the 30% most negative, resp. positive values 
on the risk statistics, with the flexibility to relax one of these two conditions (priority given to 
the sign criteria). The new risk premia display statistical properties very similar to K and S. 
Nevertheless, based on twenty-seven portfolios of different size (as the classification 30 / 40 / 
30 % does not hold at any given time), the control risk variables are expected to receive less 
diversification. This might seriously influence the premium’s ability to price one single risk. For 
instance, if NMPS captures more spread in skewness in comparison with S, it also presents more 
leptokurticity. In addition, PMNK loses some explanatory power with regard to K, as less kurtosis 
but more skewness risk can be depicted in its return distribution. 

Table 3 describes the risk premia fitted for capturing empirical “inefficiencies”. The size 
factor (SMB) is shown to offer a monthly return of almost 3% for 4% of volatility. Based on the 
riskiness of small capitalizations, this investment strategy rewards a significantly positive 
excess in kurtosis (at a 99% confidence level). This is consistent with the portfolio analysis 
carried out by Hung, Shackleton and Xu (2004), where the smallest size decile offers more 
skewness and higher excess in kurtosis in their return distribution than the big stocks. With a far 
inferior level of return, the momentum factor (WML) rewards not only the returns of the 
persistent winners, but also takes advantage of the sale of past losers. As in Harvey and 
Siddique (2000), this tactic compensates for an investment strategy that presents extremely high 
kurtosis and significant left-asymmetry, i.e. a high potential of loss coming from a lack of 
persistence. Interestingly, the book-to-market strategy (HML) values the growth of glamor 
stocks rather than recompensing the riskiness of distressed firms. At first sight, it contradicts 
Fama and French’s expectation for this strategy where both risks of loss and extreme outcomes 
are built in. However, a quick survey of the literature highlights that buying the value portfolio 
and selling the glamor portfolio requires the adoption of positive skewness and negative excess 
kurtosis, and that this still displays a positive differential return (Hung, Shackleton and Xu, 
2004). Inverse risk characteristics might thus lead to a negative average return.  

Nevertheless, to elaborate on this anomaly, we analyze in Table 4 the return comparability of 
our HML risk premium with its Fama-French equivalent8 ( ffHML ). In the period ranging from 

                                                 
8 Available for download on the data library of Kenneth R. French’s website:  
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html#Benchmarks 



 

January 1994 to December 2001, both premia present an average loss in return. Divergence in 
the following months is thus to be found somewhere other than in the spuriousness of the 
underlying method of construction. Besides, over the 1996-2006 period (see Table 5), our SMB 
and HML proxies appear to display the same risk profile as the Fama-French elaborated factors 

ffSMB and ffHML . Yet, as a consequence of the frequent rebalancing of the portfolio, our size 
factor is superior in remunerating the riskiness of small capitalization than is the Fama-French 
benchmark, while value stocks supersede growth stocks during this period according to Fama 
and French. We account, though, for significant differences in the two momentum factors. As in 
Harvey and Siddique (2000), our WML risk factor, which plays on the momentum of both 
winners and losers, is related to negative skewness and positive excess kurtosis. Intuitively, 
there is a risk that winners (resp. losers) do not persistently win (resp. lose). On the other hand, 
the Fama-French momentum tactic buys winners and sells contrarian stocks (i.e. winners’ 
stocks that have suffered under a return reversal and have suddenly become losers). In this way, 
by selling highly negative skewness, their “Up Minus Down” or UMD factor remunerates only 
kurtosis risk and offers a significant positive skewness. 

Tables 6 to 9 conduct a thorough study on the appropriateness of our empirical risk 
fundamentals and moment-related pricing. Correlation analyses across these are displayed, 
together with their Fama-French benchmarks. A portfolio analysis of the implications of market 
fundamentals such as size, book-to-market and momentum on risk and return, is also 
considered. 

Firstly, Table 6 uses the Fama-French benchmarks for judging our empirical risk factors. As 
evidence of the high quality of the dataset, our market risk premium is highly correlated with its 
Fama-French equivalent (at more than 98%). Although they rely on somewhat different rules of 
construction, the SMB and HML factors display quite high levels of correlation with the 
equivalent Fama-French factors (respectively 82% and 64%). Our factors are thus supposed to 
capture the rewards related to the same risk exposures as the Fama-French ones. For the reasons 
mentioned so far, our momentum factor displays a lower (although not a negligible) level of 
correlation with its Fama-French counterpart (36%). 

Inter-correlations between empirical and moment-related risk premia are then presented in 
Table 7. The covariance risk factor displays a relatively high, though different from unity, 
correlation with the market benchmark (73%). At the same time, the market portfolio presents 
correlations of about 44% and 9% with, respectively, the cokurtosis and the coskewness risk 
premia, K and S, and of more than 90% with their HK  and LS counterparts. The coskewness 
risk factor does present a quite high negative correlation with the momentum strategy WML (-
25%) and a non-negligible positive link with the HML factor (8%). LS , another definition of 
coskewness reward, displays, however, a less negative correlation with the WML hedge 
portfolio, while expressing a highly negative co-movement with the HML factor. Finally, the 
cokurtosis factor (K) can be approached through its positive association with the size risk factor 
(26%) and its impressive negative relationship with the book-to-market empirical proxy (-47%). 
For the same level of co-variation with the HML premium, the cokurtosis hedge portfolio 
defined as HK , however, shows a non-negligible negative correlation with the momentum 
strategy and a less powerful link with the SMB risk premium. To be noted is the fact that 

PMNK and NMPS  present almost the same inter-correlation pattern as K and S. 



 

A deeper investigation into the links between empirical risk characteristics and moment-
related factors is structured around a risk-return analysis of three portfolios sorted on size, book-
to-market and momentum variables. Each series of three portfolios concentrates the market risk 
fundamental at different degrees, while being diversified in others. Table 8 presents the results.  

Panel A relating to size-sorted portfolios shows that for the same level of volatility, the 
smallest stocks outperform big capitalizations. Both portfolios present a return distribution that 
deviates from normality at a 5% level. As in Hung, Shackleton and Xu (2004), big stocks are 
recognized for their significant negative skewness and the small caps for their superior kurtosis.  

Panel B relating to BTM-sorted portfolios reports almost similar returns for both value and 
growth stocks, even if the latter display more volatility. Their risk characteristics differ, though, 
greatly: the return distributions of intermediate and high BTM-sorted portfolios diverge from a 
normal law due to significant negative skewness and positive excess kurtosis. The higher the 
BTM ratio of a firm, the more its quotation can suffer under a crash risk of extreme violence. 

Panel C showing momentum-sorted portfolios confirms the empirical results of Harvey and 
Siddique (2000): for the same level of volatility, winner stocks outperform loser portfolio as the 
latter presents a higher crash risk. Yet, only the intermediate momentum portfolio presents 
significant negative skewness. According to the definition of the winners’ and losers’ portfolios 
(groups of stocks that persistently win or lose), mid-portfolios can intuitively be qualified as 
contrarian stocks, which suffer greatly under the risk of a reversal in their strategy. Finally, a 
positive excess in kurtosis qualifies evenly the three portfolios.  

Intra-correlations across empirical and moment-related risk premia are analyzed in Table 9.  

Panel A on empirical factors denotes a highly negative relationship of the aggregate 
investment returns with the HML premium (-53%) while showing rather low levels of 
correlation with SMB and WML mimicking portfolios (resp. -6%, -7%). Next, the momentum 
strategy offers almost de-correlated returns with the size hedge portfolio (less than -1%) and is 
also only slightly associated with the BTM risk factor (-9%). Finally, the strong negative 
relationship between size and BTM risk fundamentals highlighted by the literature (Fama and 
French, 1993; and Hung, Shackleton, and Xu, 2004) is confirmed.  

Panel B on the Fama-French benchmarks confirms the strong links between the market and 
the HML risk premia and across the SMB and the HML risk factors. 

Panel C on moment-related risk premia indicates that, as in Scott and Horvath (1980), 
investors must distinguish between even and odd central moments in their risk evaluation. 
Evidence is found in the huge correlation between cokurtosis and covariance risk premia and in 
their relatively low co-variations with the coskewness factor. Co-moment risk premia, defined 
as the spread in return between low coskewness, high cokurtosis portfolios and the risk-free 
rate, do not conserve these relationships since they display a high level of correlation with all 
the other moment-related factors. 

This paragraph concludes on descriptive analysis. First, we consider the coskewness factor as 
a reward for bearing crash risk since negative odd moments characterize distressed and 
contrarian stocks. On the other hand, positive even moments influence mainly the risk profile of 
small capitalization securities (high excess kurtosis) and growth stocks (high volatility). The 



 

covariance factor will remunerate the uncertainty in payoffs around their mean, while the 
cokurtosis benchmark will compensate highly insecure outcomes that could result in extremely 
good as well as in extremely bad issues. Secondly, SMB, HML and WML as proxies for the 
pricing of higher-order co-moments have already been related in Barone-Adesi, Gagliardini and 
Urga (2004), Chung, Johnson and Schill (2006), and Hung (2007). From this analysis, we 
would expect the SMB and HML factors to be improper substitutes for respectively the 
cokurtosis and coskewness risk premia, while assuming a more complex role for momentum 
and the market portfolio. As in Kole and Verbeek (2007), we consider the momentum premium 
as a benchmark for coskewness, cokurtosis and higher-order co-moments risk factors. The 
consideration of the HML risk premium as an improper proxy for coskewness has already been 
mentioned in Harvey and Siddique (2000), while the SMB similarly attribute for cokurtosis 
features in Dittmar (2002). Finally, through their high level of correlation with the market 
portfolio returns, the excess returns on high cokurtosis and on low coskewness portfolios do not 
satisfy the definitions of higher-order moment risk premia. In other words, only the moment-
related risk factors defined as the spread between portfolios that score high and low on the risk 
characteristics (with or without sign restrictions in the ranking), offer consistent results9. These 
will be tested in the two following sections.  

4. SPECIFICATION TESTS 

The most interesting check on our moment-related risk factors is whether these variables can 
explain the cross-section of returns of portfolios formed on other variables known to be 
informative about average returns. Therefore, to investigate whether higher co-moments are 
priced in the data, we evaluate their explanatory power in the pricing of portfolios that were 
empirically diagnosed as riskier than predicted by the CAPM (i.e., size-, BTM-, and momentum-
sorted portfolios). We compare the results to the ones displayed by other risk factors. Portfolios 
are placed under scrutiny, as the part of their return variance that is unexplained by the model is 
expected to be reduced (Hung, Shackleton, and Xu, 2004). 

Our specification tests are carried out through time-series regressions where the intercepts, 
the slopes and the R-squared values benchmark the appropriateness of the specific asset pricing 
relationship (Black, Jensen, and Scholes, 1972) and more precisely, the underlying risk premia. 
Our dependent dataset consists of three portfolios ranked by size (with portfolio 1 being the 
smallest, and portfolio 3 the largest), three portfolios ranked by BTM ratio and three others 
sorted according to their momentum.  

For these portfolios, we analyze successively the explanatory power of the following: (a) two-
moment asset pricing models, (b) the multifactor approach of Fama-French (1993) and Carhart 
(1997), (c) our four-moment performance attribution model, where the coefficients and premia 
on three mimicking portfolios indicate the proportion of mean return attributable to the 
following elementary strategies: the purchase of covariance and cokurtosis and the sale of 
coskewness, and finally we analyze (d) an augmented model of both moment-related and 
empirical risk premia.  

                                                 
9 This confirms Harvey and Siddique’s (2000) argument for little evidence of any pricing power of the 

−S factor, i.e. the spread between a mimicking portfolio made of the most negatively skewed assets and the 
Treasury bills. 



 

Results are displayed in Tables 10 to 12. Our analysis presents moment-related regressions 
determined at about 40%. In this way, we offer an analytical frame comparable to the Fama and 
French study (1993) on the empirical risk factors of size and book-to-market. We account, 
though, for a misspecification of the moment-related models (with or without the empirical risk 
factors) in the absence of our market premium. This simply confirms the consideration of our 
market factor as a proxy for higher-order co-variations. Intuitively, the market portfolio spans 
more than variance risk since, by construction, it does not display zero-correlation with its own 
higher-order forms. In other words, our three specific moment-related risk premia infer from 
our market premium the second- to fourth-moment risk rewards but still leave higher-order 
variation to be picked up by this aggregate investment premium. More specifically, our 
covariance risk pricing supersedes most of the time the market premium and the empirically 
determined factors. Next, the ability of our coskewness factor to capture crash risk is 
emphasized, as it explains quite effectively the cross-sectional variation in returns of 
“contrarian” stocks and of distressed stock portfolios. There is also some evidence that 
cokurtosis risk is important in growth and small stocks. However, if coskewness and covariance 
risk factors offer extra information regarding the empirical proxies, the results for the cokurtosis 
premium are mixed. Two notes have to be added. First, the introduction of moment-related risk 
premia into the multifactor approach does not absorb the roles of the Fama-French and Carhart 
mimicking portfolios, leaving the intuition that free variation would be picked up by higher-
order co-moments. Secondly, the addition of the market portfolio always decreases the slopes 
associated with moment-related risk premia. These then simply act as adjustments towards a 
general proxy of risk aversion, i.e. the aggregate wealth.  

From this first series of tests, the specification of co-moment factors, such as the spread in 
return between low and high scored portfolios offer a more consistent informative value than 
the rewards of “strictly” positive cokurtosis or negative coskewness. As previously noted, the 
construction of PMNK and NMPS factors is not built on an even reliable diversification of the 
other risks incurred. 

Our results are consistent with the empirical study of Hung (2007) for the pricing of 
coskewness in portfolios formed on momentum and confirm the importance of cokurtosis and 
coskewness risks for BTM-sorted portfolios. We do not, however, find evidence for the pricing 
of coskewness in the smallest capitalizations as pointed out in Harvey and Siddique (2000), in 
Barone-Adesi, Gagliardini, and Urga, (2004) and in Hung (2007). Nevertheless, as in Harvey 
and Siddique (2000), the weakest specification of the moment-related risk premia is found in 
the size scoring. If the size effect has been one of the most challenged inefficiencies, it is far 
from being the strongest (Fama and French, 1993).  

(i) Size-sorted Portfolios 

Results for size-sorted portfolios are presented in Table 10. 

From Panel A, our market model appears to determine a great part of the return variation of 
big capitalizations (more than 99%) but fails to explain adequately the cross-sections of small 
and medium size-sorted portfolio returns ( 2R around 41, 62 % resp.). As our market proxy 
offers an average explanatory power superior to the Fama-French elaborated factor, these 
failures cannot be associated with our particular market portfolio specification (previously 
proved to be more diversified, see Section 3: Empirical Results for a descriptive analysis). The 



 

same regression on the covariance factor is far less informative about return dispersion 
( 2R around 25-53 %). Since the three portfolios span all together the market, their average alpha 
must be zero as it is expected on the market portfolio. On the contrary, significantly positive 
alphas simply show evidence of the model misspecification. As such, we confirm the intuition 
that the market portfolio is a proxy for risk aversion beyond the second co-moment in return 
distribution. 

Our empirical risk proxies of the Fama-French and Carhart factors improve greatly the 
specification of the model ( 2R between 82.1-99.6 %). This introduces a significant (P val. 0≈ ) 
extra reward for small and mid caps, while penalizing the big stock portfolio. Moreover at the 
10 percent level, our momentum factor corrects negatively the required return of the three size-
sorted portfolios (See Panel B). Panel C presents a four-moment valuation in the independent 
variables C, K, S that is far less informative than the multifactor model (as shown in its reduced 

2R values), although both the covariance and the cokurtosis risks are priced. If the covariance 
factor is significant for all the three portfolios, the cokurtosis risk is rewarded in only the first 
two. This analysis suffers, however, under misspecification, since the average alpha across the 
three portfolios is significantly positive. To confirm their statistical acceptance, results must 
thus be tested next to other factors. Not surprisingly, the introduction of the empirical risk 
factors into the co-moment model improves slightly its explanatory power, but the model still 
suffers under misspecification (see Panel D). As it absorbs the role of the cokurtosis premium, 
the pricing value of momentum risk is damaged. This is substantially improved when adding the 
market factor. This latter factor encompasses, however, the covariance risk premium for the 
intermediate portfolio.  

The robustness check conducted on PMNK and NMPS displays strange pricing behaviors. First, 
NMPS becomes suddenly significant for mid caps in a multimoment-multifactor model, while not 

so in a simple moment-related version. Secondly, exposure to negative cokurtosis decreases 
significantly the returns expected on small capitalized stocks. It could be that all together these 
moment-related risk premia constitute, in fact, a joint proxy for the extreme risk probabilities 
present in small and mid caps. 

(ii) Book-to-market-sorted Portfolios 

Results for book-to-market-sorted portfolios are presented in Table 11. 

Our market risk premium offers a power similar to the Fama-French factor in capturing the 
cross-sectional returns of BTM-sorted portfolios: more than 71% of the return variation can be 
explained using this single factor. Remember that, as the market portfolio displays a high 
absolute level of correlation with the HML risk premium (see previous section), such portfolios 
are supposed to suffer the least under CAPM failure. In addition, note that our market model 
does not display significant pricing errors, which is not the case when using the Fama-French 
benchmark. Only our market proxy thus leads to a well-specified model. The same conclusions 
as in the previous analysis (i) can be drawn for the covariance risk factor (see Panel A). 

The empirical multifactor model of Fama-French and Carhart improves the determinative 
value of the market model by about 10%. The HML mimicking portfolio, among others, 
explains a significant part of the return variation of the sorted portfolios. It offers the expected 
relationships with the extreme dependent portfolio returns, while being positively linked to the 



 

medium portfolio returns. The momentum mimicking portfolio is also highly significant for all 
three BTM-ranked portfolios (see Panel B). From Panel C, all three moment-related risk factors 
(C, K, S) are rewarded in and capture between 28% and 63% of the return variation. However, 
substantially fewer pricing errors are still provided by the Fama-French and Carhart model, as a 
sign of misspecification of the moment-related regression. In other words, adding higher co-
moments into the regression improves only very slightly the specification (see Panel D). 
Specifically, the covariance risk is necessary for explaining the cross-section of the returns on 
the three portfolios. It maintains its significance at a threshold of 10% after the introduction of 
the empirical risk premia. The coskewness factor is however only determinant for explaining 
the returns of likely to be distressed securities. The explanatory power of the coskewness factor 
is confirmed (at a 1% significance level) for value stocks in an augmented regression made up 
of the market portfolio, of the three empirical factors and of the two other moment-related 
factors. Finally, the cokurtosis factor has an explanatory role for growth stock returns but is 
rapidly encompassed by empirical factors. 

Finally, PMNK and NMPS provide similar results, although these are sometimes less 
significant: for the pricing of coskewness in the distressed securities portfolios in a 
multimoment-multifactor regression, or for the pricing of cokurtosis in the growth group in a 
moment-related approach. 

(iii) Momentum-sorted Portfolios 

Results for momentum-sorted portfolios are presented in Table 12. 

Our specified market model determines a non-negligible part of the returns on momentum-
sorted portfolios (more than 62%). The loser portfolio, however, seems to be the one for which 
there is the most difficulty in capturing the risks. When analyzing the second-moment risk 
reward, the same conclusion as in analysis (i) can be drawn (see Panel A). 

Panel B introduces empirical factors into the regression. This clearly improves the 
specification of the model ( 2R  around 89-93 %). At the 1% level, the momentum risk factor is 
significantly negative for the two first portfolios, while being significantly positive for the 
winner portfolio. If the HML risk premium displays a positive relationship with the two first 
portfolio returns, the SMB hedge portfolio offers a negative link with their returns (although not 
significantly so for the first portfolio at a confidence level of 90%). The two first portfolios are 
thus exposed to the same kind of risk. At the threshold of 10%, BTM and size factors present, 
however, significant opposite links with the third portfolio return, capturing a quite different 
risk profile. In Panel C on the moment-related pricing valuation, the coskewness (S) factor 
explains a significant (at the 10% level) part of the (approximately) 34% return variance 
explained by the model for the two first portfolios. This constitutes evidence of the negative 
association of this premium with the momentum factor. Nevertheless, this must be confirmed in 
a regression augmented by the market portfolio to account for a well specification of the model. 
For the intermediate portfolio, certainly the most at risk of a reversal in strategy (and being 
qualified of “contrarian” in the previous analysis), coskewness significance at the 5% level is 
maintained next to the market factor, the empirical risk factors and significant covariance and 
cokurtosis premia (see Panel D). As for the covariance factor, this remains significant at the 
10% (or less) level in all the regressions considered. It should be noted that, PMNK and 

NMPS display very similar results. 



 

(iv) Comment 

Despite a more complex rule of construction, our empirical risk factors could be diagnosed as 
directly inferred from the dependent portfolios. Simply because both dependent and 
independent returns are based on a three-sorting procedure, the power of the empirical factors 
can be spurious. However, as the splits underlying the construction of the dependent returns and 
the moment-related premia are different, the significance of these factors in the augmented 
regression (multifactor-multimoment) is even stronger. 

Therefore, as a last check, an out-of-sample analysis will test all our risk premia in another 
security dataset. This operates on much finer SIZE / BTM / MOM dependent portfolio sorts, 
which rely on a different rebalancing frequency and sorting procedure than the one underlying 
the empirical risk factors. 

5. OUT-OF-SAMPLE ANALYSIS 

As in Section 4 (above) on Specification Tests, this section investigates whether our moment-
related risk premia are able to specify adequately return variation in portfolios formed on size, 
book-to-market ratio or momentum. It differs, though, from the previous analysis by its 
independent check of the pricing superiority of our moment-related risk premia over our 
empirical risk factors. Specifically, the analysis consists of testing the ability of these premia to 
explain the returns of portfolios coming from a disjoint group of stocks than the one underlying 
the formation of our empirical risk proxies of the Fama-French (1993) and Carhart (1997) 
factors.  

As they are formed on a different rebalancing frequency and sorting criteria and on the basis 
of a different database than our empirical risk factors, we consider the 25 SIZE / BTM and 25 
SIZE / MOM portfolios available in the data library of K. R. French.10 First, SIZE and BTM 
portfolios are rebalanced yearly. In June of each year y, NYSE stocks are ranked by size 
(according to market equity at the end of June) and independently by book-to-market equity 
(according to market equity at the end of December y-1 and book equity of the last fiscal year). 
Second, momentum portfolios are rebalanced each month. To be included in these last 
portfolios at month t (formed at the end of the month t-1), a stock must have a price at the end 
of month t-13 and a good return at t-2. Within this dimension, NYSE stocks are classed 
according to their returns in the prior 2-12 months. The NYSE breakpoints are then used to 
allocate AMEX, NASDAQ, and NYSE stocks to five size quintiles, five book-to-market 
quintiles and five momentum quintiles. Twenty-five value-weighted portfolios are formed from 
the intersections of the SIZE and BTM quintiles (resp. SIZE and MOM quintiles). Their returns 
are finally recorded for the twelve months following the ranking for the 25 SIZE/ BTM 
portfolios and on a one-month holding period for the SIZE / MOM portfolios. The excess returns 
on these 252 ×  portfolios will constitute the dependent variables in our time-series regression 
analysis over the period January 1996-December 2006. 

The explanatory power of our four-moment model is developed in three-way. First, we 
investigate portfolios formed on both BTM ratio and market equity and consider successively 
portfolios of higher BTM for the same market size. Then, we examine the momentum risk 

                                                 
10 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html#Benchmarks 



 

fundamentals through portfolios whose momentum is constantly growing for the same level of 
market capitalization. Finally, we analyze the effect of an increase in portfolio size 
characteristics on the significance of the return-generating process, with the momentum variable 
maintained as constant.  

Tables 13 to 15 present the results for two definitions of moment-related risk premia, i.e.  
KSC ,,  and PMNNMP KSC ,, . The two series of risk factors display mostly equivalent pricing 

behavior. The results are thus displayed in a way that renders them valid for both approaches. 
Only substantial differences are clearly noted. Generally speaking, the moment-related 
regressions provide adjusted determination coefficients varying from approximately 10% to 
60%. In this way, our analysis provides an analytical framework of the quality offered by the 
empirical study of Fama-French (1993). Their empirical risk premia ffSMB and ffHML , when 
used alone, appeared, in fact, to determine between 6% to 65% of the cross-sectional dispersion 
in returns. As previously noted, consistent results can only be found when the regression 
accounts for higher-order moment rewards, i.e. when the regression includes the aggregate 
wealth portfolio. Moreover, although of statistical significance, our moment-related premia 
leave common variation that would be partly picked up by empirical risk factors.  

Table 13 discusses the informative value of the moment-related factors when financial 
distress is increasing, but the risk linked to size is maintained as constant.  

Used alone, moment-related factors explain a better part of the cross-sectional return variation 
in growth (around 50%) than in value stocks. 15 adjusted 2R  out of 25 fall below 30% when 
considering more distressed portfolios. The model’s explanatory power is, however, sensitive to 
the adjunction of size, BTM, momentum and market risk factors, as shown through the 
substantial increases in adjusted 2R values.  

First, second-order risks are priced for every stock portfolio at a 1% level. More rewards are 
accorded to growth stocks, as shown by the covariance premium coefficients in the 
multimoment regression: they decrease steadily from an average of 0,87 to 0,39 when 
considering stocks under more financial distress. If this factor contributes to the explanatory 
power of the return-generating process beyond size, BTM and momentum risk factors, its role is 
absorbed by the aggregate wealth portfolio in about half of the 25 regressions. Second, for 
intermediate size portfolios (n° 2-3-4), a cokurtosis premium is allocated to each growth stock 
and maintains its significance in a multimoment-multifactor model (with or without the market 
portfolio) at a confidence level of 90%. The pricing of cokurtosis is spread among small stocks, 
even though the highest risk exposures are also to be found among the lowest BTM-sorted 
portfolios. Big stocks do not, however, seem to be affected by cokurtosis risks. Finally, the 
coskewness risk premium increases in significance as more distress risk is incurred. This 
premium tends to conserve its pricing power for the most extreme BTM-ranked portfolios in a 
multivariate approach of both moment and empirical risk factors. This effect is not to be found 
in extremely small capitalized portfolios and it is slightly less significant in big stock quintiles. 
The results are worse for the coskewness premium defined as the spread in returns between the 
most negatively and the most positively scored portfolios ( NMPS ). We also notice a lack of 
significance for the alternative specification of the cokurtosis premium ( PMNK ) in the pricing of 
the B1/S2 portfolio next to the market factor. 



 

Table 14 discusses the informative value of the moment-related factors when the risk of not 
presenting a good persistent return behavior is considered (measured by the momentum 
variable) and the risk linked to size is limited.  

Used alone, moment-related factors capture strong common variation (≈50%) in return for 
group of stocks presenting small momentum values, i.e. according to the Fama-French 
definition, for contrarian stocks. Without becoming negligible, their determinative power 
decreases for other portfolios (although remaining slightly better for winner stocks, 
Adj. % 302 ≈R ). They leave, though, free variation in returns to be picked up by other factors. 
Introducing successively Fama-French and Carhart hedge portfolios and the market premium 
captures a part of their unexplained variation. Adjusted R-squared values are, indeed, 
substantially improved.  

First, covariance risk is priced in all the MOM / SIZE sorted portfolios. More specifically, 
including contrarian stocks in a particular portfolio appears to contribute greatly to its variance. 
For half of the regressions, this premium is encompassed by the market portfolio alongside both 
moment-related and empirical risk factors. Yet, when significant, the premium comes in the 
addition or in the reduction of the portfolio’s sensitiviy towards movements of the market 
portfolio. Secondly, contrarian stocks among small stock portfolios (i.e. n° 1 to 3) are 
significantly (at a 10% level or less) rewarded for their reversal strategy, i.e. for their 
asymmetry in returns, no matter what else is in the regression. This is also where the exposures 
to the third co-moment risk are the strongest. For mid and big caps, no such clear link between 
skewness risk and momentum characteristics is found. Coskewness seems, though, to influence 
significantly the return-generating process for all levels of momentum in size portfolios of 
group (4). NMPS  displays overall the same pricing behavior. Finally, the moment-related pricing 
relationship displays a significant (at a 10% level or sometimes less) price for cokurtosis risk in 
all small stock portfolios, even if its significance is sensitive to the adjunction of empirical 
factors. However, this risk is inconsistently priced in other portfolios. Cokurtosis significance is 
even worse for the alternative premium specification, PMNK . 

Table 15 discusses the informative value of the moment-related risk premia for portfolios 
whose stock market capitalization varies while their momentum is kept under control.  

Used alone, moment-related factors appear to model on average more than 35% of the 
variance of small stock portfolios. Their determinative values decrease slightly with the 
consideration of more capitalized portfolios. The worst specifications of the model are found 
among big cap and mid momentum portfolios (Adj. 2R less than 20%). This model leaves, 
though, substantial pricing errors to be captured by the market premium, among others. 

This last regression analysis simply confirms the previously noted intuitions. First, covariance 
risk seems important for all stock portfolios although it is sometimes encompassed by the 
market premium. The strongest rewards are found among stocks displaying the smallest 
capitalization and momentum. Second, for small momentum values (n° 1-3), coskewness 
reward is spread with regard to size characteristics. Moreover, in the highest momentum 
portfolios, it appears informative for big stock returns only. High and robust significance, i.e. 
insensitive to the inclusion of empirical risk factors, occurs for small size /small momentum 
portfolios (namely, S1-3/M1) and among big size/big momentum portfolios (namely, S4-5/M4). 
Finally, cokurtosis factor prices systematically each small stock in a moment-related valuation 



 

model but its explanatory power is not robust against the introduction of empirical risk factors. 
The pricing power of the premium that rewards a positive cokurtosis relatively to a negative one 
is slightly inferior. 

This out-of-sample analysis confirms the significance of our moment-related premia. The 
covariance factor was able to capture the second-moment risk aversion. The cokurtosis risk 
factor priced considerably growth stocks and influenced also the return of small capitalizations. 
Finally, our coskewness risk premium rewarded crash risk, as shown by its significant pricing of 
contrarian and distressed risks. On average, our moment-related premia offered explanatory 
power beyond the market premium and the empirical risk variables of size, book-to-market and 
momentum. The fact that the Fama-French and Carhart factors are not dropped when the true 
fundamentals are present in the regression make them proxies for the rewards of higher co-
variations in asset returns, as suggested in Chung, Johnson and Schill (2006) and Hung (2007). 

6. CONCLUDING REMARKS 

This paper has documented the effect of non-diversified variance, skewness and kurtosis of a 
return distribution on asset pricing. 

It follows the theoretical work of Rubinstein (1973a,b), Dittmar (2002) and Jurczenko and 
Maillet (2002) and derives a four-moment asset pricing model that complies with the notions of 
decreasing absolute risk aversion and decreasing absolute prudence. Under homogeneous 
subjective probabilities among investors and under the portfolio separation theorem, the model 
relates linearly the return expected on a specific security to the return of the riskless asset, and 
to the returns of three portfolios that span, respectively, variance, skewness and kurtosis. Within 
the valuation relationship, each risk premium is disaggregated into the product of the security 
risk (measured by each of the three considered co-moments) and the market price for investors’ 
aversion towards these risks.  

The purpose of this study was specifically to derive these risk premia using a methodology 
similar to that of Fama and French (1993) and Carhart (1997). The greatest advance we have 
demonstrated relies on the development of a comprehensive framework able to commonly 
estimate risk aversion towards market fundamentals such as size, book-to-market equity, and 
momentum and towards systematic co-moments. The relative pricing power of all elaborated 
risk factors is tested through their ability to explain the return dispersion in portfolios that 
cannot be explained by the single factor model, i.e. size, book-to-market and momentum-sorted 
portfolios. 

These results followed for the US stock markets over the period 1996-2006. Empirical risk 
factors and the market premium were confirmed in their role of picking up free variation in 
returns that are linked to co-variations with the market portfolio return distribution. However, 
we inferred from these what was related to the first four moments. On the one hand, even co-
moment factors were proved to be proxies for uncertainty in risk. First, our covariance risk 
factor superseded the market portfolio in capturing second-order risks. Second, the pricing of 
the probability of extreme occurrences was revealed to be both fairly important for growth 
stocks and influential for small capitalizations. On the other hand, coskewness risks were 
significantly rewarded in distressed and contrarian stock portfolios, as they captured crash risks. 



 

Further investigation into the theoretical and empirical pricing of higher-order co-moments 
would be greatly rewarding.  

 
 
 
 
 
 



 

Table 1 
Descriptive Statistics for Second-moment Factors 

 
Table 1 compares three US-based second-moment risk premia on various statistics for the 
period covering January 1996 to December 1996 (132 monthly estimates). ffM stands for 
the Fama-French market excess return, fm rR − for our own market excess return, and C for 
our computed reward of covariance risk, i.e. the difference in return between portfolios that 
score high and low on the risk dimension. 
 

 
ffM  fm rR −  C  

Mean 0.0058 0.0123 0.0051 
Median 0.0125 0.0153 0.0053 
Maximum 0.0816 0.1020 0.1732 
Minimum -0.1599 -0.1425 -0.1479 
Std. Dev. 0.0448 0.0405 0.0519 
Skewness -0.7051 -0.5050 0.1546 
Kurtosis 3.6921 3.6162 4.5434 
Jarque-Bera statistics 13.5723*** 7.6995** 13.6272*** 
Observations 132 132 132 

 
 

Table 2 
Descriptive Statistics for Third- and Fourth-moment Factors 

 
Table 2 displays some descriptive statistics on our US-based third- and fourth-moment 
factors for the period January 1996 to December 2006. K and S factors are defined as the 
return difference between portfolios that score high, resp. low and low, resp. high on the 
risk sensitivities of cokurtosis and coskewness. HK , LS  are computed as the spread 
between the returns of high cokurtosis, low coskewness stocks and the Treasury bill rate. 
Finally, PMNK and NMPS  measure the return difference between  groups of stocks that 
display the 30% “most” positive, resp. negative and the 30% “most” negative, resp. positive 
values on the risk statistics, with the flexibility to relax one of these two conditions (priority 
given to the sign criteria).  
 

 K  HK  PMNK  S  LS  NMPS  
Mean 0.0024 0.0136 0.0047 0.0018 0.0167 0.0000 
Median -0.0003 0.0139 0.0034 0.0009 0.0171 0.0002 
Maximum 0.0895 0.1323 0.0932 0.0790 0.1348 0.0819 
Minimum -0.0489 -0.1413 -0.0536 -0.0749 -0.1372 -0.0983 
Std. Dev. 0.0250 0.0496 0.0291 0.0222 0.0495 0.0258 
Skewness 1.0440 -0.1097 0.5949 -0.0057 -0.1207 -0.1844 
Kurtosis 4.9351 3.0681 3.5668 4.1089 3.0553 4.6806 
Jarque-Bera statistics 44.5725*** 0.2900 9.5537*** 6.7634** 0.3371 16.2823*** 
Observations 132 132 132 132 132 132 

 
 



 

Table 3 
Descriptive Statistics for SMB, HML, and WML Factors 

 
Table 3 describes our size, BTM, and momentum elaborated factors for ten years of US 
monthly returns (1996-2006). SMB  and HML hedge portfolios reward the excess return of 
small caps and value stocks over big and growth securities. The WML mimicking factor 
displays the abnormal return perceived from buying winner and from selling loser stock 
portfolios. 
 

 SMB  HML  WML  
Mean 0.0277 -0.0108 0.0050 
Median 0.0236 -0.0110 0.0073 
Maximum 0.1601 0.0728 0.1252 
Minimum -0.0627 -0.1494 -0.2134 
Std. Dev. 0.0387 0.0358 0.0421 
Skewness 0.4730 -0.6179 -1.1329 
Kurtosis 4.1029 4.5090 8.7619 
Jarque-Bera 11.6107*** 20.9237*** 210.8331*** 
Observations 132 132 132 

 
 

Table 4 
Descriptive Statistics for HML Factors from January 1994 to December 2001 

 
Table 4 collates our BTM elaborated factor ( HML ) with its Fama-French own computation 
( ffHML ) regarding various descriptive statistics for the 96 months following January 1994. 
Estimations are based on US equity returns. Both mimicking portfolios reward value over 
growth stocks. 
 

 HML  ffHML  

Mean -0.0126 -0.0001 
Median -0.0125 0.0007 
Maximum 0.0728 0.1492 
Minimum -0.1494 -0.2079 
Std. Dev. 0.0393 0.0496 
Skewness -0.5623 -0.7235 
Kurtosis 3.9172 7.0020 
Jarque-Bera 8.4241** 72.4398*** 
Observations 96 96 

 
 



 

Table 5 
Descriptive Statistics for Fama-French Benchmarks 

 
Table 5 summarizes Fama-French size, BTM, and momentum benchmarks for ten years of 
US monthly returns (1996-2006). ffSMB  and ffHML  hedge portfolios reward the excess 
return of small caps and value stocks over big and growth securities. The UMD  mimicking 
factor displays the extra return perceived from buying winners and from selling contrarian 
stock portfolios. 
 

 
ffSMB  ffHML  UMD  

 Mean 0.0033 0.0033 0.0153 
 Median -0.0013 0.0034 0.0110 
 Maximum 0.1462 0.1492 0.2505 
 Minimum -0.1160 -0.2079 -0.0948 
 Std. Dev. 0.0374 0.0441 0.0536 
 Skewness 0.3667 -0.8431 1.0300 
 Kurtosis 4.2287 8.6259 6.1200 
 Jarque-Bera 11.2618*** 189.7184*** 76.8766*** 
 Observations 132 132 132 

 
 

Table 6 
Correlations between Fama-French Benchmarks and our Empirical Proxies 

 
Table 6 judges the appropriateness of our empirical US risk factors through their 
correlations with the Fama-French benchmarks over the period January 1996-December 
2006. fm rR − , SMB , HML , and WMLcorrespond to our estimates of the market, the size, 
the BTM and the momentum risk factors, while ffM , ffSMB , ffHML , and UMD are their 
Fama-French equivalents.  
 
 

 
 

 ffM  ffSMB ffHML UMD

fm rR −  0.9835  

SMB  0.8208 
 

HML  0.6390 

 

WML  
 

 
 0.3565 



 

Table 7 
Inter-Correlations between our Empirical and Moment-related Risk Premia 

 
Table 7 evaluates the inter-correlations between our empirical and moment-related 
mimicking portfolios for ten years of US monthly equity returns (1996-2006). 

fm rR − , SMB , HML , and WML correspond to our estimates of the market, the size, the 
BTM and the momentum risk factors. C, K and S factors are defined as the difference in 
return between portfolios that score high for the two first premia, resp. low for the last one 
and low, resp. high on the risk sensitivities of covariance, cokurtosis and coskewness. HK , 

LS  are computed as the spread between the returns of high cokurtosis, low coskewness 
stocks and the Treasury bill rate. Finally, PMNK and NMPS  measure the return difference 
between groups of stocks that display the 30% “most” positive, resp. negative and the 30% 
“most” negative, resp. positive values on the risk statistics, with the flexibility to relax one 
of these two conditions (priority given to the sign criteria).  
 

 C  S  LS  NMPS  K  HK  PMNK  

fm rR −  0.7292 0.0912 0.9324  0.1018 0.4408 0.9295 0.4349 

SMB  0.0934 0.0380 0.0578  -0.0411 0.2622 0.0624 0.2050 

HML  -0.6021 0.0763 -0.5050  0.0597 -0.4705 -0.5047 -0.4106 

WML  -0.2284 -0.2528 -0.1431  -0.2838 -0.0726 -0.1436 -0.0896 

 
 

Table 8 
Risk-Return Analysis of Three Size-, BTM- and Momentum-sorted Portfolios 

  
Table 8 carries a descriptive analysis of three-sorted portfolios (low 30%- middle 40%- high 
30%) regarding the characteristics of the market equity (Panel A), of the Book-to-Market 
ratio (Panel B), and of the one-year momentum criterion (Panel C). Estimations are based 
on the US equity markets for the period January 1996-December 2006. 
 
 Panel A – Size-sorted 

Portfolios 
Panel B – BTM-sorted 

Portfolios 
Panel C – Momentum-sorted 

Portfolios 
 1SMB  2SMB  3SMB  1BTM 2BTM 3BTM  1MOM  2MOM  3MOM

Mean 0.0459 0.0349 0.0156 0.0180 0.0119 0.0155 0.0144 0.0124 0.0220 
Median 0.0452 0.0340 0.0198 0.0206 0.0126 0.0170 0.0109 0.0163 0.0265 
Max. 0.1950 0.1683 0.1056 0.1497 0.0854 0.1488 0.1708 0.1170 0.1863 
Min. -0.1355 -0.1595 -0.1421 -0.1337 -0.1101 -0.1874 -0.1537 -0.1345 -0.1476 
Std.Dev. 0.0440 0.0546 0.0432 0.0523 0.0343 0.0469 0.0545 0.0365 0.0529 
Skew. -0.1902 -0.2264 -0.4828 -0.1935 -0.4493 -0.5136 0.0971 -0.3917 -0.2367 
Kurt. 4.5656 3.4305 3.4783 2.9954 3.8035 5.3271 4.1624 4.4016 3.6365 
J.B. 14.2764*** 2.1465 6.3857** 0.8239 7.9914** 35.5860*** 7.6383** 14.1797*** 3.4611 
Obs. 132 132 132 132 132 132 132 132 132 

 
 



 

Table 9 
Intra-Correlation Analysis among Empirical and Moment-related Risk Premia 

 
Table 9 conducts an intra-correlation analysis among empirical risk factors in Panel A 
(market portfolio, size, BTM and momentum mimicking portfolios), between their Fama-
French counterparts in Panel B, and between moment-related risk premia in Panel C 
(covariance, coskewness and cokurtosis risk rewards). Estimations are based on the US 
equity markets for the period January 1996-December 2006.  
In Panel A, mR  is the value-weighted return on all AMEX, NASDAQ, and NYSE stocks of 
our dataset, while rf  is the DATASTREAM three-month Treasury bill rate. SMB and HML 
hedge portfolios reward the excess return of small caps and value stocks over big and 
growth securities, while the WML mimicking factor displays the extra return of buying 
winner and selling loser stock portfolios. Panel B displays their Fama-French counterparts 
in the same order. In Panel C, C, K and S factors are defined as the difference in return 
between portfolios that score high for the two first risk premia, resp. low for the last one and 
low, resp. high on the covariance, cokurtosis and coskewness risk sensitivities. KH, SL are 
computed as the spread between the returns of high cokurtosis, low coskewness stocks and 
the Treasury bill rate. Finally, KPMN and SNMP measure the return difference between groups 
of stocks that display the “most” positive, resp. negative and the “most” negative, resp. 
positive values on the risk statistics, with the flexibility to relax one of these two conditions 
(priority given to the sign rule).  
 

Panel A – Empirical Risk Premia 
 fm rR −  SMB  HML  WML  

fm rR −  1.0000 -0.0550 -0.5293 -0.0656 

SMB  -0.0550 1.0000 -0.4137 -0.0082 

HML  -0.5293 -0.4137 1.0000 -0.0900 

WML  -0.0656 -0.0082 -0.0900 1.0000 
Panel B – Fama-French Benchmarks 

 ffM  ffSMB  ffHML  UMD  

ffM  1.0000 0.2430 -0.3000 -0.0968 

ffSMB  0.2430 1.0000 -0.3805 0.3040 

ffHML  -0.3000 -0.3805 1.0000 -0.2908 

UMD  -0.0968 0.3040 -0.2908 1.0000 
Panel C – Moment-related Risk Premia 

 C  S  LS  NMPS K  HK  PMNK  
C  1.0000 0.0687 0.7051  0.0583 0.5249 0.7058 0.5186 
S  0.0687 1.0000 0.3752 0.8460 0.0754 0.3789 0.0764 

LS  0.7051 0.3752 1.0000  0.3340 0.4494 0.9996 0.4352 
NMPS  0.0583 0.8460 0.3340 1.0000 0.0093 0.3391 0.0771 

K  0.5249 0.0754 0.4494 0.0093 1.0000 0.4464 0.8820 
HK  0.7058 0.3789 0.9996  0.3391 0.4464 1.0000 0.4338 
PMNK  0.5186 0.0764 0.4352 0.0771 0.8820 0.4338 1.0000 



 

Table 10 
Specification Tests of Risk Premia for Three Size-sorted Portfolios 

 
Table 10 analyzes the determinative value of our own risk premia and of the Fama-French market factor in the pricing of three size-sorted 
portfolios. Panel A presents the results for two-moment asset pricing models, Panel B reports our estimate of the four-factor model of Fama-French 
and Carhart, Panel C displays our estimate of the four-moment performance attribution model and Panel D shows the results of an augmented 
model of both moment and empirical risk premia.  
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model’s explanatory power. The 
significance of the slope coefficients constitutes a second specification test of the risk premia. 
 

Panel A – Two-Moment Asset Pricing Models 
 2R  α  

fm rR −β  
ffMβ  Cβ        

0.4101 0.0391***  0.6359***        
0.4050 0.0342*** 0.6978***         

(A.1) 

0.2467 0.0406***   0.4278***       
0.6013 0.0263***  0.9497***        
0.6171 0.0188*** 1.0622***         

(A.2) 

0.3737 0.0285***   0.6480***       
0.9657 0.0070***  0.9464***        
0.9939 -0.0006* 1.0599***         

(A.3) 

0.5334 0.0094***   0.6084***       
Panel B – Fama-French and Carhart Multifactor Model 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ       

(B.1) 0.8213 0.0136*** 0.7728*** 0.7621*** 0.0897 -0.1005**      
(B.2) 0.9154 -0.0036* 1.2034*** 0.8410*** 0.2176*** -0.0660*      
(B.3) 0.9963 0.0008*** 1.0634*** -0.0410*** 0.0154* -0.0232***      

Panel C – Moment-related Risk Model 
 2R  α  Cβ  Sβ  NMPS

β  Kβ  PMNK
β      

0.2711 0.0399*** 0.3383*** 0.1828  0.3329**      (C.1) 
0.2502 0.0401*** 0.3732***  0.1133  0.1766     
0.4088 0.0276*** 0.5266*** 0.2657  0.4497**      (C.2) 
0.4010 0.0274*** 0.5386***  0.1922  0.3575**     
0.5309 0.0091*** 0.5823*** 0.0948  0.0922      (C.3) 
0.5334 0.0091*** 0.5812***  0.1113  0.0824     

 
            



 

Panel D – Multifactor, Multimoment Model 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β
0.5635 0.0236***  0.5546*** -0.2308** -0.0752 0.2697*** 0.1761  0.0183  
0.8286 0.0124*** 0.8676*** 0.7680*** 0.0091 -0.1333*** -0.1151** 0.0323  -0.1052  
0.5645 0.0236***  0.5714*** -0.2202** -0.0669 0.2858***  0.1633  -0.0218 

(D.1) 

0.8312 0.0126*** 0.8697*** 0.7721*** 0.0148 -0.1297*** -0.1044*  0.0426  -0.1237* 
0.5663 0.0118***  0.5328*** -0.1604 0.0121 0.4989*** 0.2854*  0.1556  
0.9152 -0.0040** 1.2294*** 0.8352*** 0.1794*** -0.0703* -0.0463 0.0816  -0.0193  
0.5722 0.0115***  0.5534*** -0.1434 0.0262 0.4976***  0.2715**  0.1700 

(D.2) 

0.9166 -0.0039** 1.2206*** 0.8351*** 0.1865*** -0.0620* -0.0501  0.1020*  0.0270 
0.5872 0.0144***  -0.2973*** -0.2655** 0.0545 0.4892*** 0.1846  0.1364  
0.9965 0.0009*** 1.0485*** -0.0394*** 0.0244** -0.0157*** 0.0242*** 0.0108  -0.0128  
0.5864 0.0141***  -0.2813*** -0.2573** 0.0596 0.4947***  0.1502  0.1144 

(D.3) 

0.9965 0.0009*** 1.0489*** -0.0392*** 0.0262*** -0.0162*** 0.0240***  0.0046  -0.0085 

 
 



 

Table 11 
Specification Tests of Risk Premia for Three BTM-sorted Portfolios 

 
Table 11 analyzes the determinative value of our own risk premia and of the Fama-French market factor in the pricing of three BTM-sorted 
portfolios. Panel A presents the results for two-moment asset pricing models, Panel B reports our estimate of the four-factor model of Fama-French 
and Carhart, Panel C displays our estimate of the four-moment performance attribution model and Panel D shows the results of an augmented 
model of both moment and empirical risk premia.  
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model explanatory power. The 
significance of the slope coefficients constitutes a second specification test of the risk premia. 
 

Panel A – Two-Moment Asset Pricing Models 
 2R  α  

fm rR −β  
ffMβ  Cβ        

0.8640 0.0087***  1.0836***        
0.8878 0.0000 1.2127***         

(A.1) 

0.6251 0.0109***   0.7960***       
0.8709 0.0046***  0.7155***        
0.8824 -0.0010 0.7952***         

(A.2) 

0.4048 0.0066***   0.4227***       
0.7180 0.0073***  0.8864***        
0.7218 0.0003 0.9813***         

(A.3) 

0.2590 0.0101***   0.4633***       
Panel B – Fama-French and Carhart Multifactor Model 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ       

(B.1) 0.9465 -0.0003 1.0180*** -0.0850*** -0.4213*** 0.0957***      
(B.2) 0.9217 0.0002 0.8638*** 0.0081 0.1613*** -0.1043***      
(B.3) 0.8760 0.0035* 1.2356*** 0.0163 0.5623*** -0.1344***      

Panel C – Moment-related Risk Model 
 2R  α  Cβ  Sβ  NMPS

β  Kβ  PMNK
β      

0.6311 0.0108*** 0.7392*** -0.1189  0.2386*      (C.1) 
0.6262 0.0103*** 0.7479***  -0.0421  0.1698     
0.4087 0.0063*** 0.4229*** 0.1759*  -0.0213      (C.2) 
0.4163 0.0066*** 0.4188***  0.1904**  -0.0054     
0.2900 0.0093*** 0.4509*** 0.4310***  -0.0007      (C.3) 
0.2777 0.0100*** 0.4456***  0.3094**  0.0304     

 
            



 

Panel D – Multifactor, Multimoment Model 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β Kβ  PMNK

β  
0.7547 0.0126***  -0.3002*** -0.5639*** 0.2012*** 0.5742*** 0.0992  0.1708  
0.9585 0.0011 0.8959*** -0.0799*** -0.3162*** 0.1412*** 0.1769*** -0.0493  0.0433  
0.7555 0.0122***  -0.2883*** -0.5652*** 0.2084*** 0.5770***  0.1062  0.1382 

(D.1) 

0.9581 0.0009 0.8928*** -0.0823*** -0.3239*** 0.1439*** 0.1764***  -0.0178  0.0336 
0.4399 0.0111***  -0.2094*** -0.1341 -0.0565 0.3559*** 0.1849*  0.0390  
0.9265 -0.0006 0.9104*** 0.0146 0.1176*** -0.1175*** -0.0478* 0.0340  -0.0906**  
0.4417 0.0111***  -0.1952*** -0.1214 -0.0485 0.3621***  0.1692*  0.0341 

(D.2) 

0.9267 -0.0003 0.9082*** 0.0144 0.1241*** -0.1141*** -0.0454*  0.0431  -0.0723** 
0.3694 0.0194***  -0.3165*** 0.1390 -0.0541 0.4726*** 0.3889**  0.1940  
0.8839 0.0029 1.2764*** -0.0026 0.4918*** -0.1396*** -0.0934** 0.1773***  0.0123  
0.3508 0.0192***  -0.2848*** 0.1616 -0.0570 0.4904***  0.2367*  0.1457 

(D.3) 

0.8780 0.0029 1.2912*** 0.0131 0.5106*** -0.1503*** -0.0889*  0.0574  -0.0056 

 
 



 

Table 12 
Specification Tests of Risk Premia for Three Momentum-sorted Portfolios 

 
Table 12 analyzes the determinative value of our own risk premia and of the Fama-French market factor for three MOM-sorted portfolios. Panel A 
presents the results for two-moment asset pricing models, Panel B reports our estimate of the four-factor model of Fama-French and Carhart, Panel 
C displays our estimate of the four-moment performance attribution model and Panel D shows the results of an augmented model of both moment 
and empirical risk premia.  
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model’s explanatory power. The 
significance of the slope coefficients constitutes a second specification test of the risk premia. 
 

Panel A – Two-Moment Asset Pricing Models 
 2R  α  

fm rR −β  
ffMβ  Cβ        

0.6287 0.0057*  0.9672***        
0.6259 -0.0018 1.0655***         

(A.1) 

0.3641 0.0080**   0.6373***       
0.8305 0.0050***  0.7432***        
0.8267 -0.0008 0.8187***         

(A.2) 

0.2865 0.0073***   0.3796***       
0.7379 0.0130***  1.0170***        
0.7684 0.0048** 1.1456***         

(A.3) 

0.3661 0.0156***   0.6453***       
Panel B – Fama-French and Carhart Multifactor Model 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ       

(B.1) 0.8893 0.0041** 1.0635*** -0.0589 0.0968 -0.6479***      
(B.2) 0.8911 0.0025* 0.9126*** -0.0584* 0.2212*** -0.0920***      
(B.3) 0.9275 -0.0004 1.1407*** 0.0687* -0.0887* 0.4825***      

Panel C – Moment-related Risk Model 
 2R  α  Cβ  Sβ  NMPS

β  Kβ  PMNK
β      

0.3728 0.0075* 0.6267*** 0.3323*  0.0033      (C.1) 
0.3821 0.0079** 0.6147***  0.3450**  0.0435     
0.3017 0.0070*** 0.3974***  0.2511**  -0.0997      (C.2) 
0.3072 0.0076*** 0.3904***  0.2462**  -0.0619     
0.3957 0.0155*** 0.5926*** -0.0877  0.2188      (C.3) 
0.3912 0.0152*** 0.6064***  -0.0365  0.1377     

            



 

Panel D – Multifactor, Multimoment Model 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5818 0.0182***  -0.3405*** -0.2788** -0.6135*** 0.3901*** 0.1205  0.1512  
0.8927 0.0033 1.1565*** -0.0561 0.0409 -0.6910*** -0.1228** -0.0712  -0.0134  
0.5818 0.0179***  -0.3305*** -0.2752** -0.6130*** 0.3890***  0.0815  0.1423 

(D.1) 

0.8932 0.0033 1.1567*** -0.0636 0.0375 -0.6966*** -0.1300**  -0.0791  0.0067 
0.3691 0.0141***  -0.3068*** -0.1787* -0.0590 0.3101*** 0.2714**  -0.0088  
0.9221 0.0008 1.0319*** -0.0530* 0.1065*** -0.1281*** -0.1475*** 0.1004**  -0.1557***  
0.3662 0.0142***  -0.2886*** -0.1559 -0.0521 0.3192***  0.2202**  -0.0009 

(D.2) 

0.9204 0.0012 1.0324*** -0.0503* 0.1231*** -0.1266*** -0.1440***  0.0769**  -0.1219*** 
0.6605 0.0138***  -0.1885** -0.3289*** 0.5974*** 0.5942*** 0.2598**  0.1219  
0.9325 0.0002 1.0507*** 0.0699* -0.0385 0.5270*** 0.1283*** 0.0856  -0.0276  
0.6647 0.0135***  -0.1641** -0.3167*** 0.6143*** 0.6082***  0.2688**  0.0795 

(D.3) 

0.9349 0.0003 1.0465*** 0.0774** -0.0338 0.5387*** 0.1387***  0.1235**  -0.0431 

 



 

Table 13 
Multivariate Analysis of 25 BTM/SIZE Portfolios (B/S) 

 
Table 13 carries a multivariate analysis of 25 BTM / SIZE portfolios (B/S). Their cross-sections of returns are analyzed through a 
moment-related model and two multimoment, multifactor models (with and without the market premium) for two different 
specifications of moment-related risk premia. The dependent portfolios are rebalanced yearly and are formed at the intersection of two 
independent five-way classifications of AMEX, NASDAQ and NYSE stocks (according to NYSE breakpoints). The moment-related 
risk premia are rebalanced monthly and are formed on the basis of a “step-by-step” three-way classification of AMEX, NASDAQ and 
NYSE stocks. 
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model’s explanatory 
power. The significance of the slope coefficients constitutes a second specification test of the risk premia. 

Panel A – B.../S1 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5027 -0.0018     1.0083*** -0.1905  1.1175***  
0.7838 -0.0347***  0.8503*** -1.0303*** 0.1869* 0.7342*** 0.0762  0.3821*  
0.9071 -0.0518*** 1.3238*** 1.1759*** -0.6644*** 0.0982 0.1472* -0.1432  0.1937  
0.4854 -0.0034     1.0540***  -0.1357  0.8086*** 
0.7878 -0.0359***  0.8629*** -1.0433*** 0.2090* 0.7210***  0.1787  0.3602** 

(B1/S1) 

0.9073 -0.0523*** 1.3025*** 1.1635*** -0.6912*** 0.1149 0.1366  -0.0021  0.2076* 
0.4361 0.0088*     0.6739*** -0.1755  1.0632***  
0.7175 -0.0203***  0.8453*** -0.4757*** 0.3532*** 0.6230*** 0.0540  0.4828***  
0.8683 -0.0356*** 1.1881*** 1.1375*** -0.1473 0.2736*** 0.0961 -0.1429  0.3137**  
0.4137 0.0072     0.7182***  -0.1676  0.7709*** 
0.7199 -0.0217***  0.8622*** -0.4976*** 0.3722*** 0.6183***  0.1427  0.4038*** 

(B2/S1) 

0.8673 -0.0365*** 1.1739*** 1.1331*** -0.1803 0.2874*** 0.0916  -0.0203  0.2663** 
0.3486 0.0128***     0.4522*** -0.1426  0.6760***  
0.6226 -0.0092**  0.6927*** -0.2189* 0.2269*** 0.4561*** -0.0182  0.2625*  
0.8825 -0.0238*** 1.1362*** 0.9721*** 0.0952 0.1508*** -0.0478 -0.2065**  0.1008  
0.3356 0.0116***     0.4748***  -0.1408  0.5099*** 
0.6261 -0.0100**  0.6962*** -0.2333* 0.2391*** 0.4442***  0.0586  0.2478* 

(B3/S1) 

0.8795 -0.0241*** 1.1215*** 0.9551*** 0.0698 0.1581*** -0.0590  -0.0971  0.1164 
0.2828 0.0150***         0.3752*** 0.0474   0.5280***   
0.5617 -0.0055   0.7075*** 0.0090 0.2418*** 0.4605*** 0.1314   0.1775   
0.8882 -0.0203*** 1.1454*** 0.9892*** 0.3256*** 0.1650*** -0.0475 -0.0585   0.0145   
0.2752 0.0143***     0.3892***  -0.0254  0.4180*** 

(B4/S1) 

0.5675 -0.0060  0.7175*** 0.0126 0.2520*** 0.4520***  0.1469  0.1914 



 

0.8884 -0.0202*** 1.1348*** 0.9794*** 0.3194*** 0.1700*** -0.0572  -0.0107  0.0584 
0.3184 0.0142***         0.4410*** 0.2490   0.4417**   
0.5540 -0.0052  0.7256*** 0.1404 0.1814** 0.5596*** 0.2778*  0.1324  
0.8698 -0.0200*** 1.1523*** 1.0090*** 0.4589*** 0.1042** 0.0486 0.0868   -0.0316   
0.3016 0.0142***     0.4673***  0.1527  0.3037* 
0.5586 -0.0055  0.7508*** 0.1540 0.1988** 0.5721***  0.2840**  0.0963 

(B5/S1) 

0.8720 -0.0199*** 1.1472*** 1.0155*** 0.4641*** 0.1159** 0.0574  0.1248*  -0.0381 
Panel B – B…/S2 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.5551 0.0003         0.9326*** -0.0728   0.8805***   
0.7194 -0.0196***   0.4466*** -0.7752*** 0.1795* 0.7255*** 0.1524   0.4097**   
0.8779 -0.0359*** 1.2666*** 0.7581*** -0.4251*** 0.0947 0.1638* -0.0575   0.2295*   
0.5343 -0.0007     0.9842***  -0.0112  0.5817*** 
0.7201 -0.0208***  0.4741*** -0.7890*** 0.2028* 0.7390***  0.2313  0.2907* 

(B1/S2) 

0.8767 -0.0366*** 1.2580*** 0.7644*** 0.4490*** -0.1119 0.1745**  0.0567  0.1433 
0.3939 0.0063         0.6006*** 0.1014   0.4053**   
0.5066 -0.0083*   0.4472*** -0.1803 0.1497 0.5905*** 0.1911   0.1257   
0.8023 -0.0241*** 1.2255*** 0.7487*** 0.1585 0.0676 0.0470 -0.0120   -0.0487   
0.3961 0.0059     0.6054***  0.1626  0.3301** 
0.5218 -0.0088**  0.4623*** -0.1716 0.1803* 0.5831***  0.3069**  0.1514 

(B2/S2) 

0.8056 -0.0239*** 1.1997*** 0.7391*** 0.1527 0.0936 0.0449  0.1404  0.0109 
0.2736 0.0106***         0.4048*** 0.2230   0.2949*   
0.3510 0.0000   0.3726*** 0.0579 0.1734* 0.4773*** 0.2775*   0.1210   
0.7641 -0.0155*** 1.2053*** 0.6691*** 0.3910*** 0.0927* -0.0572 0.0777   -0.0506   
0.2804 0.0105***     0.4002***  0.2209  0.2728* 
0.3700 -0.0004  0.3919*** 0.0753 0.1986** 0.4717***  0.3326**  0.1558 

(B3/S2) 

0.7701 -0.0153*** 1.1854*** 0.6654*** 0.3957*** 0.1130** -0.0602  0.1680**  0.0169 
0.2230 0.0112**         0.3711*** 0.2624   0.2771   
0.3027 0.0001   0.4338*** 0.1690 0.1450 0.4785*** 0.2790   0.1141   
0.7262 -0.0161*** 1.2532*** 0.7421*** 0.5154*** 0.0610 -0.0773 0.0712   -0.0642   
0.2306 0.0111***     0.3648***  0.2537*  0.2638* 
0.3222 -0.0003  0.4531*** 0.1867 0.1718* 0.4728***  0.3429**  0.1506 

(B4/S2) 

0.7320 -0.0158*** 1.2320*** 0.7375*** 0.5197*** 0.0827 -0.0800  0.1718*  0.0063 
0.2551 0.0103**         0.4100*** 0.4405**   0.2878   
0.3439 -0.0017   0.4729*** 0.2476 0.2151** 0.5604*** 0.4717**   0.1227   
0.7311 -0.0182*** 1.2864*** 0.7893*** 0.6032*** 0.1289** -0.0100 0.2584**   -0.0604   
0.2590 0.0106**     0.4100***  0.3914**  0.2556 
0.3665 -0.0020  0.5082*** 0.2790* 0.2483** 0.5677***  0.5065***  0.1362 

(B5/S2) 

0.7436 -0.0179*** 1.2685*** 0.8009*** 0.6219** 0.1566 -0.0014  0.3303***  -0.0125 



 

Panel C – B.../S3 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5610 0.0063         0.8697*** -0.1919   0.7822***   
0.6899 -0.0140***   0.2379** -0.7440*** 0.1783* 0.6633*** 0.0337   0.4163**   
0.8385 -0.0284*** 1.1237*** 0.5143*** -0.4334*** 0.1030 0.1650* -0.1526   0.2563*   
0.5437 -0.0012     0.9012***  -0.0244  0.5547*** 
0.6938 -0.0153***  0.2552** -0.7670*** 0.2091** 0.6627***  0.1991  0.3304** 

(B1/S3) 

0.8367 -0.0292*** 1.1015*** 0.5094*** -0.4693*** 0.1295* 0.1685*  0.0461  0.2013* 
0.3562 0.0073*         0.5255*** 0.2091   0.2746   
0.3582 0.0034   0.0824 -0.1282 0.0787 0.5017*** 0.2685   0.1864   
0.7786 -0.0134*** 1.3028*** 0.4028*** 0.2319** -0.0086 -0.0761 0.0526   0.0010   
0.3550 0.0073*     0.5342***  0.1924  0.2108 
0.3614 0.0030  0.1068 -0.1169 0.0931 0.5106***  0.2596*  0.1519 

(B2/S3) 

0.7795 -0.0133*** 1.2986*** 0.4065*** 0.2341** -0.0008 -0.0720  0.0793  -0.0003 
0.1971 0.0091**     0.3678*** 0.3249**  0.0456  
0.1812 0.0083*  0.0536 0.0956 0.0402 0.4112*** 0.3218*  0.0461  
0.7576 -0.0090*** 1.3373*** 0.3825*** 0.4653*** -0.0494 -0.1819*** 0.1002  -0.1442  
0.2012 0.0094**     0.3510***  0.2831**  0.1025 
0.1877 0.0082*  0.0721 0.1224 0.0541 0.4075***  0.2962**  0.0983 

(B3/S3) 

0.7559 -0.0085*** 1.3270*** 0.3784*** 0.4810*** -0.0418 -0.1879***  0.1120  -0.0572 
0.1572 0.0088**     0.2700*** 0.4373**  0.1481  
0.1587 0.0071  0.1209 0.2604* 0.0988 0.3847*** 0.4250**  0.1622  
0.6798 -0.0094*** 1.2814*** 0.4360*** 0.6146*** 0.0129 -0.1836** 0.2126*  -0.0202  
0.1568 0.0091**     0.2571***  0.3481**  0.1826 
0.1647 0.0068  0.1507 0.2889* 0.1142 0.3878***  0.3713**  0.1796 

(B4/S3) 

0.6815 -0.0092*** 1.2753*** 0.4450*** 0.6336*** 0.0220 -0.1844**  0.1942**  0.0302 
0.2599 0.0116***     0.4044*** 0.5590***  0.0856  
0.2601 0.0098**  0.1421 0.2020 -0.0472 0.4702*** 0.4910***  0.0909  
0.6605 -0.0056 1.2017*** 0.4376*** 0.5342*** -0.1277* -0.0627 0.2918**  -0.0801  
0.2667 0.0123***     0.3899***  0.4905***  0.1321 
0.2723 0.0097**  0.1752 0.2389 -0.0241 0.4753***  0.4610***  0.1247 

(B5/S3) 

0.6659 -0.0053 1.1908*** 0.4500*** 0.5607*** -0.1101 -0.0590  0.2956***  -0.0148 
Panel D – B…/S4 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.6089 0.0043         0.8521*** -0.1537   0.6159***   
0.7024 -0.0031   0.0227 -0.5984*** 0.2453*** 0.6993*** 0.0803   0.3847**   
0.8889 -0.0177*** 1.1260*** 0.2997*** -0.2871*** 0.1699*** 0.1999*** -0.1063   0.2244**   

(B1/S4) 

0.5977 0.0033     0.8742***  -0.0781  0.4519*** 



 

0.7036 -0.0042  0.0394 -0.6130*** 0.0394*** 0.6995***  0.1273  0.3127** 
0.8878 -0.0183*** 1.1181*** 0.2974*** -0.3108*** 0.1778*** 0.1978***  -0.0279  0.1817** 
0.2846 0.0088**         0.4557*** 0.2837*   0.0871   
0.2687 0.0098**   -0.0405 0.0059 0.0136 0.4587*** 0.2901*   0.1056   
0.8155 -0.0075*** 1.3391*** 0.2888*** 0.3761*** -0.0761 -0.1351** 0.0682  -0.0850  
0.2884 0.0091**     0.4519***  0.2619*  0.0914 
0.2723 0.0096**  -0.0180 0.0241 0.0269 0.4659***  0.2680*  0.0986 

(B2/S4) 

0.8160 -0.0072*** 1.3344*** 0.2899*** 0.3847*** -0.0695 -0.1328**  0.0837  -0.0578 
0.2033 0.0105***     0.3831*** 0.3260**  0.0115  
0.2014 0.0138***  -0.0662 0.1567 -0.0137 0.4307*** 0.2899*  0.0927  
0.7193 -0.0026 1.2686*** 0.2458*** 0.5074*** -0.0987* -0.1318* 0.0796  -0.0878  
0.2034 0.0110***     0.3722***  0.2739*  0.0533 
0.2016 0.0136***  -0.0455 -0.1767 -0.0049 0.4358***  0.2429  0.0975 

(B3/S4) 

0.7184 -0.0023 1.2664*** 0.2467*** 0.5190*** -0.0964* -0.1325*  0.0671  -0.0508 
0.2306 0.0106***     0.3609*** 0.4153***  0.0975  
0.2256 0.0120***  -0.0263 0.1546 0.0870 0.4303*** 0.4244**  0.1467  
0.6920 -0.0033 1.1883*** 0.2659*** 0.4831*** 0.0073 -0.0967 0.2274**  -0.0224  
0.2266 0.1102***     0.3523***  0.3249**  0.1239 
0.2230 0.0118***  0.0045 0.1832 0.0978 0.4391***  0.3432**  0.1463 

(B4/S4) 

0.6901 -0.0031 1.1884*** 0.2787*** 0.5044*** 0.0119 -0.0921  0.1782*  0.0071 
0.1843 0.0096**     0.3724*** 0.5485***  -0.2009  
0.1949 0.0137***  -0.0738 0.2312 -0.0218 0.4434*** 0.4938***  -0.0916  
0.6474 -0.0021 1.2324*** 0.2293*** 0.5718*** -0.1044 -0.1031 0.2895**  -0.2670**  
0.1801 0.0109***     0.3761***  0.4564***  -0.1739 
0.1927 0.0142***  -0.0373 0.2730* -0.0071 0.4739***  0.4115***  -0.1152 

(B5/S4) 

0.6503 -0.0014 1.2384*** 0.2485*** 0.6077*** -0.0966 -0.0818  0.2395**  -0.2603** 
Panel E – B.../S5 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.5174 0.0047         0.6875*** -0.0254   -0.0416   
0.6419 0.0135***   -0.4872*** -0.4689*** 0.0228 0.5097*** 0.0982   0.0290   
0.9032 0.0014 0.9407*** -0.2558*** -0.2089*** -0.0402 0.0925** -0.0577   -0.1049   
0.5179 0.0048     0.6888***  0.0400  -0.0469 
0.6413 0.0135***  -0.4883*** -0.0046*** 0.0248 0.5171***  0.0755  0.0094 

(B1/S5) 

0.6413 0.0016 0.9427*** -0.2607**** -0.2084*** -0.0433 0.0941**  -0.0554  -0.1010* 
0.2713 0.0077**         0.4389*** 0.3083**   -0.0524   
0.3433 0.0170***   -0.3221*** 0.0586 -0.0234 0.4392*** 0.2969**   0.1154   
0.8499 0.0017 1.1910*** -0.0292 0.3878*** -0.1032*** -0.0889* 0.0995  -0.0541  
0.2672 0.0085**     0.4502***  0.2358*  -0.0769 

(B2/S5) 

0.3298 0.0169***  -0.0029*** 0.0734 -0.0238 0.4691***  0.1898  0.0226 



 

0.8516 0.0017 1.2079*** -0.0137 0.3999*** -0.1110*** -0.0729  0.0221  -0.1189* 
0.2304 0.0080**     0.3694*** 0.3404**  0.0746  
0.2915 0.0163***  -0.2450** 0.1644 -0.0568 0.4026*** 0.2893*  0.2451  
0.7840 0.0011 1.1855*** 0.0466 0.4920*** -0.1363*** -0.1232** 0.0928  0.0764  
0.2124 0.0086**     0.3840***  0.1931  0.0299 
0.2663 0.0160***  -0.2139** 0.1733 -0.068 0.4319***  0.1200  0.1276 

(B3/S5) 

0.7813 0.0008 1.2115*** 0.0656 0.5007*** -0.1555*** -0.1116*  -0.0482  -0.0144 
0.1162 0.0084**     0.2412*** 0.4857***  -0.1953  
0.2404 0.0193***  -0.3255*** 0.1463 -0.1390 0.2476*** 0.4035***  0.0170  
0.6977 0.0053* 1.0884*** -0.0578 0.4472*** -0.2119*** -0.2351*** 0.2231**  -0.1379  
0.0861 0.0095***     0.2389***  0.3167**  -0.1444 
0.2107 0.0196***  -0.2966*** 0.1793 -0.1502* 0.2719***  0.1988  -0.0149 

(B4/S5) 

0.6885 0.0057** 1.1118*** -0.0401 0.4798*** -0.2306*** -0.2269***  0.0445  -0.1451* 
0.1308 0.0062     0.3218*** 0.4452**  -0.0637  
0.1952 0.0163***  -0.3270*** 0.0378 -0.1515 0.2885** 0.3796**  0.1168  
0.5041 0.0027 1.0559*** -0.0673 0.3297** -0.2222*** -0.1797* 0.2046  -0.0335  
0.1239 0.0072*     0.3338***  0.3443**  -0.0861 
0.1795 0.0162***  -0.2916** 0.0594 -0.1521 0.3223***  0.2430  0.0214 

(B5/S5) 

0.5007 0.0027 1.0759*** -0.0433 0.3502*** -0.2298*** -0.1604  0.0936  -0.1047 
 
 



 

Table 14 
Multivariate Analysis of 25 MOM/SIZE Portfolios (M/S) 

 
Table 14 carries a multivariate analysis of 25 MOM / SIZE portfolios (M/S). Their cross-sections of returns are analyzed through a 
moment-related model and two multimoment, multifactor models (with and without the market premium) for two different 
specifications of moment-related risk premia. The dependent portfolios are rebalanced monthly on the momentum variable but are only 
updated yearly for size. They are formed at the intersection of two independent five-way classification of AMEX, NASDAQ and 
NYSE stocks (according to NYSE breakpoints). The moment-related risk premia are rebalanced monthly and are formed on the basis 
of a “step-by-step” three-way classification of AMEX, NASDAQ and NYSE stocks. 
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model’s explanatory 
power. The significance of the slopes coefficients constitutes a second specification test of the risk premia. 

Panel A – M…/S1 
 2R  α  fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.5532 -0.0026         1.1207*** 0.6430**   0.6453**   
0.7676 -0.0248***   0.8304*** -0.4680*** -0.6225*** 0.8717*** 0.4247**   0.2029   
0.8976 -0.0415*** 1.2934*** 1.1485*** -0.1105 -0.7091*** 0.2981*** 0.2103*   0.0189   
0.5367 -0.0020     1.1777***  0.4962**  0.3804* 
0.7658 -0.0252***  0.8720*** -0.4485*** -0.6077*** 0.9038***  0.3623**  0.1000 

(M1/S1) 

0.8977 -0.0416*** 1.3016*** 1.1724*** -0.0967 -0.7017*** 0.3198***  0.1816*  -0.0525 
0.3610 0.0080**         0.5141*** 0.3097*   0.2903*   
0.5772 -0.0088**   0.6581*** 0.0089 -0.1127 0.5244*** 0.2332   0.0091   
0.8604 -0.0226*** 1.0711*** 0.9215*** 0.3049*** -01845*** 0.0494 0.0556  -0.1434*  
0.3475 0.0083**     0.5421***  0.2226  0.1653 
0.5802 -0.0088**  0.6782*** 0.0246 -0.0991 0.5399***  0.2328*  -0.0189 

(M2/S1) 
 
 

0.8627 -0.0222*** 1.0690*** 0.9249*** 0.3136*** -0.1764*** 0.0603  0.0843  -0.1441** 
0.2765 0.0110***     0.3609*** 0.2973*  0.2807*  
0.4731 -0.0040  0.5572*** 0.0242 0.0328 0.4015*** 0.2878**  0.0309  
0.8613 -0.0179*** 1.0784*** 0.8224*** 0.3223*** -0.0395 -0.0767 0.1091  -0.1226*  
0.2565 0.0114***     0.3933***  0.2041  0.1419 
0.4758 -0.0040  0.5837*** 0.0420 0.0466 0.4250***  0.2689**  -0.0239 

(M3/S1) 

0.8662 -0.0176*** 1.0806*** 0.8331*** 0.3341*** -0.0315 -0.0598  0.1189**  -0.1505** 
0.3038 0.0146***     0.3978*** 0.0754  0.3937**  
0.5678 -0.0039  0.6541*** 0.0185 0.1624** 0.4676*** 0.1310  0.0810  
0.8549 -0.0166*** 0.9867*** 0.8967*** 0.2913*** 0.0963** 0.0300 -0.0405  -0.0594  
0.2870 0.0143***     0.4301***  -0.0253  0.2412* 

(M4/S1) 

0.5666 -0.0040  0.6675*** 0.0225 0.1664** 0.4792***  0.1031  0.0378 



 

0.8559 -0.0165*** 0.9897*** 0.8959*** 0.2900*** 0.0949** 0.0351  -0.0344  -0.0782 
0.3435 0.0176***     0.5444*** -0.1536  0.8560***  
0.7102 -0.0106**  0.7606*** -0.5030*** 0.5232*** 0.5151*** 0.1623  0.2831*  
0.9103 -0.0265*** 1.2333*** 1.0639*** -0.1621* 0.4406*** -0.0318 -0.0422  0.1076  
0.3199 0.0165***     0.6040***  -0.2457  0.5480** 
0.7073 -0.0113***  0.7830*** -0.5069*** 0.5277*** 0.5303***  0.1287  0.1894 

(M5/S1) 

0.9096 -0.0269*** 1.2393*** 1.0690*** -0.1719** 0.4381*** -0.0258  -0.0434  0.0442 
Panel B – M.../S2 

 2R  α  fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5903 -0.0021         1.1282*** 0.6720***   0.5626**   
0.6788 -0.0129**   0.3896*** -0.4222** -0.5011*** 0.8994*** 0.5154**   0.3188   
0.8701 -0.0323*** 1.5023*** 0.7590*** -0.0070 -0.6018*** 0.2332** 0.2664*   0.1050   
0.5875 -0.0016     1.1529***  0.5957***  0.4129** 
0.6809 -0.0136**  0.4352*** -0.3983** -0.4776*** 0.9177***  0.4755***  0.2571 

(M1/S2) 

0.8715 -0.0325*** 1.4987*** 0.7811*** 0.0068 -0.5858*** 0.2452**  0.2674**  0.0815 
0.3443 0.0066         0.5764*** 0.4109**   0.1629   
0.4180 -0.0028  0.4081*** 0.0410 -0.1874* 0.5708*** 0.3023*  0.0152  
0.7874 -0.0198*** 1.3194*** 0.7326*** 0.4057*** -0.2759*** -0.0143 0.0836  -0.1726  
0.3512 0.0071*     0.5785***  0.3957**  0.1365 
0.4294 -0.0028  0.4297*** 0.0638 -0.1618 0.5755***  0.3511**  0.0364 

(M2/S2) 

0.7903 -0.0192*** 1.3034*** 0.7304*** 0.4161*** -0.2560*** -0.0093  0.1701*  -0.1163 
0.2388 0.0097***     0.3912*** 0.2736*  0.1538  
0.2909 0.0007  0.3357*** 0.0579 0.0732 0.4415*** 0.2835*  0.0099  
0.7576 -0.0151*** 1.2241*** 0.6368*** 0.3963*** -0.0088 -0.1013 0.0806  -0.1643  
0.2438 0.0099***     0.3884***  0.2587*  0.1455 
0.3046 0.0006  0.3538*** 0.0809 0.0956 0.4412***  0.3203**  0.0491 

(M3/S2) 

0.7597 -0.0145*** 1.2082*** 0.6326*** 0.4075*** 0.0083 -0.1009  0.1525*  -0.0925 
0.3176 0.0113***     0.4560*** 0.1546  0.2503  
0.4244 -0.0003  0.3770*** -0.0150 0.2113** 0.5116*** 0.2412  0.0464  
0.7763 -0.0144*** 1.0949*** 0.6463*** 0.2876*** 0.1379** 0.0260 0.0597  -0.1094  
0.3174 0.0113***     0.4632***  0.1559  0.1559 
0.4372 -0.0005  0.3951*** 0.0013 0.2341*** 0.5144***  0.2942**  0.0592 

(M4/S2) 

0.7800 -0.0141*** 1.0800*** 0.6443*** 0.2932*** 0.1561*** 0.0298  0.1443*  -0.0674 
0.3338 0.0136**     0.6384*** -0.2487  0.7052***  
0.6337 -0.0092*  0.5078*** -0.5557*** 0.6625*** 0.6080*** 0.1506  0.2120  
0.8769 -0.0276*** 1.4269*** 0.8588*** -0.1613 0.5669*** -0.0248 -0.0860  0.0089  
0.3259 0.0122**     0.6593***  -0.2209  0.5381** 
0.6396 -0.0098**  0.5194*** -0.5523*** 0.6805*** 0.5956***  0.2057  0.2355 

(M5/S2) 

0.8769 -0.0276*** 1.4085*** 0.8444*** -0.1716* 0.5787*** -0.0364  0.0102  0.0704 



 

Panel C – M…/S3 
 2R  α  fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.5905 -0.0012         1.1679*** 0.7173***   0.4262*   
0.6655 -0.0006   -0.0015 -0.4375** -0.6566*** 0.8839*** 0.5063**   0.3758*   
0.8530 -0.0198*** 1.4896*** 0.3649*** -0.0258 -0.7564*** 0.2233** 0.2594*   0.1638   
0.5951 -0.0003     1.1914***  0.6914***  0.2934 
0.6656 -0.0015  0.0495 -0.4202** -0.6322*** 0.9131***  0.4722**  0.2585 

(M1/S3) 

0.8537 -0.0202*** 1.4908*** 0.3935 -0.0173 -0.7399*** 0.2442**  0.2652**  0.0838 
0.3638 0.0050         0.5976*** 0.4352**   -0.0217   
 0.3756 0.0031   0.1130 -0.0189 -0.1887* 0.5577*** 0.3487**   -0.0541   
0.8145 -0.0143*** 1.3474*** 0.4444*** 0.3535*** -0.2789*** -0.0398 0.1254  -0.2459**  
0.3778 0.0057     0.5821***  0.4420***  0.0343 
0.3875 0.0032  0.1327 0.0134 -0.1640* 0.5565***  0.3782**  0.0117 

(M2/S3) 

0.8153 -0.0135*** 1.3293*** 0.4395*** 0.3727*** -0.2600*** -0.0399  0.1936**  -0.1440* 
0.2618 0.0078**     0.3884*** 0.3232**  0.0450  
0.2670 0.0048  0.1296 -0.0213 -0.0971 0.3671*** 0.2785*  -0.0077  
0.7437 -0.0096*** 1.1187*** 0.4047*** 0.2879*** -0.1721*** -0.1290** 0.0931  -0.1669*  
0.2726 0.0082**     0.3722***  0.3103**  0.0966 
0.2779 0.0049  0.1435 0.0046 -0.0803 0.3599***  0.2860**  0.0624 

(M3/S3) 

0.7424 -0.0090*** 1.1038*** 0.3983*** 0.3029*** -0.1600*** -0.1354**  0.1328*  -0.0670 
0.2002 0.0086**     0.3506*** 0.2213  0.0717  
0.2175 0.0061  0.0757 0.1101 0.2076** 0.4343*** 0.2911*  0.0446  
0.7028 -0.0086*** 1.1452*** 0.3574*** 0.4267*** 0.1308** -0.0736 0.1013  -0.1184  
0.2040 0.0087**     0.3356***  0.1894  0.1177 
0.2259 0.0061  0.0923 0.1342 0.2217** 0.4297***  0.2775**  0.0959 

(M4/S3) 

0.7024 -0.0082*** 1.1341*** 0.3541*** 0.4408*** 0.1398** -0.0792  0.1200  -0.0370 
0.3523 0.0098**     0.5734*** -0.2975  0.6532***  
0.6349 -0.0056  0.2478** -0.4903*** 0.6802*** 0.5570*** 0.1056  0.2964*  
0.8754 -0.0218*** 1.2577*** 0.5571*** -0.1426 0.5960*** -0.0008 -0.1028  0.1174  
0.3389 0.0085*     0.5987***  -0.2379  0.4742** 
0.6385 -0.0065  0.2632** -0.4979*** 0.6971*** 0.5552***  0.1665  0.2539* 

(M5/S3) 

0.8747 -0.0221*** 1.2455*** 0.5506*** 0.6071** -0.161¨3* -0.0036  -0.0064  0.1080 
Panel D – M…/S4 

 2R  α  fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5397 -0.0040         1.1108*** 0.7510***   0.3440   
0.6492 0.0041   -0.2331* -0.3847** -0.7854*** 0.8077*** 0.4784**   0.4324*   
0.8217 -0.0141*** 1.4105*** 0.1138 0.0052 -0.8799*** 0.1822* 0.2446   0.2317   

(M1/S4) 

0.5522 -0.0033     1.1028***  0.7299***  0.3299 



 

0.6516 0.0031  -0.1912 -0.3668* -0.7667*** 0.8149***  0.4224**  0.3851** 
0.8233 -0.0145*** 1.4062*** 0.1333 0.0133 -0.8683*** 0.1840*  0.2272*  0.2204 
0.3104 0.0065*         0.4996*** 0.6043***   -0.0062   
0.3717 0.0128***   -0.1660 -0.0436 -0.3366*** 0.4080*** 0.4650***   0.0999   
0.8073 -0.0042 1.3175*** 0.1580** 0.3205*** -0.4249*** -0.1762*** 0.2466**  -0.0876  
0.3212 0.0075*     0.4884***  0.5564***  0.0389 
0.3733 0.0127***  -0.1323 -0.0104 -0.3202*** 0.4201***  0.4034***  0.1019 

(M2/S4) 

0.8076 -0.0038 1.3146*** 0.1711*** 0.3449*** -0.4152*** -0.1697**  0.2208***  -0.0521 
0.2361 0.0082**     0.3908*** 0.4496***  -0.1264  
0.2483 0.0121***  -0.0973 0.0339 -0.1488* 0.3674*** 0.3779**  -0.0519  
0.7689 -0.0032 1.1917*** 0.1958*** 0.3633*** -0.2287*** -0.1611*** 0.1804**  -0.2215**  
0.2258 0.0091***     0.3799***  0.3558***  -0.0622 
0.2377 0.0125***  -0.0753 0.0695 -0.1448 0.3761***  0.2748**  -0.0164 

(M3/S4) 

0.7618 -0.0025 1.1950*** 0.2005*** 0.3925*** -0.2311*** -0.1600**  0.1089  -0.1564** 
0.2377 0.0093***     0.3914*** 0.3732***  -0.1536  
0.2392 0.0113***  -0.1005 0.0075 0.1064 0.4111*** 0.4239***  -0.1196  
0.7661 -0.0033 1.1386*** 0.1795*** 0.3222*** 0.0301 -0.0938 0.2352***  -0.2817***  
0.2361 0.0101***     0.3875***  0.3208***  -0.1142 
0.2375 0.0118***  -0.0737 0.0477 0.1201 0.4277***  0.3614***  -0.0945 

(M4/S4) 

0.7646 -0.0025 1.1381*** 0.1889*** 0.3553*** 0.0378 -0.0829  0.2034***  -0.2278*** 
0.3281 0.0116***     0.5157*** -0.4813**  0.4744**  
0.5929 0.0028  0.0542 -0.3175** 0.6926*** 0.5519*** -0.1011  0.2583  
0.8460 -0.0121*** 1.1551*** 0.3383*** 0.0017 0.1525*** 0.0396 -0.2925***  0.0939  
0.3057 0.0102**     0.5351***  -0.3168*  0.3286* 
0.5913 0.0019  0.0582 -0.3432** 0.7140*** 0.5494***  0.0558  0.1932 

(M5/S4) 

0.8366 -0.0124*** 1.1366*** 0.3205*** -0.0360 0.6319*** 0.0395  -0.1020  0.0600 
Panel E – M.../S5 

 2R  α  fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.4331 0.0012         0.9129*** 0.3848*   -0.0093   
0.6320 0.0139***   -0.4101*** -0.4216** -0.8164*** 0.5826*** 0.1117   0.1519   
0.8029 -0.0009 1.1492*** -0.1275 -0.1040 -0.8934*** 0.0730 -0.0788   -0.0116   
0.4395 0.0019     0.9103***  0.3997**  -0.0003 
0.6308 0.0136***  -0.3978*** -0.4205*** -0.8186*** 0.5899***  0.0590  0.1098 

(M1/S5) 

0.8036 -0.0009 1.1552*** -0.1312 -0.1083 -0.9020*** 0.0716  -0.1013  -0.0256 
0.2208 0.0064         0.4683*** 0.2216   -0.0407   
0.4533 0.0200***   -0.4427*** -0.2016 -0.5296*** 0.2705*** 0.0359   0.1668   
0.7837 0.0058** 1.1042*** -0.1712*** 0.1036 -0.6036*** -0.2192*** -0.1471  0.0097  
0.2346 0.0068*     0.4582***  0.2975**  -0.0077 

(M2/S5) 

0.4531 0.0195***  -0.4345*** -0.2085 -0.5239*** 0.2733***  0.0555  0.1254 



 

0.7821 0.0057** 1.1013*** -0.1803*** 0.0892 -0.6034*** -0.2208***  -0.0974  -0.0036 
0.1715 0.0044     0.3389*** 0.2585*  -0.1286  
0.2989 0.0140***  -0.4120*** -0.3087** -0.1969** 0.1741** 0.2460*  -0.0128  
0.7972 0.0002 1.0750*** -0.1476*** -0.0116 -0.2689*** -0.3026*** 0.0678  -0.1657**  
0.1735 0.0049     0.3282***  0.2454**  -0.0733 
0.2918 0.0142***  -0.3977*** -0.2862** -0.1968** 0.1793**  0.1637  0.0086 

(M3/S5) 

0.7941 0.0006 1.0786*** -0.1488*** 0.0054 -0.2748*** -0.3047***  0.0140  -0.1178* 
0.1681 0.0078**     0.3288*** 0.2848**  -0.1426  
0.2928 0.0170***  -0.4158*** -0.1678 0.0711 0.2669*** 0.3662***  -0.0160  
0.7642 0.0037 1.0325*** -0.1619*** 0.1176 0.0019 -0.1909*** 0.1951**  -0.1629*  
0.1713 0.0087***     0.3383***  0.2463**  -0.1523 
0.2821 0.0173***  -0.3855*** -0.1403 0.0757 0.2967***  0.2669**  -0.0711 

(M4/S5) 

0.7661 0.0041* 1.0454*** -0.1442*** 0.1423** 0.0002 -0.1723***  0.1218*  -0.1936*** 
0.3047 0.0087**     0.5820*** -0.1525  -0.0229  
0.6109 0.0102***  -0.3159*** -0.3227*** 0.6273*** 0.5859*** 0.2118  -0.0640  
0.8464 -0.0024 0.9761*** -0.0758 -0.0529 0.5619*** 0.1530** 0.0500  -0.2029**  
0.3046 0.0086**     0.5940***  -0.1115  -0.0656 
0.6123 0.0104***  -0.2991*** -0.3047** 0.6360*** 0.6028***  0.1902  -0.0842 

(M5/S5) 

0.8489 -0.0019 0.9779*** -0.0735 -0.0404 0.5654*** 0.1641***  0.0545  -0.1988*** 
 
 



 

Table 15 
Multivariate Analysis of 25 SIZE/MOM Portfolios (S/M) 

 
Table 15 carries a multivariate analysis of 25 SIZE / MOM portfolios (S/M). Their cross-sections of returns are analyzed through a 
moment-related model and two multimoment, multifactor models (with and without the market premium) for two specifications of 
moment-related risk premia. The dependent portfolios are rebalanced monthly on the momentum variable but are only updated yearly 
for size. They are formed at the intersection of two independent five-way classifications of AMEX, NASDAQ and NYSE stocks 
(according to NYSE breakpoints). The moment-related risk premia are rebalanced monthly and are formed on the basis of a “step-by-
step” three-way classification of AMEX, NASDAQ and NYSE stocks. 
Tests are conducted through time-series regressions, where the adj. 2R values give some first evidence of the model’s explanatory 
power. The significance of the slope coefficients constitutes a second specification test of the risk premia. 

Panel A – S…/M1 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.5532 -0.0026         1.1207*** 0.6430**   0.6453**   
0.7676 -0.0248***   0.8304*** -0.4680*** -0.6225*** 0.8717*** 0.4247**   0.2029   
0.8976 -0.0415*** 1.2934*** 1.1485*** -0.1105 -0.7091*** 0.2981*** 0.2103*   0.0189   
0.5367 -0.0020     1.1777***  0.4962**  0.3804* 
0.7658 -0.0252***  0.8720*** -0.4485*** -0.6077*** 0.9038***  0.3623**  0.1000 

(S1/M1) 

0.8977 -0.0416*** 1.3016*** 1.1724*** -0.0967 -0.7017*** 0.3198***  0.1816*  -0.0525 
0.5903 -0.0021         1.1282*** 0.6720***   0.5626**   
0.6788 -0.0129**   0.3896*** -0.4222** -0.5011*** 0.8994*** 0.5154**   0.3188   
0.8701 -0.0323*** 1.5023*** 0.7590*** -0.0070 -0.6018*** 0.2332** 0.2664*   0.1050   
0.5875 -0.0016     1.1529***  0.5957***  0.4129** 
0.6809 -0.0136**  0.4352*** -0.3983** -0.4776*** 0.9177***  0.4755***  0.2571 

(S2/M1) 

0.8715 -0.0325*** 1.4987*** 0.7811*** 0.0068 -0.5858*** 0.2452**  0.2674**  0.0815 
0.5905 -0.0012         1.1679*** 0.7173***   0.4262*   
0.6655 -0.0006   -0.0015 -0.4375** -0.6566*** 0.8839*** 0.5063**   0.3758*   
0.8530 -0.0198*** 1.4896*** 0.3649*** -0.0258 -0.7564*** 0.2233** 0.2594*   0.1638   
0.5951 -0.0003     1.1914***  0.6914***  0.2934 
0.6656 -0.0015  0.0495 -0.4202** -0.6322*** 0.9131***  0.4722**  0.2585 

(S3/M1) 

0.8537 -0.0202*** 1.4908*** 0.3935 -0.0173 -0.7399*** 0.2442**  0.2652**  0.0838 
0.5397 -0.0040         1.1108*** 0.7510***   0.3440   
0.6492 0.0041   -0.2331* -0.3847** -0.7854*** 0.8077*** 0.4784**   0.4324*   
0.8217 -0.0141*** 1.4105*** 0.1138 0.0052 -0.8799*** 0.1822* 0.2446   0.2317   
0.5522 -0.0033     1.1028***  0.7299***  0.3299 

(S4/M1) 

0.6516 0.0031  -0.1912 -0.3668* -0.7667*** 0.8149***  0.4224**  0.3851** 



 

0.8233 -0.0145*** 1.4062*** 0.1333 0.0133 -0.8683*** 0.1840*  0.2272*  0.2204 
0.4331 0.0012         0.9129*** 0.3848*   -0.0093   
0.6320 0.0139***   -0.4101*** -0.4216** -0.8164*** 0.5826*** 0.1117   0.1519   
0.8029 -0.0009 1.1492*** -0.1275 -0.1040 -0.8934*** 0.0730 -0.0788   -0.0116   
0.4395 0.0019     0.9103***  0.3997**  -0.0003 
0.6308 0.0136***  -0.3978*** -0.4205*** -0.8186*** 0.5899***  0.0590  0.1098 

(S5/M1) 

0.8036 -0.0009 1.1552*** -0.1312 -0.1083 -0.9020*** 0.0716  -0.1013  -0.0256 
Panel B – S.../M2 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.3610 0.0080**         0.5141*** 0.3097*   0.2903*   
0.5772 -0.0088**   0.6581*** 0.0089 -0.1127 0.5244*** 0.2332   0.0091   
0.8604 -0.0226*** 1.0711*** 0.9215*** 0.3049*** -01845*** 0.0494 0.0556  -0.1434*  
0.3475 0.0083**     0.5421***  0.2226  0.1653 
0.5802 -0.0088**  0.6782*** 0.0246 -0.0991 0.5399***  0.2328*  -0.0189 

(S1/M2) 

0.8627 -0.0222*** 1.0690*** 0.9249*** 0.3136*** -0.1764*** 0.0603  0.0843  -0.1441** 
0.3443 0.0066         0.5764*** 0.4109**   0.1629   
0.4180 -0.0028  0.4081*** 0.0410 -0.1874* 0.5708*** 0.3023*  0.0152  
0.7874 -0.0198*** 1.3194*** 0.7326*** 0.4057*** -0.2759*** -0.0143 0.0836  -0.1726  
0.3512 0.0071*     0.5785***  0.3957**  0.1365 
0.4294 -0.0028  0.4297*** 0.0638 -0.1618 0.5755***  0.3511**  0.0364 

(S2/M2) 

0.7903 -0.0192*** 1.3034*** 0.7304*** 0.4161*** -0.2560*** -0.0093  0.1701*  -0.1163 
0.3638 0.0050         0.5976*** 0.4352**   -0.0217   
 0.3756 0.0031   0.1130 -0.0189 -0.1887* 0.5577*** 0.3487**   -0.0541   
0.8145 -0.0143*** 1.3474*** 0.4444*** 0.3535*** -0.2789*** -0.0398 0.1254  -0.2459**  
0.3778 0.0057     0.5821***  0.4420***  0.0343 
0.3875 0.0032  0.1327 0.0134 -0.1640* 0.5565***  0.3782**  0.0117 

(S3/M2) 

0.8153 -0.0135*** 1.3293*** 0.4395*** 0.3727*** -0.2600*** -0.0399  0.1936**  -0.1440* 
0.3104 0.0065*         0.4996*** 0.6043***   -0.0062   
0.3717 0.0128***   -0.1660 -0.0436 -0.3366*** 0.4080*** 0.4650***   0.0999   
0.8073 -0.0042 1.3175*** 0.1580** 0.3205*** -0.4249*** -0.1762*** 0.2466**  -0.0876  
0.3212 0.0075*     0.4884***  0.5564***  0.0389 
0.3733 0.0127***  -0.1323 -0.0104 -0.3202*** 0.4201***  0.4034***  0.1019 

(S4/M2) 

0.8076 -0.0038 1.3146*** 0.1711*** 0.3449*** -0.4152*** -0.1697**  0.2208***  -0.0521 
0.2208 0.0064         0.4683*** 0.2216   -0.0407   
0.4533 0.0200***   -0.4427*** -0.2016 -0.5296*** 0.2705*** 0.0359   0.1668   
0.7837 0.0058** 1.1042*** -0.1712*** 0.1036 -0.6036*** -0.2192*** -0.1471  0.0097  
0.2346 0.0068*     0.4582***  0.2975**  -0.0077 
0.4531 0.0195***  -0.4345*** -0.2085 -0.5239*** 0.2733***  0.0555  0.1254 

(S5/M2) 

0.7821 0.0057** 1.1013*** -0.1803*** 0.0892 -0.6034*** -0.2208***  -0.0974  -0.0036 



 

Panel C – S…/M3 
 2R  α  

fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS
β  Kβ  PMNK

β  
0.2765 0.0110***     0.3609*** 0.2973*  0.2807*  
0.4731 -0.0040  0.5572*** 0.0242 0.0328 0.4015*** 0.2878**  0.0309  
0.8613 -0.0179*** 1.0784*** 0.8224*** 0.3223*** -0.0395 -0.0767 0.1091  -0.1226*  
0.2565 0.0114***     0.3933***  0.2041  0.1419 
0.4758 -0.0040  0.5837*** 0.0420 0.0466 0.4250***  0.2689**  -0.0239 

(S1/M3) 

0.8662 -0.0176*** 1.0806*** 0.8331*** 0.3341*** -0.0315 -0.0598  0.1189**  -0.1505** 
0.2388 0.0097***     0.3912*** 0.2736*  0.1538  
0.2909 0.0007  0.3357*** 0.0579 0.0732 0.4415*** 0.2835*  0.0099  
0.7576 -0.0151*** 1.2241*** 0.6368*** 0.3963*** -0.0088 -0.1013 0.0806  -0.1643  
0.2438 0.0099***     0.3884***  0.2587*  0.1455 
0.3046 0.0006  0.3538*** 0.0809 0.0956 0.4412***  0.3203**  0.0491 

(S2/M3) 

0.7597 -0.0145*** 1.2082*** 0.6326*** 0.4075*** 0.0083 -0.1009  0.1525*  -0.0925 
0.2618 0.0078**     0.3884*** 0.3232**  0.0450  
0.2670 0.0048  0.1296 -0.0213 -0.0971 0.3671*** 0.2785*  -0.0077  
0.7437 -0.0096*** 1.1187*** 0.4047*** 0.2879*** -0.1721*** -0.1290** 0.0931  -0.1669*  
0.2726 0.0082**     0.3722***  0.3103**  0.0966 
0.2779 0.0049  0.1435 0.0046 -0.0803 0.3599***  0.2860**  0.0624 

(S3/M3) 

0.7424 -0.0090*** 1.1038*** 0.3983*** 0.3029*** -0.1600*** -0.1354**  0.1328*  -0.0670 
0.2361 0.0082**     0.3908*** 0.4496***  -0.1264  
0.2483 0.0121***  -0.0973 0.0339 -0.1488* 0.3674*** 0.3779**  -0.0519  
0.7689 -0.0032 1.1917*** 0.1958*** 0.3633*** -0.2287*** -0.1611*** 0.1804**  -0.2215**  
0.2258 0.0091***     0.3799***  0.3558***  -0.0622 
0.2377 0.0125***  -0.0753 0.0695 -0.1448 0.3761***  0.2748**  -0.0164 

(S4/M3) 

0.7618 -0.0025 1.1950*** 0.2005*** 0.3925*** -0.2311*** -0.1600**  0.1089  -0.1564** 
0.1715 0.0044     0.3389*** 0.2585*  -0.1286  
0.2989 0.0140***  -0.4120*** -0.3087** -0.1969** 0.1741** 0.2460*  -0.0128  
0.7972 0.0002 1.0750*** -0.1476*** -0.0116 -0.2689*** -0.3026*** 0.0678  -0.1657**  
0.1735 0.0049     0.3282***  0.2454**  -0.0733 
0.2918 0.0142***  -0.3977*** -0.2862** -0.1968** 0.1793**  0.1637  0.0086 

(S5/M3) 

0.7941 0.0006 1.0786*** -0.1488*** 0.0054 -0.2748*** -0.3047***  0.0140  -0.1178* 
Panel D – S.../M4 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.3038 0.0146***     0.3978*** 0.0754  0.3937**  
0.5678 -0.0039  0.6541*** 0.0185 0.1624** 0.4676*** 0.1310  0.0810  
0.8549 -0.0166*** 0.9867*** 0.8967*** 0.2913*** 0.0963** 0.0300 -0.0405  -0.0594  

(S1/M4) 

0.2870 0.0143***     0.4301***  -0.0253  0.2412* 



 

0.5666 -0.0040  0.6675*** 0.0225 0.1664** 0.4792***  0.1031  0.0378 
0.8559 -0.0165*** 0.9897*** 0.8959*** 0.2900*** 0.0949** 0.0351  -0.0344  -0.0782 
0.3176 0.0113***     0.4560*** 0.1546  0.2503  
0.4244 -0.0003  0.3770*** -0.0150 0.2113** 0.5116*** 0.2412  0.0464  
0.7763 -0.0144*** 1.0949*** 0.6463*** 0.2876*** 0.1379** 0.0260 0.0597  -0.1094  
0.3174 0.0113***     0.4632***  0.1559  0.1559 
0.4372 -0.0005  0.3951*** 0.0013 0.2341*** 0.5144***  0.2942**  0.0592 

(S2/M4) 

0.7800 -0.0141*** 1.0800*** 0.6443*** 0.2932*** 0.1561*** 0.0298  0.1443*  -0.0674 
0.2002 0.0086**     0.3506*** 0.2213  0.0717  
0.2175 0.0061  0.0757 0.1101 0.2076** 0.4343*** 0.2911*  0.0446  
0.7028 -0.0086*** 1.1452*** 0.3574*** 0.4267*** 0.1308** -0.0736 0.1013  -0.1184  
0.2040 0.0087**     0.3356***  0.1894  0.1177 
0.2259 0.0061  0.0923 0.1342 0.2217** 0.4297***  0.2775**  0.0959 

(S3/M4) 

0.7024 -0.0082*** 1.1341*** 0.3541*** 0.4408*** 0.1398** -0.0792  0.1200  -0.0370 
0.2377 0.0093***     0.3914*** 0.3732***  -0.1536  
0.2392 0.0113***  -0.1005 0.0075 0.1064 0.4111*** 0.4239***  -0.1196  
0.7661 -0.0033 1.1386*** 0.1795*** 0.3222*** 0.0301 -0.0938 0.2352***  -0.2817***  
0.2361 0.0101***     0.3875***  0.3208***  -0.1142 
0.2375 0.0118***  -0.0737 0.0477 0.1201 0.4277***  0.3614***  -0.0945 

(S4/M4) 

0.7646 -0.0025 1.1381*** 0.1889*** 0.3553*** 0.0378 -0.0829  0.2034***  -0.2278*** 
0.1681 0.0078**     0.3288*** 0.2848**  -0.1426  
0.2928 0.0170***  -0.4158*** -0.1678 0.0711 0.2669*** 0.3662***  -0.0160  
0.7642 0.0037 1.0325*** -0.1619*** 0.1176 0.0019 -0.1909*** 0.1951**  -0.1629*  
0.1713 0.0087***     0.3383***  0.2463**  -0.1523 
0.2821 0.0173***  -0.3855*** -0.1403 0.0757 0.2967***  0.2669**  -0.0711 

(S5/M4) 

0.7661 0.0041* 1.0454*** -0.1442*** 0.1423** 0.0002 -0.1723***  0.1218*  -0.1936*** 
Panel E – S.../M5 

 2R  α  
fm rR −β  SMBβ  HMLβ  WMLβ  Cβ  Sβ  NMPS

β  Kβ  PMNK
β  

0.3435 0.0176***     0.5444*** -0.1536  0.8560***  
0.7102 -0.0106**  0.7606*** -0.5030*** 0.5232*** 0.5151*** 0.1623  0.2831*  
0.9103 -0.0265*** 1.2333*** 1.0639*** -0.1621* 0.4406*** -0.0318 -0.0422  0.1076  
0.3199 0.0165***     0.6040***  -0.2457  0.5480** 
0.7073 -0.0113***  0.7830*** -0.5069*** 0.5277*** 0.5303***  0.1287  0.1894 

(S1/M5) 

0.9096 -0.0269*** 1.2393*** 1.0690*** -0.1719** 0.4381*** -0.0258  -0.0434  0.0442 
0.3338 0.0136**     0.6384*** -0.2487  0.7052***  
0.6337 -0.0092*  0.5078*** -0.5557*** 0.6625*** 0.6080*** 0.1506  0.2120  
0.8769 -0.0276*** 1.4269*** 0.8588*** -0.1613 0.5669*** -0.0248 -0.0860  0.0089  
0.3259 0.0122**     0.6593***  -0.2209  0.5381** 

(S2/M5) 

0.6396 -0.0098**  0.5194*** -0.5523*** 0.6805*** 0.5956***  0.2057  0.2355 



 

0.8769 -0.0276*** 1.4085*** 0.8444*** -0.1716* 0.5787*** -0.0364  0.0102  0.0704 
0.3523 0.0098**     0.5734*** -0.2975  0.6532***  
0.6349 -0.0056  0.2478** -0.4903*** 0.6802*** 0.5570*** 0.1056  0.2964*  
0.8754 -0.0218*** 1.2577*** 0.5571*** -0.1426 0.5960*** -0.0008 -0.1028  0.1174  
0.3389 0.0085*     0.5987***  -0.2379  0.4742** 
0.6385 -0.0065  0.2632** -0.4979*** 0.6971*** 0.5552***  0.1665  0.2539* 

(S3/M5) 

0.8747 -0.0221*** 1.2455*** 0.5506*** 0.6071** -0.161¨3* -0.0036  -0.0064  0.1080 
0.3281 0.0116***     0.5157*** -0.4813**  0.4744**  
0.5929 0.0028  0.0542 -0.3175** 0.6926*** 0.5519*** -0.1011  0.2583  
0.8460 -0.0121*** 1.1551*** 0.3383*** 0.0017 0.1525*** 0.0396 -0.2925***  0.0939  
0.3057 0.0102**     0.5351***  -0.3168*  0.3286* 
0.5913 0.0019  0.0582 -0.3432** 0.7140*** 0.5494***  0.0558  0.1932 

(S4/M5) 

0.8366 -0.0124*** 1.1366*** 0.3205*** -0.0360 0.6319*** 0.0395  -0.1020  0.0600 
0.3047 0.0087**     0.5820*** -0.1525  -0.0229  
0.6109 0.0102***  -0.3159*** -0.3227*** 0.6273*** 0.5859*** 0.2118  -0.0640  
0.8464 -0.0024 0.9761*** -0.0758 -0.0529 0.5619*** 0.1530** 0.0500  -0.2029**  
0.3046 0.0086**     0.5940***  -0.1115  -0.0656 
0.6123 0.0104***  -0.2991*** -0.3047** 0.6360*** 0.6028***  0.1902  -0.0842 

(S5/M5) 

0.8489 -0.0019 0.9779*** -0.0735 -0.0404 0.5654*** 0.1641***  0.0545  -0.1988*** 
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