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Abstract 

This paper investigates how important systematic skewness, or equivalently coskewness, is in asset pricing 

and how it is linked to the well-documented market anomalies; size, value, momentum, and betting-against-

beta. This is motivated by the failure of CAPM to account for systematic skewness and that trading strategies 

exploiting the anomalies have been shown to exhibit skewed return distributions. This study used data from 

the Swedish stock market from 1990 to 2017. First, a coskewness risk premium was created by constructing 

ten portfolios on the basis of stocks‟ coskewness. This was used to investigate the power of coskewness to 

predict future returns. Similarly, four different risk premiums were created to capture the market anomalies. 

These risk premiums were separately regressed on the coskewness risk premium together with the excess 

market return to examine whether they capture the same underlying risk and whether the profitability of the 

exploiting trading strategies decreases after controlling for coskewness risk. Furthermore, two different 

higher-moment asset pricing models were created to investigate whether coskewness helps explain the cross-

sectional return variation between the portfolios that were created to capture the market anomalies. We find 

that coskewness, on average, require a risk premium of 1.94% on an annual basis and seem to have important 

implications for asset pricing. Furthermore, the results provide intriguing evidence that coskewness is closely 

linked to the market anomalies and particularly to the betting-against-beta and value anomaly. Even though 

coskewness cannot alone explain the existence of the market anomalies, the result suggests that coskewness 

might serve as an important piece of the puzzle regarding their presence.  

Keywords: Coskewness, Systematic Skewness, Higher-order Moments, Market Anomalies, Size Effect, 

Betting against Beta, Momentum Effect, Value Effect 
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1 Introduction 
Since the introduction of the Capital Asset Pricing Model (CAPM), first developed by Treynor (1961) and 

Sharpe (1964), it has become a cornerstone of modern financial economics. Arguably, it is also the most 

frequently used model by practitioners. However, the empirical support for the CAPM has been weak, and a 

vast amount of empirical research demonstrate that the CAPM particularly fails to explain the return variation 

between assets that differ in size, relative value, recent past returns, and betas (e.g. Banz (1981), Basu (1977), 

Jegadeesh & Titman (1993) and Black (1972)). For instance, firms with a small market capitalization, low 

relative value, good recent performance, and low betas tend to exhibit abnormally high returns that cannot be 

explained by the CAPM. The failure of the CAPM to capture these returns has given rise to what is known as 

the size anomaly, value anomaly, momentum anomaly, and the betting-against-beta anomaly respectively. 

The CAPM have also been widely criticized for its strong underlying assumptions. One of those assumptions 

is that stock returns are normally distributed, and as a consequence, investors are assumed to only care about 

expected returns and systematic variance, or equivalently the covariance with the market portfolio. Despite its 

appeal, it is an oversimplification of the reality, and the actual probability distributions of stock returns tend to 

be either negatively or positively skewed due to reasons such as default risk and limited liability of equity 

holders. In fact, firms with a low market capitalization, low relative value, good recent performance, and low 

betas have all been shown to have relatively high default risk or high downside risk (e.g. Fama & French 

(1995), Daniel et al. (2012) and  Zhang (2005)). Since bankruptcies result in substantial drops in equity prices, 

this intrinsically means that these firms have a negatively skewed return distribution. 

Interestingly, there are reasons to believe that investors have an aversion towards negative skewness and a 

preference for positive skewness. For instance, Kahneman and Tversky (1979) have shown that people tend to 

value gains and losses differently. They show that people are loss averse, meaning that people prefer avoiding 

losses to acquiring equivalent gains. In other words, it is better not to lose $100 than to win $100. 

Furthermore, they show that people tend to overestimate small probabilities. These findings imply that 

investors dislike downside risk, i.e. negative skewness, and prefer return distributions that have properties 

much like a lottery, i.e. positive skewness. Investors might therefore require higher expected returns if the 

returns have a negatively skewed probability distribution compared to if the returns have a positively skewed 

probability distribution. However, firm-specific skewness can be diversified away in a similar fashion as 

variance; hence it is only the systematic skewness, or equivalently coskewness, that should require a risk 

premium. Coskewness of an asset can be interpreted as the asset‟s contribution to the skewness on a broader 
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portfolio (Harvey & Siddique, 2000). A preference for positively skewed return distributions therefore implies 

a preference for positive coskewness and vice versa. This notion is aligned with the view of Harvey & 

Siddique (2000), who argue that expected returns should include rewards for accepting coskewness risk. They 

also demonstrate that a higher moment CAPM that takes coskewness into account helps explain the cross-

sectional variation of expected returns across assets. Given that the market anomalies mentioned above are 

linked to skewed return distributions and since investors might have a preference for certain coskewness 

characteristics, it is interesting to investigate the importance of coskewness and how it is linked to market 

anomalies. The aim of this study is therefore to answer the following research question: 

How important is coskewness in asset pricing and to which extent does coskewness add to our understanding 

of market anomalies associated with size, beta, momentum, and value? 

This question will be answered by initially creating a coskewness risk premium from portfolios that are 

formed on the basis of coskewness. This risk premium is tested for significance and will be used in various 

regressions to investigate the linkage between coskewness and the market anomalies. Two different higher 

moment CAPMs which takes coskewness into consideration, are created to test if coskewness can help 

explain the return variation between stocks that differ in size, relative value, past returns, and betas. 

This paper is divided into four main chapters: Theoretical Framework, Methodology and Data Collection, 

Empirical Analysis, and Concluding Remarks. In the chapter Theoretical Framework, an overview of the 

relevant theories and previous research will be presented to demonstrate how skewness enters asset pricing. 

Furthermore, previous research regarding the market anomalies will be summarized, and the chapter finishes 

off with a deduction of hypotheses that will be tested. The Methodology and Data Collection chapter 

describes the data collection process and how the hypotheses have been tested while keeping the bias to a 

minimum. The chapter Empirical Analysis is divided into five separate sections, each of which describes the 

result on either the coskewness risk premium or a market anomaly and its linkage to coskewness. Each section 

finishes off with an analysis of the results. The paper finishes off with the chapter Concluding Remarks, in 

which a summary of the most important findings is presented and the research question is explicitly answered.  
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2 Theoretical Framework 

2.1 Capital Asset Pricing Model 

The Capital Asset Pricing Model (CAPM) was derived by Treynor (1961), Sharpe (1964), Lintner (1965) and 

Mossin (1966) and has become one of the most popular models in asset pricing. The groundwork, however, 

was established by Markowitz (1952) who developed an analysis based on the expected utility maxim and 

proposed a general solution to the portfolio selection problem. Sharpe (1994) extended this mean-variance 

framework by constructing a market equilibrium theory. In contrast to the mean-variance framework, the 

CAPM involves the so-called market portfolio, which is a value weighted portfolio including all risky assets 

in the economy. Sharpe (1994) assumed that there exists a common risk-free interest rate and that all investors 

can borrow or lend funds at this rate. Second, he assumed that investors‟ expectations are homogenous. In 

other words, Investors are assumed to agree about expected values, variances and correlations. This implies 

that investors also agree on the composition of the tangency portfolio. In equilibrium, asset prices and thus 

expected returns have to be set so that the total demand from investors equals the supply of assets. Therefore 

the tangency portfolio must consist of all assets in the economy and is thus identical to the market portfolio 

when the market is in equilibrium. For a demonstrative derivation of the CAPM, consider an investor who 

wants to invest in asset   and the market portfolio. A fraction   of the total investment is invested in asset   

and the rest,    , is invested in the market portfolio. The expected return   and the return standard 

deviation   of the portfolio are 

 ( )    [  ]  (   ) [  ] 

 ( )  √    
  (   )   

    (   )   (     ) 

Where    and    is the return of asset   and the market portfolio respectively.    [     ] is the covariance 

between asset   and the market portfolio and   
  and   

  is the variance of the market portfolio and asset   

respectively. By varying  , the points  ( ) and  ( ) will trace out a hyperbola that goes through the point 

corresponding to the tangency/market portfolio since     will yield this portfolio. Differentiations of the 

above formulas reveal how   and   change when we change   marginally: 

  ( )   [  ]   [  ] 

  ( )  
   (     )    

   [  
    

      (     )]

 ( )
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The ratio   ( )/   ( ) is the marginal effect of a small change in   on the mean-to-standard deviation ratio 

of the portfolio. This represents the slope of the line tangent to the hyperbola in the point ( ( ),  ( )). When 

   , the ratio gives the slope of the tangent to the hyperbola through ( ( ),  ( )). We then have 

  ( )   [  ]   [  ] 

  ( )  
   (     )    

 

 ( )
 

   (     )    
 

  
 

Where we use the fact that   ( )=  . The slope of the tangent is then 

  ( )

  ( )
 

[ [  ]   [  ]]  

   (     )    
  

We also know that the capital market line is a tangent to the mean-variance frontier of risky asset and goes 

through the point corresponding to the tangency/market portfolio. The slope of the capital market line is 

( [  ]    )   ⁄  and since this is identical to the slope of the tangent we get 

  ( )

  ( )
 

[ [  ]   [  ]]  

   (     )    
  

 [  ]    

  
 

Finally, solving for  [  ] yields 

 [  ]     
   [     ]

  
 ( [  ]    ) 

  [  ]       ( [  ]    ) (1) 

 

Equation 1 is the CAPM equation in which    is the market-beta of asset  . According to the CAPM 

framework, this equation must hold for any asset  . This equation demonstrates that in the CAPM framework, 

it is only the systematic market risk that matters for expected returns. While the CAPM equation is stated for 

individual assets, the relation also is also assumed to hold for any portfolio. Using the insight that the 

tangency portfolio is equal to the market portfolio in equilibrium, investors optimally combine the risk-free 

asset and the market portfolio. 

Even though the intuition of CAPM is appealing, a vast amount of empirical research has shown to be 

inconsistent with it. For instance, Fama & MacBeth (1973), Miller & Scholes (1972) and  Jensen, Black, & 
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Scholes (1972) all suggest that the slope of the security market line is lower and that the intercept is higher 

than predicted by the traditional theory. Usually, the CAPM also fail to capture cross-sectional return variation 

when assets are sorted by size, past returns, and relative value (see Fama and  French (1992) for instance). The 

CAPM also comes with strong underlying assumptions. Besides the assumptions mentioned above, the mean-

variance framework used to derive the CAPM assumes a particular form of utility functions in which only first 

and second moments matter (i.e. mean and variance), or asset returns whose probability distributions are 

completely described by the first two moments. In other words, since stock returns are assumed to be normally 

distributed, investors only care about the mean and systematic variance, or equivalently the beta risk captured 

in CAPM. On the contrary, stock returns have been shown to exhibit non-normal probability distributions and 

there is empirical evidence that suggests that investors do not only care about mean and variance but also 

about other properties in  the return distribution such as the skewness (see Kraus & Litzenberger, (1976), 

Mishra, DeFusco, & Prakash, (2008), Smith (2007)).  

2.2 What Is Skewness and Why Does It Matter? 

As mentioned earlier, there is empirical evidence that investors do not only have a preference for mean and 

variance. This section will introduce the measure skewness and coskewness, some causes of skewness, and 

the rationale behind investors‟ preference for skewness and coskewness. 

2.2.1 Skewness 

The first moment is known as the mean, and the second moment is called the variance. The variance is a 

measure that explains how spread out a random variable is around its mean (M. B. Miller, 2013). The third 

moment is a measure that tells us how symmetric a distribution is around its mean. It is also widely known as 

the skewness of the distribution. The skewness is defined as: 

          
 [(   ) ]

  
 (2) 

 

Where   represents the standard deviation of the observations and   represents the mean of the observations. 

A distribution which is perfectly symmetric around its mean will have a skewness of zero; hence a normal 

distribution will have a skewness of zero. A distribution with a skewness exceeding zero will have a positive 

skewness, which means it will have more frequent extreme positive observations compared to observations 

that follow a normal distribution and vice versa for a distribution with negative skewness. This is illustrated in 

Figure 1. 
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Figure 1 - Illustration of negative skewness (left) and positive skewness (right)1 

2.2.2 Coskewness 

As the second moment, variance, explains how observations are spread out across its mean, the cross moment, 

covariance tells about the joint variability between two random variables (M. B. Miller, 2013). For the third 

moment, the cross moment is called coskewness which captures the joint symmetry around the two random 

variables means. If two random variables experience positive coskewness they tend to undergo extreme 

positive deviations from the mean at the same time, and vice versa. The coskewness can be defined as: 

            
 [   [ ])(   [ ]) ]

    
  (3) 

For the estimation of the variables in Equation 3, Harvey & Siddique (2000) uses the following equation to 

define the coskewness.  

 
 ̂    

 
 [            

 ]

√ [      
 ] [      

 ]

 
(4) 

Where                   (      ), is the residual from the regression using the CAPM to model the 

expected return of asset   at time  . The coskewness measure can be interpreted as the asset‟s contribution to 

the skewness on a broader portfolio, i.e. an asset with a negative coskewness will contribute to a more 

negative skewed portfolio, when added to the portfolio. Harvey & Siddique (2000) argues that      has an 

advantage, due to the fact that      is constructed from the residuals that are independent of the market return 

by construction.  

                                                           
1
 Picture is taken from http://ionds.com/skewness-in-r/  

http://ionds.com/skewness-in-r/
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2.2.3 Causes of Skewness in Asset Pricing 

Even though most asset pricing models including the CAPM assume normal distributions in asset returns, 

empirical research suggests differently. In fact, aggregate stock market returns generally display a negative 

skewness, and stock returns on firm-level usually display positive skewness (Albuquerque, 2012). The 

tendency that aggregate market returns can have a negative skewness at the same time as stock returns 

generally have a positive skewness can be illustrated using the sample skewness of  portfolio returns. 

Skewness of a portfolio is the sum of mean stock return skewness and coskewness terms (Albuquerque, 

2012). Since the average stock return skewness is positive, negative portfolio-return skewness must be caused 

by negative coskewness terms. This example illustrates that the coskewness of an asset can be interpreted as 

the asset‟s contribution to the skewness on a broader portfolio.  

One of the reasons for why positive skewness can be seen on firm-level, is linked to the fact that stockholders 

have limited liability.  Hence an investor in public traded equities can at maximum lose the total amount of the 

initial invested capital, but the upside potential is unlimited. The presence of limited-liability in equity returns 

will cause option-like asymmetry in returns (see  Black (1972) and Nelson (1991)). Negative skewness on the 

firm-level, on the other hand, is often linked to default risk. This is because bankruptcies are accompanied by 

substantial drops in equity prices, which results in negative skewness (Engle, 2011). On the contrary, the 

negative skewness of aggregate stock returns has often been linked to asymmetric jump risk associated with 

news. For instance, Kim & Mei (2001) demonstrate that unexpected return-jumps in the market are closely 

related to political news and that the impact of the news is asymmetric, with bad news having a greater 

volatility effect relative to good news. Skewness has also been linked to cash payouts and earnings 

announcement events. Albuquerque (2012) argues that the periodicity in these events gives rise to conditional 

heteroscedasticity and positive skewness in firm returns and the heterogeneity in the timing of these returns 

can furthermore lead to negative skewness in market returns despite positive skewness in stock returns. 

Furthermore, he argues that negative skewness in market returns is also caused by stock correlations that are 

asymmetrically higher in market downturns.  

2.2.4 Why Should It Matter? 

If investors were following rational behavior according to the expected utility theory, there is no logical basis 

for why higher order moments should matter in asset pricing, hence all investors when making decisions 

under risk, would make the investments that yield the highest expected value to optimize utility. However, 

according to the prospect theory initiated in Kahneman and Tversky (1979), investors do not always follow 

the expected utility theory when making decisions.  
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The prospect theory tries to explain how investors act when confronted with choices involving risk. The 

theory states that people make decisions based on losses and gains rather than the final outcome. In the survey 

from Kahneman and Tversky (1979) 80% of the respondents answered they would prefer to have 3,000 with 

no uncertainty compared to 4,000 with an 80% probability, even though the expected value of the 4,000 with 

80% probability is 3,200 and thereby higher than the first option. Another example involving sure losses is 

that when participants were given the choice of losing 3,000 with no uncertainty or having the possibility of 

losing 4,000 with an 80% probability and 20% of not losing anything, the majority choose the last option even 

though the expected loss is equal to 3,200. This effect leads to overweighting of small probabilities, and as a 

consequence of these findings, Kahneman and Tversky (1979) presents a utility function which will be 

concave for gains, and convex for losses and generally steeper for losses compared to gains. Hence a loss of 

$100 will yield a higher decrease in utility, than the increase in utility of a gain of $100. An illustration of this 

can be seen in Figure 2. 

 

Figure 2 – Illustration of hypothetical utility function 

These effects can also be linked to the explanation of why people like gambling. Many people would be 

willing to pay $1 to get a chance of winning $1,000,000 with a probability of 0.0001%. However very few 

would be willing to get $1 for sure, with the chance of losing $1,000,000 with a probability of 0.0001%. 

These findings can also be linked to why people buy insurance and why insurance firms can be profitable. 

This indicates that people are willing to pay a premium for protection against downside risk since investors 

are risk averse and overweight the low probability of losses (Kahneman & Tversky, 1979). The same 

reasoning can be applied to investors‟ preferences for stocks. The reasoning goes that investors will prefer 

positively skewed return distributions over negative ones since these return distributions will have similar 

characteristic to a lottery. Since coskewness of an asset can be interpreted as the asset‟s contribution to the 

skewness on a broader portfolio, i.e. an asset with a negative coskewness will contribute to a more negative 

Losses Gains 

Utility 

-$100 

+$100 
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skewed portfolio and vice versa, the investor will prefer positively coskewed assets. This is also aligned with 

the expectations of investors preferences in Blau (2017), Harvey & Siddique (2000) and Kraus & Litzenberger  

(1976). Because investors will have a preference for lottery-like stocks and want to avoid downside risk, the 

demand for stocks with positive coskewness will be relatively high, and consequently, the prices of stocks 

with these characteristics will be relatively high as well. 

2.3 Higher-Order Moments in Asset Pricing 

2.3.1 Empirical Findings of Higher-Order Moments 

The single-factor capital asset pricing model (CAPM) has been heavily criticized on its ability to explain 

returns and since the introduction of the CAPM, more sophisticated models have been developed to improve 

the explanatory power of expected returns. For instance, Kraus & Litzenberger (1976) were some of the first 

to suggest investors might have a preference for higher moments in returns, which are not considered in the 

CAPM framework. They argue that investors have an aversion to variance and a preference for positive 

skewness and that the inclusion of coskewness (non-diversifiable skewness) is a superior explanatory variable 

compared to total skewness. Hence an asset pricing model including higher moments is shown to be better at 

explaining expected return.  

Since the initial framework of Kraus & Litzenberger (1976) was presented, others have extended the research 

regarding the inclusion of higher order moments in asset pricing models. Similar to Kraus & Litzenberger 

(1976), Harvey & Siddique (2000) also argues that expected returns cannot be explained by mean and 

variance alone. In their study, they develop an asset pricing model that combines the Fama-French three-factor 

model and adds a coskewness risk premium, as an explanatory variable. They find that the model is more 

suitable to explain the cross-sectional returns in their sample and that coskewness requires a risk premium of 

3.60% per year. However, they argue that some of the factors such as the SMB and HML factors, may capture 

some of the same economic risks as the coskewness and that the factors might therefore overlap. 

Other empirical testings of higher order moments have since been performed (see Blau (2017), Dittmar ( 

2002) and Hung et al. (2004)). These studies all demonstrate the importance of adding higher moments to an 

asset pricing model to explain expected returns. Certain papers have also focused on the inclusion of the 

kurtosis and cokurtosis in asset pricing models. However, research has yielded somewhat conflicting results 

(e.g. Dittmar (2002), Fang (1997) and Harvey & Siddique (2000)). 

2.3.2 How Skewness Enter Asset Pricing Theory 

The purpose of asset pricing theory is to price or value claims to uncertain payments. To do so, the asset 

pricing model has to account not only for the time delay and inherent risk of the payments but also the 
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preferences and restrictions of investors. Harvey & Siddique (2000) illustrates that the first-order condition for 

an investor holding a risky asset, in one period looks like the following: 

 [(        )    |  ]    

Where (        ) represents the total return of asset  ,      represents the marginal rate of substitution and 

the    represents the information set available to the investor. The marginal rate of substitution,     , can be 

interpreted as a stochastic discount factor which prices all payoffs from assets. (Harvey & Siddique, 2000) 

To make the first-order condition testable, one need to make proxies for the marginal rate of substitution since 

the true marginal rate of substitution is unobservable. This is the point where most asset pricing models differ 

since they have different proxies for the marginal rate of substitution. The proxies can be observed returns of 

portfolios as in the CAPM, or non-market variables as the growth rate of consumption, as in Hansen et al. 

(1983). The marginal rate of substitution may be derived from either assumptions about preferences or 

distributions of the proxies. The marginal rate of substitution can also be seen as the investors‟ restrictions to 

obtain the portfolio resulting in the maximal utility. In the traditional CAPM framework for instance, the 

assumptions regarding the marginal rate of substitution can be stated as: 

                 

Where    and    are functions of the information set in period  . This can be restated as: 

    [     (        )]    [        ]  [    ]    

This can be rewritten to: 

  [        ]  
 

  [    ]
 

    [     (        )]

  [    ]
 

Under the assumption of an existence of a conditional risk-free asset, we get the CAPM equation: 

  [      ]  
    [             ]

    [      ]
  [      ] 

Where    and    are the excess return of asset   and the excess market return respectively. This is equivalent 

to: 

  [      ]        [      ] 
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An alternative to this specification of the marginal rate of substitution can be to include non-linear proxies, to 

include an influence of higher moments in asset pricing. Harvey & Siddique (2000) suggest including a 

quadratic proxy to get the marginal rate of substitution. Hence the marginal rate of substitution could be 

written as: 

                         
  

The quadratic version of the marginal rate of substitution implies an asset pricing model where excess return 

can be explained by conditional variance with the market return, and the squared market return, hence 

conditional coskewness is also an explanatory variable. Harvey & Siddique (2000) show that using Taylor‟s 

series expansion,                          
  can be expressed as: 

       
     (  )

  (  )
       

  
     (  )

   (  )
      

   (  ) 

     (  )   
     (  )

  (  )
   

  
     (  )

   (  )
  

Where b is equal to the relative risk aversion. Then      and      since nonincreasing absolute risk 

aversion implies       . According to Arrow (1964) non-increasing absolute risk aversion is one of the 

essential properties for a risk-averse individual. This property is also in line with the findings in Kahneman & 

Tversky (1979) since this non-increasing absolute risk aversion implies that investors have a preference for 

positive skewed portfolios. Since investors have a preference for positive skewness, an asset with a negative 

coskewness which will make the overall portfolio less positive skewed and should yield a higher expected 

return over an asset with similar characteristics but with zero coskewness. Hence according to this reasoning 

there should be a negative relationship between the coskewness of an asset and its expected return. 

2.4 Anomalies and Profitable Trading Strategies 
As explained earlier in this chapter, a large body of empirical research has demonstrated the failure of the 

CAPM in determining expected returns. In particular, the CAPM has been shown to do a poor job in 

explaining the cross-sectional return variation between assets that differ in size, relative value, recent past 

returns, and beta. Research related to these so-called market anomalies will now be presented in detail. 

2.4.1 Size Effect 

The size effect refers to the negative relation between security returns and firm size. Banz (1981) was the first 

to find the size effect on the American market. He divided the stocks on the New York Stock Exchange into 
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quintiles based on market capitalization and noted that portfolios with smaller firms had significantly higher 

risk-adjusted returns on average than portfolios with larger firms during the period 1936-1977. He also 

showed that the size effect is not linear in the market capitalization (or the log of the market capitalization) but 

was most pronounced for the portfolio with smallest firms in the sample. However, the effect was not very 

stable over time, and the magnitude of the coefficient of the size factor depended on the sub-period used. 

Following the research of Banz (1981), numerous studies have focused on the size effect with similar results. 

For instance, Reinganum (1981), Brown, Kleidon, & Marsh (1983), Keim (1983) and Lamoureux & Sanger 

(1989) studied the size effect on the American market, and all concluded that the size effect was apparent. 

Reinganum (1981) ranked stocks listed on American Stock Exchange and New York Stock Exchange from 

1962 to 1975 based on their size and then distributed the ranked securities into ten equal-weighted portfolios. 

He concluded that the portfolio with the smallest stocks exhibits a significant abnormal return of 12 percent on 

an annual basis. Brown et al. (1983) uses the same dataset as Reinganum (1981) and report similar results. 

Furthermore, they find that there is an approximately linear relation between the average returns of the ten 

size-sorted portfolios and the logarithmic of the average market capitalization. Keim (1983) uses a large 

sample of American securities from 1963 to 1979 and reports a size premium (return difference between the 

portfolio with the smallest stocks and the biggest stocks regarding market capitalization) of almost 35 percent 

on an annual basis. Lamoureux & Sanger (1989), find a size premium of approximately 27 percent on a yearly 

basis for Nasdaq stocks and approximately 22 percent for stocks on NYSE/Amex stocks over the period of 

1973-1985.  

Even though many important empirical contributions have been published about the size effect after Banz 

(1981), research on the size effect only really took off after the appearance of Fama & French (1992). They 

examine the size effect in conjunction with the value anomaly uncovered by earlier studies and present a 

multifactor model to control for risk associated with size and relative value. Using a sample of NYSE, Amex, 

and Nasdaq stocks over the period 1963-1990, they find that the smallest decile of stocks outperforms the 

largest by almost 8 percent on an annual basis. 

The size effect has also been observed outside the United States. For instance,  Maroney & Protopapadakis 

(2002) examined the size effect in Australia, Canada, Germany, France, United Kingdom, Japan and the 

United States. The period for the United States and Canada was 1983-1994 and for Australia, France, 

Germany and Japan, the sample period was 1986-1994. They found a size premium in all markets that varied 

between 3.7% and 35.6% on an annual basis.  
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Several studies have also examined the size effect in bull versus bear markets. Interestingly, these studies have 

found that the size effect is different depending on the state of the market. More specifically, the size premium 

only seems apparent in bull markets whereas, in bear markets, the size premium seems to disappear or even to 

be negative. For instance, Bhardwaj & Brooks (1992) studied the size premium conditional on the market 

state for stocks listed on NYSE and Amex between 1926-1988. When looking at the total period, they found a 

positive size premium of 2% on a monthly basis. However, the size premium was found to be -1.6% in bear 

markets and 5.5% in bull markets. Similar results were found by Rutledge et al. (2008) in the Chinese market.  

The question why small firms earn higher risk-adjusted returns than big firms have become a subject of a 

heated debate in the financial literature. The explanatory studies can be divided into three different categories. 

The first category of studies argues that the observed size premium is just a statistical fluke or a result of data 

snooping. The second group of studies, although relatively rare, hypothesizes that the size premium is a result 

of irrational behavior. The third group of studies relies on risk-based explanations and argues that the size 

premium only exists due to an inherent risk associated with small stocks that are not captured by the CAPM.  

Data mining and statistical flukes certainly play a part of the findings of different market anomalies. Many 

researchers have used the same data to uncover the size effect and other asset pricing anomalies, and it is 

possible that only the most unusual and striking results are published. Hence, it is difficult to assess their 

statistical significance, which depends on the number of attempts made to discover a certain effect. 

Furthermore, there is a possibility that the size effect is a result of delisting bias and extreme returns of some 

small firms. For example, Shumway & Warther (1998) argue that because the CRSP database does not record 

a significant fraction of the returns associated with delisting, the size effect might just be the result of poor 

data. Moreover, Knez & Ready (1997) show that the size premium is driven by the extreme 1% of 

observations. They use the same data set as Fama & French (1992) and trim the extreme 1% observations and 

conclude that when doing so, the size premium is negative (but insignificant). Even though this does not 

disqualify the size effect, it implies that most small firms underperform big firms.  

Compared to other market anomalies such as the value effect, behavioral explanations have been used 

relatively rarely to explain the size effect. However, there are some behavioral explanations related to firm 

recognition and incomplete information. For example, Merton (1987) predicts that less well-known stocks 

with a smaller investor bases have higher expected returns. Similarly, Hou et al. (2005) offer an empirical 

analysis of how investor recognition influences the size effect. They propose that small stocks react slowly to 

information and this creates a significant impact on the cross-section of U.S. stock returns over the period of 

1963-2001. 
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Arguably, the most frequently used explanations for the size effect are related to risk. Fama & French (1995) 

for instance, suggest that the size effect is related to financial distress risk. This is also in line with the 

research of Chan (1985) who finds evidence that the default spread and other variables that pick up changes in 

the economic environment capture the size effect. Furthermore, Vassalou & Xing (2004) who study the 

relation between default risk and the size effect find that the size effect is only statistically significant within 

highest default risk quintile. In other words, small firms that are estimated to have a low default risk do not 

display an abnormal return but only small companies with a high estimated default risk. Another risk-based 

explanation is related to transaction costs and liquidity risk. For instance, Torchio & Surana (2014) show that 

a substantial fraction of the measurement of size premiums reflects a lack of liquidity, which 

disproportionately affects small firms. 

2.4.2 Value Effect 

The value effect refers to the observation that value stocks tend to have higher risk-adjusted returns compared 

to growth stocks. The value effect is one of the oldest effects investigated in financial markets, and the 

concept of value investing was popularized by Benjamin Graham in the mid-1990s (see Graham & Dodd 

(2009)). A rich and extensive literature documents that various proxies for relative value, such as the price-to-

book ratios, earnings-to-price ratios, dividend-to-price ratios and the cash-flow-to-price ratios, can predict 

future stock returns. For instance, Basu (1977) studied stocks listed on the NYSE between 1956-1971 and 

formed five portfolios on price-to-earnings ratios which he used as a measure for relative value. He shows that 

during the investigated period, portfolios with low price-to-earnings ratios earned higher risk-adjusted returns 

compared to portfolios with high price-to-earnings-ratios. The value premium, or the difference between the 

portfolio containing stocks with the lowest price-to-earnings ratios and the portfolio containing stocks with the 

highest price-to-earnings ratios, was found to be approximately 7% on an annual basis. Similarly, Basu (1983) 

studied stocks listed on the NYSE between 1963-1979 and formed five portfolios based on earnings-to-price 

ratios. He demonstrates that portfolios containing stocks with higher earnings-to-price ratios earned, on 

average, higher risk-adjusted returns compared to portfolios with stocks with low earnings-to-price ratios. 

Furthermore, he shows that earnings-to-price ratios are also correlated with firm size, and even after 

controlling for the size effect, the value effect is still clearly significant. On the other hand, while small 

businesses appear to have earned considerably higher returns than large companies, the size effect virtually 

disappears when returns are controlled for differences in systematic market risk and earnings-to-price ratios. 

He concludes that the earnings-to-price anomaly probably implies a misspecification of the CAPM rather than 

a capital market efficiency per se. Fama & French (1992) used both earnings-to-price ratios and price-to-book 

ratios as a measure of relative value and concluded that the value effect exists with respect to both measures. 
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However, the value premium based on earnings-to-price ratios is not as wide as the premium based on price-

to-book ratios. Fama & French (1992) also controlled for the size effect by double sorting stocks into 

portfolios based on both market capitalization and price-to-book ratios and concluded that both the size effect 

and the value effect is apparent during the period 1962-1989. However, the price-to-book ratios were the 

strongest predictor of stock returns, and there is no evidence that their explanatory power deteriorates over 

time. They also show that the beta derived from the CAPM had no explanatory power with respect to average 

security returns after controlling for the size and value effects, indicating that systematic risk seems not to 

matter, whereas the price-to-book ratios appear to be capable of predicting future returns. Chan et al. (1991) 

compared four portfolio formation criteria (i.e., cashflow-to-price, earnings-to-price, price-to-book, and size) 

in the Japanese stock market and similar to Fama & French (1992), they concluded that price-to-book ratios 

had the best discriminatory power on value and growth stocks. Also, the best performance in terms of both 

absolute and risk-adjusted returns was also reported for portfolios formed based on price-to-book ratios. 

Capaul et al. (1993) studied the value effect in six different markets between 1981-1992 and showed that 

value anomaly is a global phenomenon and even stronger outside the United States. Furthermore, when the 

authors formed portfolios based on price-to-book ratios, they documented an inverse relationship between the 

average portfolio returns and their estimated betas. 

The explanations for the value effect are widely discussed in the financial literature. The explanatory studies 

can be divided into two categories. The first group of explanations is based on the assumption that investors 

are irrational, which results in the mispricing of assets. The second group of studies relies on risk-based 

explanations, stating that the value effect stems from some underlying risk factors that are not captured by 

CAPM.  

Research related to behavioral aspects have yielded interesting but also somewhat conflicting results. For 

instance, Lakonishok et al. (1994) show that the value effect yields higher returns due to the suboptimal 

behavior of the typical investor and not because value stocks are fundamentally riskier. A similar conclusion 

was also drawn by Barberis et al. (1998), who stated that the naive extrapolation of past growth causes 

investors to overreact in both directions, resulting in return predictability on the basis of valuation ratios. On 

the contrary, Doukas et al. (2002) showed that the value premium is not explained by over-optimism in 

analysts earnings forecast, thus rejecting the non-risk-based explanation of the value premium. In their follow-

up paper, the same authors found support for the risk-based explanation and argue that the abnormal returns of 

value stocks reflect compensation for higher risk as measured by the dispersion in analysts earnings forecasts 

(Doukas et al. 2004). Fama & French (1993) also suggested a risk-based explanation and argued that the value 

premium exists to compensate investors for the inherent risk in value stocks relative to growth stocks. 
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Arguably, the most frequently used explanation for the value effect is related to operating leverage, financial 

distress risk, and the inability of value stocks to adjust their level of production. For instance,  Zhang (2005) 

explained that the value premium exists due to the inability of value stocks to adjust the production level to 

match the demand in varying economic conditions. Thus an extra risk is associated with value stocks. This 

view is also supported by Carlson et al. (2004) and García-Feijóo & Jorgensen (2010). Moreover, Petkova & 

Zhang (2005) show that the economic fundamentals of value firms responded negatively to economic shocks, 

whereas growth firms did not. They argue that this is evidence that value stocks are riskier than growth stocks, 

at least in the adverse states of the world. Furthermore, Cooper (2006), Li et al. (2009) and Gulen et al. (2011) 

also agreed that value premium could be explained by the fact that value firms have lesser flexibility in 

adjusting to worsening economic conditions compared to growth stocks. 

In summary, the value effect has been shown to be a robust anomaly that exists around the world and price-to-

book ratios have in most cases proved to have the best discriminatory power on value and growth stocks. The 

reasons behind the value effect are widely discussed in the financial literature and the most frequently used 

explanations to why it exists are arguably related to financial distress and operating leverage. The above-

mentioned papers are just a sample that demonstrates the most important findings. For further reading, Pätäri 

& Leivo (2017) provides an extensive and systematic review of the value premium literature that examines the 

performance difference between value and growth stocks and the possible reasons for it. 

2.4.3 Momentum Effect 

The momentum effect refers to the observation that stocks that have performed well (bad) in the recent past 

usually continue to perform well (bad) in the future. This phenomenon was first documented by Jegadeesh & 

Titman (1993) who studied stocks listed on NYSE and Amex between 1965-1989. Each month during the 

examined period, they ranked the stocks in ascending order on the basis of their past J quarterly returns and 

based on these ranking, ten portfolios were formed with an equal weight of the stocks contained in each 

decile. To implement the strategy, one then buys the winner portfolio and sells the loser portfolio and holds it 

for K quarters. They applied 16 such strategies (J,K=1,2,3,4) using daily data from the CRSP database and 

noted that in all cases expect one (J=3, K=3), the strategy yielded a significant and positive return that could 

not be explained by the systematic risk of the strategy. The strategy examined in most detail (J=2, K=2) 

yielded 12% annualized return. The profitability of the momentum trading strategy in the United States is also 

verified by others. For instance, Grundy & Martin (1998) studied stocks listed on NYSE and Amex between 

1926-1995 and documented that the momentum trading strategy based on six months past return with a 

holding period of 1 month yielded and annualized return of 5.4%. 
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The momentum effect has also been widely documented outside the United States. For example, Rouwenhorst 

(1998) finds a momentum effect in 12 different European countries during the period1978-1995. Furthermore, 

Chui et al. (2001) find that momentum strategies are highly profitable in eight different Asian markets and 

Muga & Santamaría (2007) find that momentum strategies yielded profits in four Latin American emerging 

markets from 1994 to 2005. In other words, the momentum effect is a widely documented phenomenon across 

the world. However, the profitability of momentum strategies has been shown to vary significantly over time. 

Conrad & Kaul (1998) show that even though momentum strategies with American stocks have earned a 

significant return on average during the period 1926-1989, the profitability varies over time and during 1926-

1947 the premium related to the momentum effect was negative.  Grundy & Martin (1998) also point out that 

a momentum trading strategy that generates an abnormal profit is not an arbitrage since it is far from riskless. 

To demonstrate this, they show that momentum strategies generated a negative return in the period 1991-

1995. Another observation of the time varying profitability of momentum strategies was made by Chordia & 

Shivakumar (2002). To study the momentum effect, they used all stocks listed on NYSE and Amex in the 

period 1926-1994 and found that the momentum strategy generated a monthly profit of 0.23% on average. 

This profit was however not significantly different from zero, and the reason is that the strategy yielded a 

negative return the period before 1951. This is in line with the more recent research by Daniel et al. (2012) 

and Barroso & Santa-Clara (2015) who confirm the riskiness of momentum trading strategies as they 

document that the good performance of momentum comes with occasional large crashes. Daniel et al. (2012) 

argue that those big crashes are connected to “panic states” in the economy. In fact, Daniel et al. (2012) find 

that during 13 of the 1002 months in their sample period between 1927-2010, losses exceeded 20% per 

months. They further document that these 13 observations occurred when the stock market was unusually 

turbulent which indicates that there is a joint movement of momentum returns and market returns. There are 

also other studies suggesting that the momentum premium depends on market conditions. Chordia & 

Shivakumar (2002) find that the momentum premium is positive only for expansionary periods of a business 

cycle. Also, Cooper & Gutierrez (2004) document that the momentum premium depends on the state of the 

stock market. They studied the momentum effect on the U.S. market, and from 1929 to 1995, the momentum 

trading strategy (based on past 6 months return with a holding period of 6 months) yielded a significant 

monthly return of 0.93% following a three-year increase in the stock market and an insignificant monthly 

return of -0.37% following a three-year decrease in the stock exchange. Asem & Tian (2010) document 

similar findings and also show that the profit from the momentum trading strategy is higher when the market 

continues to increase compared to when the market transition and starts decreasing. 
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The reason for why the momentum effect exists is widely debated in the financial literature. The explanatory 

studies can be separated into two categories. The first type relies on risk-based explanations and the second on 

behavioral explanations. The risk-based explanations are relatively limited compared to the behavioral 

explanations. However, one of the earliest risk-based explanations for the momentum effect was proposed by 

Conrad & Kaul (1998). They try to determine the source of the expected profits of the momentum trading 

strategy by decomposing the profits into two parts, one that arises from the time-series predictability in returns 

and another that results from the cross-sectional variation of expected returns. The result suggests that the 

cross-sectional variation of mean returns is an important determinant of the profitability and therefore they 

cannot reject the hypothesis that the cross-sectional variation in expected returns can explain the profitability 

of the momentum strategy. Since high expected returns are associated with high risk assuming rationality, the 

argument implies that momentum profits are rewards for bearing extra risk. 

A more frequently used explanation is related to the behavioral bias of investors. Even though there are a few 

different theories related to overconfidence and under reaction, the most accepted explanation is arguably the 

one that is based on the well-documented disposition effect. The disposition effect refers to the observation 

that investors tend to hold on to their losing stocks too long and sell their winner stocks too early. This 

tendency is in turn often explained by the prospect theory developed by Kahneman & Tversky (1979) which 

states that investors have an S-shaped utility function. This means that if a stock is trading with a capital gain 

on average, the investors are likely to sell the stock. The resulting increase in supply will decrease the 

convergence rate of the stock price to its fundamental value. The reverse can be said for stocks that are traded 

with a capital loss. This view is supported by Grinblatt & Han (2005) who argue that the disposition effect 

creates a spread between a stock‟s fundamental value and it is equilibrium price. They further show that the 

momentum premium becomes insignificant when capital gains are controlled for. They also argue that fully 

rational investors cannot eliminate the impact of capital gains on equilibrium prices due to arbitrage risk. 

2.4.4 Betting-Against-Beta Effect 

According to the CAPM framework, the security market line (SML) should have an upward slope, due to the 

assumption of a linear positive relationship between return and systematic market risk. However, since the 

introduction of the CAPM, several independent empirical studies has identified a much flatter or even 

negative relationship between systematic market risk and return than implied by the theory. The first evidence 

of this low beta anomaly, also referred to as the betting-against-beta anomaly, can be tracked back to the work 

of Black (1972). He demonstrates that the reward for taking on systematic market risk is not as high as 

implied by the CAPM framework. In other words, the SML is found to be flatter than predicted by the theory, 

but there is still a positive relationship between expected returns and systematic market risk. Haugen & Heins 



Page 22 of 135 
 

(1975) also investigate the risk-reward relationship on the U.S. stock market using monthly data from 

February 1926 to December 1971. In contrast to Black (1972), their overall empirical findings do not support 

the hypothesis that increasing market risk should yield a higher return. In fact, their findings suggest that over 

a longer time-horizon, portfolios with low betas experience higher average return than portfolios with high 

betas, which implies a negative slope of the SML. They also find that the relationship between market risk and 

return are sensitive to bull and bearish market conditions. 

Blitz & Van Vliet (2007) also investigate the low-risk anomalies, and even though their main focus is to study 

the anomaly regarding low volatility stocks, they find that stocks with low volatility also tend to have a very 

low systematic risk. They find an annual CAPM-alpha spread between low volatility and high volatility stocks 

of 12% in the period of 1986-2006. They find evidence of this low-risk anomaly in the U.S., European and 

Japanese stock market. These findings are robust even after controlling for the well-known anomalies related 

to size, value, and momentum.   

Baker et al.(2013) also find a presence of the low beta anomaly and demonstrate that low beta stocks, 

outperform high beta stocks in absolute returns, hence a negative slope of the SML. They find this low beta 

anomaly in both U.S. and global equity markets using data from 1968 to 2012. They also conclude that this 

anomaly is robust through both bear and bull markets. Frazzini & Pedersen (2013) also report evidence of this 

low beta anomaly, i.e. betting-against-beta anomaly. They find that low beta portfolios provide higher CAPM 

alphas and Sharpe ratios compared to high beta portfolios. These results are found using equal-weighted 

portfolios. They find that the anomaly is present in the U.S. and twenty different international equity markets 

including Sweden where they find a risk premium for the betting-against-beta effect of 0.77% in monthly 

returns, or equivalently a return of 9.64% on an annual basis, using data from 1984-2012. The anomaly also 

exists in other asset classes such as Treasury bonds, corporate bonds, commodities, futures and foreign 

exchange. Frazzini & Pedersen (2013) also introduces a betting-against-beta risk factor, which is long in low 

beta assets and short in high beta assets. Leverage is applied to the assets to create a market neutral strategy, 

i.e.   equal to 0, and they show that this risk factor is significantly different from zero and positive.  

While the CAPM fails to explain why the presence of this low beta anomaly exists, explanations focusing on 

economic and more behavioral considerations have been developed. One of the most used economical 

explanations for the presence of this anomaly has been linked to leverage constraints (see Black (1972), Blitz 

& Van Vliet (2007) and  Frazzini & Pedersen (2013)). The rationale behind this is that most of the studies find 

that low beta assets have provided a higher CAPM alpha, but not necessarily a higher absolute return. Hence 

they find the SML to be flatter than predicted by the CAPM, but still with a positive slope. This means that to 
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take full advantage of the anomaly an investor should apply leverage to the low beta stocks to obtain the 

desired absolute return. Many institutional investors, especially mutual long-only funds are not allowed to use 

leverage in their portfolio construction, and since the majority of the funds has the target to generate a higher 

return than a specific benchmark (e.g. MSCI Europe) they tend to overweight high beta stocks to outperform 

the benchmark. This tilt towards high beta stocks will increase the demand and result in a lower return, and 

vice versa for low beta stocks.  

Other explanations for the existence of the betting-against-beta anomaly are linked to private and institutional 

investors‟ preference for attention-grabbing stocks or so-called glamor stocks which tend to have high 

volatility and high beta. Falkenstein (1996) documents that mutual funds on average hold more stocks which 

have been in the news, and Barber & Odean (2008) find the same pattern for private investors. This increase 

in demand might therefore result in an overvaluation of high beta stocks. Falkenstein (1996) also links this 

anomaly to the overconfidence of investors. The reasoning goes that if investors are confident in their ability 

to time market movements, they will buy high beta stocks when bull markets are expected due to the higher 

sensitivity to market movements and will stay out from the stock market when bear markets are expected. 

Therefore, there is a strong demand for high beta stocks and a low demand for low beta stocks.  

Bali et al. (2014) argue that the betting-against-beta effect is a result of investors‟ high demand for lottery-like 

stocks. Investors‟ prefer stocks that provide probabilities of large up moves, which is partially generated by a 

stock‟s sensitivity to the overall market, i.e. high beta. They argue that a significant proportion of the price 

pressure on high beta stocks can be linked to the fact that they tend to have lottery-like characteristics. This 

view is also supported by  Mitton & Vorkink (2007), who highlight that the positive skewness on high beta 

stocks may be a consequence of a combination of limited liability and a high variance of high beta stocks. 

Also, Schneider et al. (2015) show that the betting-against-beta trading strategy generates high risk-adjusted 

returns among firms that exhibit the most negatively skewed distributions but not among stocks with high 

positive skewness, and they furthermore suggest that the return skewness is linked to the firms‟ default risk. 

2.5 Hypothesis Development 

2.5.1 Coskewness 

As explained earlier, return data has been shown to exhibit skewed probability distributions. More 

specifically, aggregate return data usually have a negative skewness whereas firm return data are associated 

with positive skewness. This phenomenon can be explained by the fact that the skewness of a portfolio is the 

sum of mean stock return skewness and coskewness terms (Albuquerque, 2012). Since mean stock return 

skewness is positive, negative portfolio-return skewness must be caused by negative coskewness terms. 
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Therefore, coskewness can be interpreted as the asset‟s contribution to the skewness on a broader portfolio. In 

other words, an asset with a negative coskewness will contribute to a more negative skewed portfolio and vice 

versa. Given the utility assumption presented by  Kahneman & Tversky (1979), investors have a preference 

for positive skewness. To create a diversified portfolio with positive skewness, investors should therefore 

invest in stocks with positive coskewness and avoid stocks with negative coskewness. Everything else equal, 

investors should therefore prefer stocks with a high coskewness over stocks with a low coskewness. The high 

demand for positive coskewness will drive up the price of stocks with positive coskewness and the low 

demand for negative coskewness will drive down the price of stocks with a negative coskewness. This 

translates into a lower expected return for stocks with positive coskewness and higher expected returns for 

stocks with negative coskewness. Since the CAPM framework does not consider higher moments such as 

skewness, this return difference should therefore not be explained by the systematic market risk. We therefore 

expect that: 

H1a: Stocks with low coskewness exhibit higher returns than stocks with high coskewness and this return 

difference cannot be explained by the difference in systematic market risk. 

As explained earlier in this chapter, the CAPM have been shown to do a poor job in explaining the return 

variation between firms that differ in size, price-to-book ratios, recent past returns, and beta. These findings 

indicate that it is not only beta that matters for expected returns, as implied by the CAPM framework. 

Interestingly, these so-called market anomalies have been shown to be related to downside risk (i.e. negative 

skewness) and demand for lottery-like probabilities (i.e. positive skewness) that are not captured by the 

CAPM. Since some of the skewness is not diversifiable, that is coskewness; we expect that: 

H1b: Coskewness captures cross-sectional return variation between stocks that differ in size, past returns, 

price-to-book ratios, and betas. 

2.5.2 Size 

As explained earlier in this chapter, small stocks have been shown to outperform big stocks on average, even 

after controlling for the difference in systematic market risk, a phenomenon that has become known as the 

size effect. Given the vast amount of empirical support for the existence of the size effect across the globe we 

expect that: 

H2a: Small stocks exhibit higher stock returns than big firms, and this return difference is not explained by the 

difference in systematic market risk. 

Fama & French (1995), Chan (1985) and Vassalou & Xing (2004) argue that the size effect is related to 

distress risk (or similarly default risk). More specifically, small stocks have a larger probability of going 



Page 25 of 135 
 

bankrupt compared to big stocks, and due to this inherent downside risk, investors require a risk premium to 

buy small stocks. However, some of the downside risk related to skewness can be diversified away, and 

therefore it is only the systematic skewness, or equivalently the coskewness with the market portfolio, that 

should require a risk premium. If a stock has negative coskewness with the market, the stock will tend to 

experience extreme negative returns in large market downturns. Since it is natural to expect that the default 

risk is higher in market depressions, small stocks should have a negative coskewness. This coskewness should 

also be lower compared to the coskewness of big firms due to the relatively low default risk associated with 

big firms. We therefore expect that: 

H2b: Small firms have a lower coskewness compared to big firms 

However, there is a counteracting force that might give rise to a negative relation between size and 

coskewness with the market, namely extremely positive observations. Since stockholders have limited 

liability, an investor can at most lose 100% of the investment in the case of default. The upside potential, 

however, is unlimited, and given that small firms often have a high variance, there is a small possibility of 

observing some extremely positive returns which counteract the negative returns from defaults. However, 

these extremely high returns (above 100% on a monthly basis) are very rare, and therefore the hypothesis is 

still valid and interesting to investigate. Since investors are expected to have a preference for positive 

coskewness we also expect coskewness to be closely linked to the profitability of the size effect. Fama & 

French (1995) argue that since the size effect might be a result of default risk, the return difference between 

small and big stocks, or the small-minus-big (SMB) risk premium used in the Fama-French-three-factor 

model, captures the default risk associated with small firms. If the SMB risk premium is truly a proxy for the 

underlying difference in default risk between small and big firms we expect the coskewness risk premium to 

capture this risk, hence the two risk premiums should experience returns which are closely linked. We 

therefore expect that:  

H2c: As the coskewness premium increases (decreases), the size premium also increases (decreases) on 

average, ceteris paribus.  

This positive relationship also implies that the size premium should disappear after controlling for both 

systematic market risk and coskewness risk, at least given that the size effect is fully explained by these risk 

factors. Since small firms are expected to have a lower coskewness than big firms, and low coskewness is 

expected to be associated with high returns and vice versa, coskewness should also have the ability to capture 

the cross-sectional return variation between firms that differ in size. We therefore expect that: 
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H2d: Coskewness captures cross-sectional return variation between firms that differ in size. 

2.5.3 Value 

As explained earlier in this chapter, value firms have been shown to outperform growth firms on average, 

even after controlling for the difference in systematic market risk, a phenomenon that has become known as 

the value effect. Furthermore, price-to-book ratios have been shown to have the best discriminatory power on 

value and growth stocks, where value stocks have low price-to-book ratios, and growth firms have high price-

to-book ratios (Chan et al., 1991). Given the vast amount of empirical support for the existence of the value 

effect across the globe, we therefore expect that: 

H3a: firms with low price-to-book ratios earn higher returns on average compared to firms with high price-

to-book ratios, and this return difference cannot be explained by the difference in systematic market risk. 

Arguably, the most frequently used explanation behind that value effect is related to operating leverage and 

financial distress risk (see Zhang (2005), Carlson et al. (2004), Garcia-Feijó & Jorgensen (2010), Petcova & 

Zang (2005), Cooper (2006), Gulen et al. (2011)). More specifically, due to high operating leverage of value 

firms, value firms have lesser flexibility in adjusting to worsening economic conditions and have a higher 

default risk. This difference in default risk implies that the returns of value stocks have a  negatively skewed 

probability distribution whereas growth stocks do not necessarily have this characteristic. Furthermore, the 

observation that value firms have a higher default risk in worsening economic conditions implies that this 

default risk is systematic in nature. In order words, the skewness cannot be completely diversified away since 

the extremely negative returns of value firms usually occur in worsening economic conditions. This further 

indicates that value firms should have a lower coskewness compared to growth firms. We therefore expect 

that: 

 H3b: Firms with low price-to-book ratios have a lower coskewness compared to firms with high price-to-

book ratios. 

Since investors are expected to have a preference for positive coskewness we also expect coskewness to be 

closely linked to the profitability of the value premium, or equivalently the return difference between value 

stocks and growth stocks. Since the default risk is dependent upon the market state, the value risk premium 

varies over time. Similarly, since coskewness captures the systematic default risk, the return difference 

between stocks with low coskewness and high coskewness, i.e. the coskewness risk premium, varies over 

time. The profitability of the value risk premium should therefore be closely linked to the profitability of the 

coskewness premium. We therefore expect that: 
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H3c: As the coskewness premium increases (decreases), the value premium also increases (decreases) on 

average, ceteris paribus.  

If this is true, this implies that the value risk premium captures the same underlying risk as the coskewness 

risk premium. This positive relationship also means that the value premium should disappear after controlling 

for both systematic market risk and coskewness risk, given that the value effect is fully explained by these risk 

factors. Since firms with low price-to-book ratios are expected to have a lower coskewness than firms with 

high price-to-book ratios, and low coskewness is expected to be associated with high returns and vice versa, 

coskewness should also have the ability to capture the cross-sectional return variation between firms that 

differ in price-to-book ratios. We therefore expect that: 

H3d: Coskewness captures cross-sectional return variation between firms that have different price-to-book 

ratios. 

2.5.4 Momentum 

As explained earlier in this chapter, stocks with a good (bad) performance during the past 3-12 months have 

been shown continue to display good (bad) performance also in the next few months, a phenomenon that was 

first documented by Jegadeesh & Titman (1993). For instance, they showed that the return difference between 

recent winners and recent losers amounted to 12% on an annual basis when using 12 months of past returns 

and a six month holding period when studying U.S. return data for the period 1965-1989. This return 

difference could not be explained by the difference in systematic market risk. Since this so-called momentum 

effect was first demonstrated by Jegadeesh & Titman (1993), a countless number of studies have shown that 

the effect is apparent on other international financial markets. We therefore expect that:  

H4a: Firms with a good past 12-month performance display higher returns compared to firms with a bad past 

12-month performance, and this return difference is not explained by the difference in systematic market risk. 

The observation that the good performance of momentum trading strategies comes with occasional large 

crashes implies a negatively skewed return distribution. In fact, Daniel et al. (2012) demonstrate that these 

large crashes are connected to “panic states” in the economy, and therefore there is a joint movement of 

momentum returns and market returns. In other words, since large crashes in momentum returns are linked to 

turbulent markets, this indicates that the momentum returns should exhibit a negative coskewness with the 

market portfolio. Since the momentum return is calculated as the return of recent winners minus the return of 

recent losers, this means that recent winners must have a lower coskewness compared to recent losers to get a 

negatively coskewed return difference. We therefore expect that: 
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H4b: Firms with a good past 12-month performance have a lower coskewness compared to firms with a bad 

performance during the past 12-month. 

Since investors are expected to have a preference for positive coskewness and aversion for negative 

coskewness we therefore expect coskewness to be closely linked to the momentum premium. In other words, 

we expect that the momentum premium and the coskewness premium capture the same underlying risk. We 

therefore expect: 

H4c: As the coskewness premium increases (decreases), the momentum premium also increases (decreases) 

on average, ceteris paribus.  

This positive relationship also implies that the momentum premium should disappear after controlling for both 

systematic market risk and coskewness risk, given that the momentum effect is fully explained by these risk 

factors. Given that expected returns are dependent on coskewness risk, and that there is a relationship between 

past performance and coskewness, coskewness should also be able to capture the cross-sectional return 

variation between stocks that differ in past 12-month performance. We therefore expect that:   

H4d: Coskewness captures cross-sectional return variation between portfolios that are formed based on past 

12-month returns.  

2.5.5 Betting-Against-Beta 

According to the CAPM framework, investors should be rewarded only for exposure to systematic market 

risk, and the SML should therefore have a positive slope with an intercept equal to the risk-free rate. However, 

several studies have since documented a much flatter or even negative slope in the SML (e.g. see Black 

(1972), Blitz & Van Vliet (2007) and  Frazzini & Pedersen (2013)). This means that low beta stocks tend to 

earn higher risk-adjusted returns compared to high beta stocks. This anomaly has become known as the 

betting-against-beta anomaly and has been widely documented across the world. We therefore expect that: 

H5a: Low beta stocks have higher risk-adjusted returns compared to high beta stocks. 

One of the leading explanations for the existence of this anomaly has been linked to leverage constraints 

which apply to many private and institutional investors. Hence they tend to tilt towards high beta stocks to 

reach their preferred expected return. However, as mentioned earlier in this chapter, several studies even find 

a negative relationship between beta and expected returns and the leverage constraints alone cannot explain 

this phenomenon since there would be no need for leverage if low beta stocks earned higher absolute returns 

compared to high beta stocks. Other explanations have focused on investors‟ preference for lottery-like stocks 
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and compensation for downside risk. For instance, Schneider et al. (2015) show that the betting-against-beta 

trading strategy generates high risk-adjusted returns among firms that exhibit the most negatively skewed 

distributions but not among stocks with high positive skewness, and they furthermore suggest that the return 

skewness is linked to the firms‟ default risk. As explained earlier, higher default risk implies a negative 

coskewness and given that investors have a risk aversion towards negative coskewness, investors would 

require higher returns to buy low beta stocks. Also, since high beta stocks generally have high variance, high 

beta stocks are likely associated with a positive coskewness due to the unlimited upside potential in 

combination with the limited liability of equity holders (Mitton & Vorkink, 2007). We therefore expect that: 

H5b: Low beta stocks have lower coskewness compared to high beta stocks 

Since investors are anticipated to have a preference for positive coskewness and a risk aversion towards 

negative coskewness, we therefore expect coskewness to be closely linked to the betting-against-beta 

premium, or equivalently the difference in risk-adjusted returns between low beta stocks and high beta stocks. 

In other words, we expect that the betting-against-beta premium and the coskewness premium capture the 

same underlying risk. We therefore expect: 

H5c: As the coskewness risk premium increases (decreases), the betting-against-beta risk premium also 

increases (decreases) on average, ceteris paribus.  

If the betting-against-beta risk premium captures the same underlying risk as coskewness, this also implies 

that the betting-against-beta risk premium should disappear after controlling for systematic market risk and 

coskewness risk. Given that expected returns are dependent not only on systematic market risk but also on 

coskewness risk, and that there is a relationship between beta and coskewness as hypothesized in H5b, 

coskewness should also be able to capture the cross-sectional return variation between stocks that have 

different betas. We therefore expect that:   

H5d: Coskewness captures cross-sectional return variation between stocks that have different betas. 
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3 Methodology and Data Collection 

3.1 Research Design 

To answer our research question, a deductive approach has been used where hypotheses have been deduced 

from a comprehensive literature review. Since the purpose of the study is to investigate the importance of 

coskewness and how it is linked to different market anomalies, a deductive approach is appropriately used. 

When doing this, the causal relationship between coskewness and the abnormal returns associated with the 

market anomalies has to be taken into consideration. To mitigate the probability of observing a spurious 

relationship between coskewness and the anomalies, coskewness has initially been investigated on a 

standalone basis to determine its influence on expected returns. This was achieved by construction ten 

portfolios on the basis of stocks‟ coskewness and observing how the returns differ. The return difference of 

the portfolios has been statistically tested for significance. Additionally, to investigate the existence of the 

market anomalies and their relation to coskewness, portfolios were formed also based on size, price-to-book 

ratios, momentum, and betas. In total, this yielded 40 different portfolios since ten different portfolios were 

formed on each factor separately. Firstly, the performance differences of these portfolios have been examined 

to verify the failure of the CAPM to capture the cross-sectional return variation between these portfolios. 

Secondly, these 40 portfolios have been used to test whether coskewness have the ability to capture the cross-

sectional return variation between stocks that differ in size, relative value, recent past returns, and betas. Since 

the portfolios were formed based on one factor at a time, this further allowed us to examine the coskewness‟ 

relationship to the individual anomalies separately. Finally, the relationship between coskewness and the 

anomalies have further been investigated by applying cross-sectional correlation measures, time-series 

regressions and cross-sectional analysis to increase the robustness of our findings, and to ensure the 

relationship is coherent with our expectations.   

3.2 Data Collection and Criteria 

To test the hypotheses deduced from the litterature review, monthly data points of publicly traded stocks on 

the Swedish market have been used. Since most research on higher moments is conducted with U.S. data, this 

contributes to the existent body of knowledge regarding the importance of higher moments. To extract the 

necessary data regarding stock prices, market capitalization and price-to-book ratios, we use the Thomson 

Reuters Datastream database. Our dataset consists of all Swedish stocks ever listed in the period of 1985-2017 

including stocks that have been delisted during the period.  The returns in the sample were calculated as 

discrete returns: 
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The choice of using discrete returns over log-returns is due to the advantage that discrete returns can aggregate 

across assets; hence portfolio returns can be calculated as portfolio weight times the stock return. The prices 

used to calculate the returns are the latest available prices denoted in Swedish krona (SEK); hence if a 

monthly data point refers to a weekend, the closing price from the last trading day is used. These price values 

are adjusted for capital actions including stocks splits, reversed stock splits, dividends, and equity buybacks. 

However, the adjustments for capital actions should be handled with care. Another selection criterion 

regarding our sample is therefore that monthly returns above 800% were deleted since these return values 

might indicate problems of handling reverse stock splits correctly in the Thomson Reuters Datastream 

database as argued by  Ince & Porter (2006). For a list of deleted observations, see Appendix 1. However, this 

resulted in only deleting ten return observations out of 144,143 observations. Another criterion for the sample 

is that only stocks which have traded continuously over at least 66 months are included in the sample since 60 

months of data is needed to estimate betas and coskewness and another six months to calculate portfolio 

returns over a holding period of 6 months. 

When collecting the price-to-book ratios for the sample, we used the Price to Book Value measure available 

from the Datastream database, which is defined as share price divided by book value per share. Negative 

price-to-book values and its corresponding returns for that period were excluded from our sample when 

forming portfolios on price-to-book ratios to increase the homogeneity of our sample and to avoid dilution of 

our findings (Athanassakos, 2013). This is also in line with the approach of the empirical analysis by  Fama & 

French (1993). 

As a proxy for the market portfolio, we calculated monthly returns based on a value-weighted portfolio of all 

the available stocks in our sample and rebalanced it every month. The reasoning behind this approach is 

explained in more detail in the section called Limitations. For the risk-free rate, we used the 30 day Treasury 

bill from the Swedish national bank, Riksbanken. 

The final sample included 1,450 stocks and 144,143 monthly returns observations on the Swedish stock 

market from December 1984 to February 2017. 
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3.3 Portfolio Construction and Risk Premium Calculations 

To measure risk premiums and to perform an analysis on the relationship between coskewness and different 

risk factors related to the market anomalies, ten portfolios were formed based on the factor of interest. Below, 

a description of the portfolio construction and the calculation of risk premiums will be presented. 

3.3.1 Portfolios Formed on Coskewness 

To measure the coskewness risk premium, ten portfolios were formed based on coskewness. Similar to 

Harvey & Siddique (2000), the coskewness is defined as 

 ̂    
 

 [     
 
   ]

√ [  
   ] [  

   ]

 

where                (    ), is the residual for stock   from the regression of the excess return on the 

contemporaneous market excess return at time  .      is the deviation of the excess market returns at time   

from the average excess return in the examined period. The use of this model ensures that only information 

that is not explained by the market excess return is considered.  ̂    was calculated for each stock using a 

rolling window of 60 months of past returns. The stocks were then ranked based on their past coskewness in 

order to form ten equal-weighted portfolios. Equal-weighted portfolios are used in contrast to value-weighted, 

to avoid bias that might incur from firms with large market capitalization. Since only ten stocks represent 

approximately 61% of the total market capitalization on the Swedish stock market
2
, a value-weighted 

approach could results in considerably biased results toward these firms. Another benefit of using equal-

weighted portfolios over value-weighted is linked to our expectations of a size effect on the Swedish stock 

market. To avoid any interactions with the size effect and the other anomalies, equal-weighted portfolios are 

prefered. Given the portfolios, we then found the returns of these portfolios in month 61-65. This procedure 

was repeated through the entire time period in order to get the historical returns of the portfolios. This implies 

a six month rebalance frequency with respect to the coskewness. A six month rebalance frequency was used to 

increase the robustness of the results and to make sure the trading strategies researched will not be 

significantly affected by transactions costs. 

The coskewness risk premium was then calculated as the average return of the three portfolios with the lowest 

(most negative) coskewness minus the average return of the three portfolios with the highest (most positive) 

coskewness. This risk premium represents the return generated from the self-financed trading strategy with a 

                                                           
2
 Top 10 Constitutions on MSCI Sweden as of 31st of March 2017 https://www.msci.com/documents/10199/5b5d91b7-

505a-4d4d-b060-51a3af6be160  

https://www.msci.com/documents/10199/5b5d91b7-505a-4d4d-b060-51a3af6be160
https://www.msci.com/documents/10199/5b5d91b7-505a-4d4d-b060-51a3af6be160
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long position in the 30% of stocks with the lowest coskewness and short position in the 30% of stocks with 

the highest coskewness. The inclusion of six portfolios in the premium calculations rather than two (the most 

extreme portfolios) is advantageous due to the increased robustness of the results. This calculation also makes 

the results comparable to the findings of Harvey & Siddique (2000). Similarly to Harvey & Siddique (2000), 

we refer to this risk premium as       risk premium. 

In a similar fashion as with the coskewness, information about market capitalization, price-to-book ratios, 

CAPM betas and past 12-month return were collected for the coskewness-sorted portfolios to enable an initial 

analysis of the correlation between coskewness and the factors of interest. Finally, a CAPM regression was 

performed for each portfolio. 

3.3.2 Portfolios Formed on Size, Value, Momentum, and Beta 

Portfolios were also formed following a similar procedure with respect to beta, market capitalization, price-to-

book ratios and past 12 month returns to determine the risk premiums associated with the market anomalies of 

interest. Portfolios were formed based on one factor at a time rather than several factors simultaneously for 

two reasons. First, this allows us to study the relation between coskewness and the factor premiums on a 

standalone basis, which is closely aligned with the purpose of this paper. Second, forming portfolios based on 

all factors simultaneously (multi-dimensional) would imply that we would have to form 625 different 

portfolios given that five portfolios are formed on each factor (      ). Since the dataset was limited to the 

1450 Swedish stocks, this would not have been a feasible option. Information about coskewness was also 

collected for all factor-formed portfolios to conduct correlations measures between the factors and 

coskewness. 

When forming portfolios based on stock specific betas, we first estimated the beta for every stock in the 

sample using the standard definition: 

 ̂  
   (     )

  
  

Where    (     ) is the covariance between the excess return on stock   and the excess return on the market 

and   
  is the variance of the market portfolio for the given period. Again, a rolling window of past 60 

monthly returns was used in the estimation of betas and a rebalance frequency of 6 months was applied. The 

risk premium for the betting-against-beta trading strategy was calculated as the average return of portfolio 1-3 

minus the average return of portfolio 8-10, where the portfolios had been given different weights dependent 
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on the portfolio beta to ensure a market neutral strategy, e.g.    . This is similar to the approach used by 

Frazzini & Pedersen (2013). This risk premium is called the betting-against-beta (BAB) risk premium. 

When forming portfolios based on size, no initial calculations for the market capitalization was necessary 

since these numbers were retrieved directly from Thomson Reuters Datastream. Market capitalization was 

used as a measure of company size since this is a direct measure with the same observation frequency as the 

stock. The stocks were ranked in ascending order based on their size. Based on the ranks, the stocks were 

evenly distributed between ten portfolios with portfolio one containing the 10
th
 percentile of the smallest 

stocks and portfolio ten containing the 10
th
 percentile of the largest stocks. These portfolio returns were then 

calculated for the next 6 month implying a rebalancing frequency of 6 months. This procedure was repeated 

for the entire sample. Since we hypothesized that small stocks outperform large stocks and because we want 

the risk premium to be positive by construction, the risk premium was calculated as the average returns of 

portfolio 1-3 (Small stocks) minus the average returns of portfolio 8-10 (big stocks). We call this the premium 

small-minus-big (SMB) risk premium. 

When forming portfolios based on value, no initial calculations were necessary for the value proxy (price-to-

book ratios) since this data were directly retrieved from Thomson Reuters Datastream. Similar to the majority 

of previous research (e.g. Fama & French (1993)) price-to-book ratios were used as a measure of relative 

value, where low price-to-book ratios imply value stocks and high price-to-book ratios imply growth stocks. 

Stocks were ranked in ascending order based on their price-to-book ratios and were then evenly distributed 

among ten portfolios where the 10
th
 percentile of stocks with the lowest ranks (value stocks) were allocated to 

portfolio one, and the 10
th
 percentile of stocks with the highest ranks (growth stocks) were allocated to 

portfolio ten. These portfolios were taken for given for a six month period and portfolio returns for these 

months were calculated. This procedure was repeated for the entire sample, implying a rebalance frequency of 

six months. Finally, the value risk premium was then calculated as the average return of portfolio 1-3 (value 

stocks) minus the average return portfolio 8-10 (growth stocks). Since we expect value stocks to outperform 

growth stocks, this implies that the risk premium should be positive according to our expectations. As initially 

proposed by Fama & French (1993), we also call this risk premium the high-minus-low (HML) risk premium, 

since we are taking returns from stocks with a high relative value minus the returns from companies with a 

low relative value.  

Finally, ten portfolios were formed based on the past 12 months of returns. Initially, the cumulative stock 

returns during the past 12 months were calculated. These cumulative returns were ranked in an ascending 

order to determine the stocks with the lowest return and the stocks with the highest return. Given the ranks, 
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the stocks were evenly distributed among the ten portfolios with portfolio one containing stocks with low (or 

negative) returns, which is called the loser portfolio and portfolio ten containing stocks with high past returns, 

which is called the winner portfolio. Given these portfolios, returns were calculated for the next six months, 

reflecting a holding period of six months. This procedure was repeated starting at month 18 (12+6=18). Since 

we expect to observe a momentum effect we anticipate that portfolios with high past returns tend to 

outperform portfolios with low past returns also in the future. We estimate the momentum risk premium as the 

average return of portfolio 8-10 minus the average return of portfolio 1-3. We call this risk premium up-

minus-down (UMD) risk premium. 

3.4 Hypotheses Testing and Statistical Considerations 

When performing statistical tests, we would ideally have efficient and unbiased estimators. An estimator is 

efficient when it estimates the quantity of interest in the “best possible” manner. In other words, the standard 

deviation of that estimator should be as low as possible. Bias, on the other hand, refers to whether an estimator 

tends to either overestimate or underestimate the parameter. An unbiased estimator should neither 

overestimate nor underestimate the true value. Both these characteristics are preferable attributes and directly 

influence the power and the size of statistical tests. The power refers to the probability that the test correctly 

rejects the null hypothesis, and the size refers to the probability of falsely rejecting the null hypothesis (type 1 

error). Having inefficient estimators lower the power of the test and having an unbiased estimator might result 

in an increased size of the test. In the following section, we will describe how the hypotheses have been tested 

while taking this into consideration. 

3.4.1 Testing of Risk Premiums 

To investigate the existence of the market anomalies and the coskewness premium on the Swedish stock 

market, and to test hypotheses H1a, H2a, H3a, H4a, and H5a, CAPM time-series regressions have been 

performed. Similar analysis was performed in two sub-periods to test the robustness of the findings, namely 

February 1990 to January 2006, and February 2006 to February 2017. The regressions are performed using the 

constructed risk premiums for the individual anomalies as dependent variables, and the excess market return 

as the independent variable to test the significance of the risk premiums‟ profitability after controlling for the 

systematic market risk. To accept our hypotheses regarding the anomalies, the intercept of the time-series 

regression needs to be positive and significantly different from zero. Hence the CAPM alpha of the risk 

premium must be positive and different from zero. The requirements to verify these hypotheses will then be: 

    

To test this, we use the following test statistic: 
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Where   is the intercept of the time-series regression, and the     ( ̂) is the standard error of the intercept 

estimate. The null hypothesis is rejected if the t-value corresponds to a p-value below 5%. Since  ̂ is 

estimated through ordinary least squares (OLS), we need to make certain assumptions such as: there exists a 

linear relationship between our independent and independent variables, normality, no or little multicollinearity 

between the independent variables, no autocorrelation in the error terms, and no heteroscedasticity in the error 

terms. Heteroscedasticity and autocorrelation are common issues when doing time series regression (see Box 

& Pierce (1970) and Lomnicki & Zaremba (1957)). Heteroscedasticity means that the variance of the residuals 

in the fitted model changes over time and autocorrelation means that the error terms are correlated over time. 

Ignoring such effects may result in fitting models with spurious dynamics that lead to unsupported and 

controversial conclusions about time dependence, causality and the effects of unanticipated shocks. To 

overcome these issues, we have used heteroscedasticity and autocorrelation consistent (HAC) estimators by 

using the HAC covariance matrix as proposed by Newey & West (1987). To estimate the covariance matrix 

( ) of an estimator we have used the following approach: 
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Where   is the time-series from the independent variable,   is the number of observations and          , 

which is the covariance matrix of the error terms (Zeileis, 2006). To compute the HAC covariance matrix we 

need to insert the following estimate for  , in Equation 5 above: 

 ̂  
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Where   is equal to a vector of weights. Which mean that we in order to calculate the HAC covariance 

matrix(    ), need to specify an appropriate vector of weights. For this we used the non-parametric 

bandwidth selection procedure specified in Newey & West (1994). 

3.4.2 Testing of Correlations 

To examine whether there exists a correlation between the coskewness and the different anomaly specific 

factors such as CAPM beta, price-to-book ratios, past return and market capitalization, and to test hypotheses 

H2b, H3b, H4b, and H5b, we have used the Pearson correlation coefficient which calculated as: 
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Where         is the average factor, e.g. average price-to-book ratio of portfolio   and       ̅̅ ̅̅ ̅̅ ̅̅ ̅ is the average 

of         across the ten portfolios.      
 is the coskewness of portfolio   and     

̅̅ ̅̅ ̅̅  is the average 

coskewness across the ten portfolios. The test statistic is then 

      (           )√
   

    
           

 

which is t-distributed with n-2 degrees of freedom under the null hypothesis that     (           )   . 

The benefit of using the correlation measure is its intuitive appeal, and therefore it can serve as a sanity check 

to see if coskewness is related to the anomalies as according to our expectations. Similar analysis was 

performed in two sub-periods to test the robustness of the findings, namely February 1990 to January 2006, 

and February 2006 to February 2017. 

3.4.3 Testing Time-Series Relation between Coskewness Premium and Factor Premiums 

To study whether the coskewness risk premium,      , is positively related to the profitability of the other 

risk premiums (BAB, HML, SMB, UMD) and to test hypotheses H2c, H3c, H4c and H5c, we have performed 

time-series regressions with the individual risk premiums as dependent variables and the excess market return 

and a return series for the       risk premium as independent variables. Hence, the model look like: 

             (    )          (        )       (7) 

 

                  

Where      is the excess return of the risk premium of interest at time t,   is the intercept,      is the excess 

market return at time t,      is the sensitivity to the excess market return for risk premium j ,          is the 

excess return on the       risk premium at time t,          is the sensitivity to the       risk premium 

for risk premium j, and the      is the error term of the regression for risk premium j at time t. Since we expect 

the different risk premiums and the       risk premium to be positively related over time, we expect the 

following: 
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To test if this sensitivity to the       is significantly different from zero, we used a students‟ t-test, with 

Newey-West standard errors: 

  ̂
       

 
 ̂       

    ( ̂       )
 

The benefit of performing this regression is that it will not only allow us to test hypotheses H2c, H3c, H4c, 

and H5c but also provide information about whether the market anomalies disappear when coskewness risk 

and systematic market risk has been controlled for. Furthermore, we have performed additional time-series 

regressions, in which we also include the other risk premiums as independent variables (besides the risk 

premium that was used as an independent variable). The rationale behind this is to examine whether the 

      risk premium provides the only feasible linkage to the investigated risk premium‟s profitability over 

time, and if the       provides unique information regarding the time-variation in returns which the other 

risk premiums do not capture. This also enables us to observe if coskewness is linked directly to the market 

anomalies rather than being connected through some other anomaly, and will therefore also serve as a 

robustness check of the influence of coskewness. Similar analysis was performed in two sub-periods to test 

the robustness of the findings, namely February 1990 to January 2006, and February 2006 to February 2017. 

3.4.4 Testing Ability of Coskewness to Capture Cross-Sectional Return Variability 

To test if the inclusion of higher moments in the CAPM can capture the cross-sectional return variation 

between stocks that differ in size, value, past returns, and betas, and therefore to test hypotheses H1b, H2d, 

H3d, H4d and H5d, different tests can be applied. These tests of asset pricing models can be grouped into 

three categories  (Jagannathan, Skoulakis, & Wang, 2009): cross-sectional regression methods, the maximum 

likelihood method (ML) and the generalized method of moments (GMM).  

Fama & MacBeth (1973) have developed a two-pass cross-sectional regression which tests the linear 

relationship between factor betas and expected return. First, the betas are estimated based on time-series 

regressions, and the second pass uses these beta estimates as input in a cross-sectional regression. However, 

this method has a shortcoming due to the errors-in-variables (EIV) problem since the input variables first have 

to be estimated to perform the cross-sectional regression. 

Gibbons (1982) presents a framework for testing and estimating linear betas using the maximum likelihood 

method. This approach avoids the EIV problem. However, the method has a disadvantage in the assumptions 

of the distribution of stock returns. The generalized method of moments also avoids the EIV problem since it 

is a one-pass procedure, and does not rely on the same strong assumptions regarding the distribution of stock 
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returns as the maximum likelihood method (Cochrane, 2000). This method assumes stationary in returns and 

allows for serial dependence and conditional heteroscedasticity.   

Even though the three different models have several advantages and disadvantages in testing linear beta asset 

pricing models, they have all shown to be asymptotically equivalent when returns are identically and 

independently distributed and have conditional heteroscedasticity (Shanken, 1992). In the view of this, we 

have chosen to use the cross-sectional regression as described in Fama & MacBeth (1973), due to the benefits 

of high robustness of the test and the easy implementation approach. This method is also in line with prior 

studies investigating the inclusion of higher moments in an asset pricing model (see Kraus & Litzenberger 

(1976) and Harvey & Siddique (2000)).  

3.4.4.1 Cross-sectional regression 

As mentioned, Fama & MacBeth (1973) developed a two-pass cross-sectional regression which tests the linear 

relationship between factor betas and expected return. This methodology will be demonstrated below. The 

regression models are:  

                 (    )           (    )       

                                                                            

                 (    )          (    )       

Where the  -values are the sensitivity to the factors in the asset pricing model,   is the factors, and   is the 

error terms, the subscript   refers to the stocks or portfolios used in the analysis, subscript   refers to the time, 

and   is the number of factors. First, the  -values for each stock in the sample have to be calculated using a 

rolling window to allow for time-varing  ‟s. This step yields a time-series of sensitivity estimates,  ̂   , for 

each stock or portfolio. The second step in this procedure is to run cross-sectional regressions at each point in 

time, where the excess portfolio returns, (    ), are regressed on the sensitivity estimates,  ̂   . This regression 

yields the risk premium estimates. The cross-sectional regressions will then look like: 

      ̂    
  ̂      ( ̂    )     ̂      ( ̂    

)   ̂    

                                                                            

      ̂    
  ̂      ( ̂    )     ̂      ( ̂    

)   ̂    
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In this regression,  ̂  represents the estimate of the   or the intercept of the model, the other  ̂ represents the 

estimate for the other risk premiums and the  ̂ is the estimate for the error-term. After this cross-sectional 

regression have been performed at each point in time, the output is a time-series of   number of estimates for 

each risk premium,  ̂. To get one final estimate of the risk premiums, we take the average of the estimates 

through the time-series. 

 ̂  
 

 
∑ ̂  

 

   

 

To test if the gamma estimates, i.e. risk premiums, are significantly different from zero, a student‟s t-test using 

Newey-West standard errors was performed. 

 ( ̂ )  
 ̂ 

    ( ̂ )
 

One of the assumptions behind the student‟s t-test is that observations follow a normal distribution. Since we 

expect that the underlying return distribution is skewed, this assumption is not fulfilled. However, Officer 

(1971), argues that it is justified to use the t-statistics when using monthly stock returns. Fama & Roll (1968) 

also argues that the estimation errors from a student‟s t-test compared to tests which do not assume normality 

are small. 

As briefly touched upon, this method also has some challenges. The first critique of the cross-sectional 

regression is that true  -values are not observable and need to be estimated, this is referred to as the well-

known errors-in-variables (EIV) problem. The EIV problem is unavoidable; however we have tried to 

minimize the problem by creating portfolios of stocks, instead of doing the regression on single stocks, since 

this will increase the precision of the estimates (E. Fama & MacBeth, 1973). Another critique of the method is 

that the true market portfolio is unobservable, which is needed in order to calculate the CAPM  -values. Roll 

& Ross (1994) finds that if the true market portfolio is efficient, the cross-sectional relationship between the 

expected return and CAPM  -values are very sensitive to deviations in the proxy for the market portfolio. 

Kandel & Stambaugh (1995) shows that this high sensitivity in the results from the cross-sectional regression 

can be decreased by using generalized-least-squares (GLS), however this approach requires us to know the 

true covariance-matrix. Hence the gains from adopting this approach using the estimated covariance-matrix 

are uncertain (Campbell, Lo, MacKinlay, & Whitelaw, 1998). Taking this into consideration we have 

performed our analysis using traditional ordinary-least-squares (OLS).  
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3.4.4.2 Our approach to testing asset pricing models 

To compare our different asset pricing models, we have used the approach proposed by Fama & MacBeth 

(1973) using our different asset pricing models. As a robustness test, we have performed the cross-sectional 

regression on three different time horizons, the full sample period which starts February 1995 and ends 

February 2017, a sub-periods from February 1995 to February 2006, and a sub-period from February 2006 to 

February 2017. 

Since our aim was partly to investigate if the inclusion of higher-order moments in asset pricing models can 

explain the cross-sectional variation between portfolios formed based on factors which have proven to yield 

abnormal returns, we performed cross-sectional regressions. When we investigated the general importance of 

coskewness in asset pricing, we used all portfolios formed to capture the anomalies as input, hence a total of 

40 portfolios. Furthermore, when we studied the anomalies separately, the cross-sectional analysis used the 

ten portfolios formed to capture the anomaly of interest, as input. For instance, when the value effect was 

investigated, the ten portfolios which were created based on their price-to-book ratios were used as input to 

examine the cross-sectional variation of returns. Since we investigate the Swedish stock market, we have a 

relatively limited sample size compared to other studies testing asset pricing models (see Fama & French 

(1993),  Kraus & Litzenberger (1976) and Harvey & Siddique (2000)). As a consequence of that, we chose to 

keep the number of portfolios to ten within each anomaly, in order to maintain a high number of stocks within 

each portfolio to minimize the EIV problem. To identify whether the inclusion of higher-order moments 

explained the anomalies, the cross-sectional analysis consisted of testing three different asset pricing models 

per anomaly.  

 The first asset pricing model we tested was the CAPM: 

            (   )       (8) 

 

            

Where the   refers to the portfolio number. The corresponding cross-sectional regression: 

       ̂     ̂     ̂     ̂    (9) 

 

The   from the CAPM, should be equal to zero, and the market risk premium should be positive since 

increasing market risk in assets should yield a higher expected return, if the CAPM holds. Additionally, other 

risk premiums should be equal to zero since they should not contribute in the explanation of asset returns 
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given that the CAPM holds. Since we used portfolios formed on market anomalies we do not expect the 

CAPM to explain all the returns in the sample. This implies that the   from the CAPM regression should be 

different from zero, i.e. the CAPM does not capture all the cross-sectional variation between the assets. 

The second asset pricing model tested was the CAPM with the inclusion of the       risk premium. This 

model will be used to formally test hypotheses H1b, H2d, H3d, H4d and H5d. The model look like: 

            (    )        
   

(        )       (10) 

 

The following cross-sectional regression was then: 

       ̂     ̂     ̂     ̂            ̂         ̂    (11) 

 

When we tested this model we expected the       risk premium to be positive and significantly different 

from zero, since higher exposure to the premium should yield a higher expected return compared to a stock or 

portfolio with lower exposure. We therefore expect that: 

 ̂        

The third and last asset pricing model tested was the CAPM with the inclusion of the direct measure of 

coskewness,     . This model will be used as a robustness check for the power of coskewness to capture the 

cross-sectional return variation. According to this asset pricing model, the model estimated the direct measure 

of coskewness as stated by Harvey & Siddique (2000) and the sensitivity to the market portfolio.  

            (    )          (      )       (12) 

 

The following cross-sectional regression was then: 

       ̂     ̂     ̂     ̂          ̂       ̂    (13) 

When we tested this model we expected the      to have a negative risk premium and significantly different 

from zero, since stocks or portfolios with a negative coskewness should yield a higher return than stocks or 

portfolios with positive coskewness. Hence the following must be true: 

 ̂      
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3.5 Limitations 

Two important criterions which should be fulfilled when doing research are the concepts of reliability and 

validity. Reliability refers to the extent to which the data collection techniques or analysis procedure will yield 

consistent findings  (Saundes et al.,2009). This means that questions can arise regarding whether the measure 

employed would give consistent results on other occasions, if the observations would be made similarly by 

other observers, or whether the transparency is adequate on the processing of data. In this study, Thomson 

Reuters Datastream has been used to collect secondary data. It is important to stretch that when using 

secondary sources, the data need to be handled with care. In this study, an extensive screening procedure has 

been applied to ensure a qualitative dataset. This resulted in removing preferred stocks since these have 

different characteristics than common equity and issues related to Swedish holidays (which Thomson Reuters 

Datastream fails to account for) have been controlled for. 

Validity, on the other hand, refers to whether the results of a study are trustworthy or not, and whether the 

measures employed are suitable for the research (Saundes et al.,2009). When estimating the coskewness and 

betas of different stocks, we estimated the variables using five years of historical data. By doing this, we 

assume that the betas and coskewness of the stocks for the next month will be the same as the previous five 

years which is an oversimplification. This is particularly troublesome when we are calculating the coskewness 

measure for the portfolios sorted by past 12 month returns. This is because the returns that are used as a basis 

for the portfolio construction are also used in the coskewness calculation. Although these returns only 

correspond to 20% of the input returns in the coskewness estimate, it is likely that this will result in an upward 

bias of the coskewness estimate for winner portfolios and a downward bias for loser portfolios. Since we are 

hypothesizing that the winner portfolios have a more negative coskewness compared to loser portfolios, this 

would have a negative impact on the power of the hypothesis test, but it would not increase the possibility of 

wrongfully rejecting the null hypothesis. 

Furthermore, to estimate the betas and the coskewness we need a market portfolio to relate to, and since the 

true market portfolio (including all assets like real estate, human capital etc.) can‟t be observed, this needs to 

be estimated with a proxy. An often used proxy is a value-weighted stock index that mimics the stocks within 

a given market. However, this often results in survivorship bias since only the firms that have survived or 

have a market value above a certain threshold are usually included in the index. To minimize this bias we 

have created our own market portfolio including all stocks that have ever been listed during the examined 

period. This means that stocks that have gone bankrupt and have been taken over were also included. By 

rebalancing the market portfolio monthly, survivorship bias is further minimized as almost immediate 

inclusion, and exclusion is guaranteed. The same sample has also been used to calculate beta values and 
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coskewness. In the case of measuring coskewness, it is particularly important to include delisted stocks since 

the negative returns associated with bankruptcy (alternatively the positive return related to a takeover) will 

greatly affect the estimate. Furthermore, the inclusion of delisted stocks is also important when measuring the 

average returns of the portfolios formed on different factors. For instance, it is reasonable to believe that small 

firms tend to go bankrupt more often than large firms. If the negative returns associated with bankruptcy are 

not included in the sample, this alone might explain the apparent size premium. Many of the studies 

performed on the American market have used the CRSP database when studying the size effect and Shumway 

& Warther (1998) argue that because the CRSP database does not record a significant fraction of the returns 

associated with delisting, the size effect might just be the result of poor data. 

Ryan et al. (2002) further differentiate between internal and external validity within the financial research. 

Internal validity is concerned with the causal relationship between the variables. In our case, this refers to the 

causal relationship between coskewness and the anomalies and how certain we can be that it is coskewness 

that have the ability to explain the returns associated with the anomalies and not something else. To mitigate 

the possibility of making spurious inferences between coskewness and the market anomalies, coskewness 

have also been studied on a standalone basis in order to examine its effect on expected returns. If coskewness 

then proves to have the ability to predict future returns and that coskewness is related to the anomalies as 

expected, the influence of coskewness becomes less uncertain. However, there are reasons to believe that the 

different market anomalies are related to each other. For instance, it might be the case that value stocks have 

different betas on average compared to growth stocks and therefore the value anomaly and the betting-against-

beta would be linked. It might then be the case that coskewness is linked to one of the anomalies just because 

it is linked to the other. In this paper, this possibility has been controlled for by performing various time-series 

regressions where the risk premiums are regressed on the other risk premiums including the coskewness risk 

premium. By doing this, we can observe if the explanatory power of coskewness changes when other risk 

premiums are included in the model. 

External validity, on the other hand, refers to which extent the results from the study can be generalized to 

other situations. In our case, we use all stocks listed on the Swedish stock market in the period 1990-2017. 

The result from this study can therefore be generalized to the Swedish stock market within that time period, 

but it is important to note that the result may not be generalizable to other international equity markets, 

particularly not in other time periods. This might be because what is causing the stock returns to exhibit a 

certain coskewness characteristic might not be the same in international markets and it might also change over 

time.  
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4 Empirical Analysis 
This chapter is divided into five sub-sections. First, the results regarding the coskewness premium are 

presented followed by the premiums related to size, value, momentum and betting-against-beta respectively. 

Each subsection includes the results from the portfolio formation, time-series regression, and Fama-MacBeth 

regressions both during the full sample and for the two sub-periods which serves as a robustness check of the 

results. Each hypothesis deduced from the theoretical framework will either be accepted or rejected. Each 

subsection finishes off with an analysis of the results. 

4.1 Coskewness Premium 

The result from the portfolio construction based on coskewness is shown in Table 1. Portfolio 1 contains the 

stocks with the lowest coskewness and portfolio 10 contains the stocks with the highest coskewness.       

refers to the coskewness risk premium which is calculated as the average return of portfolio 1-3 subtracted by 

the average return of portfolio 8-10. In other words, the coskewness risk premium is calculated as the return of 

a strategy with a long position in the 30% of stocks with the lowest coskewness and a short position of 30% 

stocks with the highest coskewness. Each portfolio is given the same weight which implies that the strategy is 

self-financing. In the table, several different characteristics with respect to the portfolios are presented.  

Table 1. Portfolios formed based on coskewness 

 

Low P2 P3 P4 P5 P6 P7 P8 P9 High S
-
-S

+
 

Coskewness -0.41 -0.27 -0.20 -0.14 -0.08 -0.02 0.04 0.10 0.19 0.37 -0.51 

Skewness -0.68 -0.37 0.05 -0.01 -0.10 1.33 0.07 0.16 -0.23 0.09 -0.34 

Avg. ex. return (%) 0.50 0.46 0.62 0.43 0.61 0.56 0.45 0.42 0.33 0.35 0.16 

Avg. Beta 0.73 0.77 0.78 0.80 0.83 0.88 0.92 0.99 1.02 1.23 -0.32 

Sharpe ratio (Ann.) 0.30 0.28 0.34 0.25 0.36 0.27 0.25 0.23 0.20 0.18 0.18 

Market Cap. (MSEK) 11,500 7,050 6,590 5,400 6,500 8,020 8,340 8,580 10,100 19,400 - 

Avg. P/B-ratio 2.47 2.24 2.43 2.39 3.88 2.48 2.61 2.47 2.95 2.91 - 

12 Month return 12.55 13.50 11.11 12.34 12.31 11.91 11.59 7.82 12.37 13.13 - 

CAPM alpha (%) 0.16 0.13 0.26 0.10 0.28 0.15 0.08 0.05 -0.01 -0.08 0.20 

 

(0.56) (0.57) (1.14) (0.44) (1.22) (0.71) (0.39) (0.24) (-0.06) (-0.43) (0.97) 

CAPM beta 0.73
***

 0.72
***

 0.78
***

 0.72
***

 0.74
***

 0.89
***

 0.8
***

 0.81
***

 0.75
***

 0.95
***

 -0.09
*
 

  (10.2) (13.0) (14.9) (15.6) (16.8) (10.9) (19.4) (16.9) (14.6) (16.5) (-1.8) 

Table 1. Equal weighted portfolios are formed on the basis of coskewness. Portfolio returns are calculated as the average monthly 

excess returns during the period 1990-2017. Excess returns, 12-month returns and CAPM alphas are presented in percent. Coskewness 

and average betas are calculated as the average coskewness and average betas of the portfolios using 60 months rolling window. 

Skewness, Sharpe ratios, market capitalization, price-to-book ratios, and 12-month returns are calculated from observed portfolio 

returns. Sharpe ratios are annualized. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided test has been used for the risk premium intercept, 

all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 

5% and * refers to a significance level of 10%. 
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As can be seen in the first row in Table 1, the coskewness varies between -0.41 to 0.37. In general, portfolios 

with low or negative coskewness seem to have relatively high monthly excess returns on average compared to 

the portfolios with high coskewness. This pattern results in a       risk premium that amounts to an 

average excess return of 0.16% on a monthly basis. In the lower panel of Table 1, CAPM regressions on the 

ten portfolios and the        premium are shown. Generally, portfolios with low or negative coskewness 

seem to have high alphas compared to portfolios with high coskewness. This pattern can also be seen in 

Figure 3. The alpha related to the        risk premium is 0.20% on a monthly basis. However, this is not 

significantly different from zero which can be seen from the t-statistic presented in parentheses below the 

estimate in Table 1. This means that we cannot reject the null hypothesis to H1a, that the coskewness 

premium is equal to zero. In other words, at a 5% significance level, we cannot say that stocks with low 

coskewness exhibit higher returns than stocks with high coskewness and that this return difference cannot be 

explained by difference in systematic market risk, as hypothesized in H1a.  

 

Figure 3. CAPM alphas for the        risk premium (red) and 10 portfolios sorted on coskewness (blue) 

are shown for the period 1990-2017. 

Information about betas, size, value (price-to-book ratios) and momentum (past 12 month returns) of the 

different portfolios are also presented in Table 1. For instance, we can see that portfolios with low coskewness 

tend to contain stocks with relatively low betas. Furthermore, portfolios with low coskewness also tend to 

contain stocks with a smaller market capitalization with the exception of portfolio 1. Different cross-sectional 

correlations are more explicitly presented in Table 2. The strongest correlation is observed between 

coskewness and beta, which amounts to 0.96. This means that the average coskewness of the portfolios and 

the average betas of the portfolios have an almost perfect linear relationship. This relationship also means that 

the       risk premium has a negative beta since each portfolio is given the same weight in the premium 

calculation. 
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Table 2. Correlation matrix 

 

Coskew Excess ret. Beta Market Cap P/B-ratio 12 M. ret Alpha 

Coskew 1.00 

      Excess ret. -0.58 1.00 

     Beta 0.96
***

 -0.66 1.00 

    Market Cap 0.57 -0.54 0.76
**

 1.00 

   P/B-ratio 0.32 0.17 0.25 0.12 1.00 

  12 M. ret -0.17 -0.05 -0.11 0.23 0.15 1.00 

 Alpha -0.74
**

 0.95
***

 -0.82
***

 -0.69
*
 0.15 -0.01 1.00 

Table 2. The correlations matrix shows the cross-sectional correlations between different factors from Table 1. *** refers to 1 % 

significance, ** refers to 5% significance and * refers to 10% significance. All tests correspond to a two-sided test. 

Overall, the returns tend to be relatively high for portfolios with low or negative coskewness. This can be seen 

more explicitly in  

Figure 4, where average cumulative returns for portfolio 1-3 and 8-10, and cumulative returns for the market 

portfolio and the        risk premium are shown. It is clear that portfolio 1-3 have outperformed portfolio 

8-10 in absolute terms during this period despite the lower betas of portfolio 1-3. It is worth noticing that the 

       premium has been relatively stable over time and despite its negative beta, the cumulative returns 

seem to increase almost continuously during the examined period. 

 

Figure 4. Average cumulative returns for portfolio 1-3, 8-10, and cumulative returns for the       risk 

premium and the market portfolio are shown for the period 1990-2017. 

Coskewness Premium over Time 

To investigate the robustness of the       risk premium over time, the examined period is divided into two 

sub-periods, namely 1990-2006 and 2006-2017. Table 3 and Table 4 present the result from the portfolio 

construction during the period 1990-2006 and 2006-2017 respectively.   
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Table 3. Portfolios formed on coskewness 1990-2006 

 

Low P2 P3 P4 P5 P6 P7 P8 P9 High S
-
-S

+
 

Coskewness -0.47 -0.33 -0.25 -0.19 -0.13 -0.06 0.00 0.07 0.16 0.36 -0.55 

Skewness -0.52 -0.17 -0.04 0.35 -0.31 1.71 0.12 0.22 -0.18 0.20 -0.32 

Avg. ex. return (%) 0.37 0.49 0.71 0.59 0.27 0.58 0.26 0.54 0.44 0.21 0.12 

Avg. Beta 0.70 0.74 0.76 0.77 0.81 0.86 0.92 1.02 1.02 1.29 -0.37 

Sharpe ratio (Ann.) 0.23 0.30 0.38 0.35 0.17 0.25 0.14 0.28 0.27 0.10 0.09 

Market Cap (MSEK) 5,503 5,256 5,801 4,604 4,830 5,980 6,540 7,890 9,820 16,620 - 

Avg. P/B-ratio 1.68 1.68 1.87 1.97 4.25 1.85 2.04 2.06 2.34 2.56 - 

12 Month return 11.67 15.86 12.73 13.72 13.20 13.00 12.81 7.34 16.44 16.41 - 

CAPM alpha (%) 0.10 0.21 0.39 0.33 -0.02 0.21 -0.08 0.20 0.14 -0.21 0.19 

 

(0.23) (0.62) (1.28) (1.04) (-0.06) (0.69) (-0.3) (0.71) (0.47) (-0.79) (0.65) 

CAPM beta 0.64
***

 0.66
***

 0.76
***

 0.62
***

 0.7
***

 0.9
***

 0.8
***

 0.82
***

 0.72
***

 1.02
***

 -0.17
***

 

  (7.3) (9.2) (10.3) (11.1) (12.3) (7.5) (13.7) (11.9) (9.9) (14.3) (-2.8) 

Table 3. Equal weighted portfolios are formed on the basis of coskewness. Portfolio returns are calculated as the average monthly 

excess returns during the period 1990-2006. All variables have been calculated in the same procedure as in Table 1. 

Table 4. Portfolios formed on coskewness 2006-2017 

 

Low P2 P3 P4 P5 P6 P7 P8 P9 High S
-
-S

+
 

Coskewness -0.34 -0.20 -0.12 -0.07 -0.02 0.03 0.08 0.14 0.22 0.38 -0.47 

Skewness -0.90 -0.69 0.20 -0.42 0.13 -0.34 -0.01 -0.04 -0.32 -0.32 -0.24 

Avg. ex. return (%) 0.68 0.42 0.49 0.20 1.10 0.53 0.72 0.25 0.17 0.55 0.21 

Avg. Beta 0.76 0.80 0.82 0.86 0.87 0.91 0.93 0.96 1.04 1.15 -0.25 

Sharpe ratio (Ann.) 0.41 0.26 0.31 0.13 0.69 0.27 0.42 0.13 0.11 0.28 0.15 

Market Value 20,152 9,660 7,730 6,572 8,920 10,980 10,940 9,590 10,490 23,400 - 

Avg. P/B-ratio 3.61 3.04 3.22 2.99 3.35 3.37 3.43 3.06 3.81 3.41 - 

12 Month return 13.82 10.09 8.77 10.34 11.04 10.34 9.83 8.51 6.50 8.40 - 

CAPM alpha (%) 0.21 -0.01 0.07 -0.28 0.68
**

 0.08 0.30 -0.17 -0.25 0.13 0.19 

 

(0.87) (-0.05) (0.21) (-1.03) (2.02) (0.31) (0.88) (-0.65) (-0.96) (0.6) (1.01) 

CAPM beta 0.9
***

 0.84
***

 0.81
***

 0.92
***

 0.81
***

 0.86
***

 0.8
***

 0.8
***

 0.81
***

 0.81
***

 0.04 

  (15.0) (13.7) (14.4) (25.6) (19.7) (23.2) (24.9) (14.8) (17.2) (19.3) (0.78) 

Table 4. Equal weighted portfolios are formed on the basis of coskewness. Portfolio returns are calculated as the average monthly 

excess returns during the period 2006-2017. All variables have been calculated in the same procedure as in Table 1. 

As can be seen in the tables, the result does not to change much over time but is rather stable. During the 

period 1990-2006 the       risk premium is equal to an average excess return of 0.12% on a monthly basis 

and during the period 2006-2017 the       amounts to an excess return of 0.21% on a monthly basis. In 

other words, the        risk premium is lower in the first sub-period but in both sub-periods the        

risk premium is positive. Furthermore, in both periods, portfolio betas are still strongly positively correlated 
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with the coskewness (see Appendix 2). This implies that the beta of the       risk premium is negative in 

both periods which can also be seen in the right column in the tables. The risk adjusted performance of the 

portfolios can further be determined by looking at the alphas from the CAPM regression, which can be seen in 

the lower panel of Table 3 and Table 4. 

We can see that the alphas of the different portfolios seem to have some time variation. However, portfolios 

with low coskewness generally have positive alphas and portfolios with high coskewness generally have 

negative alphas with a couple of exceptions. This pattern can be seen more clearly in Figure 5. The risk-

adjusted performance of the       risk premium seems to be stable over time, as can be seen by the alphas. 

In both sub-periods, the alpha is equal to 0.19% on a monthly basis. 

 
Figure 5. CAPM alphas are shown for the       risk premium (red) and for 10 portfolios sorted on 

coskewness (blue) during the periods 1990-2006 and 2006-2017. 

4.1.1 Performance of Higher Moment CAPM  

To investigate whether coskewness can capture the cross-sectional return variation between stocks that differ 

in size, past returns, price-to-book ratios, and betas, and therefore also to test hypothesis H1b, we have used 

Fama-MacBeth regressions which allow for time-varying factor loadings. The regressions are performed using 

the 40 portfolios formed on size, past returns, price-to-book ratios, and betas as input. The results are 

presented in Table 5.  

As can be seen in Table 5, we find that when we use portfolios formed on the different factors, the CAPM 

cannot explain the in cross-sectional return since we find an intercept of 1.15% which is significantly different 

from zero. We find that the market risk premium is negative, however not significantly different from zero. 

The average adjusted R
2 

for the full period is 8.63%. The second model, which includes the       risk 

premium, still yields an intercept that is significantly different from zero. However the t-statistics for the 

intercept decreased slightly. We find that across the 40 portfolios there exist a positive and significant risk 

premium for the      . We can therefore reject the null hypothesis related to H1b, that coskewness does 
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not capture any cross-sectional return variation between tocks that differ in size, past returns, price-to-book 

ratios, and betas. Differently stated, at a 95% confidence level, we can say that coskewness does capture some 

of the cross-sectional return variation between stocks that differ in size, past returns, price-to-book ratios and 

betas. This indicates that firms with exposure towards coskewness risk (negative coskewness) should yield a 

higher return. The second model also yields an adjusted R
2
 is 11.18%, which is an increase compared to the 

regular CAPM. 

Table 5. Fama-MacBeth reg. All portfolios 

Model CAPM CAPM +       CAPM +      

    1.15
***

 1.15
***

 0.98
***

 

  (3.29) (3.04) (2.72) 

    -0.44 -0.43 -0.20 

  (-0.93) (-0.85) (-0.52) 

        

 

0.35
**

 

   

 

(1.87) 

      
  

  

-1.31
*
 

  
  

(-1.29) 

R
2
-adjusted 8.63% 11.18% 10.87% 

Table 5. Three different Fama-MacBeth regressions with 40 portfolios are presented.   , 

  ,  (     ) and      
represents the intercept, market risk premium,       risk premium and 

the risk premium for the direct measure of coskewness respectively. All risk premiums are shown in 

percentage on a monthly basis. T-stats are reported in parentheses below the regression estimates 

and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the        and      
, all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 

5% and * refers to a significance level of 10% 

For the third asset pricing model, we include the direct measure of coskewness,     . We find that this model 

decreases the intercept compared to the CAPM. However, the intercept is still significantly different from 

zero. We find that the direct measure of coskewness has a monthly risk premium equal to -1.31%. This can be 

interpreted as when coskewness of a firm increases by 1, the expected return of the stock decreases by 1.31%. 

Hence a stock with negative coskewness should yield a higher return than a stock with positive coskewness. 

We find that this risk premium is statistically different from zero at a 10% significance level. The average 

adjusted R
2
 is 10.87% which is an increase compared to the CAPM. Even though the risk premium is not 

significantly different from zero, the sign of the risk premium is negative and therefore the results are aligned 

with the result from the CAPM with the        risk premium. 

4.1.2 Analysis of Empirical Findings 

The results show that portfolios with lower coskewness have generally had higher absolute returns on average 

than portfolios with high coskewness during the period 1990-2017. This is true even though portfolios with 
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low coskewness have had a lower systematic market risk (i.e. beta) compared to portfolios with higher 

coskewness. This pattern results in a positive       risk premium on average, which amounts to a return of 

0.16% on a monthly basis or equivalently 1.94% on annual basis. This can be compared to the coskewness 

premium of 3.60% on an annual basis found by Harvey & Siddique (2000) in the U.S. stock market. Since this 

is a self-financing strategy, this implies that the money you get from shorting the 30% of stocks with the most 

positive coskewness can be used to buy the 30% of stocks with the most negative coskewness and no other 

money is needed assuming no transactions costs etc. Furthermore, since portfolios with low coskewness have 

a lower systematic market risk on average, this also implies that the beta of the        trading strategy is 

negative. In fact, when estimating the beta of the       risk premium using a rolling window of five years 

we find that the average beta of the strategy is equal to -0.32. This means that when the market decreases by 

1%, the profitability of the        strategy increases on average with 0.32%, ceteris paribus. Overall, this 

means that an investor  would have earned an average return of 1.94% on an annual basis by implementing the  

      trading strategy with no initial money needed at the same time as the investor would have had a 

downside hedge with respect to the market. This is contradicting to the CAPM framework, according to which 

investors only care about expected returns and variance. Therefore, higher moments such as skewness 

shouldn‟t matter. However, this result is aligned with our expectations since we expect investors to have a 

preference for positive coskewness. According to the prospect theory initially introduced by Kahneman & 

Tversky (1979), investors tend to overweight small probabilities resulting in loss aversion and preference for 

lottery-like stocks. An asset that exhibit positive coskewness tends to experience extreme positive deviations 

from the mean at the same time as the market experience large positive deviations but not necessarily the 

other way around. These are characteristics similar to a lottery in which investors pay for a small probability 

of gaining a lot of money even though the expected value of the lottery is negative. The difference is that in 

the case of positive coskewness, investors pay the price through lower expected returns. Similarly, an asset 

with negative coskewness tends to undergo large negative deviations from the mean at the same time as the 

market experience large downturns but not necessarily the other way around. In other words, negative 

coskewness implies that there exists a small but apparent probability that investors will lose a lot of money in 

the case of major recessions. The reasoning goes that if investors are willing to pay a premium for insurance 

in order to hedge for downside risk, investors would require a discount in order to buy assets with negative 

coskewness, which is translated into higher expected returns. This result is also in line with the findings of 

Kraus & Litzenberger (1976), and Harvey & Siddique (2000), who find that investors seem to have a 

preference for positive coskewness. 
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The above findings are also robust over time which can be seen by the intercept in the CAPM time series 

regression that equals 0.19% during both sub-periods. The intercept is the part of the profitability of the 

      risk premium that cannot be explained by the regular CAPM. It is important to note however, that 

even though the magnitude of the        risk premium is economically large and robust over time, it is not 

significantly different from zero after controlling for systematic market risk. In other words, at a 5% 

significance level, we cannot say that stocks with low coskewness exhibit higher returns than stocks with high 

coskewness when the difference in systematic market risk is controlled for. Another interesting finding is that 

when we consider the cross-sectional variation in returns of portfolios sorted on price-to-book ratios, past 12-

month return, CAPM betas and market capitalization, there exists a positive and statistically significant risk 

premium for the      . This is aligned with our expectations. These findings strengthen our belief that 

coskewness is an important piece in order to solve the puzzle of the market anomalies investigated in this 

paper.   

4.2 Size Effect 

In this section, the results for the size effect will be presented. We use market capitalization as a measure of 

size. We will investigate the presence of the size effect on the Swedish stock market and its connection to 

coskewness.  

4.2.1 Size Premium and Coskewness 

To examine the size effect on the Swedish stock market, we initially created ten portfolios which were formed 

based on the market capitalization of the stocks. Each stock‟s market capitalization was given a rank and 

based on this rank, put into a portfolio with a holding period of six months. Hence the decile of firms with the 

smallest market capitalization will be in portfolio 1 (Small), and the decile of firms with the highest market 

capitalization will be in portfolio 10 (Big). To capture the magnitude of the size effect, we created a small-

minus-big (SMB) risk premium, which reflects the return generated from a trading strategy with a long 

position in the 30% of stocks with the lowest market capitalization and a short position in 30% of the stocks 

with the highest market capitalization. Table 6 presents the portfolio characteristics for the ten portfolios 

based on size and the SMB risk premium.  

The size effect states that smaller firms should yield a higher return than bigger firms. This is coherent with 

the average excess returns observed in Table 6, since the portfolio which consists of the smallest firms 

delivers an average monthly excess return of 1.88% during the period 1990-2017, compared to the portfolio 

with the biggest firms which only have a monthly excess return of 0.56%. However, when taking all ten 

portfolios into consideration, the pattern is not as clear. The same unclear pattern can be seen in the Sharpe 
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ratios of the portfolios. For the SMB risk premium, we find a positive average excess return of 0.44% and a 

Sharpe ratio of 0.27. Furthermore, when examining the summary statistics for the portfolio with the smallest 

firms, and the portfolio with the biggest firms, we find a clear difference in the statistical characteristics. For 

instance, we find that small firms experience much higher variance in returns than big firms, and that the 

return distribution of portfolio 1 is positively skewed, whereas big firms experience negative skewness, which 

can be seen in Appendix 3. 

Table 6. Portfolios formed based on size 

  Small P2 P3 P4 P5 P6 P7 P8 P9 Big SMB 

Avg. market cap (MSEK)  54   109   180   297   482   803   1,446   3,019   7,217   46,515   - 

Avg. excess return 1.88 0.61 0.38 0.31 0.43 0.20 0.40 0.50 0.52 0.56 0.44 

Coskewness -0.011 -0.029 -0.028 -0.033 -0.017 -0.027 -0.023 -0.019 -0.041 -0.013 0.001 

Sharpe Ratio (Ann.) 0.61 0.26 0.18 0.16 0.23 0.11 0.21 0.27 0.30 0.32 0.27 

Equal weighted beta 0.34 0.38 0.45 0.49 0.51 0.58 0.61 0.62 0.69 0.88  - 

12 Month return -9.77 5.78 9.00 16.29 14.73 19.38 16.96 21.06 16.86 18.43  - 

Price/Book 4.33 3.17 3.10 2.85 3.01 2.71 2.75 2.91 2.55 3.27  - 

CAPM - alpha 1.48
**

 0.19 0.00 -0.07 0.02 -0.20 -0.03 0.06 0.11 0.12 0.28 

  (2.41) (0.53) (0.00) (-0.27) (0.11) (-0.9) (-0.13) (0.34) (0.66) (0.93) (1.12) 

Beta(rm-rf) 0.87
***

 0.90
***

 0.83
***

 0.84
***

 0.89
***

 0.88
***

 0.92
***

 0.95
***

 0.89
***

 0.95
***

 0.03 

  (5.77) (11.5) (15.59) (19.33) (26.78) (23.72) (30.69) (33.98) (18.12) (20.94) (0.89) 

Table 6. Equal weighted portfolios are formed on the basis of market capitalization. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2017. Excess returns, 12-month returns and CAPM alphas are presented in percent. 

Coskewness and average betas are calculated as the average coskewness and average betas of the portfolios using 60 months rolling 

window. Skewness, Sharpe ratios, market capitalization, price-to-book ratios, and 12-month returns are calculated from observed 

portfolio returns. Sharpe ratios are annualized. T-stats are reported in parentheses below the regression estimates and have been 

adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided test has been used for the risk 

premium intercept, all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a 

significance level of 5% and * refers to a significance level of 10%. 

For an initial indication of the size effects relation to other anomalies, we calculate the cross-sectional 

correlation between the market capitalization of the portfolios and the beta, price-to-book ratio, 12-month past 

return and coskewness (see Appendix 2). When looking at the relationship between the equal weighted betas 

of the ten portfolios and the market capitalizations we find a positive correlation, hence as market 

capitalization increases, the beta increases as well. This indicates that the betting-against-beta anomaly might 

be linked to the size effect. However, the equal weighted betas that are presented in Table 6 are based on the 

average of the stocks within the portfolios using a 60 months rolling window. This is the reason why the 

CAPM betas in the time-series regression in Table 6 differs compared to the equal weighted betas. When 

looking at the CAPM betas from the time-series regression, i.e. the fixed beta from 1990-2017, the 

relationship between betas and market capitalization gets blurred, and no clear pattern can be seen. For the 
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correlation between the market capitalization and coskewness, we find a positive relation; hence as the firm 

gets bigger, the coskewness increases. However, this correlation is not significantly different from zero and in 

fact; it is very close to zero. This insignificant correlation coefficient means that we cannot reject the null 

hypothesis to H2b, that small firms have the same coskewness as big firm. 

 
Figure 6. Scatterplot showing the average coskewness and the natural logarithm of the average market 

capitalization of 10 portfolios sorted on size. 

Figure 6 shows the relationship between coskewness and the natural logarithm of the market capitalization of 

the portfolios; the best fitted linear regression is close to flat. Hence the connection between size and 

coskewness seems doubtful. 

Figure 7 displays the average cumulative returns of portfolio 1 to 3, the small firms, and the average 

cumulative returns of portfolio 8-10, the big firms, the cumulative return of the SMB risk premium and the 

market portfolio.  

 
Figure 7. Average cumulative returns for portfolio 1-3, 8-10, and cumulative returns for the SMB risk 

premium and the market portfolio are shown for the period 1990-2017. 
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The average cumulative return of portfolio 1-3 is 2,607%, and the average cumulative return of portfolio 8-10 

is equal to 866%. The cumulative return of the market portfolio is 663%, and the cumulative return of the 

SMB risk premium 558%. These numbers clearly show that the portfolios containing small firms outperform 

the portfolios with the big firms in terms of absolute returns. 

The relative performance of small firms compared to big firms can also be seen in Figure 8 where CAPM 

alphas for the ten portfolios formed by size and for the SMB risk premium are shown. 

 
Figure 8. CAPM alphas for the     risk premium (red) and 10 portfolios sorted on market capi (blue) are 

shown for the period 1990-2017. 

The CAPM alphas are the excess return which cannot be explained by the exposure to the market portfolio. 

Hence for the size effect to be present, we would expect the alphas to decrease as the size increases, and the 

SMB risk premium to have a positive and significant CAPM alpha. When looking at Figure 8, we find that 

portfolio 1 has the highest CAPM alpha between the ten portfolios. The monthly CAPM alpha is equal to 

1.48%, and is significantly different from zero. Nevertheless, we do not find a decreasing pattern for the rest 

of the portfolios. Since we do not find a negative CAPM alpha for the portfolios with high market 

capitalization, the SMB risk premium yields an insignificant, yet positive alpha of 0.28%. The positive alpha 

of the SMB risk premium is clearly driven by the extraordinary positive alpha of portfolio 1. This insignificant 

CAPM alpha for the SMB risk premium means that we cannot reject the null hypothesis to H2a, that small 

firms exhibit the same returns as big firms when adjusting for the difference in systematic market risk. Hence 

we cannot statistically show that there existed a size effect on the Swedish stock market in the period 1990-

2017.. 

To deeper examine the size effect‟s relation to coskewness we perform time-series analysis with the SMB risk 

premium as the dependent variable, and the       risk premium and the market risk premium as 

independent variables. Furthermore, risk premiums related to the other market anomalies have also been 

added in a separate model to examine whether the       risk premium provides the only feasible linkage to 
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the SMB risk premium. The result can be seen in Table 7. First, we use the CAPM to explain the returns of the 

SMB risk premium. As stated earlier, we find an intercept, similar to CAPM alpha of 0.28%. However, this is 

not significantly different from zero. This is the lowest intercept between the four models used to investigate 

the SMB risk premium with. The CAPM provide an adjusted R
2
 of -0.03%, hence the model does not capture 

the variation in returns of the SMB risk premium.  

Table 7. Time-series regression with SMB risk premium 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.28 0.31 0.36 0.31 

  (1.12) (1.17) (1.06) (1.14) 

    0.03 0.02 0.03 0.02 

  (0.89) (0.65) (0.99) (0.61) 

          -0.13   -0.15 

    (-0.99)   (-0.99) 

          -0.05 -0.02 

      (-0.44) (-0.25) 

          0.00 0.01 

      (0.11) (0.23) 

          0.01 0.04 

      (0.13) (0.38) 

 Adj. R-square  -0.03% 0.75% -0.55% 0.19% 

 F-stat  0.89 2.23 0.56 1.12 

Table 7. The SMB risk premium is the dependent variable in the time-series regressions. The intercept of 

the regressions is expressed in percentage. T-stats are reported in parentheses below the regression 

estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the intercepts and the       , all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and 
* refers to a significance level of 10%. 

In the second model, the       risk premium is added to the regular CAPM. We find an intercept of 0.31%, 

which is a slight increase compared to the CAPM. We find a negative beta to the       risk premium. This 

negative beta indicate that the SMB risk premium is negatively related to the      , hence an indication of 

a negative relationship between coskewness and the size effect. However the beta to the       risk 

premium is not significantly different from zero. Therefore, we cannot reject the null hypothesis to H2c, that 

the SMB risk premium is unrelated to the        risk premium over time. Stated differently, these results 

demonstrate that the coskewness risk premium do not capture the time-variation of return in the SMB risk 

premium. Furthermore, the model does not add much explanatory power, which is reflected in an adjusted R
2
 

of 0.75%. The F-stat for the model is also not significant; hence we cannot say that the independent variables 

in this model add any explanatory power regarding the time variation of SMB risk premium. 

In the third model, we add the risk premiums for the value-, momentum-, and betting-against-beta effect, in 

order to investigate whether any of these anomalies are related the SMB risk premium. In this model, we find 
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an intercept of 0.36%, which is the highest between the four models. This indicates that this model captures 

less of the SMB risk premium, which is also shown by the adjusted R
2
 of -0.55%. We find that all betas to the 

other anomalies in this model are very close to zero; hence the profitability of the SMB risk premium does not 

seem to be related to the other anomalies in any way. 

In the fourth model, we include all risk premiums. The       risk premium is still negative, yet not 

significant. The model provides an adjusted R
2
 of 0.19%. In general, none of the models provide any 

significant factor loadings, and all adjusted R
2
 values are low, hence all of these models fail to capture the 

variation in returns for the SMB risk premium. These results indicate that none of the other anomalies seem to 

have any relation to the size effect. 

4.2.1.1 Stability over time 

To examine whether the size effect is present and whether its relation to coskewness is unchanged across time, 

we conduct similar analysis as in the previous section on two sub-periods, namely 1990-2006 and 2006-2017. 

The results for the sub-periods are presented in Table 8 and Table 9 respectively. When observing the average 

excess return of the ten portfolios for the first sub-period, 1990-2006, we find that portfolio 1 and portfolio 2 

provides much higher return than the other portfolios. However, besides of these two portfolios, the pattern 

seems blurred. These findings are coherent with the results for the full period. The same pattern can be seen 

for the Sharpe ratios. As a result of very high excess returns for portfolio 1 and 2, the SMB risk premium is 

also greater in this period, compared to the full period. For the first sub-period, we find an average excess 

return for the SMB risk premium of 0.56% on a monthly basis. 

Table 8. Portfolios formed on size - 1990-2006 

  Small P2 P3 P4 P5 P6 P7 P8 P9 Big SMB 

Avg. market cap (MSEK) 51 109 178 299 454 749 1,353 2,755 6,122 37,474   

Avg. excess return 2.46 0.84 0.39 0.27 0.39 0.02 0.33 0.25 0.32 0.48 0.56 

Coskewness -0.017 -0.040 -0.048 -0.064 -0.045 -0.052 -0.053 -0.043 -0.065 -0.031 0.006 

Sharpe Ratio (Ann.) 0.70 0.31 0.18 0.13 0.19 0.01 0.17 0.13 0.19 0.27 0.47 

Equal weighted beta 0.29 0.31 0.39 0.40 0.43 0.50 0.54 0.55 0.60 0.78   

12 Month return -4.68 10.15 9.73 19.95 15.86 20.09 16.22 22.76 17.30 20.00   

Price/Book 5.04 2.2 2.28 2.11 2.55 2.26 2.42 2.57 2.24 2.68   

CAPM - alpha 2.05
**

 0.42 0.02 -0.09 0.00 -0.37 -0.06 -0.15 -0.03 0.10 0.54
*
 

  (2.22) (0.83) (0.05) (-0.22) (-0.01) (-1.19) (-0.23) (-0.67) (-0.14) (0.57) (1.40) 

Beta(rm-rf) 0.98
***

 1.00
***

 0.88
***

 0.87
***

 0.95
***

 0.92
***

 0.93
***

 0.96
***

 0.83
***

 0.87
***

 0.04 

  (4.51) (8.97) (11.8) (13.71) (23.23) (19.21) (20.69) (27.06) (12.33) (15.88) (0.78) 

Table 8. Equal weighted portfolios are formed on the basis of market capitalization. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2006. All variables have been calculated in the same procedure as in Table 6. 
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In the second sub-period, 2006-2017, we can still observe that portfolio 1, which contains the smallest firms, 

provides the highest average excess return, of 1.05%. Apart from portfolio 1, there seems to be an upward-

sloping pattern between excess return and market capitalization, which is contradicting to the size effect. As a 

consequence of these results, we find a negative average excess return for the SMB risk premium, from 2006 

to 2017 that amounts to -0.09%.  

Table 9. Portfolios formed on size - 2006-2017 

  Small P2 P3 P4 P5 P6 P7 P8 P9 Big SMB 

Avg. market cap (MSEK) 48 93 178 302 540 952 1,796 4,039 10,762 76,708  - 

Avg. excess return 1.05 0.27 0.37 0.37 0.48 0.47 0.49 0.86 0.81 0.67 -0.09 

Coskewness -0.002 -0.013 0.002 0.013 0.024 0.010 0.019 0.017 -0.007 0.013 -0.006 

Sharpe Ratio (Ann.) 0.46 0.15 0.20 0.22 0.30 0.28 0.28 0.50 0.46 0.38 -0.10 

Equal weighted beta 0.41 0.47 0.53 0.61 0.64 0.69 0.72 0.73 0.82 1.03  - 

12 Month return -17.13 -0.54 7.95 11 13.1 18.36 18.02 18.61 16.23 16.16  - 

Price/Book 3.31 4.59 4.28 3.91 3.68 3.36 3.21 3.4 3.01 4.11  - 

CAPM - alpha 0.71 -0.10 -0.01 -0.05 0.08 0.05 0.03 0.37
*
 0.28

*
 0.11 -0.10 

  (1.05) (-0.29) (-0.03) (-0.15) (0.26) (0.16) (0.08) (1.81) (1.69) (1.42) (-0.41) 

Beta(rm-rf) 0.65
***

 0.72
***

 0.73
***

 0.80
***

 0.76
***

 0.81
***

 0.90
***

 0.94
***

 1.01
***

 1.08
***

 0.02 

  (8.33) (12.98) (10.67) (16.36) (13.86) (17.52) (28.58) (28.07) (34.2) (67.87) (0.54) 

Table 9. Equal weighted portfolios are formed on the basis of market capitalization. Portfolio returns are calculated as the average 

monthly excess returns during the period 2006-2017. All variables have been calculated in the same procedure as in Table 6. 

In Figure 9 we present the CAPM alphas for the ten portfolios and the SMB risk premium in the two sub-

periods.  

 
Figure 9. CAPM alphas are shown for the SMB risk premium (red) and for 10 portfolios sorted on market 

capitalization (blue) during the periods 1990-2006 and 2006-2017. 

In both sub-periods, we find the highest CAPM alpha for portfolio 1, which contains the smallest firms. 

Besides portfolio 1, there do not seem to be any pattern between the CAPM alphas, which is coherent with the 

findings for the full period. In the first sub-period, we find a positive alpha for portfolio 1 of 2.05%, which is 
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statistically significant. None of the other portfolios provide any significant alphas. The SMB risk premium is 

positive, and is equal to 0.54%, yet only different from zero when using a 10% significance level. In the 

second sub-period, 2006-2017, we do not find the alpha of portfolio 1 to be significant, and surprisingly we 

find the alpha for portfolio 8 and 9 are positive and significantly different from zero. The SMB risk premium 

has a negative alpha of -0.10% in this period, yet not significant. Table 10 presents a summary of the key 

figures from the time-series regressions for the SMB risk premium for the two sub-periods. For the full time-

series analysis, see Appendix 3. 

Table 10. SMB time series reg. - Sub-periods 

  

 

1990-2006 

 

2006-2017 

Model   Intercept        Adj. R
2
 F-stat   Intercept        Adj. R

2
 F-stat 

CAPM 

 

0.54
*
     - 0% 0.69 

 

-0.10     - -1% 0.19 

CAPM +       

 

0.59
*
 -0.21 2% 2.98

*
 

 

-0.12 0.14 0% 0.70 

CAPM + Factors 

 

0.74
**

     - 1% 1.50 

 

-0.45     - 4% 2.33 

Combined   0.65
**

 -0.23 3% 2.22   -0.44 0.14 4% 2.13 

Table 10. The SMB risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is expressed 

in percentage. T-stats have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests 

have been used for the intercepts and the       , all the other significance levels represent a two-sided test. *** refers to a significance 

level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

In the first sub-period, we find an intercept of the SMB risk premium of 0.54% when using the regular 

CAPM. This model provides an adjusted R
2
 of 0%. In the second model, we include the       risk 

premium. In this model the intercept increase slightly compared to the CAPM, and the sensitivity to the 

      risk premium is negative, yet not significant. These findings are coherent with the findings for the 

full period. The model provides an increase in adjusted R
2
 from 0% of 2%, compared to the CAPM. In the 

third model, where the risk premiums for the other anomalies are added, the intercept increases compared to 

the CAPM, and become significantly different from zero. The fourth model which include all factors have an 

intercept of 0.65%, which is significantly different from zero and the factor loading to the       is still 

negative. For the sub-period 1990-2006, we can draw the same conclusion as for the full period that none of 

the models captures the variation in the SMB risk premium very well. 

In the second sub-period, 2006-2017, we find a negative intercept for the SMB risk premium, for all models. 

We find that all four models yield an even more negative  intercept compared to the CAPM. We find that the 

second model, the CAPM with the inclusion of the       risk premium, only increases the adjusted R
2
 by 

1% compared to the regular CAPM. The factor loading to the       is positive in this sub-period, yet the 

factor loading is not statistically significant. However, this is the period in which we find a negative SMB risk 

premium. In the third model we find that the intercept is -0.45% but not significantly different from zero. The 
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model has an adjusted R
2
 of 4%. In last model in which all factors are included, have an intercept of -0.44%. 

The factor loading to the       risk premium is unchanged. The model has an adjusted R
2
 of 4%. 

4.2.2 Ability of Coskewness to Capture Return Variability between Size-Sorted Portfolios 

To further investigate whether the inclusion of higher moments in asset pricing captures some of the cross-

sectional return variation between size-sorted portfolios, we perform Fama-MacBeth regressions. In the Fama-

MacBeth regressions, we allow for time-varying sensitivities for the factors, and time-varying coskewness, 

which is in contrast to the time-series analysis. Table 11 presents the findings for the full period, which is 

from 1995-2017 rather than 1990-2017 since we use a rolling window of 60 months to calculate the factor 

loadings and the direct measure of coskewness. In the first model, the CAPM, we find an intercept of -0.49%, 

and a positive market risk premium. None of these estimates are significantly different from zero. The model 

provides an average adjusted R
2
 of 13.71%. The second model consist of the regular CAPM and the      , 

which capture the coskewness risk. This model provides a more negative intercept of -0.55%, positive market 

risk premium, and a negative risk premium for the      . This means that a stock that has a high beta to the 

      risk premium should yield a lower return compared to a stock with a lower beta to this risk premium. 

The inclusion of the       increases the average adjusted R
2
 to 24.26%, which is an increase of 10.55% 

compared to the CAPM. Since the       risk premium is not positive and significantly different from zero, 

we cannot reject the null hypothesis to H2d, that coskewness does not capture any cross-sectional return 

variation between firms that differ in size. 

Table 11. Fama-MacBeth reg. Size-sorted portfolios 

Model CAPM CAPM +       CAPM+     

    -0.49 -0.55 -0.76 

  (-0.54) (-0.60) (-0.88) 

    1.38 1.51 1.96
**

 

  (1.39) (1.52) (2.03) 

         -0.16   

    (-0.33)   

     
      -1.51 

      (-0.73) 

R
2
-adjusted 13.71% 24.26% 14.03% 

Table 11. Three different Fama-MacBeth regressions with ten size-sorted portfolios are presented. 

  ,   ,        and      
represents the intercept, market risk premium,       risk premium and 

the risk premium for the direct measure of coskewness respectively. All risk premiums are shown in 

percentage on a monthly basis. T-stats are reported in parentheses below the regression estimates 

and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the        and      
, all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 

5% and * refers to a significance level of 10%. 
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The third model is the CAPM that includes the direct measure of coskewness,     . This model provides the 

most negative intercept between the three asset pricing models, of -0.76%. The market risk premium is 

positive and significant in this model, and the risk premium for the direct measure of coskewness is negative. 

This negative risk premium for the direct measure of coskewness is consistent with our original expectations, 

however inconsistent with the findings of the second model, CAPM and the      . However the risk 

premium for the direct measure of coskewness is not significantly different from zero and the adjusted R
2
 only 

increases by 0.32% compared to the CAPM. Between the two last asset pricing models, it seems to be the 

CAPM which includes the       that is superior and captures the cross-sectional return variation between 

the portfolios formed on size best. This is due to the fact that the second model provides an intercept closer to 

zero, and have a higher adjusted R
2
. 

Figure 10 and Figure 11 presents the average betas to the       risk premium for the ten portfolios which 

are used to perform the cross-sectional Fama-MacBeth regressions. 

 
Figure 10. Average betas to the       risk premium are shown for ten portfolios formed on market 

capitalization. The betas are used as input in the cross-sectional Fama-MacBeth regression and are derived 

from a time series regression using a higher-moment CAPM including the market risk premium and the 

      risk premium. A rolling window of 60 months is applied. 

We find a clear upward-sloping pattern of the portfolios and their average beta to the       risk premium. 

This indicates that when allowing for time-varying factor loadings, smaller firms have a more negative 

exposure to the coskewness risk and vice versa for bigger firms. However this pattern should be interpreted in 

relation to the negative risk premium for the      . 

In Figure 11, we can see a decreasing pattern for the direct measure of coskewness, Hence, when allowing for 

time-varying coskewness we find that smaller firms do not exhibit more negative coskewness than big firms, 

which is coherent with the findings illustrated in Figure 10.  
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Figure 11. Average coskewness of ten portfolios formed on market capitalization are shown. These are direct 

measures of coskewness and are used in a cross-sectional Fama-MacBeth regression. They are derived from 

the observed portfolio returns using a rolling window of 60 months. 

4.2.2.1 Stability over time 

In order to investigate whether the results from the Fama-MacBeth regressions in the full period is stable over 

time, we perform similar Fama-MacBeth regressions on two sub-periods, 1995-2006 and 2006-2017. The 

results are shown in Table 12. 

Table 12. Fama-MacBeth reg. Size-sorted portfolios - sub-periods 

 

1995-2006 

 

2006-2017 

Model CAPM CAPM + S
-
-S

+
 CAPM + βSKD   CAPM CAPM + S

-
-S

+
 CAPM + βSKD 

   -0.64 -0.97 -1.26 

 

-0.34 -0.14 -0.27 

 

(-0.52) (-0.83) (-1.03) 

 

(-0.25) (-0.10) (-0.22) 

   1.77 2.21 2.87
*
 

 

0.99 0.82 1.05 

 

(1.17) (1.57) (1.91) 

 

(0.76) (0.58) (0.87) 

       

 

0.04 

   

-0.36 

 

  

(0.05) 

   

(-0.48) 

      
 

  

1.90 

   

-4.88
**

 

   

(0.64) 

   

(-1.70) 

R
2
 adj. 11.98% 21.25% 14.01% 

 

15.42% 27.25% 14.06% 

Table 12. Three different Fama-MacBeth regressions with 10 size sorted portfolios are presented for the sub-periods 1990-2006 and 

2006-2017.   ,   ,        and      
represents the intercept, market risk premium,       risk premium and the risk premium for 

the direct measure of coskewness respectively. All risk premiums are shown in percentage on a monthly basis. T-stats are reported in 

parentheses below the regression estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West 

standard errors. One-sided tests have been used for the         and      
, all the other significance levels represent a two-sided test. 

*** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

In the first sub-period, 1995-2006, we find that the CAPM provides an intercept of -0.64%. The CAPM 

captures on average 11.98% of the cross-sectional variation between the portfolios sorted by size, which is 

seen in the adjusted R
2
. In the second model which include the       the intercept is -0.97%, which is more 

negative than for the CAPM. The       risk premium is positive, however it is very close to zero, with 

indicates that an exposure to the       does not have any influence on the expected returns in this sub-
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period. However the adjusted R
2
 increases to 21.25%. The third model provides the most negative intercept 

between the three models, which indicates that the model do not explain the cross-sectional return variation 

between the portfolios in the sample well. The average adjusted R
2
 of this model is 14.01%, which is higher 

than the CAPM, but still much lower than the adjusted R
2
 provided by the second model. The risk premium 

for the direct measure of coskewness is positive in this sub-period. This is inconsistent with the findings in the 

full period; however the risk premium is not significantly different from zero. 

In the last sub-period, 2006-2017, we find an intercept of -0.34%. The CAPM provides an average adjusted R
2
 

of 15.42%. In the second model, we find the intercept which is closest to zero, -0.14%. We find a negative 

risk premium for the      , which is consistent with the findings for the full period. The model also 

provides the highest average adjusted R
2
, 27.25%. We find that in the full period and the two sub-periods this 

is the model which provides the highest adjusted R
2
. In the last model the intercept decreases to -0.27% and 

the model provides a negative and significant risk premium for the direct measure of coskewness that amounts 

to -4.88%. Nevertheless the model has an average adjusted R
2
 of 14.06%, which is even lower than the R

2
 

provided by the CAPM.  

Figure 12 and Figure 13 below presents the average beta to the       risk premium and the direct measure 

of coskewness for the two sub-periods. In Figure 12, we find an increasing average beta to the       risk 

premium as the size of the portfolio increases for both sub-periods. These betas to the       are coherent 

with findings for the full period. 

 
Figure 12. Average betas to the       risk premium are shown for ten portfolios formed on market 

capitalization in the periods 1995-2006 and 2006-2017. The betas are used as input in the cross-sectional 

Fama-MacBeth regression and are derived from a time series regression using a higher-moment CAPM 

including the market risk premium and the       risk premium. A rolling window of 60 months is applied. 
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Figure 13. Average coskewness of ten portfolios formed on market capitalization are shown for the periods 

1995-2006 and 2006-2017. These are direct measures of coskewness and are used in a cross-sectional Fama-

MacBeth regression. They are derived from the observed portfolio returns using a rolling window of 60 

months. 

Figure 13, which illustrates the average direct measure of coskewness for the ten portfolios, shows a 

decreasing pattern in the period 1995-2006, which is similar to the findings for the full period. In the period 

2006-2017, the pattern is more blurred. However, this is the period in which find the weakest evidence of a 

size effect and even find an SMB risk premium with a negative average excess return. 

4.2.3 Analysis of Empirical Findings 

The results show that during the period 1990-2017, the average SMB risk premium in the Swedish stock 

market was equal to 0.44% on a monthly basis, or equivalent a return of 5.41% on an annual basis. This return 

is generated from a self-financed strategy with a long position in the 30% of stocks with the lowest market 

capitalization and a short position in the 30% of stocks with the highest market capitalization. Even though the 

magnitude of the SMB risk premium is economically large, it is not significantly different from zero after 

controlling for systematic market risk. The magnitude of the SMB risk premium is also considerably lower 

compared the 12% found by Reinganum (1981) in the U.S. market between 1962-1975, the 35% found in the 

U.S market by Keim (1983) between 1963-1979 and 27% found by Lamourex & Sanger (1989) for Nasdaq 

stocks over the period 1973-1985. However, these numbers are not directly comparable since they are all 

calculating the SMB risk premium in a way where they only consider portfolio 1 and portfolio 10, i.e. the 

portfolios with the most extreme market values. In fact, if only portfolio 1 and portfolio 10 were considered in 

this study, the SMB risk premium would amount to 17.04% on an annual basis which can be derived from 

Table 6. The reason for this increase is due to the observation that it is only portfolio 1 that drives the 

profitability of the SMB risk premium. In other words, it is only portfolio 1 that exhibits excess returns that 

cannot be captured by the CAPM. This observation is aligned with the findings of Banz (1981), who shows 

that the size effect is not linear in the market proportion but is most pronounced for the portfolio with the 

smallest firms in the sample. Similar to Banz (1981) we also find that the SMB risk premium is unstable over 
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time. In fact, during the period 2006-2017, the SMB risk premium is negative and amounts to -0.10% on a 

monthly basis. This observation might be linked to the findings of Bhardwaj & Brooks (1992) and Rutledge et 

al. (2008) who show that the size premium only tends to be positive in bull markets whereas, in bear markets, 

the size risk premium usually disappears or even become negative. Since the Swedish stock market 

experienced an extreme bear market following the financial crisis in 2007-2008, this might have contributed 

to the negative SMB risk premium during that period.  

Another interesting observation is that portfolio 1, or the portfolio that contains the decile of Swedish listed 

firms with the lowest market capitalization, tend to have experienced negative returns during the past year. In 

other words, portfolio 1 usually contains stocks that had had a bad performance during the year before the 

portfolio was created. This implies that the size effect cannot be explained by investors‟ slow reaction to 

information as proposed by Hou et al. (2005). If investors truly reacted slowly to information we would 

observe the opposite pattern since slow reaction would result in a momentum effect rather than a reversal 

effect. The time series regression also reveals that the SMB risk premium seems unrelated to the UMD, HML 

and BAB risk premium which further confirms that none of the other anomalies studied in this paper can be 

linked to the size effect on the Swedish stock market.  

Most importantly, the size effect on the Swedish stock market does not seem to be linked to coskewness as 

initially hypothesized. We expected that the size effect should be connected to the coskewness since smaller 

firms should yield higher default risk compared to bigger firms, as documented by Fama & French (1995) and 

Vassalou & Xing (2004). This would imply that smaller firms have a more negative coskewness compared to 

big firms, which should yield a positive premium as compensation for additional risk. On the contrary, we 

find that portfolio 1, that is the portfolio which contains the decile of Swedish listed firm with the smallest 

market capitalization, is the portfolio with the largest coskewness (least negative). Even though the 

coskewness of portfolio 1 is negative on average, it still has a higher coskewness than the other portfolios and 

therefore the coskewness cannot explain the cross-sectional variation of returns according to our expectations. 

This is also confirmed in the Fama-MacBeth regressions in which the coskewness seem to carry no particular 

power to explain the return variation between portfolios sorted on size, which is demonstrated by increased 

intercepts in the higher moment CAPMs compared to the conventional CAPM and insignificant risk premium 

estimates. Neither can coskewness capture the time variation of the profitability of the SMB risk premium 

which is shown in the time series regression. In fact, as the profitability of the       risk premium 

increases by 1%, the profitability of the SMB risk premium decreases on average with 0.13%, ceteris paribus. 

This demonstrates that the profitability associated with taking on negative coskewed assets is negatively 

related to the profitability of taking on risk associated with small firms. 
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There could be many different explanations for this controversial relationship. One of the most reasonable 

explanation is probably related to the findings of Knez & Ready (1997) who show that after removing the top 

1% of the positive return observations, the SMB risk premium becomes negative. Therefore, the size effect on 

the Swedish stock market might be driven by a very few but extreme stock returns. This is not unlikely since 

small stocks tend to have a relatively high return variance. Due to a large number of small stocks in the 

Swedish stock market, the average market capitalization of the stocks in portfolio 1 only amounts to 54 

million Swedish kronor and it is natural to expect that these firms tend to have a very high variance. This is 

also shown to be the case in Appendix 3 where summary statistics for portfolio 1 and portfolio 10 are shown 

for comparative reasons. The return variance of portfolio 1 is almost twice as high compared to portfolio 10. 

Due to limited liability of stockholders, the extremely positive returns could possibly make the coskewness of 

portfolio 1 relatively high despite higher default risk. Furthermore, even though the average return of portfolio 

1 is more than 3 times as high compared to portfolio 10, the median return of portfolio 10 is almost 6 times 

larger than the median return for portfolio 1. This means that most small firms underperform large firms. Even 

though this doesn‟t disqualify the statement that there exists a size effect in the Swedish market, it does, 

however, raise the question to whether the size trading strategy is practically implementable. This is because 

to profit from the size effect the investor would need a high degree of diversification to capture those few 

extreme returns. Given that these micro stocks are often associated with high transaction costs and high bid-

ask spreads, it might not be possible to achieve that kind of diversification cheaply. No matter what is causing 

the apparent but insignificant size effect in the Swedish stock market, coskewness has been shown to add little 

power in explaining both the time varying profitability of the SMB risk premium and the cross-sectional 

return variation when portfolios are formed based on size. These findings cast doubts upon the benefit of 

including coskewness in asset pricing, at least when small firms are under consideration. 

4.3 Value Effect 

In the following section, the results regarding the value effect will be presented. We use the price-to-book 

ratios as a measurement of value.  The magnitude of the value effect and its linkage to coskewness will be 

investigated and different sub-periods will be examined to check the robustness of the result.  

4.3.1 Value Premium and Coskewness 

Table 13 presents characteristics for ten portfolios formed on price-to-book ratios. Portfolio 1 (value) contains 

the decile of firms with the lowest price-to-book ratios on the Swedish stock market. As the portfolio number 

goes up,  the average price-to-book ratios for the portfolios, increases. Portfolio 10 (Growth) represents the 

companies with the highest price-to-book ratio in the sample. As shown in Table 13, in absolute numbers, the 

monthly excess return of the portfolios with low price-to-book ratios outperform the portfolios with high 
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price-to-book ratios. For instance, the portfolio with the lowest average price-to-book ratio (P1 - Value) has a 

monthly excess return of 2.06% from February 1990 to February 2017, compared to the portfolio with the 

highest average price-to-book ratio (P10 - Growth) with an average monthly excess return of -0.85%. The 

HML risk premium, which reflects the return generated from a trading strategy with a long position in the 

30% of stocks with the lowest price-to-book ratios and a short position in the 30% of stocks with the highest 

price-to-book ratios, has an average excess return of 1.63% on a monthly basis. Regarding the Sharpe ratios of 

the portfolios, the value portfolios generally have higher Sharpe ratios compared to the growth portfolios. 

However, the HML risk premium exceeds all the other ten portfolios with an annual Sharpe ratio of 1.32 over 

the 27 years. 

Table 13. Portfolios formed based on price-to-book ratios 

  Value P2 P3 P4 P5 P6 P7 P8 P9 Growth HML 

Avg. P/B-ratio 0.72 0.97 1.19 1.41 1.68 2.01 2.47 3.19 4.25 12.16  - 

Avg. excess return (%) 2.06 1.29 1.12 0.75 0.71 0.51 0.53 0.69 -0.24 -0.85 1.63 

Coskewness -0.010 -0.029 -0.035 -0.032 -0.033 -0.033 -0.022 -0.011 -0.004 0.007 -0.022 

Sharpe ratio (Ann.) 1.08 0.75 0.63 0.43 0.40 0.28 0.27 0.33 -0.11 -0.34 1.32 

Market Cap. (MSEK) 2,751 4,382 7,447 8,943 8,175 7,790 7,464 7,303 6,829 12,919  - 

12 Month return -1.11 8.59 7.74 12.12 10.55 15.97 15.49 20.86 21.51 28.27  - 

Equal weighted beta 0.62 0.59 0.62 0.63 0.62 0.59 0.60 0.55 0.52 0.48  - 

CAPM - alpha (%) 1.66
***

 0.91
***

 0.73
***

 0.37 0.30 0.11 0.10 0.25 -0.68
***

 -1.30
**

 1.68
***

 

  (4.52) (3.11) (2.97) (1.55) (1.49) (0.58) (0.46) (1.15) (-2.62) (2.56) (4.82) 

Beta (rm-rf) 0.87
***

 0.83
***

 0.84
***

 0.81
***

 0.89
***

 0.87
***

 0.94
***

 0.96
***

 0.96
***

 0.99
***

 -0.12 

  (11.9) (16.21) (18.96) (14.27) (22.9) (28.5) (26.21) (19.92) (14.89) (10.68) (-1.20) 

Table 13. Equal weighted portfolios are formed on the basis of price-to-book ratios. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2017. Excess returns, 12-month returns and CAPM alphas are presented in percent. 

Coskewness and average betas are calculated as the average coskewness and average betas of the portfolios using 60 months rolling 

window. Skewness, Sharpe ratios, market capitalization, price-to-book ratios, and 12-month returns are calculated from observed 

portfolio returns. Sharpe ratios are annualized. T-stats are reported in parentheses below the regression estimates and have been 

adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided test has been used for the risk 

premium intercept, all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a 

significance level of 5% and * refers to a significance level of 10%. 

The coskewness for the individual portfolios and the HML risk premium are also presented in Table 13. When 

looking at the numbers for portfolio 1-10, there seems to be an upward sloping relationship between the 

coskewness and the price-to-book ratios, hence as the price-to-book ratios increases the coskewness of the 

portfolios also become more positive. The relationship between coskewness and the price-to-book ratios of the 

ten portfolios is also illustrated in Figure 14. 
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Figure 14. Scatterplot showing the average coskewness and the average price-to-book ratio of 10 portfolios 

sorted on price-to-book ratios. 

Also, when looking at the relationship between the average market capitalizations of the firms in the 

portfolios, there seems to be a relationship with the price-to-book ratio. The relationship between the price-to-

book ratios and market capitalization seems positive, i.e. as price-to-book ratio increases, the market 

capitalization increases as well. This means that in our sample; value firms also tend to be small firms. 

Regarding the past 12-month return of portfolio 1-10, the value portfolios tend to have a low past 12-month 

return compared to growth portfolios. Also, the sensitivity to the market portfolio measured by the CAPM 

beta seems to be relatively stable between the portfolios. Most importantly, we find that the cross-sectional 

correlation between the coskewness of the price-to-book ratios of the ten portfolios is equal to 0.76, which is 

significantly different from zero. This result means that we can reject the null hypothesis to H3b, that firms 

with low price-to-book ratios have the same coskewness with the market portfolio as firms with high price-to-

book ratios. Differently stated, at a 95% confidence level, we can say that firms with low price-to-book ratios 

have a lower coskewness compared to firms with high price-to-book ratios. 

Figure 15 presents the average cumulative return of portfolio 1-3, the average cumulative return of portfolio 8-

10, the cumulative return of the market portfolio and the HML risk premium over the full sample period. The 

cumulative average return from February 1990 until February 2017 of portfolio 1-3 is 20,412%. Portfolio 8-10 

yields an average cumulative return of -11%, the market yields a cumulative return of 663% return, and the 

HML trading strategy yields  a cumulative return of 43,428%. This demonstrates the superior performance of 

value stocks compared to growth stocks in terms of absolute returns. 

R² = 0.5746 
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Figure 15. Average cumulative returns for portfolio 1-3, 8-10, and cumulative returns for the S-S+ risk 

premium and the market portfolio are shown for the period 1990-2017. 

The risk-adjusted performance of the portfolios and the HML risk premium can be seen clearly in Figure 16, 

in which CAPM alphas for the ten portfolios and the HML risk premium are shown.  

 

Figure 16. CAPM alphas for the HML risk premium (red) and for 10 portfolios sorted on price-to-book-ratios 

(blue) are shown for the period 1990-2017. 

 

When looking at Figure 16, we see a clear pattern between the portfolios based on price-to-book ratios and the 

CAPM alpha. As the price-to-book ratio of the portfolios increase, the CAPM alpha decreases. For the firms 

with the lowest price-to-book ratio, P1, we find a monthly alpha of 1.66%, hence on a monthly basis this 

portfolio generates a positive return of 1.66% which cannot be explained by the portfolio‟s sensitivity to the 

market portfolio. On the contrary, the portfolio containing the firms with highest price-to-book ratios, P10, 

generates an alpha of -1.30% on a monthly basis. The HML trading strategy displays a monthly CAPM alpha 

of 1.68%, which is the highest alpha between the portfolios. The CAPM alpha of portfolio 1-3, which contains 

the 30% of stocks with the lowest price-to-book ratios has a positive alpha that is significantly different from 
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zero on a 1% level. The two portfolios with the highest price-to-book ratios, portfolio 9 and portfolio 10, have 

a negative alpha which is significantly different from zero at a 1% and 5% significance level respectively. 

When testing the CAPM alpha on the HML risk premium, we find a positive alpha of 1.68% which is 

significant on a 1% level. This finding means that we can reject the null hypothesis to H3a. In other words, 

with 95% confidence, we can say that firms with low price-to-book ratios earn higher returns on average 

compared to firms with high price-to-book ratios, and this return difference cannot be explained by the 

difference in systematic market risk. 

To deeper examine the value effect‟s relation to coskewness we perform time-series analysis with the HML 

risk premium as the dependent variable, and the       risk premium and the market risk premium as 

independent variables. Furthermore, risk premiums related to the other market anomalies have also been 

added in a separate model to examine whether the       risk premium provides the only feasible linkage to 

the HML risk premium. The result can be seen in Table 14. 

Table 14. Time-series regression with HML risk premium 

  CAPM CAPM +      CAPM + Factors Combined 

 Intercept  1.68
***

 1.59
***

 1.65
***

 1.63
***

 

  (4.82) (5.45) (5.43) (5.71) 

    -0.12 -0.08 -0.14 -0.09 

   (-1.68) (-1.24) (-1.49) (-1.44) 

         0.49
***

   0.51
***

 

    (3.17)   (2.89) 

         0.08 -0.01 

      (1.07) (-0.13) 

         -0.07 -0.03 

      (-0.47) (-0.25) 

          -0.05 -0.06 

      (-0.97) (-1.19) 

 Adj. R-square  2.84% 13.57% 4.68% 14.75% 

 F-stat  10.47
***

 26.43
***

 4.97
**

 12.21
***

 

Table 14. The HML risk premium is the dependent variable in the time-series regressions. The intercept of 

the regressions is expressed in percentage. T-stats are reported in parentheses below the regression 

estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the intercepts and the       , all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and 
* refers to a significance level of 10%. 

The first asset pricing model is the CAPM. When using this model, the intercept, i.e. CAPM alpha, is equal to 

a monthly excess return of 1.68%. This intercept is significantly different from zero at a 1% level. The 

sensitivity to the market portfolio is close to zero. The CAPM only have an adjusted R
2
 of 2.84%, which 

means the model can explain 2.84% of the return variation of the HML risk premium. The CAPM yields a 

significant F-stat that is equal to 10.47.  
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The second model is the regular CAPM with the inclusion of the       risk premium. This model tries to 

explain the time variation of returns of the HML risk premium with the time-series of the excess market return 

and the return series from the       risk premium.  A positive and significant sensitivity to the       

risk premium indicates that the coskewness risk premium have an impact on explaining the return series of the 

HML. For the second asset pricing model, the intercept of the HML decreased to 1.59%. However, it is still 

significant different from zero. Hence, the model does not explain the entire anomaly. The sensitivity to the 

      risk premium is positive and significantly different from zero at a 1% level. This implies that the 

coskewness has an explanatory power with respect to the return variation of the HML risk premium. The 

positive and significant beta to the        risk premium also means that we can reject the null hypothesis to 

H3c. In other words, with 95% confidence, we can say that as the coskewness premium increases (decreases), 

the value premium also increases (decreases) on average, ceteris paribus. Also, the adjusted R
2
 increases from 

2.84% using the CAPM to 13.57%, and the F-stat of the model is 26.43. 

The third asset pricing model is a model including the CAPM and the return series of the other anomalies 

investigated. Hence the independent variables are the return series of the excess market return, BAB risk 

premium, SMB risk premium and the UMD risk premium. This model reveals whether the value anomaly, i.e. 

the HML risk premium, can be explained by some of these other anomalies. This model has an alpha or 

intercept of 1.65%, which is significantly different from zero. Hence the model does not fully explain the 

value anomaly. The sensitivity to the BAB risk premium is positive, and the sensitivity to the SMB and UMD 

is negative.  However, these numbers are low in absolute terms and not significantly different from zero. The 

adjusted R
2
 is 4.68%, and the F-stat of the model is 4.97.  

In the last and fourth time-series regression, all independent variables are added. The time-series regression 

provides an intercept of 1.63%, which is significant at a 1% level; hence even after including all variables the 

value anomaly still generates significant positive returns. Only the sensitivity to the       risk premium is 

positive and statistically significant, which demonstrates that the       risk premium is direcly linked to 

the HML risk premium. The adjusted R
2
 is 14.75% and, the F-stat of the model is 12.21. 

4.3.1.1 Stability over time 

As a robustness test of the findings in the full sample period, the sample has been divided into two different 

sub-periods. The first sub-period starts February 1990 and ends January 2006, the second sub-period start 

February 2006 and ends February 2017. Table 15 and Table 16 below present the portfolio characteristics for 

portfolio 1-10 and the HML risk premium in the two sub-periods.  
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Table 15. Portfolios formed on price-to-book ratios (1990-2006) 

  Value P2 P3 P4 P5 P6 P7 P8 P9 Growth HML 

Avg. P/B-ratio 0.68 0.96 1.15 1.34 1.54 1.77 2.14 2.72 3.55 9.51  - 

Avg. excess return (%) 2.28 1.68 1.24 1.02 0.76 0.30 0.36 0.59 -0.33 -0.86 1.92 

Coskewness -0.029 -0.058 -0.067 -0.066 -0.056 -0.061 -0.044 -0.017 -0.003 0.013 -0.049 

Sharpe ratio (Ann.) 1.01 0.84 0.61 0.55 0.39 0.16 0.17 0.24 -0.14 -0.33 1.31 

Market Cap. (MSEK) 1,281 2,781 4,882 6,091 4,912 5,125 5,030 5,924 6,729 13,942  - 

12 Month return 1.08 11.93 9.99 13.42 12.33 18.19 16.67 22.92 23.35 28.60  - 

Equal weighted beta 0.50 0.51 0.54 0.54 0.54 0.52 0.53 0.47 0.45 0.44  - 

CAPM - alpha (%) 1.87
***

 1.27
***

 0.81
***

 0.60
*
 0.34 -0.07 -0.07 0.09 -0.82

**
 -1.39

***
 2.02

***
 

  (3.46) (2.8) (2.97) (1.79) (1.49) (-0.31) (-0.22) (0.3) (-2.14) (-3.89) (3.86) 

Beta (rm-rf) 0.84
***

 0.82
***

 0.85
***

 0.81
***

 0.90
***

 0.83
***

 0.97
***

 1.04
***

 1.04
***

 1.11
***

 -0.23
*
 

  (7.93) (10.86) (13.83) (9.95) (22.9) (31.17) (18.93) (15.66) (12.69) (12.27) (-1.67) 

Table 15. Equal weighted portfolios are formed on the basis of price-to-book ratios. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2006. All variables have been calculated using the same procedure as in Table 13. 

Table 16. Portfolios formed on price-to-book ratios (2006-2017) 

  Value P2 P3 P4 P5 P6 P7 P8 P9 Growth HML 

Avg. P/B-ratio 0.70 0.98 1.25 1.51 1.89 2.35 2.95 3.86 5.26 15.98  - 

Avg. excess return (%) 1.83 0.83 1.07 0.48 0.69 0.84 0.82 0.92 -0.04 -0.74 1.20 

Coskewness 0.018 0.013 0.012 0.018 0.001 0.008 0.009 -0.003 -0.006 -0.003 0.018 

Sharpe ratio (Ann.) 0.94 0.52 0.62 0.28 0.41 0.45 0.47 0.56 -0.03 -0.37 1.52 

Market Cap. (MSEK) 4,873 6,694 11,149 13,060 12,884 11,639 10,976 9,292 6,974 11,443  - 

12 Month return -4.28 3.76 4.48 10.24 7.99 12.75 13.79 17.88 18.86 27.79  - 

Equal weighted beta 0.79 0.71 0.74 0.75 0.72 0.69 0.71 0.66 0.61 0.55  - 

CAPM - alpha (%) 1.35
***

 0.39 0.63
**

 0.06 0.24 0.35 0.35 0.51
*
 -0.46 -1.14

**
 1.15

***
 

  (3.13) (1.45) (2.19) (0.18) (0.95) (1.13) (1.33) (1.86) (-1.55) (-2.28) (4.80) 

Beta (rm-rf) 0.92
***

 0.85
***

 0.84
***

 0.81
***

 0.87
***

 0.94
***

 0.90
***

 0.80
***

 0.81
***

 0.77
***

 0.08 

  (15.49) (22.48) (15.32) (16.72) (23.81) (22.61) (21.06) (15.69) (13.89) (13.25) (1.45) 

Table 16. Equal weighted portfolios are formed on the basis of price-to-book ratios. Portfolio returns are calculated as the average 

monthly excess returns during the period 2006-2017. All variables have been calculated using the same procedure as in Table 13. 

When considering the excess returns of portfolio 1-10, the pattern which is observed for the full period is still 

intact. The value portfolios have a higher monthly excess return than the growth portfolios in both sub-

periods. In both sub-periods, the value portfolios also have higher Sharpe ratios than the growth portfolios, 

and the HML risk premium provides a Sharpe ratio of 1.31 during the first sub-period and 1.52 in the second 

sub-period. This is in line with the findings for the full period. 

In the first sub-period, 1990-2006, the relationship between the price-to-book ratios and coskewness of the ten 

portfolios are positive and have a correlation of 0.79 (see Appendix 2). Hence, as price-to-book ratios 



Page 73 of 135 
 

increase, the coskewness increases as well. This is in line with the findings in the full period. However in the 

second sub-period, 2006-2017 we find a negative relationship between the price-to-book ratio and the 

coskewness and a correlation of -0.61 (see Appendix 2). This implies that growth stocks have a lower 

coskewness than value stocks, which is contradictory with the findings in the full sample. As in the full 

period, Table 15 and Table 16 show a positive relation between market value and price-to-book ratios and a 

negative relationship between the 12-month past return and price-to-book ratios. 

Figure 17 presents the CAPM alphas for portfolio 1-10 and the HML risk premium, in the two different sub-

periods. Figure 17 illustrates the same clear pattern as for the full period. The portfolios with low price-to-

book ratios have a positive and significant CAPM alpha, and the portfolios with the high price-to-book ratios 

have negative and significant CAPM alphas, the red bars presents the HML risk premiums. In the first 

subperiod, The HML risk premium has a monthly CAPM alpha of 2.02%, which is significantly different 

from zero at a 1% level. In the seond sub-period, the CAPM alpha amounts to 1.15% which is also 

significantly different from zero at a 1%  level. These significant alphas indicate that the value anomaly is 

present across the different sub-periods. 

 

Figure 17. CAPM alphas are shown for the HML risk premium (red) and for 10 portfolios sorted on price-to-

book ratios (blue) during the periods 1990-2006 and 2006-2017. 

To further study whether the relation between the HML risk premium and the coskewness is stable over time, 

time-series regressions are also performed for the two sub-periods. A summary of the key findings from the 

time series regressions is shown in Table 17 below. For the complete time-series regression, see Appendix 3. 

In the first sub-period, 1990-2006, none of the models fully explain the HML risk premium, since the 

intercepts in all models are positive and significantly different from zero. However, the CAPM that includes 

the       risk premium yields a beta to the       risk premium that is statistically significant and 

positive. Hence, the coskewness risk premium is positively related to the value risk premium. The adjusted R
2
 

increases from 8% to 19% after the inclusion of the       risk premium. This model provides an F-stat of 
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24.12 which is the highest F-stat between the four models. The third model which includes all factor 

premiums besides the       risk premium, yields an adjusted R
2
 of 15%. The fourth and last model in the 

sub-period 1990-2006 includes all factors and the       risk premium. This model yields the lowest 

intercept which amounts to 1.87%. However, it is still significantly different from zero. Most importantly 

however, is that the beta to the       risk premium is still statistically significant and positive, which 

demonstrates that coskewness is directly linked to the HML risk premium. The positive and significant 

sensitivities to the       risk premium are in line with the findings in the time-series regression for the full 

period. The fourth model provides an adjusted R
2
 of 23%, which is the highest between the four models.  

Table 17. HML time series reg. - Sub-periods 

  

 

1990-2006 

 

2006-2017 

Model   Intercept        Adj. R
2
 F-stat   Intercept        Adj. R

2
 F-stat 

CAPM 

 

2.02
***

     - 8% 17.83
***

 

 

1.15
***

     - 2% 3.64
*
 

CAPM +       

 

1.92
***

 0.53
***

 19% 24.12
***

 

 

1.13
***

 0.13 2% 2.49 

CAPM + Factors 

 

1.91
***

     - 15% 9.67
***

 

 

1.40
***

     - 9% 4.08
**

 

Combined   1.87
***

 0.48
***

 23% 12.48
***

   1.37
***

 0.18 10% 3.79
*
 

Table 17. The HML risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-

sided tests have been used for the intercepts and the       , all the other significance levels represent a two-sided test. *** refers to a 

significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

The right side of the table presents the time-series regression the sub-period from 2006-2017. None of the 

models completely captures the HML risk premium since the intercept is positive and significant for all four 

models. The CAPM accomplishes to predict 2% of the variance in the HML risk premium. The CAPM with 

the inclusion of the       risk premium, also have a low adjusted R
2
 of 2%. The intercept decreases 

compared to the CAPM, however not by much. The sensitivity to the       risk premium has a positive 

value of 0.13 but is not significantly different from zero. This is contradicting to the findings for the full 

period and the first sub-period. The third model provides a higher intercept than the CAPM, and yields an 

adjusted R
2
 of 9%, which is higher than the previous two models. The last of fourth model provides the 

highest adjusted R
2
 of 10%. The beta to the       risk premium is positive yet not significant. In general, 

none of the models delivers high adjusted R
2
 in the second sub-period. 

4.3.2 Ability of Coskewness to Capture Return Variability between P/B-Sorted Portfolios 

To investigate whether coskewness has the ability to explain the return variation between portfolios based on 

price-to-book ratios, a two-step Fama-MacBeth regression has been performed. The result is presented in 

Table 18.  
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Table 18. Fama-MacBeth reg.  Price-to-book-sorted portfolios 

Model CAPM CAPM +       CAPM+     

    0.76 0.53 0.94 

  (1.13) (0.72) (1.16) 

    0.15 0.32 -0.12 

  (0.19) (0.37) (-0.14) 

          1.60
***

   

    (4.55)   

     
      -0.28 

      (-0.12) 

R
2
-adjusted 10.78% 11.53% 10.85% 

Table 18. Three different Fama-MacBeth regressions with 10 price-to-book sorted portfolios are 

presented.   ,   ,        and      
represents the intercept, market risk premium,       risk 

premium and the risk premium for the direct measure of coskewness respectively. All risk 

premiums are shown in percentage on a monthly basis. T-stats are reported in parentheses below the 

regression estimates and have been adjusted for heteroscedasticity and autocorrelation using 

Newey-West standard errors. One-sided tests have been used for the        and      
, all the other 

significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a 

significance level of 5% and * refers to a significance level of 10%. 

When the CAPM is used to explain the cross-sectional returns of the ten portfolios, the CAPM yields a    

equal to 0.76%, which can be interpreted as a monthly CAPM alpha or intercept of 0.76%. The market risk 

premium,   , is 0.15%, however not significantly different from zero. The CAPM provides an average 

adjusted R
2
 of 10.78%. The second model consists of the CAPM and the sensitivity to the       risk 

premium. A positive       risk premium implies that exposure towards coskewness risk should be 

rewarded with higher expected returns. The second model provides a monthly intercept of 0.53%, which is 

0.23% lower than the CAPM. The       risk premium is positive and statistically significant at a 1% 

significance level, and amounts to 1.60% on a monthly basis. These findings mean that we can reject the null 

hypothesis to H3d. In other words, with 95% confidence, we can say that coskewness captures some cross-

sectional return variation between firms that have different price-to-book ratios. The model yields an adjusted 

R
2
 of 11.53%, which is slightly higher than for the CAPM. The third asset pricing model is the CAPM that 

includes the direct measure of coskewness, referred to as     . In order for portfolios or stocks with negative 

coskewness to yield a higher expected return than portfolios or stocks with positive coskewness, the risk 

premium for the      should be negative. The third model results in an intercept of 0.94%. The risk premium 

for the      is negative, -0.28%, however not significantly different from zero. The third model has an 

adjusted R
2
 of 10.85%.  

To calculate the risk premiums, the time-varying betas to the independent variables first need to be calculated. 

The figures below present the average betas to the independent variables in the asset pricing models for the 
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ten portfolios. Figure 18 presents the average of the time-varying betas to       risk premium for the ten 

portfolios used in the Fama-MacBeth regression. The figure shows that the beta to the       risk premium 

decreases as the price-to-book ratios of the portfolios increases. This pattern indicates that especially growth 

firms tend to have a negative exposure to the       risk premium. Figure 19 presents the average of the 

direct measure of coskewness for the ten portfolios. These results indicate a positive relationship between 

price-to-book ratios and coskewness. 

 

Figure 18. Average betas to the       risk premium are shown for ten portfolios formed on price-to-book 

ratios. The betas are used as input in the cross-sectional Fama-MacBeth regression and are derived from a 

time series regression using a higher-moment CAPM including the market risk premium and the       risk 

premium. A rolling window of 60 months is applied. 

 

Figure 19. Average coskewness of ten portfolios formed on price-to-book ratios are shown. These are direct 

measures of coskewness and are used in a cross-sectional Fama-MacBeth regression. They are derived from 

the observed portfolio returns using a rolling window of 60 months. 

4.3.2.1 Stability over time 

To investigate whether the risk premiums found in the full period are stable over time, similar Fama-MacBeth 

regressions have been conducted on two sub-periods. The first sub-period starts February 1995 and ends 

January 2006. The sub-period starts in 1995 rather than in 1990 in order to get 60 months for historical data 

for estimation for betas. The second period starts February 2006 and ends February 2017. Table 19 below 

presents the findings for the two sub-periods.  
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Table 19. Fama-MacBeth reg. Price-to-book-sorted portfolios - sub-periods 

 

1995-2006 

 

2006-2017 

Model CAPM CAPM + S
-
-S

+
 CAPM + βSKD   CAPM CAPM + S

-
-S

+
 CAPM + βSKD 

   3.74*** 3.54*** 3.98*** 

 

-2.20** -2.46** -1.98 

 

(4.01) (3.16) (3.75) 

 

(-2.25) (-2.57) (-1.58) 

   -3.13*** -3.10** -3.31*** 

 

3.40*** 3.71*** 3.05** 

 

(-2.65) (-2.65) (-3.18) 

 

(3.29) (3.62) (2.37) 

       

 

0.85** 

   

2.34*** 

 

  

(2.03) 

   

(4.15) 

      
 

  

-1.92 

   

1.34 

   

(-0.67) 

   

(0.34) 

R
2
 adj. 18.62% 18.14% 19.53% 

 

2.99% 4.97% 2.24% 

Table 19. Three different Fama-MacBeth regressions with 10 price-to-book sorted portfolios are presented for the sub-periods 1990-

2006 and 2006-2017.   ,   ,        and      
represents the intercept, market risk premium,       risk premium and the risk 

premium for the direct measure of coskewness respectively. All risk premiums are shown in percentage on a monthly basis. T-stats are 

reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-

West standard errors. One-sided tests have been used for the        and      
, all the other significance levels represent a two-sided 

test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

The left side of Table 19 presents the findings for the first sub-period 1995-2006. The intercept of all three 

asset pricing models is positive and significantly different from zero. Hence, none of the models fully captures 

the cross-sectional return variation between the ten portfolios formed on the price-to-book ratios. For the 

second model, we find a risk premium for the       of 0.85%, which is significantly different from zero. 

For the third model, we find a negative risk premium for the direct measure of coskewness, of -1.92%, 

however, this number is not significantly different from zero. The third model provides an adjusted R
2
 of 

19.53%, which is the highest between the three models investigated. Even though the magnitude of the two 

risk premiums for coskewness differ from the risk premiums found in the full period, the signs of the risk 

premiums are still coherent with the findings for the full sample period.  

The right side of Table 19 presents the Fama-MacBeth regression for the second sub-period, 2006-2017. All 

intercepts are negative, but only the two first models have statistically significant intercepts. For the second 

model, the risk premium for the       is positive and significantly different from zero on a 1% level, this 

positive risk premium for the       in consistent with the previous findings. The third model provides a 

positive risk premium for the direct measure of coskewness,     , of 1.34%. This is contradictory to the prior 

findings and our expectations, however, this risk premium is not significant different from zero. For the period 

2006 to 2017, the second asset pricing model provides the highest average adjusted R
2
. However the adjusted 

R
2
 for all models in this period are relatively low compared to the full period and first sub-period. Hence the 

models generally perform poorly in predicting the return in the last sub-period. 
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The two figures below present the betas to the variables included in the Fama-MacBeth regression for the sub-

periods.  

 

Figure 20. Average betas to the       risk premium are shown for ten portfolios formed on price-to-book 

ratios for the periods 1995-2006 and 2006-2017. The betas are used as input in the cross-sectional Fama-

MacBeth regression and are derived from a time series regression using a higher-moment CAPM including 

the market risk premium and the       risk premium. A rolling window of 60 months is applied. 

 

Figure 21. Average coskewness of ten portfolios formed on price-to-book ratios are shown for the periods 

1995-2006 and 2006-2017. These are direct measures of coskewness and are used in a cross-sectional Fama-

MacBeth regression. They are derived from the observed portfolio returns using a rolling window of 60 

months. 

Figure 20 shows the average beta to the       risk premium for the two sub-periods. The pattern appears to 

be downward sloping which is in line with in findings for the full period. Hence, the pattern for the sensitivity 

to the       risk premium seems relatively stable over time. Figure 21 presents the average of the direct 

measure of coskewness. For the first sub-period, 1995-2006, we find an increasing pattern between the price-

to-book ratios of the portfolios and the coskewness; this is in line with the results for the full period. However 

in the second sub-period, 2006-2017, we find that the direct measure of coskewness does not vary much 

between the ten portfolios. 
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4.3.3 Analysis of Empirical Findings 

The results demonstrate that there was a clear value effect in the Swedish stock market during the period 

1990-2017. That is, value stocks have had higher risk-adjusted returns compared to growth stocks when 

relative value is estimated with price-to-book ratios. This is reflected in the HML risk premium which 

amounts to an incredible average return of 1.63% on a monthly basis or equivalently an average yearly return 

of 21.36%. This HML risk premium is relatively high compared to the HML risk premium of 0.40% on a 

monthly basis found by Fama & French (1993) in the U.S. stock market. This return is generated from a 

trading strategy that is fully self-financed assuming no transaction costs and costs associated with shorting. In 

other words, with no transaction costs, an investor could have shorted the 30% of stocks with the highest 

price-to-book ratios, used the proceeds to buy the 30% of stocks with the lowest price-to-book ratios, and 

rebalance every 6 months could then enjoy an average yearly return of 21.36%. It is also interesting to note 

that the implied beta of the HML trading strategy retrieved from the CAPM time series regression is close to 

zero and the intercept is equal to 1.68% on a monthly basis. This indicates that the investors who implemented 

the HML trading strategy would have had an average abnormal return of 1.68% on a monthly basis and at the 

same time would have had close to zero exposure to systematic market risk (i.e. beta). These findings strongly 

contradict the CAPM framework, which suggests that it is only the systematic risk that matters for expected 

returns. Everything else equal, high beta assets should yield high expected returns and low beta assets should 

yield low expected returns. 

Instead, we find that systematic risk does not seem to matter when portfolios are formed on price-to-book 

ratios. In fact, similar to Capaul et al. (1993) we find a slight inverse relationship between average portfolio 

returns and their estimated CAPM betas when portfolios are formed on price-to-book ratios. This might 

indicate that the betting-against-beta effect might be one possible explanation for the value effect. However, 

this is controlled for in the time-series regression with the HML risk premium as a dependent variable. The 

results indicate that the BAB risk premium cannot explain the time variation of returns and even after 

controlling for the betting-against-beta effect, the HML risk premium is still significantly different from zero. 

Similar to Basu (1983), we also find a positive correlation between size and price-to-book ratios, which might 

indicate that part of the value effect could be explained by the size effect. However, this is also controlled for 

in the time series regression, and the size risk premium is negatively correlated with the HML risk premium. 

This indicates that the size premium cannot explain the HML premium. This view is also supported by the fact 

that the observed size premium is very low and not significantly different from zero (see Table 6). 

Furthermore, price-to-book ratios seem to be positively correlated with past 12 month returns. This means that 

portfolios that have low price-to-book ratios have generally performed badly during the past year and vice 
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versa. This observation is not unexpected since the stock price is used as input to calculate the price-to-book 

ratios and firms with bad past performance naturally have a lower price than stocks with good past 

performance given that everything else is equal. One could argue that this is aligned with the findings of 

Barberis et al. (1998) who claim that the naive extrapolation of past performance (in this case past 12-month 

return) causes stock prices to overreact in both directions, which results in return predictability on the basis of 

valuation ratios. According to this argument, the reason why price-to-book ratios have the ability to predict 

future returns is due to the investor belief that stocks with a bad track record tend to perform badly also in the 

future. However, this effect is controlled for when including the UMD risk premium in the time series 

regression with the HML risk premium as the dependent variable. The HML risk premium is still significantly 

different from zero even after controlling for the UMD risk premium. In other words, the extrapolation of the 

past 12 months performance cannot explain the apparent value effect. In fact, the observations mentioned 

above indicate that none of the other anomalies studied in this paper can be used to explain the value anomaly. 

On the contrary, coskewness seems to be closely linked to the value effect. For instance, we find a positive 

correlation between the price-to-book ratios and the coskewness of the ten portfolios. This relationship 

indicates that value stocks seem to have lower coskewness than growth stocks. This is coherent with our 

expectation since we expect the value stocks to have lower coskewness than growth stocks due to the inability 

of value stocks to adjust the production level to match the demand in varying economic conditions (Zhang, 

2005). We expect this lower flexibility for value stocks to yield a higher bankruptcy risk compared to growth 

stocks, which should result in a lower coskewness. Furthermore, the time series regression for the full period 

reveals that as the profitability of the       risk premium increases by 1%, the profitability of the HML 

risk premium increases on average by 0.49%, given that the market premium is unchanged. This positive 

relationship is statistically significant and the higher moment CAPM considerably increases the explanatory 

power compared to the regular CAPM. Furthermore, when the HML risk premium is regressed on the 

       risk premium and the market risk premium, the intercept decreases compared from when the HML 

risk premium is regressed on only the market risk premium. This implies that when coskewness risk is 

controlled for, the profitability of the HML trading strategy decreases. When the HML risk premium is 

regression on all risk premiums including the        risk premium, the same pattern can be seen. In fact, 

the        risk premium is the only explanatory variable that yields a statistically significant beta estimate. 

This clearly demonstrates that coskewness is directly linked to the value effect rather than being linked to the 

value effect through some other anomaly. 
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The higher moment CAPMs also improve the explanatory power with respect to the cross-sectional variation 

of returns between portfolios formed on price-to-book ratios. The Fama-MacBeth regression for the full 

sample shows that the estimated        risk premium is equal to 1.60% on a monthly basis and is 

significantly different from zero at a 1% significance level. It is therefore statistically proven that coskewness 

can explain some of the cross-sectional return variation between the price-to-book sorted portfolios, at least 

when using the indirect measure in the higher moment CAPM. In other words, coskewness seems be able to 

explain parts of the value effect. It is also interesting to dig a bit deeper and analyze the betas to the       

risk premium that are shown in Figure 20 and the actual coskewness shown in Figure 21. It is clear that 

portfolio 10, i.e. the portfolio containing growth stocks, is the only portfolio that has a positive direct measure 

of coskewness on average. This is also the portfolio which has the most negative beta to the        risk 

premium. Given that the average       risk premium is positive, this indicates that the relatively poor 

performance of portfolio 10 can be partially linked to the coskewness characteristics of that portfolio. 

Differently stated, investors seem willing to pay a premium for portfolio 10 due to the coskewness 

characteristics of that portfolio. Since we know that portfolio 10 is the only portfolio with positive coskewness 

this means investors are willing to pay a premium for portfolio 10 partially due to its positive coskewness. 

Similarly, we can see that portfolios with very negative coskewness (portfolio 1-6) tend to have positive betas 

to the       risk premium. This indicates that investors require a discount to buy these portfolios due to its 

negative coskewness. However, the largest beta to the       risk premium in absolute terms is the one 

related to portfolio 10. This further indicates that the ability of coskewness to explain the cross-sectional 

variation of returns when portfolios are formed on price-to-book ratios is likely to mainly originate from 

investors preference for positive coskewness rather than aversion towards negative coskewness. Overall, these 

observations indicate that investors are not behaving as expected according to the CAPM framework, where 

investors only value expected returns and systematic market risk as measured by the CAPM beta. Instead, the 

behavior seems more aligned with the prospect theory, according to which investors overweight the 

probability of large losses (i.e. loss aversion) and overweight the probability of large gains (i.e. preference for 

lotteries) (Kahneman & Tversky, 1979). For instance, the positive coskewness of portfolio 10 indicates that 

when the market experience large positive deviations from the mean, so does portfolio 10 on average. This is 

however not necessarily true for the other way around. In other words, portfolio 10 has a somewhat limited 

“systematic downside risk” and have a small but apparent probability of experiencing extreme positive returns 

when the market experience large returns. These are characteristics similar to a lottery where investors are 

willing to pay for a small probability of gaining a lot of money even though they know they are going to lose 

money on average. Portfolios with a negative coskewness on the other hand, tend to experience extreme 
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negative deviations from the mean at the same time as the market portfolio experience large downturns, but 

not necessarily the other way around. Since the S-shaped utility function derived by Kahneman & Tversky 

(1979) implies that investors are loss averse, this means that investors would require a discount to buy 

negatively coskewed assets.  

In summary, coskewness seems to carry explanatory power both with respect to the changing profitability of 

the HML premium over time and the cross-sectional return variation between portfolios formed on price-to-

book ratios. It is important to note, however, that coskewness cannot fully explain the value effect as can be 

seen by the positive intercept in the time series regressions even after controlling for the       risk 

premium. This is also demonstrated in the second sub-period where the average coskewness between the ten 

value-sorted portfolios don‟t vary much, yet the HML risk premium is significantly different from zero. 

However, during the second sub-period, the HML risk premium was lower compared to the first sub-period 

which can possibly be linked to the lack of cross-sectional coskewness variation between the portfolios during 

the second sub-period. It is also important to note that we cannot with certainty say what is causing value 

stocks to exhibit negative coskewness and why growth stocks on average have positive coskewness. It is 

reasonable however, to believe that the negative coskewness of value stocks originates from the observation 

that value firms responds negatively to economics shocks, whereas growth firm do not, as shown by Petcova 

& Zang (2005) or similarly that value firms have lesser flexibility in adjusting to worsening economic 

conditions compared to growth stocks as demonstrated by Cooper (2006) and Gulen et al. (2011). No matter 

what is causing value firms to have negative coskewness and growth firms to have positive coskewness, 

coskewness has been shown to be able predict future returns to some extent as implied to the positive 

coskewness premium. One of the benefits of coskewness as a measure of risk is that is derived from historical 

return distributions and for that reason it has the ability to serve as a proxy for several different risk factors 

that are not captured in the regular CAPM framework.  

4.4 Momentum Effect 

In the following section, the results regarding the momentum effect will be presented. As a measure of the 

momentum, we use the cumulative return over the past 12 months. The momentum effect and its stability over 

time will be investigated, and more importantly the momentum effect‟s relation to coskewness.  

4.4.1 Momentum Premium and Coskewness 

To study the presence of the momentum effect on the Swedish stock market, we create ten portfolios based on 

the stocks‟ past cumulative 12-month return. Hence portfolio 1 (Losers) consists of the stocks which 

experienced the lowest return over the past year. Portfolio 10 (Winners) contains the decile of stocks which 
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had the highest return over the past year. To capture the magnitude of the momentum effect, we created the 

up-minus-down (UMD) risk premium, which reflects a return generated from a trading strategy with a long 

position in the 30% of stocks which had experienced the highest return the past year, and a short position in 

the 30% stocks which had the most negative return over the past year. Table 20 presents the characteristics of 

the ten portfolios based on past 12-month return and the UMD risk premium.  

Table 20. Portfolios formed based on past 12-month returns 

  Losers P2 P3 P4 P5 P6 P7 P8 P9 Winners UMD 

Avg.12 months ret. (%) -45.03 -23.33 -13.31 -3.74 3.76 11.07 19.50 29.58 45.97 114.95  - 

Avg. excess return (%) 0.53 0.15 0.22 0.29 0.46 0.53 0.68 0.67 0.81 0.89 0.49 

Coskewness -0.007 -0.019 -0.022 -0.028 -0.025 -0.040 -0.040 -0.029 -0.027 -0.032 -0.013 

Sharpe Ratio 0.15 0.07 0.11 0.16 0.27 0.32 0.41 0.40 0.47 0.43 0.31 

Market Cap. (MSEK) 569 3,054 6,174 8,226 10,026 9,387 11,067 8,853 9,002 5,881  - 

Equal weighted beta 0.57 0.58 0.64 0.60 0.62 0.62 0.63 0.60 0.61 0.54  - 

Price/Book 2.96 2.67 2.82 2.27 2.44 2.49 2.75 2.74 3.58 4.81  - 

CAPM - alpha (%) -0.01 -0.30 -0.20 -0.11 0.09 0.17 0.31 0.31 0.45
**

 0.50
*
 0.59

**
 

  (-0.02) (-0.91) (-0.85) (-0.44) (0.42) (0.87) (1.57) (1.51) (2.24) (1.82) (1.74) 

Beta(rm-rf) 1.17
***

 0.97
***

 0.92
***

 0.86
***

 0.81
***

 0.80
***

 0.80
***

 0.79
***

 0.80
***

 0.86
***

 -0.21
**

 

  (10.73) (16.77) (20.68) (17.88) (18.13) (29.56) (22.7) (20.93) (24.45) (19.1) (-2.54) 

Table 20. Equal weighted portfolios are formed on the basis of past 12-month return. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2017. Excess returns, 12-month returns and CAPM alphas are presented in percent. 

Coskewness and average betas are calculated as the average coskewness and average betas of the portfolios using 60 months rolling 

window. Skewness, Sharpe ratios, market capitalization, price-to-book ratios, and 12-month returns are calculated from observed 

portfolio returns. Sharpe ratios are annualized. T-stats are reported in parentheses below the regression estimates and have been 

adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided test has been used for the risk 

premium intercept, all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a 

significance level of 5% and * refers to a significance level of 10%. 

As can be seen in Table 20, as the past 12-month return increases, the average excess return increases as well. 

In other words, portfolios containing stocks that have performed well in the past 12 months also tend to 

perform well in the next 6 months and vice versa. Besides from portfolio 1, we observe a flawless upward-

going pattern. The same increasing pattern can be observed for the Sharpe ratios of the portfolios, and as a 

consequence of this pattern, we find a Sharpe ratio for the winner portfolio (Sharpe ratio of 0.43) which is 

almost three times higher than the loser portfolio (Sharpe ratio of 0.15). The UMD risk premium has a 

positive average monthly excess return of 0.49%, which yield an annual excess return of 6.06%. The Sharpe 

ratio for the UMD risk premium is 0.31 over the full period.  

When investigating the cross-sectional relationship between the past 12-month return and the other factors, we 

find a positive correlation between the market capitalization and the price-to-book ratios. This indicates that 

last year‟s losers tend to have a lower market capitalization and lower price-to-book ratios than last year‟s 
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winners. When looking at the CAPM betas of the portfolios, we see a downward sloping trend. Stated 

differently, portfolios with a bad 12 months performance generally have a high beta and portfolios with a 

good 12 months performance tend to have low betas. Nevertheless, we find the strongest cross-sectional 

correlation between the past 12 months return and the coskewness. This correlation amounts to -0.57.  Hence, 

as past 12-month increases, the coskewness decreases. However, this is not significantly different from zero 

(see Appendix 2). This means that we cannot reject the null hypothesis to H4b, that the coskewness is the 

same across the ten portfolios. 

 
Figure 22. Scatterplot showing the average coskewness and the average cumulative past 12-month return of 

10 portfolios sorted on past 12-month cumulative return. 

Figure 23 presents the average cumulative return of portfolio 1-3, the average cumulative of portfolio 8-10, 

the cumulative return of UMD strategy and the market portfolio, from February 1990 to February 2017. As 

the graph shows, portfolio 8-10, the past winners, has outperformed portfolio 1-3, the past losers, and the 

market portfolio when looking over the full period. For the full period, past winners yield a cumulative return 

of 2,187%, and past losers generate a return of 192%. The UMD strategy yields a return of 835% over the 

whole period, which is higher than the loser portfolio and the market. 

 
Figure 23. Average cumulative returns for portfolio 1-3, 8-10, and cumulative returns for the S-S+ risk 

premium and the market portfolio are shown for the period 1990-2017. 
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Figure 24 shows the CAPM alphas of the ten portfolios formed based on past 12-month return and the UMD 

risk premium. When looking at the CAPM alphas, we see a strong increasing pattern as the past 12-month 

return goes up, expect for the loser portfolio, portfolio 1. The alphas for portfolio 9 and 10 are both 

significantly different from zero, and amounts to 0.45% and 0.50% respectively. The UMD risk premium has 

a monthly CAPM alpha of 0.59%, which is significantly different from zero at a 5% level. We therefore reject 

the null hypothesis to H4a. In other words, at a 95% confidence level, we can say that firms with a good past 

12-month performance display higher returns compared to firms with a bad past 12-month performance, and 

this return difference is not explained by the difference in systematic risk.  

 

Figure 24. CAPM alphas for the HML risk premium (red) and for 10 portfolios sorted on price-to-book-ratios 

(blue) are shown for the period 1990-2017. 

To further investigate whether the momentum effect on the Swedish stock market is related to coskewness and 

the other anomalies, we conduct time-series regressions using the other risk premiums as independent 

variables to attempt to explain the variation of the return of the UMD risk premium. The result is presented in 

Table 21. 

The first model shows the results for the UMD risk premium using the CAPM. As stated earlier we find an 

intercept of 0.59%. This represents a monthly return of 0.59% which cannot be explained by the systematic 

risk of the UMD risk premium. The CAPM provide a relatively low adjusted R
2
 of 4.90%, but yields the 

highest F-stat between the four time-series regression which amounts to 17.86. This F-stat shows that CAPM 

is associated with the lowest probability of having independent variables that do not add any explanatory 

power to the model.  

In the second model the       risk premium is included as an independent variable in the time-series 

regression. We find a slightly lower intercept in this model, a monthly intercept of 0.54%, which is 0.05% 

lower than the CAPM. The beta to the       risk premium is equal to 0.24. However, the beta is not 

significantly different from zero. This means that we cannot reject the null hypothesis to H4c, that the UMD 
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risk premium is unrelated to the       risk premium over time. The regression yields an adjusted R
2
 of 

6.16%.  

In the third model the HML, SMB and BAB risk premiums are added to investigate if the momentum effect is 

related to any of the other anomalies, and therefore if coskewness might be linked to the momentum effect 

through the other anomalies investigated in this paper. When adding the other risk premiums to the time-series 

regression we find an intercept of 0.76%, which is higher than the intercept in the CAPM. This model 

provides an adjusted R
2
 of 9.16% which means that the model can explain 9.16% of the return variation. 

The fourth model, in which all risk premiums are added, yields the highest intercept and is equal to 0.85%. 

This is significantly different from zero at a 1% level. The sign of the betas to the risk premiums are 

unchanged from the previous time-series regressions and the beta to the       and becomes significantly 

different from zero on a 5% level. In fact, the       risk premium is the only explanatory variable in the 

regression that is statistically significant. The model has an adjusted R
2
 of 11%.  

Table 21. Time-series regression with UMD risk premium  

  CAPM CAPM +       CAPM + Factors Combined 

 Intercept  0.59
**

 0.54
**

 0.76
***

 0.85
***

 

  (1.74) (1.74) (3.00) (3.50) 

   -0.21
**

 -0.18
**

 -0.23
***

 -0.21
***

 

  (-2.54) (-2.47) (-3.13) (-2.98) 

         0.24
*
   0.29

**
 

    (1.35)   (2.50) 

         -0.21 -0.27
*
 

      (-1.36) (-1.82) 

          0.02 0.04 

      (0.19) (0.45) 

         0.18
*
 0.13 

      (1.69) (1.42) 

 Adj. R-square  4.90% 6.16% 9.16% 10.73% 

 F-stat  17.68
***

 11.63
***

 9.16
***

 8.79
***

 

Table 21. The UMD risk premium is the dependent variable in the time-series regressions. The intercept of 

the regressions is expressed in percentage. T-stats are reported in parentheses below the regression 

estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the intercepts and the       , all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and 
* refers to a significance level of 10%. 

4.4.1.1 Stability over time 

To examine whether the momentum effect and its relation to coskewness are stable over time, similar analysis 

as in the previous section is performed on the two sub-periods, 1990-2006 and 2006-2017. In Table 22, the 

results for the ten portfolios formed based on past 12 month returns in the sub-period 1990-2006 are 
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presented. When looking at the average excess return we see that portfolio 1 (losers) has an average excess 

return of 1.07%, and portfolio 10 (winners) has an average excess return of 0.52%, which is close to half of 

the return of portfolio 1 (losers). Overall, no clear pattern can be seen across the portfolios, and the UMD risk 

premium only amounts to 0.11%, which demonstrates that the momentum effect is weaker in the first sub-

period. 

Table 22. Portfolios formed on past 12-month Return - 1990-2006 

  Losers P2 P3 P4 P5 P6 P7 P8 P9 Winners UMD 

Avg.12 months ret. (%) -40.73 -21.17 -13.37 -3.18 4.24 12.30 21.33 31.49 48.25 121.18  - 

Avg. excess return (%) 1.07 0.33 0.11 0.35 0.36 0.46 0.63 0.53 0.77 0.52 0.11 

Coskewness -0.027 -0.046 -0.045 -0.055 -0.051 -0.066 -0.070 -0.060 -0.041 -0.049 -0.011 

Sharpe Ratio 0.27 0.13 0.05 0.18 0.20 0.26 0.35 0.31 0.42 0.24 0.06 

Market Cap. (MSEK) 660 2,485 4,338 5,430 7,122 5,491 6,650 6,550 7,930 6,831  - 

Equal weighted beta 0.49 0.51 0.58 0.52 0.55 0.54 0.55 0.50 0.53 0.47  - 

Price/Book 2.57 2.05 2.57 1.91 2.04 2.08 2.12 2.37 3.45 3.82  - 

CAPM - alpha (%) 0.51 -0.12 -0.29 -0.02 0.03 0.13 0.30 0.21 0.45 0.17 0.24 

  (0.70) (-0.25) (-0.87) (-0.06) (0.42) (0.87) (1.57) (0.73) (1.57) (0.45) (0.48) 

Beta(rm-rf) 1.32
***

 1.07
***

 0.94
***

 0.87
***

 0.79
***

 0.8
***

 0.78
***

 0.78
***

 0.77
***

 0.83
***

 -0.32
***

 

  (9.13) (14.37) (15.42) (12.98) (18.13) (29.56) (22.7) (14.28) (17.35) (13.83) (-3.05) 

Table 22. Equal weighted portfolios are formed on the basis of past 12 month returns. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2006. All variables have been calculated using the same procedure as in Table 20. 

Table 23. Portfolios formed on past 12-month Return - 2006-2017 

  Losers P2 P3 P4 P5 P6 P7 P8 P9 Winners UMD 

Avg.12 months ret. (%) -51.23 -26.43 -13.22 -4.53 3.06 9.29 16.85 26.82 42.69 105.96  - 

Avg. excess return (%) -0.25 -0.11 0.39 0.21 0.60 0.64 0.75 0.87 0.87 1.43 1.05 

Coskewness 0.021 0.019 0.012 0.012 0.012 -0.001 0.002 0.015 -0.007 -0.008 -0.017 

Sharpe Ratio -0.09 -0.06 0.22 0.13 0.37 0.42 0.50 0.55 0.54 0.75 0.91 

Market Cap. (MSEK) 438 3,876 8,825 12,262 14,218 15,011 17,443 12,177 10,548 4,509  - 

Equal weighted beta 0.68 0.67 0.72 0.71 0.71 0.73 0.74 0.75 0.72 0.63  - 

Price/Book 3.52 3.57 3.17 2.80 3.00 3.08 3.68 3.27 3.76 6.24  - 

CAPM - alpha (%) -0.70 -0.52 -0.07 -0.23 0.17 0.22 0.32 0.44
*
 0.43

*
 0.96

**
 1.04

***
 

  (-1.04) (-1.23) (-0.24) (-0.81) (0.61) (0.87) (0.98) (1.75) (1.67) (2.59) (3.50) 

Beta(rm-rf) 0.88
***

 0.79
***

 0.89
***

 0.84
***

 0.84
***

 0.81
***

 0.83
***

 0.83
***

 0.85
***

 0.9
***

 0.01 

  (8.85) (11.58) (15.42) (16.09) (19.37) (18.84) (24.09) (14.28) (14.3) (10.68) (0.08) 

Table 23. Equal weighted portfolios are formed on the basis of past 12 month returns. Portfolio returns are calculated as the average 

monthly excess returns during the period 1990-2017. All variables have been calculated using the same procedure as in Table 20. 

Table 23 presents the results for the second sub-period, 2006-2017. When observing the average excess 

returns of the ten portfolios, we find a very clear pattern. As the past 12 month return goes up, the monthly 



Page 88 of 135 
 

excess return increases. The lowest excess return is provided by portfolio 1 (losers), which has an excess 

return of -0.25%, and the highest excess return is generated from portfolio 10 (winners), which has an excess 

return of 1.43%. The pattern is also very clear across the portfolios and this is reflected in the UMD risk 

premium which amounts to 1.05%. The same clear pattern is seen for the Sharpe ratios, and the UMD risk 

premium yields the highest Sharpe ratio of 0.91. 

In the first sub-period, 1990-2006, where we find a weak momentum effect, we also find a low correlation 

between past 12 month returns and coskewness that amounts to -0.25. For the second sub-period, 2006-2017, 

where the momentum effect seems positive and strong, the relationship with coskewness is also negative and 

provides a cross-sectional correlation of -0.57 (see Appendix 2). These findings are coherent with the results 

for the full period.  

In Figure 25, the CAPM alphas for the ten portfolios and the UMD risk premium are presented, for the two 

sub-periods. In the first sub-period, we observe an unclear pattern where portfolio 3 to portfolio 9 provides an 

increasing pattern in CAPM alphas as expected, however, portfolio 1, provides the highest CAPM alpha, and 

portfolio 10 provides a positive but very low alpha. For the second sub-period, we find a very robust pattern 

for the portfolios and the UMD risk premium. We see an almost flawless upward-going pattern in the alphas 

as the portfolio number increases, and the lowest alpha is provided by portfolio 1, which is equal to -0.70% 

and the highest alpha is provided by portfolio 10, which is equal to 0.96%. This means that the UMD risk 

premium yields an alpha of 1.04% on a monthly basis; hence 1.04% of the return from the UMD risk premium 

cannot be explained by the exposure to the systematic market risk. The UMD risk premium is positive and 

significantly different from zero on a 1% level. This shows strong support for the presence of the momentum 

effect in the Swedish stock market from 2006-2017. 

 
Figure 25. CAPM alphas are shown for the UMD risk premium (red) and for 10 portfolios sorted on past 

cumulative 12 months return (blue) during the periods 1990-2006 and 2006-2017. 
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Table 24 below presents a summary of the key figures from the time-series regressions with UMD risk 

premium as the dependent variable in the two sub-periods. The full time-series regression can be seen in 

Appendix 3. 

Table 24. UMD time series reg. - Sub-periods 

  

 

1990-2006 

 

2006-2017 

Model   Intercept        Adj. R
2
 F-stat   Intercept        Adj. R

2
 F-stat 

CAPM 

 

0.24     - 10% 22.26
***

 

 

1.04
***

     - -1% 0.01 

CAPM +       

 

0.20 0.20 11% 12.39
***

 

 

1.03
***

 0.07 -1% 0.08 

CAPM + Factors 

 

0.65
**

     - 22% 14.15
***

 

 

1.50
***

     - 4% 2.38
**

 

Combined   0.71
**

 0.20
*
 22% 11.76

***
   1.51

***
 0.17 4% 2.09

*
 

Table 24. The UMD risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard errors. One-

sided tests have been used for the intercepts and the       , all the other significance levels represent a two-sided test. *** refers to a 

significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

We find a weak momentum effect in the first sub-period which can be seen by the low alpha for the CAPM. 

The CAPM provides an adjusted R
2
 of 10%. In the second model, where the       risk premium is 

included, we find a positive sensitivity to the       risk premium of 0.20. The adjusted R
2
 is equal to 11%, 

hence the inclusion of       does not seem to add much explanatory power for the UMD risk premium in 

the first sub-period compared to the CAPM. In the third model we find that the intercept becomes even more 

positive, and significant. This model increases the adjusted R
2
 to 22%. In the fourth model when all factors are 

included, the beta to the        risk premium is unchanged compared to the second model. The fourth 

model provides an adjusted R
2
 is 22%.    

In the second sub-period, which is shown on the right side of Table 24, we find that the intercept for the UMD 

risk premium is positive and significant for all models. In the first model, CAPM, we find an intercept, i.e. 

alpha of 1.04%, and the model provides a very low adjusted R
2
 of -1%. Hence the CAPM cannot explain the 

abnormal positive returns generated from the UMD risk premium. In the second model, with the inclusion of 

      risk premium we see that the intercept decreases slightly and the beta to the       risk premium is 

still positive, yet very close to zero. This is consistent with the findings for the full period and the first sub-

period, however the beta is not significantly different from zero in any of the periods. The adjusted R
2
 for the 

second model is unchanged compared to the CAPM. Therefore the       risk premium does not seem to 

add anything to explain the UMD risk premium. For the third model the intercept have further increased to  

1.50%. This model provides the highest adjusted R
2
 between the models, and amounts to 4%. However the 

intercept increases compared to the CAPM and it is still significantly different from zero, hence this model 

does not explain the abnormal return generated from the momentum effect in this period. The last and fourth 
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model includes all factors. The beta to the       risk premium increases to 0.17 and the adjusted R
2
 of the 

model increases slightly to 4%. In general, we find weak results for the beta to the       risk premium, and 

none of the betas are significantly different from zero, hence the inclusion of the       risk premium does 

not seem to add any explanatory power in the time-series regressions.  

4.4.2 Ability of Coskewness to Capture Return Variability between Momentum-Sorted Portfolios 

To further investigate whether the inclusion of coskewness in asset pricing models can capture the returns 

associated with the momentum anomaly, we conduct Fama-MacBeth regressions with the ten portfolios 

formed on past 12 month returns as input to study the cross-sectional variation of returns. In contrast to the 

time-series regressions, this approach allows for time-variation of the sensitivities to the independent variables 

and calculates the risk premiums related to the variables used in the asset pricing models. Table 25 below 

presents the results from the Fama-MacBeth regression for the full sample period.  

Table 25. Fama-MacBeth reg. Momentum-sorted portfolios 

Model CAPM CAPM+      CAPM+     

    1.38 2.04
**

 0.53 

  (1.50) (2.06) (0.51) 

    -0.60 -1.57 0.26 

  (-0.52) (-1.28) (0.22) 

          -0.45   

    (-0.77)   

     
      -4.55

**
 

      (-1.95) 

R
2
-adjusted 11.77% 16.25% 15.84% 

Table 25. Three different Fama-MacBeth regressions with 10 portfolios sorted on past 12 month 

returns are presented.   ,   ,  (     ) and      
represents the intercept, market risk premium, 

      risk premium and the risk premium for the direct measure of coskewness respectively. All 

risk premiums are shown in percentage on a monthly basis. T-stats are reported in parentheses 

below the regression estimates and have been adjusted for heteroscedasticity and autocorrelation 

using Newey-West standard errors. One-sided tests have been used for the        and      
, all the 

other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers 

to a significance level of 5% and * refers to a significance level of 10%. 

In the first model, CAPM, we find a positive intercept,   , of 1.38% and an negative market risk premium of -

0.60%; however none of them are significantly different from zero. The CAPM provides an average adjusted 

R
2
 of 11.77%. The second model which includes the      , yields a higher intercept of 2.04% which is 

significantly different from zero. The risk premium for having sensitivity to the       is negative. However 

the risk premium is not statistically significant. Therefore, we cannot reject the null hypothesis to H4d, that 

coskewness does not captures any cross-sectional return variation between portfolios that are formed based on 

past 12-month returns. The last asset pricing model include the direct measure of coskewness,     . This 
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model yields an intercept of 0.53%, which is a decrease of 0.85% compared to the CAPM. The market risk 

premium is positive, and most importantly the risk premium to the direct measure is equal to -4.55% and is 

significantly different from zero. These results are coherent with our expectations, since a stock with positive 

coskewness will gain a lower return than a stock with negative coskewness. This model provides an adjusted 

R
2
 of 15.84%, which is an increase of 4.07% compared to the CAPM. 

In Figure 26 and Figure 27 below, the average beta to the       risk premium and the average direct 

measure of coskewness is presented.  

 
Figure 26. Average betas to the       risk premium are shown for ten portfolios formed on past 12-month 

cumulative returns. The betas are used as input in the cross-sectional Fama-MacBeth regression and are 

derived from a time series regression using a higher-moment CAPM including the market risk premium and 

the       risk premium. A rolling window of 60 months is applied. 

 
Figure 27. Average coskewness of ten portfolios formed on past 12-month cumulative returns are shown. These 

are direct measures of coskewness and are used in a cross-sectional Fama-MacBeth regression. They are derived 

from the observed portfolio returns using a rolling window of 60 months. 

Regarding the average beta to the       risk premium in Figure 26, we see an increasing pattern for the 

most portfolios. This also means that the exposure to for       risk premium increases as the 12-month 

return of the portfolios increase. However portfolio 10 breaks this trend, since it have the third most negative 

average beta to the       risk premium.For the direct measure of coskewness, we expect a downward 
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sloping pattern, since we expect last year‟s winners to have a lower coskewness than last year‟s losers. This is 

also the pattern which can be observed in Figure 27, however, the pattern is not flawless since we find the 

most negative coskewness in portfolio 6 and portfolio 7. 

4.4.2.1 Stability over time 

To test whether the findings for the Fama-MacBeth regressions in the full period are stable, we perform 

additional analysis by splitting the period into two sub-period, 1995-2006 and 2006-2017. The results are 

shown in Table 26.  

Table 26. Fama-MacBeth reg. Momentum-sorted portfolios - sub-periods 

 

1995-2006 

 

2006-2017 

Model CAPM CAPM + S
-
-S

+
 CAPM + βSKD   CAPM CAPM + S

-
-S

+
 CAPM + βSKD 

   0.74 1.67
**

 -0.29 

 

2.01 1.74 1.33 

 

(0.81) (2.00) (-0.23) 

 

(1.27) (0.97) (0.82) 

   0.32 -0.96 1.26 

 

-1.51 -1.18 -0.20 

 

(0.25) (-0.75) (0.86) 

 

(-0.79) (-0.57) (-0.37) 

       

 

-0.67 

   

0.19 

 

  

(-0.67) 

   

(0.32) 

      
 

  

-3.29 

   

-5.79
**

 

   

(-0.94) 

   

(-1.88) 

R
2
 adj. 10.91% 15.96% 17.53% 

 

12.62% 16.54% 14.17% 

Table 26. Three different Fama-MacBeth regressions with 10 portfolios sorted on past 12 month return are presented for the sub-

periods 1990-2006 and 2006-2017.   ,   ,        and      
represents the intercept, market risk premium,       risk premium 

and the risk premium for the direct measure of coskewness respectively. All risk premiums are shown in percentage on a monthly 

basis. T-stats are reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and 

autocorrelation using Newey-West standard errors. One-sided tests have been used for the        and      
, all the other significance 

levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers to a 

significance level of 10%. 

In the first sub-period, 1995-2006, we find almost similar results as for the full period. The CAPM provides a 

positive intercept, however not significant. The second model increases the intercept and the       risk 

premium is negative, yet not significant. The last model decreases the intercept compared to the CAPM, and 

the risk premium for the direct measure of coskewness is negative, as expected. However in this sub-period 

the risk premium for the direct measure of coskewness is not significantly different from zero. The third asset 

pricing models provide the highest adjusted R
2
 of 17.53%, which is an increase compared to the CAPM.  

For the second sub-period, 2006-2017, the intercept for the CAPM is 2.01%, and the CAPM provides an 

average adjusted R
2
 of 12.62%. The second model decreases the intercept of 1.74%, and we find a positive 

      risk premium of 0.19%, however this risk premium is not significantly different from zero. The 

model has an adjusted R
2
 of 16.54%. These findings for the second model are not completely aligned with the 
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findings for the full period or the first sub-period. For the third model the intercept decrease even further to 

1.33%, which is a decrease of 0.68% compared to the CAPM. As in the full period and the first sub-period, we 

find a negative risk premium for the direct measure of coskewness, and it is significantly different from zero. 

This asset pricing model has an adjusted R
2
 of 14.17%, which is an increase compared to the CAPM. Hence 

this model explains more of the cross-sectional variation between the portfolios formed on past 12 month 

returns, than the CAPM. In general, the model which includes the       shows inconsistent results over 

time and the       risk premiums are not significantly different from zero in any periods. The model that 

includes the direct measure of coskewness decreases the intercept in all periods, and has a consistent negative 

risk premium over time, which is significant in the full period and the last sub-period.  

Figure 28 and Figure 29 present the average beta to the       and coskewness for the two sub-periods. For 

the average beta to the       risk premium we see that the portfolio with low past year‟s return tend to 

have a lower exposure to the       risk premium, in both sub-periods. However the winner portfolio, 

portfolio 10 has a negative exposure. Regarding the average direct measure of coskewness, as can be seen in 

Figure 29, we find a decreasing yet not flawless pattern between the portfolios and the coskewness in the first 

sub-period. The pattern for the last sub-period, 2006-2017, seems much more robust, as we find the most 

positive coskewness in the loser portfolio, portfolio 1, and the most negative coskewness in the winner 

portfolio, portfolio 10. 

 
Figure 28. Average betas to the       risk premium are shown for ten portfolios formed on past 12-month 

cumulative returns for the periods 1995-2006 and 2006-2017. The betas are used as input in the cross-

sectional Fama-MacBeth regression and are derived from a time series regression using a higher-moment 

CAPM including the market risk premium and the       risk premium. A rolling window of 60 months is 

applied. 
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Figure 29. Average coskewness of ten portfolios formed on past 12-month cumulative returns are shown for 

the periods 1995-2006 and 2006-2017. These are direct measures of coskewness and are used in a cross-

sectional Fama-MacBeth regression. They are derived from the observed portfolio returns using a rolling 

window of 60 months. 

4.4.3 Analysis of Empirical Findings 

Over the full period, we find a momentum effect, which can be seen in the average excess return of the ten 

portfolios formed based on their past 12-month return, their Sharpe ratios, and their CAPM alphas. For the full 

period, we find that the UMD risk premium, which mimics the momentum effect, yield an average return of 

0.49% on a monthly basis. This implies that an investor who bought the 30% of the stocks that experienced 

the highest return over the past year, and shorted the 30% which had the lowest return during the past year, 

and rebalanced this portfolio every sixth month, would have gained an average annualized return of 6.06% 

from 1990-2017. This would yield a cumulative return of 835%. This risk premium for the UMD is lower than 

the findings of Jegadeesh & Titman (1993) who find an annualized premium of 14.57% using 12 month past 

return and a 6 month holding period on the U.S. stock market. In absolute terms, the momentum effect is 

varying across time. In our first sub-period we find an UMD risk premium of 1.30% annualized returns, and in 

the last sub-period, we find a much more positive UMD risk premium of 13.29% annualized return. This time-

varying momentum effect is aligned with the findings of Grundy & Martin (1998) and Conrad & Kaul (1998), 

who show that over different time periods, the momentum effect varies and sometimes even deliver negative 

returns. When the returns are adjusted for systematic market risk, we still find that the UMD risk premium 

yields a positive return equal to 0.59%, i.e. CAPM alpha, which is different from zero at a 5% significance 

level. This indicates that the UMD risk premium has a 0.59% return on a monthly basis that cannot be 

explained by its exposure to systematic market risk. These findings are contradicting to the CAPM 

framework, according to which investors only will be rewarded for being exposed to systematic market risk as 

measured by the covariance between a stock and the market portfolio. 

We find that for the full period there is a positive correlation between the past 12-month return of the 

portfolios and their market value and price-to-book ratios. This positive correlation can be interpreted as 
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stocks which had experienced a high return over the past year tend to have higher price-to-book ratios and 

larger market capitalization than stocks which had a low return over the past year. This indicates that the size- 

and value effect cannot be linked to the momentum effect since these effects state that stocks with lower 

market value should yield a higher return and that stocks which trade at lower price-to-book ratios should also 

result in higher expected returns. However, this is not consistent with the findings for the portfolios sorted by 

past 12-month return, since we find that last year‟s winners yield a higher return than last year‟s losers. We 

find a negative correlation between the CAPM betas and the 12 month past returns which are consistent with 

the betting-against-beta anomaly since as the past 12-month return increases, the beta of the portfolio 

decreases, which indicate a linkage between the momentum effect and the betting-against-beta anomaly. 

However, when the BAB risk premium is included as an explanatory variable to capture the variation in the 

UMD risk premium, we find contradicting results across our sub-periods, which cast doubt to the relation 

between the momentum effect and the betting-against-beta anomaly. 

Nevertheless, we find the strongest negative correlation between the coskewness and the past year‟s return. 

This negative correlation is coherent with our expectations since we expect the winner portfolio to have a 

lower coskewness than the loser portfolio due to the higher downside risk as documented by Daniel et al. 

(2012) and Barroso & Santa-Clara (2015). The rationale behind the extraordinary downside risk for the 

momentum strategy is connected to the fact that the strategy has been shown to deliver extreme losses in 

“panic states” of the economy, e.g. market declines, market rebounds, or periods of high volatility. When we 

perform time-series regressions with the UMD risk premium using the CAPM and the       risk premium 

as explanatory variables, we also find that the intercept of the UMD risk premium decreases compared to the 

regular CAPM, and that the sensitivity to the       risk premium is positive, which indicate that a positive 

relation between the momentum and the coskewness. This positive beta to the       is stable over time but 

is it only significantly different from zero at a 10% level for the full period, and not in any of the sub-periods, 

which casts doubt on the relationship between the momentum effect and coskewness. In the Fama-MacBeth 

regressions we find that both higher moment CAPMs increase the explanatory power compared to the regular 

CAPM. Therefore, the inclusion of coskewness seems to somewhat matter in capturing the cross-sectional 

return variation between portfolios formed on past 12 month return. However we would expect the risk 

premium for the       to be positive since a high beta to the       should indicate that the portfolio 

have similar characteristics as the       risk premium. Since the       risk premium capture investors‟ 

preference for positively coskewed stocks and aversion for stock with negative coskewness, we expect the 

beta to the       to increase as the past 12 month of the portfolio‟s increase as well. This expectation of a 

higher beta to the       risk premium for the winners compared to the losers is due to our assumption that 
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there exist a higher downside risk in stocks which had experienced a high positive return over the past year 

(Daniel & Moskowitz, 2014), and that this additional downside risk should be captured by the exposure to the 

     . Another way this additional downside risk could be shown is by a lower direct measure of 

coskewness for last year‟s winners compared to last year‟s losers. Even though we see this increasing pattern 

between average beta to the       and the portfolios, which is coherent with our expectations, the winner 

portfolio breaks the pattern, since this portfolio has the third most negative average beta to the      . 

However for the last sub-period, where we find the strongest evidence for the momentum effect, the risk 

premium for the       becomes positive. Nevertheless, the risk premium is not significantly different from 

zero in this period. These results indicate that the       fail to explain the cross-sectional variation between 

the ten portfolios formed on past 12 month return, hence it also fails to explain the momentum effect on the 

Swedish stock market. However when we consider the risk premium for the direct measure of coskewness, 

    , we find a risk premium of -4.55%, which is significantly different from zero on a 5% level. This can be 

interpreted as when the coskewness of a stock increases by 1, the expected return decreases by 4.55%. This 

risk premium is coherent with our expectations that investors need to be rewarded to having stocks with 

negative coskewness and are willing earn a lower return for having stocks with positive coskewness. To link 

this negative risk premium on the direct measure of coskewness to the momentum effect, we should expect 

the portfolios with low past 12 month return (losers) to have a higher coskewness than portfolios with high 

past 12 month return (winners), due to the lower downside risk of past losers. This is also in line with our 

findings. Hence the direct measure of coskewness seems to be linked to the momentum effect. Since we find 

that the average direct measure of coskewness for all ten portfolios is negative, for the full period, this could 

indicate that the momentum effect is mostly related to investor‟s need for compensation for additional risk 

taking, rather than a linkage to preference for lotteries. This negative risk premium is present in both sub-

periods, however the risk premium is most negative and significant in the last sub-period, where we also find 

the strongest momentum effect, additionally we also find the clearest pattern in the direct measure of 

coskewness in this period since the loser portfolio has the highest coskewness and the winner portfolio the 

lowest coskewness.  

Interestingly, we observe that in the sub-period where we find the strongest evidence for the momentum 

effect, we also see the strongest connection to the coskewness. For instance, in the Fama-MacBeth 

regressions, both models which include factors that capture coskewness decreases the intercept compared to 

the CAPM, adds explanatory power and has the expected sign for the risk premiums. This could indicate that 

when the momentum effect is strong, there is a linkage to coskewness. Hence some returns of the momentum 

effect could be due to compensation for taking on additional risk since the momentum strategy is associated 
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with high downside risk (Daniel et al., 2012). However, the coskewness does not fully explain the observed 

momentum effect on the Swedish stock market. If the only true explanation of the momentum effect is due to 

additional downside risk, the coskewness measure fails to capture it fully. Hence other measures which do not 

serve as a proxy for “systematic downside risk” might also add valuable information regarding the explanation 

of the momentum effect. Another explanation could be that the majority of the anomaly might be linked to 

behavioral reasons such as investors‟ over- and underreaction to news. 

4.5 Betting-Against-Beta Effect 

In the following section, the results regarding the betting-against-beta (BAB) anomaly will be presented. First, 

the result from the portfolio construction based on betas will be presented followed by the results regarding 

the relationship between the BAB effect and coskewness. 

4.5.1 Betting-Against-Beta Premium and Coskewness 

Table 27 presents the results from the portfolio construction based on betas. Again, information about excess 

returns, beta, coskewness, Sharpe ratio, market capitalization, 12-month return, price-to-book ratios and a 

CAPM regression for each portfolio is presented. 

Table 27. Portfolios formed based on beta 

  Low beta P2 P3 P4 P5 P6 P7 P8 P9 High beta BAB 

Avg. Beta 0.19 0.45 0.58 0.68 0.79 0.89 1.01 1.16 1.36 1.77 0.00 

Avg. Excess return 0.84 0.51 0.93 0.50 0.53 0.76 0.40 0.45 0.41 0.31 0.96 

Coskewness -0.080 -0.107 -0.107 -0.119 -0.085 -0.072 -0.043 -0.013 0.046 0.118 -0.209 

Sharpe Ratio (Ann.) 0.55 0.37 0.56 0.32 0.27 0.40 0.21 0.20 0.18 0.11 0.62 

Market Cap. (MSEK) 2,977 4,993 9,594 10,906 8,454 10,684 12,279 11,595 9,922 15,996  - 

12 Month return 11.91 13.61 17.69 12.52 10.46 11.06 12.31 9.15 11.13 17.47  - 

Price/Book 2.28 3.56 2.42 2.4 2.93 2.08 2.51 1.8 1.52 2.43  - 

CAPM - alpha 0.61
**

 0.25 0.61
***

 0.19 0.14 0.37 0.00 -0.02 -0.09 -0.27 0.96
***

 

  (2.44) (1.14) (2.66) (0.83) (0.55) (1.49) (-0.02) (-0.08) (-0.38) (-0.84) (2.59) 

Beta(rm-rf) 0.49
***

 0.57
***

 0.70
***

 0.67
***

 0.85
***

 0.85
***

 0.88
***

 1.03
***

 1.10
***

 1.26
***

 0.00 

  (11.06) (12.58) (16.02) (14.1) (13.1) (17.59) (13.27) (14.86) (20.72) (15.27) (0.00) 

Table 27. Equal weighted portfolios are formed on the basis of firm betas. Portfolio returns are calculated as the average monthly 

excess returns during the period 1990-2017. Excess returns, 12-month returns and CAPM alphas are presented in percent. Coskewness 

and average betas are calculated as the average coskewness and average betas of the portfolios using 60 months rolling window. 

Skewness, Sharpe ratios, market capitalization, price-to-book ratios, and 12-month returns are calculated from observed portfolio 

returns. Sharpe ratios are annualized. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided test has been used for the risk premium intercept, 

all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 

5% and * refers to a significance level of 10%. 

We can see that portfolios with low betas tend to have relatively high excess returns in absolute values 

compared to portfolios with high betas. This implies a negative relationship between beta and excess return. 
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The betting-against-beta (BAB) premium is calculated by first adjusting the weights in the portfolios to create 

a beta equal to one, and then taking the adjusted average excess returns of portfolio 1-3 (low betas) minus the 

adjusted average excess returns of portfolio 8-10. This ensures that the BAB premium represents a market 

neutral strategy. In the right column of Table 27 (second row), we can see that the BAB premium amounts to 

an average excess return of 0.96% on a monthly basis. It is also worth noting that the Sharpe ratios tend to be 

high for portfolios with low betas and the highest Sharpe ratio is associated with the BAB premium. We can 

also see that the coskewness tend to be negative for portfolios with low beta and positive for portfolios with 

high betas. In fact, the cross-sectional correlation between the coskewness estimates and beta estimates in 

Table 27 amounts to 0.90 which is significantly different from zero (see Appendix 2). This also means that we 

can reject the null hypothesis regarding H5b, that low beta stocks have the same coskewness as high beta 

stocks. With 95% confidence, we can say that low beta stocks have lower coskewness compared to high beta 

stocks. In fact, the coskewness estimates and the beta estimates have an almost perfectly linear relationship. 

The most negative coskewness is also observed in the BAB risk premium.  

The relationship between the average portfolio betas and portfolio coskewness is clearly demonstrated in 

Figure 30. Another interesting pattern is that portfolios with low betas also tend to contain stocks with a lower 

market capitalization and portfolios with high betas tend to contain stocks with higher market capitalization. 

The cross-sectional correlation between average market capitalization of the portfolios and beta of the 

portfolios is equal to 0.86 and is significantly different from zero (see Appendix 2). In the bottom of Table 27, 

we can see the results from a time-series CAPM regression on each portfolio and the BAB risk premium. We 

can see that the alphas tend to be positive for low beta portfolios and negative for high beta portfolios. Stated 

differently, portfolios with low beta stocks have relatively high risk-adjusted returns compared to portfolios 

with high beta stocks. The alpha of the BAB premium is equal to 0.96% on a monthly basis and is 

significantly different from zero. We can, therefore, reject the null hypothesis to H5a, that low beta stocks 

have the same risk-adjusted returns as high beta stocks. This means that on a 95% confidence level we can say 

that low beta stocks have higher risk-adjusted returns compared to high beta stocks. 
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Figure 30. Scatterplot showing the average coskewness and the average beta of 10 equal weighted portfolios 

sorted on betas. 

The beta estimate of the BAB premium is equal to zero which confirms that the BAB trading strategy is 

market neutral. The magnitudes of the alphas are more explicitly pictured in Figure 31. We also find that the 

BAB risk premium without leveraging and deleveraging the positions also provides a CAPM alpha which is 

significantly different from zero (see Appendix 3). The correlation between the alphas estimates and the beta 

estimates is equal to -0.88 (see Appendix 2). This clearly demonstrates that low beta stocks tend to have 

higher risk-adjusted returns. Furthermore, the correlation between the alpha estimates and the coskewness of 

the portfolios is equal to -0.78 and is significantly different from zero. In other words, portfolios with high 

risk-adjusted returns also tend to have low or negative coskewness, and portfolios with low risk-adjusted 

returns tend to have high coskewness. Overall, portfolios with low beta stocks have outperformed portfolios 

with high beta stocks regarding risk-adjusted returns. In fact, portfolios with low beta stocks also seem to have 

outperformed portfolios with high beta stocks in absolute terms. This can be seen in Figure 32 where the 

average cumulative returns are shown for portfolio 1-3 (low beta stocks) and portfolio 8-10 (high beta stocks) 

for the period 1990-2017. The cumulative returns for the BAB risk premium and the market portfolio are also 

shown in Figure 32. 

 
Figure 31. CAPM alphas for the HML risk premium (red) and for 10 portfolios sorted on price-to-book-ratios 

(blue) are shown for the period 1990-2017. 
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Figure 32. Average cumulative returns for portfolio 1-3, 8-10, and cumulative returns for the BAB risk 

premium and the market portfolio are shown for the period 1990-2017. 

To further investigate the relation between the BAB risk premium and the       risk premium, different 

time-series regressions have been performed. First, a regular CAPM regression has been performed for 

comparative reasons. Secondly, a higher moment CAPM including the coskewness as an explanatory variable 

is performed. Thirdly, a multi-factor model including the HML, SMB and UMD risk premium is performed 

and finally, a combined model with both the coskewness and the factors is performed. The result can be seen 

in Table 28.  

Table 28. Time-series regression with BAB-premium 

  CAPM CAPM +        CAPM + Factors Combined 

 Intercept  0.96
***

 0.83
**

 0.70
**

 0.83
**

 

  (2.59) (2.54) (1.70) (2.03) 

   0.00 0.06 0.03 0.07 

  (0.00) (0.93) (0.48) (1.09) 

         0.64
***

   0.65
***

 

    (4.16)   (5.48) 

          0.14 -0.02 

      (1.13) (-0.13) 

         0.02 0.07 

      (0.15) (0.39) 

          0.05 0.03 

      (0.87) (0.55) 

 Adj. R-square  -0.31% 11.48% 0.54% 11.15% 

 F-stat  0.00 22.01
***

 1.44 9.13
***

 

Table 28. The BAB risk premium is the dependent variable in the time-series regressions. The intercept of 

the regressions is expressed in percentage. T-stats are reported in parentheses below the regression 

estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West standard 

errors. One-sided tests have been used for the intercepts and the       , all the other significance levels 

represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and 
* refers to a significance level of 10%. 
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In the column to the left, we can see the result from the CAPM regression. The intercept is positive and 

statistically different from zero, and the CAPM beta cannot explain any variation of the BAB premium. 

However, when we include the       premium in the regression (column 2) the explanatory power 

increases to 11.48%. Furthermore, the intercept decreases compared to the CAPM, and the beta associated 

with the       premium is positive and significantly different from zero. Therefore we can reject the null 

hypothesis to H5c. In other words, on a 95% confidence level, we can say that as the coskewness premium 

increases (decreases), the betting-against-beta risk premium also increases (decreases) on average, ceteris 

paribus. 

In contrast, the risk premiums associated with size, value, and momentum fails to capture the time variation of 

the BAB premium, as can be seen in the third model. In fact, adjusted R
2
 changes from -0.31% to 0.54% when 

including all the factors mentioned above. When combining the factor risk premiums with the coskewness risk 

premium, the only variables that are significant are the one related to coskewness. In other words, coskewness 

seems to be the only variable that captures some of the time variation of the BAB premium. However, it 

should be noted that the intercept for the BAB premium is still significant at all times which implies that the 

coskewness cannot explain all of the time variation of the BAB premium. 

Additionally, when performing a similar analysis on the BAB risk premium without levering the positions, we 

find similar results as for the BAB risk premium. Hence the inclusion of the       risk premium decreases 

the intercept of the risk premium, and the beta to the       is significant at a 1% level, and the adjusted R
2
 

increases compared to the regular CAPM. The results can be seen in Appendix 3. 

4.5.1.1 Stability over time 

In order to check the robustness of the BAB risk premium and the relation between the BAB risk premium 

and coskewness over time, the examined period is divided into two sub-periods, namely 1990-2006 and 2006-

2017. The result from the portfolio formation during 1990-2006 and 2006-2017 can be seen in Table 29 and 

Table 30 respectively.  

A comparison of the tables reveals that the pattern that was observed for the full period is rather stable over 

time. Portfolios containing stocks with low betas tend to have relatively high excess returns, high Sharpe 

ratios, high risk adjusted returns, i.e. CAPM alphas. The low beta portfolios also tend to contain stocks with a 

low market capitalization, a pattern that can be observed during both sub-periods. Furthermore, there is a 

strong positive correlation between average portfolio betas and the coskewness of the portfolios in both sub-

periods. In fact, during the period 1990-2006 and 2006-2017, the correlation amounts to 0.91 and 0.88 

respectively (see Appendix 2). This means that portfolios with low betas also tend to have low or negative) 
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coskewness and also high risk-adjusted returns. In both periods, the BAB risk premium has the most negative 

coskewness. 

Table 29. Portfolios Formed on Beta (1990 - 2006) 
  Low beta P2 P3 P4 P5 P6 P7 P8 P9 High beta BAB 

Avg. Beta 0.21 0.42 0.55 0.65 0.76 0.87 0.99 1.14 1.37 1.82 0.00 

Avg. Excess return 1.04 0.50 0.74 0.43 0.59 0.97 0.09 0.44 0.53 0.55 0.91 

Coskewness -0.116 -0.159 -0.141 -0.166 -0.135 -0.120 -0.084 -0.044 0.023 0.092 -0.257 

Sharpe ratio (Ann.) 0.68 0.38 0.44 0.27 0.28 0.49 0.05 0.18 0.21 0.16 0.55 

Market Cap. (MSEK) 3,558 4,873 8,173 8,425 6,426 6,951 9,981 7,363 6,752 17,223  - 

12 Month return 16.66 15.51 21.71 13.84 11.65 10.16 11.71 8.51 13.35 24.76  - 

Price/Book 1.89 2.17 1.98 1.97 1.8 1.81 2.03 2.17 3.35 2.51  - 

CAPM - alpha 0.83
**

 0.29 0.45 0.16 0.23 0.63 -0.26 0.01 0.07 -0.03 0.94
**

 

  (2.44) (0.93) (1.45) (0.49) (0.59) (1.56) (-0.72) (0.01) (0.18) (-0.06) (1.75) 

Beta(rm-rf) 0.50
***

 0.50
***

 0.68
***

 0.63
***

 0.86
***

 0.82
***

 0.85
***

 1.03
***

 1.09
***

 1.39
***

 -0.07 

  (8.51) (8.74) (10.81) (9.51) (9.05) (11.46) (9.39) (9.87) (13.55) (12.24) -0.71 

Table 29. Equal weighted portfolios are formed on the basis of firm betas. Portfolio returns are calculated as the average monthly 

excess returns during the period 1990-2006. All variables have been calculated using the same procedure as in Table 1. 

Table 30. Portfolios Formed on Beta (2006 - 2017) 
  Low beta P2 P3 P4 P5 P6 P7 P8 P9 High beta BAB 

Avg. Beta 0.14 0.48 0.62 0.73 0.82 0.92 1.04 1.18 1.35 1.72 0.00 

Avg. Excess return 0.55 0.53 1.22 0.61 0.45 0.45 0.84 0.47 0.24 -0.03 1.04 

Coskewness -0.027 -0.033 -0.057 -0.050 -0.014 -0.003 0.017 0.031 0.078 0.156 -0.140 

Sharpe ratio (Ann.) 0.36 0.35 0.75 0.39 0.26 0.26 0.48 0.24 0.12 -0.02 0.76 

Market Cap. (MSEK) 2,137 5,166 11,645 14,488 11,382 16,072 15,596 17,704 14,497 14,225  - 

12 Month return 5.06 10.89 11.9 10.62 8.75 12.37 13.19 10.09 7.93 6.94  - 

Price/Book 3.84 4.94 2.9 2.83 3.03 2.95 3.17 3.06 3.21 3.15  - 

CAPM - alpha 0.30 0.18 0.82
***

 0.23 0.01 -0.02 0.36 -0.06 -0.33 -0.57
*
 0.97

***
 

  (0.86) (0.65) (2.66) (0.71) (0.05) (-0.07) (1.42) (-0.23) (-1.32) (-1.91) (2.34) 

Beta(rm-rf) 0.47
***

 0.68
***

 0.76
***

 0.74
***

 0.85
***

 0.90
***

 0.93
***

 1.02
***

 1.11
***

 1.02
***

 0.14
*
 

  (7.33) (12.36) (18.95) (15.1) (14.11) (35.29) (17.83) (44.54) (27.23) (14.12) (1.94) 

Table 30. Equal weighted portfolios are formed on the basis of firm betas. Portfolio returns are calculated as the average monthly 

excess returns during the period 2006-2017. All variables have been calculated using the same procedure as in Table 1. 

A closer look at the alpha estimates from the CAPM regression reveals that the absolute values of the alphas 

change slightly over time even though low beta portfolios tend to have higher alpha estimates and vice versa. 

However, the BAB risk premium, which considers 30% of the stocks with the lowest beta and the 30% of 

stocks with the highest betas remain stable over time. In the periods of 1990-2006 and 2006-2017, the CAPM 
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alpha with respect to the BAB risk premium is equal to 0.94% and 0.97% on a monthly basis respectively, 

which are both significantly different from zero. The absolute values of the alpha estimates are also pictured 

in Figure 33. The same conclusion can be drawn with respect to the absolute excess returns of the portfolios 

and the BAB risk premium. The monthly absolute excess return of the BAB premium is 0.91% during the 

period 1990-2006 and 1.04% for the period 2006-2017. 

 
Figure 33. CAPM alphas are shown for the BAB risk premium (red) and for 10 portfolios sorted on betas (blue) during 

the periods 1990-2006 and 2006-2017. 

To further study whether the relation between the BAB risk premium and the coskewness is stable over time, 

time-series regressions are performed in the two sub-periods. A summary of the key findings from the time 

series regressions is shown in Table 31below. For the complete time-series regression, see Appendix 3. 

Table 31. BAB time series reg. - Sub-periods 

  

 

1990-2006 

 

2006-2017 

Model   Intercept        Adj. R
2
 F-stat   Intercept        Adj. R

2
 F-stat 

CAPM 

 

0.94
**

     - 0% 3.74 

 

0.97
***

     - 2% 3.74
*
 

CAPM +       

 

0.81
**

 0.66
***

 14% 5.05
***

 

 

0.88
**

 0.49
***

 6% 5.05
**

 

CAPM + Factors 

 

0.38     - 7% 5.69
***

 

 

1.75
***

     - 12% 5.69
***

 

Combined   0.53 0.61
***

 17% 6.28
***

   1.66
***

 0.51
***

 17% 6.28
**

 

Table 31. A time-series regression is performed on the BAB premium together with different risk factors including the coskewness 

risk premiums. The t-values have been adjusted for heteroscedasticity using Newey-West standard errors. *** refers to a significance 

level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

In general, the pattern observed for the full period seems quite stable. For instance, we can see that in both 

sub-periods, The CAPM have a very low explanatory power. In the period of 1990-2006 and 2006-2017, the 

adjusted R
2
 is equal to 0% and 2% respectively. Furthermore, the intercept is positive and significantly 

different from zero in both sub-periods. When the       risk premium is included in the model, the 

explanatory power increases in both sub-periods. The beta estimates associated with the       risk 

premium are also significantly different from zero at 1 percent level in both periods. In other words, with 99% 
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confidence, we can say that the BAB risk premium increases when       risk premium increases on 

average and vice versa. Furthermore, the intercept decreases in both sub-periods when the       risk 

premium is included in the model. This further supports the view that that the       premium does capture 

some of the time-variation of BAB risk premium. However, the intercept is still significantly different from 

zero in both sub-periods, which implies that the       risk premium cannot explain the BAB risk premium 

fully. Despite the fact that the       risk premium cannot explain all of the time-variation of the BAB 

premium, the relationship between the BAB premium and the       risk premium seems to be stable over 

time. For the third model the intercept actually increase in in the second sub-period. In the combined model 

including all risk premiums, the beta associated with the        risk premium is still significantly different 

from zero and has a similar estimate as in the higher moment CAPM, which further demonstrates the 

robustness of the results. 

4.5.2 Ability of Coskewness to Capture Return Variability between Beta-Sorted Portfolios 

Even though the time-series regressions can give us some valuable information about why the BAB-premium 

varies over time, the betting-against-beta anomaly is cross-sectional in nature. In other words, the cross-

sectional variation of average (expected) returns between low beta stocks and high beta stocks is what defines 

the betting-against-beta effect. It is, therefore, interesting to perform cross-sectional regressions to investigate 

whether coskewness can explain the cross-sectional variation of returns. As explained in detail in the 

methodology chapter, this is done with three different Fama-MacBeth regressions where we allow for time-

varying betas and direct measure of coskewness. The first model that is tested is the regular CAPM. The 

second model is a higher moment CAPM which includes the       risk premium, and the third model is a 

higher moment CAPM with the direct measure of coskewness. The results from the regressions are shown in 

Table 32.  

As can be seen in the first column, the CAPM explains 16.19% of the cross-sectional variation of returns. 

However, the market risk premium is -1.20% per month and the intercept,   , is 1.54%. When including the 

     , the explanatory power of the model increases slightly to 17.40%. The       risk premium is also 

positive as expected but only statistically different from zero using a 10% significance level. Also, the market 

risk premium is still negative and    is still statistically significant. Since we do not find that the risk premium 

for the       is significantly different from zero at a 5% significance level, we cannot reject the null 

hypothesis to H5d, that coskewness does not capture any cross-sectional return variation between stocks that 

have different betas. However, the estimate is positive as expected, and significantly different from zero when 

using a significance level of 10%.   
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Table 32. Fama-Macbeth reg. Beta-sorted portfolios 

Model CAPM CAPM+       CAPM+     

   1.56
***

 1.66
***

 1.11
***

 

  (4.07) (3.84) (2.63) 

   -1.20
*
 -1.25

*
 -0.50 

  (-1.90) (-1.79) (-0,76) 

         0.38
*
   

    (1.34)   

     
     -1.59

*
 

      (-1.29) 

R^2-adjusted 16.19% 17.40% 18.20% 

Table 32. Three different Fama-MacBeth regressions with 10 portfolios sorted on beta are presented.   , 

  ,  (     ) and      
represents the intercept, market risk premium,       risk premium and the risk 

premium for the direct measure of coskewness respectively. All risk premiums are shown in percentage on 

a monthly basis. T-stats are reported in parentheses below the regression estimates and have been adjusted 

for heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been 

used for the        and      
, all the other significance levels represent a two-sided test. *** refers to a 

significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

It is also interesting to look at the average betas associated with the       risk premium that are calculated 

using a rolling window. These can be seen in Figure 34 where the betas are shown for each of the ten 

portfolios formed on CAPM betas. A positive beta to the       risk premium indicates that the expected 

return of that portfolio is higher compared to what CAPM would predict due to coskewness exposure, since 

we find a positive risk premium for the      . Interestingly, portfolios with low CAPM betas tend to have 

positive betas to the       risk premium, and portfolios with high CAPM betas tend to have negative betas 

to the      . As can be seen in Figure 34, the most extreme observation is associated with portfolio 10 

which have a very negative beta to the       risk premium.  

When using the higher moment CAPM which include the direct measure of coskewness, the explanatory 

power increases to approximately 18%, as can be seen in Table 32. The intercept has decreased compared to 

the CAPM but is still significantly different from zero. The risk premium for the direct measure of 

coskewness,      
, is -1.59%, which indicates that when the coskewness increases by 1, the excess return 

decreases on average with 1.59% on a monthly basis, ceteris paribus. This measure is not significantly 

different from zero on a 5% level. It is interesting to look at how the coskewness differs between the ten 

different portfolios. The average direct measure of coskewness for the 10 portfolios is shown in Figure 35. It 

is clear that portfolios with high CAPM betas tend to have positive coskewness on average and portfolios with 

low CAPM betas tend to have negative coskewness on average. Given that the direct measure of coskewness 

is estimated to be equal -1.59%, this implies that portfolio 1 should on average earn 0.32% higher return per 
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month compared to portfolio 10 due to the difference in coskewness.
3
 This can be compared to the observed 

difference of 0.53% on a monthly basis. In general, it seems like coskewness can to some extent capture the 

cross-sectional variation of returns but it cannot fully explain the betting-against-beta effect. 

 

Figure 34. Average betas to the       risk premium are shown for ten portfolios formed on betas. The betas to the 

      risk premium are used as input in the cross-sectional Fama-MacBeth regression and are derived from a time 

series regression using a higher-moment CAPM including the market risk premium and the       risk premium. A 

rolling window of 60 months is applied. 

 
Figure 35. Average coskewness of ten portfolios formed on past 12-month cumulative returns are shown. These are 

direct measures of coskewness and are used in a cross-sectional Fama-MacBeth regression. They are derived from the 

observed portfolio returns using a rolling window of 60 months. 

4.5.2.1 Stability over time 

Finally, Fama-MacBeth regressions are performed in both sub-periods to check the robustness of the results. 

Again two different higher moment models are tested. The result is shown in Table 33. Generally, the Fama-

MacBeth regressions yield the same result in both sub-periods. For instance, the CAPM explains 

approximately 16% of the cross-sectional variation of the portfolio returns. The intercept is positive in both 

instances but only significantly different zero in the first sub-period. When using the higher moment CAPM 

                                                           
3
 The difference between the coskewness of portfolio 10 and the coskewness of portfolio 1 is equal to 0.2 and since  

 (    ) = 1.59 percent, portfolio 1 should earn 0.0159
*
0.2= 0.32 % higher return per month compared to portfolio 10. 
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including the      , the explanatory power increases slightly in both sub-periods and the premiums to the 

      are positive in both sub-periods. However, the intercepts do not change much which implies that the 

      risk premium does not capture all of the cross-sectional variation of returns. When including the 

direct measure of coskewness, the explanatory power also increases in both cases compared to the regular 

CAPM. However, in the first sub-period the estimate is close to zero even though the intercept decreases. In 

the second sub-period, the risk premium for the direct measure of coskewness is equal to -3.25%. This implies 

that when the coskewness increases by 1, the returns change on average with -3.25% on a monthly basis, 

ceteris paribus. Overall, the results are consistent with the expectation that high coskewness is associated with 

lower returns and vice versa. However, it is important to note that       risk premium and the risk 

premium for the direct measure of coskewness are not significantly different from zero. 

Table 33. Fama-Macbeth reg. Beta-sorted portfolios - sub-periods 

 

1995-2006 

 

2006-2017 

Model CAPM CAPM + S
-
-S

+
 CAPM + βSKD   CAPM CAPM + S

-
-S

+
 CAPM + βSKD 

   2.25
***

 2.20
***

 1.69
***

 

 

0.87 1.00
*
 0.54 

 

(4.23) (3.54) (2.96) 

 

(1.57) (1.67) (0.87) 

   -2.04
*
 -1.76 0.09 

 

-0.37 -0.54 0.09 

 

(-1.95) (-1.52) (0.07) 

 

(-0.52) (-0.69) (0.11) 

       

 

0.52 

   

0.26 

 

  

(1.24) 

   

(0.67) 

      
 

  

0.09 

   

-3.25
*
 

   

(0.07) 

   

(-1.58) 

R
2
 adj. 16.30% 17.67% 16.83% 

 

16.08% 17.13% 19.56% 

Table 33. Three different Fama-MacBeth regressions with 10 beta sorted portfolios are presented for the sub-periods 1990-2006 and 

2006-2017.   ,   ,        and      
represents the intercept, market risk premium,       risk premium and the risk premium for 

the direct measure of coskewness respectively. All risk premiums are shown in percentage on a monthly basis. T-stats are reported in 

parentheses below the regression estimates and have been adjusted for heteroscedasticity and autocorrelation using Newey-West 

standard errors. One-sided tests have been used for the        and      
, all the other significance levels represent a two-sided test. *** 

refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers to a significance level of 10%. 

By looking at the input variables in the cross-sectional Fama-MacBeth regressions, we do however see a clear 

pattern that is aligned with the notion that coskewness is related to the betting-against-beta effect. In Figure 36 

for instance, the average betas to the       risk premium are presented for the ten portfolios formed on 

CAPM beta during both sub-periods. It is clear that in both sub-periods, the betas to the       risk 

premium tend to be positive for portfolios with low CAPM betas and negative for portfolio with high CAPM 

betas. Low beta portfolios also tend to have a low direct measure of coskewness, and high beta portfolios tend 

to have a high direct measure of coskewness, which can be seen in Figure 37. 
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Figure 36. Average betas to the       risk premium are shown for ten portfolios formed on betas for the 

periods 1995-2006 and 2006-2017. The betas to the       risk premium are used as input in the cross-

sectional Fama-MacBeth regression and are derived from a time series regression using a higher-moment 

CAPM including the market risk premium and the       risk premium. A rolling window of 60 months is 

applied. 

 
Figure 37. Average coskewness of ten portfolios formed on past 12-month cumulative returns are shown for 

the periods 1995-2006 and 2006-2017. These are direct measures of coskewness and are used in a cross-

sectional Fama-MacBeth regression. They are derived from the observed portfolio returns using a rolling 

window of 60 months. 

4.5.3 Analysis of Empirical Findings 

During the period 1990-2017, the average BAB premium in the Swedish stock market is equal to 0.96% on a 

monthly basis and is significantly different from zero. In other words, the result demonstrates that there 

existed a clear betting-against-beta effect on the Swedish stock market during the examined period. This 

means that an investor would have earned 12.15% on average per year by implementing the betting-against-

beta strategy. This risk premium can be compared to the BAB risk premium of 9.64% on a yearly basis found 

by Frazzini & Pedersen (2013) in the Swedish stock market in the period 1984-2012. Our results also show 

the BAB risk premium exists after controlling for the systematic market risk, size effect, value effect and the 

momentum effect and is steady over time. These results are inconsistent with the CAPM framework which 

suggests that a market neutral strategy like the BAB risk premium should have an excess return equal to zero. 

In other words, it should only be the systematic market risk (i.e. beta) that should affect expected returns. 

Everything else equal, high beta stocks should yield higher returns on average compared to low beta stocks. 

Similar to Haugen & Heins (1975), we rather find an inverse relationship between average returns and betas 
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when portfolios are formed based on betas. Stated differently, we find that the security market line is 

downward sloping rather than upward sloping. This finding is also robust over time. If the actual security 

market line is downward sloping, the betting-against-beta effect cannot be explained by leverage constraints 

(Black, 1979). The reasoning goes that if low beta stocks earn higher absolute returns, investors will not buy 

the market portfolio with leverage since leverage implies lower returns. Additionally, we also find that the 

BAB risk premium without using leverage on the positions, yield a positive and significant CAPM alpha. It 

therefore seems unlikely that leverage constraints explain the betting-against-beta effect in the Swedish stock 

market. Furthermore, if the betting-against-beta effect could be explained by investors‟ preference for 

attention-grabbing stocks, or so-called glamor stocks (which tend to have high betas) as proposed by 

Falkenstein (1996), we should expect there to be a positive relation between the BAB risk premium and the 

HML risk premium. This is because the HML risk premiums measure the return difference between value 

stocks and growth stocks (i.e. glamor stocks) as measured by price-to-book ratios. In the time-series 

regressions, we do not find this pattern. In the full sample, the HML risk premium does not add any 

explanatory power with respect to the BAB risk premium. This implies that the value effect, or the preference 

for glamor stocks, cannot be used as an explanation for the betting-against-beta effect as suggested by 

Falkenstein (1996).  

The results do however indicate that coskewness is closely connected to the betting-against-beta effect. For 

instance, the correlation between average portfolio betas and the average coskewness of the portfolios 

amounts to 0.96 which implies an almost perfect linear relationship between beta and coskewness. This is 

aligned with our expectations due to the similarity between high beta stocks and lotteries (i.e. high 

coskewness) and the fact that the profitability of the betting-against-beta effect has been connected to 

compensation for downside risk as proposed by Schneider et al. (2015).  Furthermore, we have shown that as 

the       risk premium has increased over time, so has the BAB risk premium on average and vice versa. 

Most importantly however is that coskewness seems to be able to capture the cross-sectional variation of 

returns better than the regular CAPM when portfolios are formed based on betas. The results from the Fama-

MacBeth regression with respect to the higher moment CAPM with the direct measure of coskewness, 

indicates that when the coskewness increase (decrease) by 1, the average return decreases (increases) with 

1.59% on a monthly basis, ceteris paribus. The BAB risk premium has an average coskewness of -0.21. This 

implies that the BAB risk premium should have an average excess monthly return of 0.33% (-0.21
*
-1.59%) on 

a monthly basis due to its coskewness, according to the higher moment CAPM with the direct measure of 

coskewness. This is the case since the BAB risk premium has a beta of zero. Similarly, the higher moment 

CAPM with the       yields an average       risk premium of 0.38% on a monthly basis. When 
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studying the average betas to the       risk premium of the different portfolios which are shown in Figure 

36, we note that portfolios with high CAPM betas tend to have negative betas to the         risk premium 

and portfolios with low CAPM betas tend to have positive betas to the       risk premium. Given that the 

      risk premium is positive on average, this means that a positive beta to the       risk premium 

indicates that investors need a discount in order to buy that portfolio because of its coskewness risk. Likewise, 

a negative beta to the       risk premium indicates that investors are willing to pay a premium for that 

portfolio due to its coskewness characteristics. Since low beta stocks are generally shown to have a negative 

coskewness, this indicates that investors require a discount to buy low beta stocks partly because of their 

negative coskewness. Similarly, investors seem willing to pay a premium for stocks with high betas partly 

because those stocks generally have a positive coskewness. The absolute magnitude of the betas to the 

      risk premium also reveals interesting information. We can see that the absolute value of the betas to 

the       risk premium tend to be higher for portfolios with positive coskewness. This is particularly true 

for portfolio 10, which has the most positive coskewness of all portfolios. This indicates that coskewness is 

mostly important in explaining the betting-against-beta anomaly due to investors‟ preference for positive 

coskewness rather than investors‟ aversion towards negative coskewness. This is aligned with the view of Bali 

et al., (2014) who argue that the betting-against-beta effect is a result of investors‟ high demand for lottery-

like stocks. This is because a positive coskewness indicates that those stocks tend to have extreme positive 

deviations from the mean at the same time as the market experience large positive deviations but not 

necessarily the other way around. In other words, stocks with positive coskewness have a somewhat limited 

“systematic downside risk” and have a small but apparent probability of experiencing extreme positive returns 

when the market experience large returns. These are characteristics similar to a lottery, where you pay for a 

small probability of gaining a lot of money and at the same time as you don‟t risk losing any money besides 

the amount paid for the lottery.  

However, even though coskewness seems to have some explanatory power with respect to the betting-against-

beta anomaly, it cannot explain all of the variation of returns, neither through time nor across assets. The 

relatively small magnitude of the        risk premium compared the BAB risk premium, and the fact that 

the BAB risk premium is still significantly different from zero when controlling for coskewness, implies that 

coskewness is probably not the only explanatory variable behind the betting-against-beta anomaly. 

Nevertheless, the close linkage between coskewness and the betting-against-beta anomaly suggests that 

coskewness may serve as a piece of the puzzle in order to understand the existence of the betting-against-beta 

anomaly. 
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5 Concluding Remarks 
The purpose of this paper was to study the importance of systematic skewness or equivalently coskewness, in 

asset pricing. This has been motivated by the empirical failure of CAPM to capture the return variation 

between assets that differ in size, value, past returns and beta and that the exploiting trading strategies to these 

so-called market anomalies have been observed to exhibit skewed return distributions. Given that investors are 

expected to have a preference for positive coskewness and an aversion towards negative coskewness it is 

interesting to examine the importance of coskewness in asset pricing and its linkage to these market 

anomalies. The aim of this paper has therefore been to answer the following question: 

How important is coskewness in asset pricing and to which extent does coskewness add to our understanding 

of market anomalies associated with size, beta, momentum, and value? 

This question has been investigated using all Swedish listed firms from 1990 to 2017. First, ten portfolios 

were constructed on the basis of the stocks‟ coskewness. The return difference of the portfolios has been 

statistically tested for significance. Additionally, to investigate the existence of the market anomalies and their 

relation to coskewness, portfolios were formed also based on size, price-to-book ratios, momentum, and betas. 

In total, this yielded 40 different portfolios since ten different portfolios were formed on each factor 

separately. The performance differences of these portfolios have been examined to verify the failure of the 

CAPM to capture the cross-sectional return variation between these portfolios. These 40 portfolios have 

further been used to test whether coskewness has the ability to capture the cross-sectional return variation 

between assets that differ in betas, size, past return and price-to-book ratios. Since the portfolios were formed 

based on one factor at a time, this further allowed us to examine the coskewness‟ relationship to the individual 

anomalies separately. The correlation between the sorting variables (i.e. size, price-to-book ratios, past 

returns, betas) and coskewness have been tested to verify that coskewness is linked to these variables 

according to our expectations. The explanatory power of coskewness has been studied with respect to the time 

varying profitability of the risk premiums associated with the anomalies. Lastly, and most importantly, the 

ability of coskewness to capture the cross-sectional return variation between the portfolios has been examined 

in order to understand how important the inclusion of coskewness is in asset pricing model and to understand 

the linkage between coskewness and these market anomalies. 

The results demonstrate that the regular CAPM fails to capture the cross-sectional return variation when 

portfolios are sorted by coskewness, size, value, past 12-month return and beta. In terms of average risk-

adjusted returns, stocks with negative coskewness have outperformed stocks with positive coskewness, small 

firms have outperformed big firms, value firms have outperformed growth firms, low beta stocks have 
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outperformed high beta stocks and stocks with good performance during the past year have continued to 

outperform stocks with a poor performance during the past year. However, the return difference of the 

portfolios, or equivalently the risk premiums, are only statistically significant when portfolios are formed on 

price-to-book ratios, betas and past 12-month return. 

The portfolio formation based on coskewness reveals that coskewness commands risk premium of 1.94% on 

average, on an annual basis. This result suggests that investors might require a discount to buy stocks with a 

negative coskewness and may be willing to pay a premium to buy stocks with a positive coskewness. The 

magnitude of the risk premium is economically large, but it is not statistically different from zero at a 5% 

significance level after controlling for systematic market risk. Additionally, further analysis shows that 

coskewness significantly contributes in explaining the cross-sectional return variation between 40 portfolios 

that differ in size, price-to-book ratios, betas and past 12-month return. The higher moment CAPM including 

coskewness as an explanatory variable is also shown to be superior to the regular CAPM. Coskewness have 

also been shown to be closely linked to the anomalies on a standalone basis, and particularly to the value 

anomaly and the betting-against-beta anomaly. The benefit of including coskewness in an asset pricing 

framework seems less obvious when portfolios are sorted based on past 12-month return and size.  

The results demonstrate that there was a size effect in the Swedish stock market during the period 1990-2017, 

which is revealed in a size premium that amounts to 5.41% on an annual basis. However, this risk premium is 

not significantly different from zero after controlling for the systematic market risk. The result also suggests 

that the linkage between the size effect and coskewness is weak. Since coskewness is linked to default risk, 

the argument that the size effect is a result of compensation for default risk therefore seems doubtful. Instead, 

we find that the positive size premium is exclusively driven by the extraordinary return of the portfolio which 

contains the stocks with the lowest average market capitalization. The average market capitalization of the 

stocks in this portfolio only amount to 54 million SEK. The average profitability of these micro stocks is in 

turn driven by a few but extreme positive returns and it is shown that most small firms actually underperform 

big firms. It is, therefore, reasonable that the size effect could be a consequence of liquidity risk rather than 

compensation for default risk. However, no matter what is causing the apparent but insignificant size effect on 

the Swedish stock market, coskewness has been shown to add no or little power in explaining both the time 

varying profitability of the size risk premium and the cross-sectional return variation between stocks that 

differ in size. These findings cast doubts upon the benefit of including coskewness in asset pricing when small 

firms are under consideration. 
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On the contrary, the results show that the linkage between coskewness and the value effect has been strong 

during the period 1990-2017. The absolute magnitude of the value premium is also considerably larger than 

the size premium and amounts to 21.36% on an annual basis. This risk premium is significantly different from 

zero after controlling for the systematic market risk. This finding is also robust over time. The profitability of 

the value risk premium has also been shown to be closely linked to the coskewness risk premium. In fact, the 

profitability of the coskewness risk premium has been shown to significantly contribute to explaining the 

profitability of the value risk premium. Furthermore, this relationship is robust after including risk premiums 

associated with size, momentum, and betting-against-beta. Additionally, the cross-sectional analysis 

demonstrates that coskewness significantly contributes to explain the return variation between stocks that 

differ in relative value as measured by price-to-book ratios. This is both demonstrated with a higher moment 

CAPM with a direct measure of coskewness and an indirect measure of coskewness. For instance, the indirect 

measure of coskewness has statistically been proven to explain the cross-sectional return variation when 

portfolios are sorted on price-to-book ratios. The direct measure of coskewness is, however, not significantly 

different from zero but the sign indicates that a lower coskewness yields higher returns on average, as 

expected. In both cases, the cross-sectional explanatory power increases compared to the regular CAPM. The 

results further support the claim that the ability of coskewness to explain the cross-sectional variation of 

returns when portfolios are formed on price-to-book ratios is likely to mainly originate from investors 

preference for positive coskewness rather than aversion towards negative coskewness. However, the cross-

sectional difference in coskewness between firms that differ in relative value, cannot account for the value 

effect in its entirety. Nevertheless, the result suggests that coskewness serve an important role in 

understanding the existence of the value effect.  

During the period 1990-2017, the magnitude of the momentum risk premium amounted to an excess return of 

6.06% on an annual basis. This risk premium is statistically significant even after controlling for systematic 

market risk. However, the momentum risk premium varies considerably over time and only amounts to 1.30% 

during the period 1990-2006 compared to 13.29% during the period 2006-2017. When considering the full 

period, the results demonstrate that the momentum effect is somewhat linked to coskewness, however, not as 

strong as compared to the linkage between coskewness and the value effect. For instance, the profitability of 

the momentum risk premium has been shown to increase (decrease) on average when the coskewness risk 

premium increase (decrease). This relationship is, however, only significantly different from zero using a 10% 

significance level. Interestingly, the linkage between the momentum effect and coskewness is particularly 

strong in the period when the momentum effect is found to be most apparent. For instance, both higher 

moment CAPMs that includes coskewness as an explanatory variable considerably improves the explanatory 
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power of the cross-sectional return variation between portfolios that differ in past 12-month return. Everything 

else equal, a higher coskewness is associated with lower returns and vice versa. Even though the coskewness 

does not fully capture the momentum effect, the observation that coskewness is closely linked to the 

momentum risk premium primarily in periods where the momentum effect is apparent supports the claim that 

coskewness carries explanatory power with respect to expected returns. Hence, part of the momentum effect is 

likely to be linked to compensation for coskewness risk. 

Lastly, the betting-against-beta risk premium was found to yield an average excess return of 12.15% on an 

annual basis. This risk premium is statistically significant and also stable over time even after controlling for 

systematic market risk. The results also demonstrate that the betting-against-beta effect is closely connected to 

coskewness. In fact, there is an almost perfect linear relationship between beta and coskewness when 

portfolios are formed on the basis of betas. Furthermore, the coskewness risk premium has been shown to 

significantly contribute to explaining the profitability of the betting-against-beta risk premium over the period 

1990-2017. This relationship is also robust after including risk premiums associated with size, value, and 

momentum. This supports the notion that coskewness is directly linked to the betting-against-beta effect. 

Furthermore, the inclusion of coskewness in a higher moment CAPM have been shown to yield superior 

results compared to the regular CAPM, in terms of explanatory power with respect to return variation between 

stocks that have different betas. The results also suggest that stocks with low coskewness are associated with 

higher expected returns compared to stocks with high coskewness, given that everything else is equal. The 

results also support the claim that coskewness is mostly important in explaining the betting-against-beta 

anomaly due to investors‟ preference for positive coskewness rather than investors‟ aversion towards negative 

coskewness, even though both effects seem apparent.  

To summarize, coskewness seem to be an important risk factor to consider in an asset pricing framework, and 

it has been shown to be closely linked to the majority of the market anomalies studied in this paper and 

particularly to the value anomaly and the betting-against-beta anomaly. In fact, compared to the CAPM, 

coskewness has been shown to have a superior explanatory power both with respect to the time variation of 

the value risk premium, momentum risk premium, and the betting-against-beta risk premium, and the cross-

sectional return variation between portfolios sorted on price-to-book ratios, past 12-month returns and betas. 

The results also demonstrate that the ability of coskewness to explain the cross-sectional return variation 

between portfolios that are formed based on price-to-book ratios and betas is likely to originate mainly from 

investors preference for positive coskewness rather than aversion towards negative coskewness, even though 

both effects seem apparent. Overall, the results suggest that the inclusion of coskewness in asset pricing is 

valuable and that coskewness considerably adds to our understanding of market anomalies associated with 
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size, beta, momentum, and value. Even though coskewness cannot explain the existence of the market 

anomalies in their entirety, the result suggests that coskewness serve as an important piece of the puzzle 

regarding their presence. 

6 Implications and Suggestion for Further Research 
The main purpose of this paper was to study the importance of coskewness in an asset pricing framework and 

its linkage to market anomalies. The results indicate that coskewness carries explanatory power with respect 

to expected returns in setups where the support for the CAPM is weak. Hence, coskewness seems to be an 

important risk factor in asset pricing and investors do not only seem to have a preference for low variance and 

high returns as expected in the mean-variance framework, but also a preference for positive skewness. These 

findings carry important implications for both academics and practitioners. Given the vast amount of coverage 

asset pricing has gotten in financial literature, the importance of coskewness should be further explored. Since 

investors seem to have a preference for positive skewness, this knowledge should be further developed within 

the topic of portfolio analysis, where investors do consider not only mean and variance but also skewness. 

Devotion could also be targeted towards to possibility of improving the estimation of coskewness by using 

implied return distributions from option prices. Furthermore, the impact of coskewness on other asset classes 

besides equity is another possible extension of this paper. For practitioners, the importance of coskewness 

could beneficially be used in performance evaluations and risk management. 
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8 Appendices 

8.1 Appendix 1 

The following ten return observations have been excluded from our sample, due to extremely high returns 

which might indicate difficulties of handling reverse stock splits correctly in the Thomson Reuters Datastream 

database as argued by  Ince & Porter (2006). 

 Svensk Fastighetsfond; February 2000; 5,457% 

 Translink; March 2003; 11,900% 

 Allgon „B‟; September 2003; 2,099% 

 Cassandra Oil; February 2012; 1,768% 

 Cabanco „B‟; January 1992; 1,400% 

 Shelton Petroleum; September 2003; 1,180% 

 Act Vin 30; January 2009; 971% 

 MNW Records Group „B‟; October 2002; 910% 

 Eurovip Group „B‟; December 2008; 905% 

 Freetel „A‟; December 1996; 856% 
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8.2 Appendix 2 

The following tables present the cross-section correlation measures between different factors on the portfolios 

formed on coskewness, beta, value, size and momentum. 

8.2.1 Cross-Sectional Correlations for Coskewness-Sorted Portfolios 

Table 34. Correlation matrix - Coskewness sorted (1990-2006) 

 

Coskewness Excess ret. Beta Market value P/B-ratio 12 M. ret Alpha 

Coskewness 1.00 

      Excess ret. -0.37 1.00 

     Beta 0.96
***

 -0.45 1.00 

    Market value 0.83
***

 -0.46 0.94
***

 1.00 

   P/B-ratio 0.28 -0.51 0.18 0.09 1.00 

  12 M. ret 0.21 -0.27 0.19 0.36 0.11 1.00 

 Alpha -0.55 0.96
***

 -0.63 -0.62 -0.46 -0.26 1.00 

Table 34. . The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

coskewness. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 35. Correlation matrix - Coskewness sorted (2006-2017) 

 

Coskewness Excess ret. Beta Market value P/B-ratio 12 M. ret Alpha 

Coskewness 1.00 

      Excess ret. -0.20 1.00 

     Beta 0.97
***

 -0.21 1.00 

    Market value 0.21 0.21 0.40 1.00 

   P/B-ratio 0.21 0.19 0.32 0.46 1.00 

  12 M. ret -0.76
**

 0.54 -0.69
*
 0.22 -0.08 1.00 

 Alpha -0.15 1.00
***

 -0.17 0.20 0.19 0.48 1.00 

Table 35. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

coskewness. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

8.2.2 Cross-Sectional Correlations for Beta-Sorted Portfolios 

Table 36. Correlation matrix - Beta sorted (Full period) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.71
*
 1.00 

     Coskewness -0.62 0.9
***

 1.00 

    Market Value -0.55 0.86
***

 0.63 1.00 

   12 Month return 0.16 0.12 0.17 0.25 1.00 

  Price/Book 0.01 -0.43 -0.45 -0.35 0.29 1.00 

 Alpha 0.96
***

 -0.88
***

 -0.78
***

 -0.71
*
 0.10 0.19 1.00 

Table 36. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

beta. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 
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Table 37. Correlation matrix - Beta sorted (1990-2006) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.37 1.00 

     Coskewness -0.17 0.91
***

 1.00 

    Market Value -0.36 0.79
***

 0.68 1.00 

   12 Month return 0.19 0.16 0.32 0.54 1.00 

  Price/Book -0.24 0.62 0.72
*
 0.22 0.15 1.00 

 Alpha 0.94
***

 -0.66 -0.47 -0.57 0.10 -0.40 1.00 

Table 37. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

beta. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 38. Correlation matrix - Beta sorted (2006-2017) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.58 1.00 

     Coskewness -0.77
***

 0.88
***

 1.00 

    Market Value -0.11 0.75
**

 0.39 1.00 

   12 Month return 0.59 -0.01 -0.38 0.47 1.00 

  Price/Book -0.09 -0.44 -0.16 -0.74
**

 -0.17 1.00 

 Alpha 0.97
***

 -0.74
**

 -0.85
***

 -0.31 0.46 0.04 1.00 

Table 38. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

beta. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

 

8.2.3 Cross-Sectional Correlations for Value-Sorted Portfolios 

Table 39. Correlation matrix - Value sorted (Full period) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta 0.81
***

 1.00 

     Coskewness -0.50 -0.82
***

 1.00 

    Market Value -0.84
***

 -0.51 0.24 1.00 

   12 Month return -0.94
***

 -0.86
***

 0.54 0.77
***

 1.00 

  Price/Book -0.83
***

 -0.86
***

 0.76
**

 0.77
***

 0.80
***

 1.00 

 Alpha 1.00
***

 0.82
***

 -0.52 -0.83
***

 -0.95
***

 -0.84
***

 1.00 

Table 39. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

price-to-book ratio. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 40. Correlation matrix - Value sorted (1990-2006) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta 0.58 1.00 

     Coskewness -0.59 -0.94
***

 1.00 

    Market Value -0.87
***

 -0.59 0.62 1.00 

   12 Month return -0.93
***

 -0.67 0.62 0.83
***

 1.00 

  Price/Book -0.8
***

 -0.76
**

 0.79
***

 0.95
***

 0.78
***

 1.00 

 Alpha 1.00
***

 0.59 -0.61 -0.87
***

 -0.94
***

 -0.81
***

 1.00 

Table 40. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

price-to-book ratio. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance  
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Table 41. Correlation matrix - Value sorted (2006-2017) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta 0.88
***

 1.00 

     Coskewness 0.64 0.85
***

 1.00 

    Market Value -0.36 -0.11 -0.08 1.00 

   12 Month return -0.87
***

 -0.92
***

 -0.78
***

 0.37 1.00 

  Price/Book -0.83
***

 -0.87
***

 -0.61 0.17 0.82
***

 1.00 

 Alpha 1.00
***

 0.88
***

 0.64 -0.36 -0.87
***

 -0.83
***

 1.00 

Table 41. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

price-to-book ratio. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

 

8.2.4 Cross-Sectional Correlations for Momentum-Sorted Portfolios 

Table 42. Correlation matrix - Momentum sorted (Full period) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.28 1.00 

     Coskewness -0.41 -0.32 1.00 

    Market Value 0.31 0.63 -0.83
***

 1.00 

   12 Month return 0.77
***

 -0.35 -0.57 0.37 1.00 

  Price/Book 0.68
*
 -0.64 -0.06 -0.20 0.8

***
 1.00 

 Alpha 0.98
***

 -0.17 -0.55 0.47 0.82
***

 0.62 1.00 

Table 42. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

past 12 months return. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 43. Correlation matrix - Momentum sorted (1990-2006) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.51 1.00 

     Coskewness 0.39 -0.32 1.00 

    Market Value -0.20 0.22 -0.56 1.00 

   12 Month return 0.02 -0.38 -0.25 0.70
**

 1.00 

  Price/Book 0.32 -0.42 0.40 0.28 0.74
**

 1.00 

 Alpha 0.96
***

 -0.45 0.19 0.07 0.21 0.37 1.00 

Table 43. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

past 12-month return. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 44. Correlation matrix - Momentum sorted (2006-2017) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta 0.01 1.00 

     Coskewness -0.81
***

 0.07 1.00 

    Market Value 0.38 0.77
***

 -0.31 1.00 

   12 Month return 0.95
***

 -0.25 -0.83
***

 0.17 1.00 

  Price/Book 0.60 -0.73
**

 -0.57 -0.42 0.76
**

 1.00 

 Alpha 1
***

 0.02 -0.81
***

 0.40 0.95
***

 0.58 1.00 

Table 44. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted on 

past 12 months return. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 
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8.2.5 Cross-Sectional Correlations for Size-Sorted Portfolios 

Table 45. Correlation matrix - Size sorted (Full period) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.42 1.00 

     Coskewness 0.50 0.01 1.00 

    Market Value -0.04 0.79
***

 0.31 1.00 

   12 Month return -0.87
***

 0.72
**

 -0.31 0.27 1.00 

  Price/Book 0.92
***

 -0.45 0.67 0.07 -0.88
***

 1.00 

 Alpha 1.00
***

 -0.44 0.49 -0.06 -0.89
***

 0.92
***

 1.00 

Table 45. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted 

market capitalization. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 46. Correlation matrix - Size sorted (1990-2006) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta -0.50 1.00 

     Coskewness 0.77
***

 -0.17 1.00 

    Market Value -0.10 0.8
***

 0.27 1.00 

   12 Month return -0.91
***

 0.66 -0.64 0.29 1.00 

  Price/Book 0.93
***

 -0.32 0.79
***

 -0.02 -0.79
***

 1.00 

 Alpha 1.00
***

 -0.50 0.76
**

 -0.09 -0.91
***

 0.93
***

 1.00 

Table 46. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted 

market capitalization. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 

Table 47. Correlation matrix - Size sorted (2006-2017) 

 

Avg. Return Beta Coskewness Market Value 12 Month return Price/Book Alpha 

Avg. Return 1.00 

      Beta 0.16 1.00 

     Coskewness -0.05 0.38 1.00 

    Market Value 0.18 0.78
***

 0.12 1.00 

   12 Month return -0.26 0.75
**

 0.56 0.24 1.00 

  Price/Book -0.63 -0.21 -0.25 0.21 -0.21 1.00 

 Alpha 0.96
***

 -0.12 -0.12 -0.01 -0.48 -0.57 1.00 

Table 47. The correlations matrix shows the cross-sectional correlations between different factors from the ten portfolios sorted 

market capitalization. *** refers to 1 % significance, ** refers to 5% significance and * refers to 10% significance. 
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8.3 Appendix 3 

The following tables show the comprehensive time-series regression with the different risk premiums as 

dependent variables, for the sub-periods, and the full period for the BAB risk premium without the use of 

leverage. 

8.3.1 SMB Time-Series Regressions 

Table 48. Time-series reg. SMB risk premium - 1990-2006  

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.54 0.59 0.74
*
 0.65

*
 

  (1.4) (1.58) (1.66) (1.91) 

    0.04 0.00 0.00 -0.02 

  (0.78) (0.16) (0.00) (-0.48) 

          -0.21   -0.23 

    (-1.36)   (-1.34) 

          -0.13 -0.09 

      (-0.93) (-0.82) 

          -0.03 -0.02 

      (-0.55) (-0.46) 

          0.07 0.11 

      (0.59) (0.84) 

 Adj. R-square  0.00 0.02 0.01 0.03 

 F-stat  0.69 2.98
*
 1.50 2.22 

Table 48. The SMB risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is expressed 

in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and 

autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the       , all the other 

significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers 

to a significance level of 10%.  

Table 49. Time-series reg. SMB risk premium - 2006-2017 

  CAPM CAPM + S-S+ CAPM + Factors Combined 

 Intercept  -0.10 -0.12 -0.45
*
 -0.44 

  (-0.41) (-0.52) (-1.67) (-1.64) 

    0.02 0.01 0.00 0.00 

  (0.54) (0.42) (0.09) (0.03) 

          0.14   0.14 

    (1.06)   (1.12) 

          0.18
**

 0.17
*
 

      (2.12) (1.87) 

          0.08
***

 0.08
***

 

      (2.71) (2.93) 

          0.00 -0.02 

      (0.00) (-0.32) 

 Adj. R-square  -0.01 0.00 0.04 0.04 

 F-stat  0.19 0.70 2.33 2.13 

Table 49. The SMB risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is expressed 

in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and 

autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the       , all the other 
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significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers 

to a significance level of 10%. 

8.3.2 HML Time-Series Regressions 

Table 50. Time-series reg. HML risk premium - 1990-2006 

  CAPM CAPM +       CAPM + Factors Combined 

 Intercept  2.02
***

 1.92
***

 1.91
***

 1.87
***

 

  (3.86) (4.49) (4.49) (4.6) 

     -0.23
*
 -0.14

*
 -0.26

**
 -0.19

**
 

    (-1.74) (-2.02) (-2.12) 

           0.53
***

   0.48
***

 

    (3.38)   (2.50) 

          0.19
**

 0.08 

      (2.00) (0.73) 

          -0.17 -0.10 

      (-0.98) (-0.81) 

          -0.10 -0.10
*
 

      (-1.64) (-1.65) 

 Adj. R-square  0.08 0.19 0.15 0.23 

 F-stat  17.83
***

 24.12
***

 9.67
***

 12.48
***

 

Table 50. The HML risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the 

      , all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance 

level of 5% and * refers to a significance level of 10%. 

Table 51. Time-series reg. HML risk premium - 2006-2017 

  CAPM CAPM +       CAPM + Factors Combined 

 Intercept  1.15
***

 1.13
***

 1.40
***

 1.37
***

 

  (4.8) (4.99) (4.8) (4.46) 

     0.08 0.07 0.10
*
 0.09

**
 

    (1.45) (1.89) (2.09) 

           0.13   0.18 

    (0.84)   (1.22) 

          -0.14
**

 -0.16
***

 

      (-2.41) (-2.63) 

          0.15
*
 0.13

*
 

      (1.8) (1.76) 

          -0.05 -0.05 

      (-0.83) (-0.83) 

 Adj. R-square  0.02 0.02 0.09 0.10 

 F-stat  3.64
*
 2.49 4.08

**
 3.79

*
 

Table 51. The HML risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the 

      , all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance 

level of 5% and * refers to a significance level of 10%. 
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8.3.3 UMD Time-Series Regressions 

Table 52. Time-series reg. UMD risk premium - 1990-2006 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.24 0.20 0.65
**

 0.71
**

 

  (0.48) (0.43) (1.99) (2.23) 

    -0.32
***

 -0.29
***

 -0.37
***

 -0.35
***

 

  (-3.05) (-2.98) (-4.48) (-4.17) 

          0.20   0.20 

    (0.96)   (1.44) 

          -0.34
**

 -0.38
**

 

      (-2.29) (-2.46) 

          -0.07 -0.05 

      (-0.64) (-0.44) 

          0.33
***

 0.29
***

 

      (2.9) (2.9) 

 Adj. R-square  0.10 0.11 0.22 0.22 

 F-stat  22.26
***

 12.39
***

 14.15
***

 11.76
***

 

Table 52. The UMD risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the 

      , all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance 

level of 5% and * refers to a significance level of 10%. 

Table 53. Time-series reg. UMD risk premium - 2006-2017 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  1.04
***

 1.03
***

 1.50
***

 1.51
***

 

  (3.5) (3.65) (4.32) (4.43) 

    0.01 0.00 0.05 0.04 

  (0.08) (0.05) (0.51) (0.46) 

          0.07   0.17 

    (0.28)   (0.79) 

          -0.24 -0.26 

      (-1.07) (-1.16) 

          0.19
*
 0.18

*
 

      (1.88) (1.72) 

          -0.17
*
 -0.19

**
 

      (-1.85) (-2.08) 

 Adj. R-square  -0.01 -0.01 0.04 0.04 

 F-stat  0.01 0.08 2.38
**

 2.09
*
 

Table 53. The UMD risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is 

expressed in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the 

      , all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance 

level of 5% and * refers to a significance level of 10%. 
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8.3.4 BAB Time-Series Regressions 

Table 54. Time-series reg. BAB risk premium - 1990-2006 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.94
**

 0.81
**

 0.38 0.53 

  (1.75) (1.73) (0.77) (1.02) 

    -0.07 0.03 0.04 0.09 

  (-0.71) (0.39) (0.48) (1.15) 

          0.66
***

   0.61
***

 

    (3.51)   (4.77) 

           0.26
*
 0.11 

      (1.96) (0.77) 

           0.13 0.18 

      (0.75) (0.84) 

           0.12
**

 0.10
*
 

      (2.03) (1.94) 

 Adj. R-square  0.00 0.14 0.07 0.17 

 F-stat  3.74 5.05
***

 5.69
**

 6.28
***

 

Table 54. The BAB risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is expressed 

in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and 

autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the       , all the other 

significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers 

to a significance level of 10%. 

Table 55. Time-series reg. BAB risk premium - 2006-2017 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.97
**

 0.88
**

 1.75
***

 1.66
***

 

  (2.34) (2.20) (3.26) (3.40) 

    0.14
*
 0.12

*
 0.18

***
 0.16

***
 

  (1.94) (1.86) (2.81) (2.82) 

          0.49
***

   0.51
***

 

    (2.72)   (2.93) 

          -0.42
***

 -0.45
***

 

      (-2.88) (-3.25) 

          0.00 -0.04 

      (0.00) (-0.32) 

          -0.18
**

 -0.16
**

 

      (-2.19) (-1.98) 

 Adj. R-square  0.02 0.06 0.12 0.17 

 F-stat   3.74
*
   5.05

**
   5.69

**
   6.28

**
  

Table 55. The BAB risk premium is the dependent variable in the time-series regressions. The intercept of the regressions is expressed 

in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for heteroscedasticity and 

autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the       , all the other 

significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance level of 5% and * refers 

to a significance level of 10%. 
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8.3.5 BAB Without Leverage Regression 

Table 56. Time-series reg. BAB without leverage risk premium - Full period 

  CAPM CAPM +       CAPM + Factors Combined 

Intercept  0.62
**

 0.52
**

 0.21 0.32 

  (2.29) (2.17) (0.66) (1.00) 

    -0.54
***

 -0.50
***

 -0.46
***

 -0.45
***

 

  (-8.11) (-9.79) (-10.25) (-9.95) 

          0.50
***

   0.43
***

 

    (3.57)   (4.42) 

          0.13 0.03 

      (1.3) (0.26) 

          0.01 0.04 

      (0.1) (0.34) 

          0.31
***

 0.27
***

 

      (4.54) (4.57) 

 Adj. R-square  0.39 0.46 0.48 0.53 

 F-stat   205.2
***

   138.91
***

   76.17
***

   73.17
***

  

Table 56. The BAB risk premium without using leverage is the dependent variable in the time-series regressions. The intercept of the 

regressions is expressed in percentage. T-stats are reported in parentheses below the regression estimates and have been adjusted for 

heteroscedasticity and autocorrelation using Newey-West standard errors. One-sided tests have been used for the intercepts and the 

      , all the other significance levels represent a two-sided test. *** refers to a significance level of 1 %, ** refers to a significance 

level of 5% and * refers to a significance level of 10%. 
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8.4 Appendix 3 

 

Table 57. Summary statistics for two size-sorted portfolios 
P1 - Small firms  P10 - Big firms  

    

Mean 1.88% Mean 0.56% 

Standard Error  0.00592  Standard Error   0.00336  

Median 0.25% Median 1.41% 

Standard 

Deviation 

10.67% Standard 

Deviation 

6.05% 

Sample Variance  0.0114  Sample Variance  0.0037  

Kurtosis  8.70  Kurtosis  1.09  

Skewness  2.16  Skewness  -0.41  

Range  0.87  Range  0.47  

Minimum -21.8% Minimum -25.1% 

Maximum 64.9% Maximum 21.8% 

Table 57. Summary statistics for two size-sorted portfolios are shown. All numbers 

refers to the period 1990-2017 


