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Abstract

Various researchers criticized the assumption of a normal distribution of returns in the traditional Capital
Asset Pricing Model (CAPM), leading to the recognition of the non-normal distribution of returns and the
mean and variance were insufficient to characterize the distribution of returns completely which led the
researchers to look for higher order moments.The present study investigated empirical validity of the
conditional higher order moment Capital Asset Pricing Model (CAPM) in the context of the Indian stock
market, specifically the Bombay Stock Exchange utilizing the data from sectoral indices for the period
from April 2011 to March 2021. To test the four moment CAPM empirically, the specification derived from
Bollerslev et al. (1988) has been used in the study. The study's findings reveals that the higher moment
i.e. conditional coskewness and cokurtosis hold significant pricing implications and do have an impact on
returns in the Indian stock market. The explanatory power of the model showed an increase as compared
to the unconditional CAPM as the R-square value obtained was greater than the latter model. The results
of the study were found to be mixed and inconclusive. Hence, the conditional higher moment CAPM

cannot be validated in the Indian context.
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1. Introduction

Despite being widely used, the traditional Capital Asset Pricing Model (CAPM) developed by Sharpe
(1964), Lintner (1965), and Mossin (1966) has failed to explain the cross-sectional variation in average
returns over several decades of empirical testing by numerous researchers like Black et al. (1972),
Douglas (1969), Fama & French (1992), Fama and MacBeth (1973) and Lintner (1965). Because of its
theoretical appeal and easy to use, it has developed its place as the most popular model being used by

US companies to estimate the cost of equity capital.

The attempts to improve the model by retaining its spirit led to two different categories i.e. conditional and

unconditional version. The early studies conducted by Jagannathan and Wang (1966) suggested that the



CAPM may hold but in a conditional way. The later studies like Lettau and Ludvigson (2001), Lewellen
and Nagel (2006), Chung et al. (2006) and Vendrame et al. (2016) etc. presented mixed results related to
conditional CAPM.

The efforts to find the better model that could explain the asset returns let to the development of extended
versions of CAPM by incorporating skewness and kurtosis. Kraus and Litzenberger (1976) and Fang and
Lai (1997) were the first to incorporate the third and fourth moment respectively. The positive skewness
was favored by the investors whereas the investors expected a risk premium on the assets having

positive kurtosis.

The unconditional higher moment CAPM is assumed to incorporate static covariance, coskewness, and
co-kurtosiswhich is unrealistic assumption. However, empirical evidence from Hawawini (1980), Hanson
(1994), Harvey and Siddiqui (1999), and Javid and Ahmad (2008) suggests that these measures vary
over time. This indicates that the distribution of asset returns fluctuates over time, leading to changes in
the risk premiums for beta, gamma, and delta risks. Consequently, to accommodate this conditional

information, modifications were made to the higher moment CAPM.
2. Literature review

A substantial portion of financial research emphasizes the need to expand the conventional CAPM model
to account for skewness and kurtosis. Although the mean-variance methodology holds a dominant
position in asset pricing, there exists a wealth of evidence supporting the inclusion of higher moments.
Soon after the creation of the CAPM, researchers contended that rational risk-averse investors possess a
preference for positive skewness (Adritti and Levy (1972)) and dislike for kurtosis (Scott and Horvath
(1980)).

The first notable work to include skewness into the conventional CAPM framework was done by Kraus
and Litzenberger (1976). A significant positive beta premium and significant negative coskewness
premium were obtained, which was consistent with their expectations. Friend and Westerfield (1980), Lim
(1989), and Harvey and Siddique (2000a, 2000b) investigated the conditional versions of the three-
moment CAPM under certain conditions. The latter researchers illustrated that adding skewness to the
standard CAPM led to an increase in the adjusted R-squared statistic. Fang and Lai (1997) and Athayde

and Flores (1997) were the first to evaluate the four-moment CAPM.

Fang and Lai (1997) engaged in a triple-sorting process involving portfolios categorized by beta,
coskewness, and cokurtosis and obtained significant improvement in the R-squared value for the four-
moment CAPM model, accompanied by positive significant risk premium associated with cokurtosis.
Conversely, Athayde and Flores (1997) reached that skewness outweighs kurtosis in terms of

importance.



In the context of emerging market stocks, Hwang and Satchell (1999) tested an unconditional four-
moment CAPM and found better explanation for the variability observed in average stock returns. Dittmar

(2002) was the first to test the four moment CAPM and obtained a substantial reduction in pricing errors.

Kostakis, Muhammad, and Siganos (2012) performed the test using the data from UK stock market and
obtained a negative risk premium associated to coskewness and positive risk premium associated with
cokurtosis risk. Furthermore, the incorporation of coskewness and cokurtosis improved the explanatory

power of the FF and momentum factors.

Lambert and Hubner (2013) expand the four-moment CAPM to encompass the Fama and French factors
in the US market and found that cokurtosis risk holds greater relevance for portfolios with low book-to-
market ratios, while small portfolios exhibited more sensitivity to coskewness risk. Also the inclusion of
these higher moments consistently led increase of the R-squared value. Using the US daily data, Young
et al. (2013) found that high exposure to market skewness corresponds to diminished returns, while
elevated kurtosis exposure corresponds to higher returns. Moreno and Rodriguez (2009) reach a similar

conclusion regarding coskewness.

Ajibola et al. (2015) examined the higher order CAPM (both conditional and unconditional form) in the
Nigerian stock market. The unconditional version showed that only the co-skewness risk is priced,
whereas the weak relationship was seen between the covariance and co-skewness with asset returns.
The results of the conditional version showed that in the up market, none of the risk factors are priced
whereas the covariance and coskewness explained the asset returns in the down market. The ability of

the model was improved while considering the conditional version.

Cederburg and O'Doherty (2016) showed that conditional CAPM explains the risk premium that low beta
portfolios earn higher unconditional alpha than high beta portfolios. Vendrame et al. (2016) showed that
investors forego some returns (for the same variance) for positive skewness while for positive cokurtosis,
the investors need to be compensated as it delivers large losses for expecting higher expected returns.
Nishantha (2018) showed that coskewness was found to be significant while the covariance and

cokurtosis were insignificant in explaining the returns of stocks in Colombo Stock Exchange.

This article incorporates conditional co-skewness and co-kurtosis into the traditional CAPM model by
Sharpe-Lintner, aiming to analyze the impact of conditional higher moments on the returns of sectoral
indices listed in the BSE within the Indian context. Few studies have examined both the effects of co-
skewness and co-kurtosis on stock returns. Notably, research on the four-moment CAPM model has

emerged more prominently since the late 1990s.

The influence of co-skewness and co-kurtosis on stock returns in the US market was done by some
researchers. Similarly, Fletcher and Kihanda (2005) and Hung et al. (2004) explored the significance of
co-skewness and co-kurtosis in explaining variations in stock returns in the UK market. Furthermore,



Galagedera et al. (2003), Doan et al. (2010), and Doan et al. (2014) have shown into the importance of
higher moments (skewness, and kurtosis) in the Australian stock market.Vishnani (2013) analyzed the
influence of only co-skewness on Indian stock returns. To our knowledge, no prior studies have examined
the impact of both conditional co-skewness and co-kurtosis on sectoral index returns in India. Hence, this
study aims to bridge this gap in the literature. The findings from this article will shed light on whether the
effects of conditional higher moments on expected sectoral index returns in India align with those

observed in developed countries like the USA.
3. Materials and Methods

Weekly data of 10 sectoral indices listed in S&P BSE for the period from April 2011 to March 2021
downloaded from Bombay Stock Exchange (BSE) website has been used in the study. The 91 days
Treasury bill (T-Bill) rates, obtained from the website of Reserve Bank of India (RBI), used as the proxy

for the risk free rate of interest.

An attempt has been in the present study to test the conditional higher moment CAPM with time varying
betas and risk premia using the specification derived from Bollerslev et al. (1988) which is represented by

the following equation:
Eut (Ri) = @ + BmEra(Rm) + 7 imEra(Rm)” + 8 mEra(Rm)® + e €Y
The BCm, 75m and 8im denote the covariance, co-skewness risk and co-kurtosis risks respectively.

Incorporating higher moments into the model introduces complexity that surpasses that of the traditional
CAPM. While the traditional CAPM operates under the assumption of a normal distribution of returns, the
higher moment CAPM relaxes this assumption by factoring in higher moments. However, this adjustment
may fall short of fully capturing the complexities in return distributions, resulting in potential inaccuracies

in risk evaluation and pricing.

The estimation of higher moments, such as co-skewness and co-kurtosis, can pose significant
challenges, especially when working with limited data or within markets characterized by low liquidity.
Inaccurate estimation of these moments can consequently yield unreliable risk assessments and pricing

estimates, further complicating the model's application and interpretation.

The methodology proposed by Pettengill et al. (1995) has been used in the study. The weekly sector
returns, market returns for each sector were computed similar to that of Asthana and Ahmed (2023). The
betas (down market and up market) for each sector was obtained using equation 1 with the help of
GARCH(1,1) specification given by Bollerslev et al. (1988). The rolling regression with 60 months rolling

window and step size 1 was used to estimate the conditional rolling beta.



When the beta value obtained is greater than 1 (B > 1), it signifies that the Indices' price displays higher
volatility compared to the market. Conversely, when the beta value obtained is less than 1 but greater
than O (B < 1), it suggests that the Indices' price exhibits lower volatility than the market. If the beta value
is less than zero (B < 0), it indicates an inverse relationship with the market. The Jarque-Bera test serves
as a measure of goodness of fit, determining whether data attributes such as skewness and kurtosis align
with those expected in a normal distribution. A higher Jarque-Bera value, accompanied by a p-value
below 0.05, signifies that the data exhibits deviations from normality.

After the beta estimation (down market and up market) for each index, the portfolios were formed similar
to unconditional CAPM (Asthana and Ahmed, 2023). The cross sectional regression equation of the

model was used to examine the validity of conditional higher moment CAPM which is represented as:
Rpt = 770 + ﬁl Bcpmt-l + ﬁZ chmt-1+ ﬁB 6Cpmt-l + ,upt (2)

The slope coefficients from the cubic CAPM model, depicted in equation (1), are utilized as predictor
variables in equation (2) of the cross-sectional equation to estimate the associated risk premium. Due to
investors' preference for elevated skewness, adverse market skewness is considered a risk factor, which

is expected to be offset by a positive skewness premium.

In this context, our model described in equation (2), the parameter#, would exhibit a positive value when
the market displays negative skewness, whereas it would take on a negative value in the presence of
positive skewness in the market. Similarly, concerning kurtosis, the reasoning parallels that of the second
moment; increased kurtosis, signaling the presence of fat tails, implies a negative incentive for

investment, thereby expecting a positive value for the corresponding risk premium, 73, within our model.
The following hypotheses must hold true to empirically validate the model theory:
fio = 0 i.e. the intercept term is statically equal to zero and insignificant.
71> 0 i.e. the systematic risk should be positive and significant.
7.< 0 i.e. the co-skewness risk should be negative and significant.
i3> 0 i.e. the co-kurtosis risk should positive and significant.
4. Results and Discussion

Descriptive statistics helps us to understand the characteristics of returns data employed for CAPM
testing, as well as the coefficients of portfolios. Given that the CAPM testing involves grouping companies
to create portfolios, it becomes crucial to comprehend the tendencies of individual index returns. The

table below provides descriptive statistics for portfolio returns (down and up market). (Table 1)



Table 1.a: Descriptive Statistics: Index returns (Down Market)

Index Index Index Index Index Index Index Index Index Index

1 2 3 4 5 6 7 8 9 10
Mean -0.022 | -0.024 | -0.026 | -0.021| -0.030 | -0.023 | -0.024 | -0.025| -0.034 -0.016
Std. Dev. 0.053 0.373 0.457 0.504 0.332 0.183 0.892 0.155 0.755 0.193
Skewness -0.860 | -1.150 | -0.911 | -1.825| -0.594 | -0.020 | -0.470 0.244 | -0.834 -0.875
Kurtosis 5.116 6.027 4547 | 10.967 6.720 5.904 7.393 5.431 4.251 4.472
Jarque-

Bera 62.290 | 21.094 | 47.838 | 43.062 | 27.684 | 17.633 | 16.979 | 51.506 | 36.389 43.795
Probability | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 <0.001
Table 1.b: Descriptive Statistics: Index returns (Up Market)

Index Index Index Index Index Index Index Index Index Index

1 2 3 4 5 6 7 8 9 10
Mean 0.023 0.025 0.025 0.024 0.028 0.020 0.020 0.020 0.032 0.019
Std. Dev. 0.464 0.593 0.565 0.395 0.461 0.890 0.915 0.551 0.231 0.708
Skewness 1.383 2.449 1.769 2.841 1.907 2.809 0.772 1.735 0.902 2.148
Kurtosis 7.385 5.490 9.014 3.772 9.514 6.905 6.759 8.743 7.601 5.064
Jarque-
Bera 22.091 | 20.761 | 40.766 | 12.201 | 47.171 | 18.676 | 18.308 | 37.059 | 24.553 52.452
Probability | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 <0.001

It can be seen from the above table that for the down market, the mean weekly returns ranges between
3.024 (P3) to 0.559 (P5) while for the up market, the mean weekly returns ranges between 1.614 (P1) to
0.445 (P4). The skewness values for all portfolios were obtained positive (up market) and negative for
down market except P4. Negative skewness indicates that the data is skewed to the left, on the other
hand, positive skewness signifies the data is skewed to the right. In finance, negative skewness
corresponds to low returns (frequent small gains) or high risk (infrequent significant losses), while positive
skewness relates to low risk (minor losses) or high returns (occasional substantial gains). The obtained
kurtosis values are greater than 3, indicating a leptokurtic distribution of returns. In financial terms, a
leptokurtic distribution signifies increased investment risk. The high value of Jarque-Bera statistic and p-
value below 0.05 suggest that more than half of the portfolios have return distributions that deviate from

normality.

Using the specification of Bollerslev (1988), in the first step, the conditional higher moment beta, lambda
and gamma for each sector were estimated using 60months rolling regression applying the GARCH(1,1)

as an estimation technique.



The beta values for six indices (down market) and for eight indices (up market) were found to be greater
than 1 (B > 1), indicating that these indices' prices exhibit higher volatility compared to the broader
market. Additionally, beta values for four indices (down market) and two indices (up market) were
obtained to be less than 1 but greater than 0 (§ < 1), signifying that the price movements of these indices
are relatively less volatile than the overall market. A beta value of 1 (B = 1) implies that the indices' prices

move in proportion to the market, both in terms of increase or decrease. (Table 2)

Table 2: Estimated beta values of sectoral indices

Indices Beta (Down Market) Beta (Up Market)
Index 1 0.981 1.424
Index 2 1.007 1.803
Index 3 0.341 1.477
Index 4 1.506 1.994
Index 5 1.681 1.330
Index 6 1.367 0.950
Index 7 1.660 0.691
Index 8 1.596 1.400
Index 9 0.296 1.482
Index 10 0.822 1.926

In the second step, after the estimation of unconditional betas, portfolios were formed by arranging the
betas in ascending order such that the lowest betas were put in first portfolio and the highest betas were
put in last portfolio. A total of five portfolios were made. Further, the portfolio returns were calculated
using the weekly returns as average of the returns of individual sectors. Similarly, the portfolio betas were

calculated using betas as average of the betas of the individual sectors for each portfolio.

In the second stage, following the estimation of conditional betas, portfolios were constructed similar to
unconditional CAPM (Asthana and Ahmed, 2023). To test the validity of conditional higher moment
CAPM, the cross sectional regression (equation 2) was used and the associated hypothesis must hold
true to validate the model theory.

Table 3: Result of Conditional Higher Moment CAPM (Down Market)

Portfolios Coefficient R-square t-statistic p-value

o 0.723 0.807 0.420

Full B 0.583 0.804 0.421
0.032

Sample A 1.267 19.035 <0.001

Y -1.175 -9.233 <0.001




A 0.918 1.310 0.192
P1 B -3.897 0.090 -0.137 0.891
a 1.159 1.297 0.196
P2 B 2.347 0.050 0.332 0.740
a 4.668 3.498 0.001
P3 B 1.870 0.011 1.552 0.122
a 1.775 1.468 0.144
P4 B 1.202 0.010 0.153 0.878
a 0.415 0.521 0.603
PS5 B -1.832 0.020 -0.227 0.821

Table 4: Result of Conditional Higher Moment CAPM (Up Market)

Portfolios Coefficient R-square t-statistic p-value
a -1.066 -2.349 0.019

Full B -5.037 -2.340 0.020
Sample A 0.761 ! 15.900 <0.001
Y 0.432 7.734 <0.001

a 1.296 3.428 0.001

P1 B -2.081 0.031 -2.561 0.011

a 4.701 2.561 0.011

P2 B -1.969 0.033 -1.941 0.054

a 1.220 3.528 0.001

P3 B -2.725 0.018 -2.631 0.009

a 2.812 2.116 0.036

P4 B -1.445 0.011 -1.548 0.123

a 1.959 3.469 0.001

PS5 B -1.093 0.031 -2.544 0.012

To examine the validity of the conditional CAPM, the cross-sectional regression framework was utilized.
Analysis of the above table showed that the intercept term for the entire sample is positive but
insignificant (down market), and it is negative but statistically significant (up market). This observation
supports the first hypothesis for down market while rejecting it for up market. In contrast, the risk
premiums for the entire sample are positive but statistically insignificant (down market), and negative but

statistically insignificant (up market), leading to the rejection of the second hypothesis.

As for the market risk premium with respect to conditional co-skewness, it is positive and holds statistical

significance for both down and up market. However, when considering the market risk premium with



respect to conditional co-kurtosis, it is negative and statistically significant (down market), and it is positive
but statistically significant (up market). This leads to the rejection of the third and fourth hypotheses, with

the exception of the fourth hypothesis which is supported for the up market.

Although the hypotheses related to the coskewness and cokurtosis risk have been rejected, they still hold
significant pricing implications. The inclusion of these higher moments in the conventional model has
increased the model's explanatory power, evident from the higher R-square value exhibited by the
conditional higher moment CAPM (0.032 for down market) and (0.027 for up market) in comparison to the
unconditional CAPM (0.00035).

The low R-square value indicates its inability to explain the variations in cross-sectional returns. Similar
finding were obtained by Fletcher and Kihanda (2005), Javid (2009), Ergun (2010) and Akbar (2013) as

they also found mixed and inconclusive findings.
5. Conclusion

The objective of the present study was to examine validity of the conditional higher moment CAPM and to
check whether the higher moments are significantly priced in the Indian stock market. The results showed
that the higher moments i.e. coskewness and cokurtosis are significantly priced. The estimations
indicated that the intercept terms were positive but insignificant in most cases. However, there were
instances where some intercept terms were statistically significant, thereby contradicting the hypotheses
postulated by the CAPM. Further, the hypotheses related to systematic covariance, co-skewness, and co-
kurtosis were rejected with the exception of the fourth hypothesis which was supported for the up market.

Hence, the validity of the conditional model was found to be inconclusive in the Indian stock market.

Availability of data and materials: The data used in the study that support the findings of this study
have downloaded from BSE (https://www.bseindia.com/indices/IndexArchiveData.html) and RBI

(https:/Iwww.rbi.org.in/Scripts/BS_NSDPDisplay.aspx?param=4) websites which is publically accessible.
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