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Abstract

Asset pricing theories have contended that sole factor explaining the differences in the expected returns of
various securities are the various risks attached with it. Factors explaining cross section of stock return has
mushroomed over years, with models ranging from a single risk factor (Capital Asset Pricing Model (CAPM))
attributable to Sharpe (1964) to five risk factors (Fama-French 2015). The search is on for risk factors having
better predictive ability, but the exercise is akin to finding a needle in a haystack. However, after many body
blows, CAPM still survives in empirical world and attracts attention of researchers like us. This paper studies if
the classic CAPM is verified in the National Stock Exchange (NSE), India, using the NIFTY 500 companies, the
most representative basket of risky stocks in the third largest economy of the world. The Black, Jensen and
Scholes (1972) approach of first-pass and second pass regressions is revisited to check its veracity across
portfolios, formed using individual asset betas. Our study finds that while the first-pass regression successfully
verifies the original CAPM risk-return relationship, the second-pass regression gives us contradictory results.
When modelling cross-sectional returns, the CAPM does not hold and led us to believe that 2-factor or multi-
factor models might be better suited for a robust empirical study.
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1. INTRODUCTION

The markets for financial assets have an
underlying Capital Market Theory, which
under some restrictive assumptions tries to
abstract the real-life financial markets.
Markowitz sowed the seeds for efficient
portfolio selection (read Portfolio Theory).
Sharpe expanded the portfolio selection
methods of Markowitz, which presumed
investors to be Mean-Variance optimizers of
expected end of the period utility of wealth,
which changed because of an uncertain
investment decision. The selection necessarily
shifted to the efficiency frontier (which would
have portfolios rather than securities), which
investors mapped with their utility curve to
make a final selection of optimum portfolio.
Sharpe showed that for efficient portfolios, the
variance of return is a quadratic function of
their expected return. (Black 1972)

Sharpe (1964) combined the risky portfolio of
assets with riskless asset to make a straight-
line

efficiency frontier, joining the original curvy
efficiency frontier, in equilibrium under some
assumptions, at a single point which he termed
as market portfolio. He added the assumptions
of perfect capital markets with no transaction
cost, inhabited by Markowitz kind of investors
who have homogenous expectation about the
likely expected return and the existence of a
risk-free rate at which they can lend and
borrow without limit. Technically, market
portfolio is the weighted average of all risky
assets in the market, with weights being their
relative value in the entire economy. The
capital market line (CML) priced all efficient
investments, but he took the discussion further
to create a security market line (SML), which
will help price, in addition, inefficient
portfolios as well as securities. The equation of
the SML, which can value all securities
(individual as well as portfolios) is
E(Ri) = Re + (E(Rm) - Re)Bi (1)
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B(Slope of the line) = Gim / Om?

E(Ri) = Expectation of return on the ithsecurity
R¢=risk-free rate of return

Rm = return of the market portfolio

Equation 1 is popularly called Capital Asset
Pricing Model (CAPM) and is an accepted way
of explaining the expected return of any capital
asset for a single period (however the model
does not specify the length of the period). The
model contends that beta is the only risk
factors which explains the expected returns of
the security.

The model has been subject of severe scrutiny
over time including empirical support and how
the model has changed while altering or
dropping the basic assumptions. The model
contends that risk and return are positively
related, based on assumptions stated above. It
has been challenged on its assumptions and
consequent validity by Lintner(1969), Pratt
(1967), Friend and Blume (1970),and Black
(1972). Black, Jensen and Scholes (called
BJS)(1972) found a two-factor model as a
better explanation of reality than single factor
CAPM. They are closest to Black (1972) zero
beta model.BJS (1972) estimated betas using
the monthly returns of each stock on the New
York Stock Exchange, over the 1926-1930
period, and an equally weighted portfolio of all
stocks on the exchange. Their approach and a
combination of other empirical studies form
the basis of inspiration for this paper. The
paper makes use of the two-pass regression
(with first part regression run in two parts),
because it tries to address the measurement
error in individual i, by working with
portfolio betas as their aggregation leads to
reduction in measurement error.

The paper specifically attempts to examine the
following null hypothesis:

Hy: CAPM explains the risk adjusted returns
of Nifty 500 stocks well using BJS technique
of testing model.

The rest of the paper is divided in three parts.
Section 2 of the paper describes the
methodology used to test CAPM. Section 3
discusses the findings of the empirical exercise.
Section 4 concludes our inferences.

2. DATA AND METHODOLOGY
We collected adjusted closing price data

(adjusted for both dividends and splits) for the
NIFTY 500 companies listed on the National
Stock Exchange from Yahoo Finance Databases.
The period of this study is October, 2007-
April, 2021, which is fairly long to capture the
dynamics of the market. The cross-sectional
sample size came down from 501 to 308 due to
insufficient availability of data and extreme
outlier betas of select stocks. Monthly returns
for these 308 stocks were calculated for the
period of 161 months (October, 2007 and
April,2021 were removed due to high risks of
variance) using the standard average return
formula: Pc — Pe.1 / Pra

The proxy for risk free rate is taken as yield
from 91-day treasury bills for the same period
from Reserve Bank of India database. The
market portfolio is represented by the NIFTY
50, which is one of the widely tracked
benchmark portfolio covering 13 sectors of the
economy and covers about 2/3 of the free
floating market capitalization of all the stocks
listed on National stock exchange, a leading
stock exchange of India.

Individual betas of the stocks can be had by
regressing the individual stock returns over
the market wide return, but is fraught with
introduction of measurement error. However,
grouping stocks which have similar betas is
said to considerably reduce error of variables
in  estimation (Fama and  MacBeth,
1973).Hence, a two pass regression is a nice
method to circumvent this error.

So, the first part of First pass regression is run
using the following equation:

Ri= o+ BiRpet € (2)

Where,
Ri;= Return on ithsecurity in the t-time period

a; and Bi= regression coefficients
e = residuals in t-time period

Here, monthly returns of each of the stocks are
regressed on the market returns calculated for
161 months, giving individual asset betas for
308 stocks. These betas are then used to sort
the stocks into 10 portfolios; 9 portfolios with
31 stocks each and the 10t portfolio with 29
stocks. The first portfolio represents the lowest
betas (the first decile) and the tenth portfolio
has the highest betas (tenth decile).

Now the equally weighted average returns for
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each of these portfolios are calculated for the
given period. The excess returns of these
portfolios are regressed against market excess
returns using the second part of the first-pass
regression, as depicted by the following
equation:
Rpt'sz oG+ Bi(Rmt'Rf)+ €it (3)

This regression is run for the entire period first
to give us the first-pass regression for each
portfolio. Consequently, the same regression is
run in successive batches of 40 months each
with the last one being of 41 months, for every
portfolio. These give us 4 betas for all the 10
portfolios for the time period and for the
similar sub periods, average portfolio returns
are also calculated.

We then test the hypothesis : a;= 0 using a t-
test at confidence level of 95%. We additionally
check if we can accept the existence of a linear
dependence of excess portfolio returns on
excess market returns using the F-statistic’s
significance at a level of 5%. It would act as a
strong compliment to the usual r-squared test.

Now, the second-pass regression(cross-
sectional regression) is run by regressing the

average portfolio returns(for sub-periods)
against the betas calculated. This uses the
equation:

Rp=vo+tviB+u  (4)
Where,
Rp = Average excess return of the portfolio
B;= Beta calculated from first pass
Yoand Y1 = Second-pass regression coefficients
If we juxtaposition equation 4 with the
standard CAPM, we expect Yy, to be 0 and Y1 to
be equal to the mean excess return on the
market portfolio.
We will again do t-tests at a significance level
of 5% to now test the two hypotheses:
Yo=0
Yi=Rm

Where, Rm =
market portfolio

Mean excess returns on the

3. RESULTS AND CONCLUSION
The first-pass regression of excess portfolio
returns on excess market returns gave the

results for the 10 portfolios as summarized in
table 1.

Table 1Results of First-Pass Regression

Portfolio 1 [Portfolio2 |Portfolio 3 |Portfolio 4 Portfolio 5 Portfolio 6 |Portfolio 7 |[Portfolio8 |Portfolio9 [Portfolio 10
Intercept ()|  0.0093 -0.04720 -0.0235 -0.0117 0.0061 0.0103 0.0272 0.0406 0.0743 0.1028
Risk (B) 0.9971 0.8989 0.9413 0.9663 0.9942 0.9999 1.0326 1.0574 1.1138 1.1689
t-stat () 0.4714 -2.7534 -1.4400 -0.6881 0.3404 0.5049 1.291054 1.8464 3.5016 3.9406
t-stat (B) 29.1444 30.4557 33.4460 32.9486 32.0771 28.4106 28.3747 27.9395 30.4705 26.0357
R2 0.8423 0.8536 0.8755 0.8722 0.8661 0.8354 0.8350 0.8307 0.8538 0.8100
F-stat 849.3973 927.5527 [1118.6357 |1085.6133 1028.9434 807.1660 805.1272 780.6153 928.4503 677.8555
F significance|1.1473E-65 [3.0164E-68 [7.5988E-74 |6.1049E-73 2.4897E-71 |[3.4556E-64 |4.0884E-64 [3.1755E-63 [2.8245E-68 |3.2066E-59
At 95% confidence level, the t-stat critical 0.05, resulting in rejection of the null

value is 1.96. We accept the hypothesis that the
intercept term is statistically equal to zero if
the t-stats of our intercept are less than 1.96
and greater than -1.96 (two-tailed test). In this
study, the intercepts are negative only for 3
portfolios i.e., 2,3, and 4 indicating that, the
rest are performing slightly more than the
what the market predicted through CAPM.
Now, except portfolios 2,9 and 10, the intercept
term’s statistical equivalence to zero is not
rejected, indicating that CAPM holds. The R2
values for all portfolios hover around 80%
indicating significant linear explanation by the
market premium for excess returns of the
portfolios. Also at a significance level of 5%,
the F-significance of all portfolios is less than

hypothesis that there is no linear dependence
between the variables. Thus the original model
of CAPM holds majorly valid in the NSE for the
period of 2007-2021.

The results of the second-pass regressions are
summarized as follows in table 2. The t-value
of the v, is calculated by subtracting the t-stat
from the Rm value (w.r.t. to the null hypothesis
mentioned before). The mean excess returns of
the market is calculated to be

-0.559.
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Table 2Results of Second-Pass Regression

Portfolio 1 | Portfolio 2 | Portfolio 3 | Portfolio 4 | Portfolio 5 | Portfolio 6 | Portfolio 7 | Portfolio 8 | Portfolio 9 [Portfolio 10
Intercept (Y,) 0.0542 0.0230 0.0434 0.0542 0.0437 0.0456 0.0395 0.1166 0.0401 0.2232
Coefficient(y1) | -0.0409 -0.0048 -0.0279 -0.0409 -0.0258 -0.0262 -0.0198 -0.0912 -0.0177 -0.1656
t-stat (o) 5.2177 6.0251 3.0621 5.2177 6.0868 1.5021 0.9561 2.8933 1.0983 0.9769
t-value (y1) 3.0707 0.4727 1.6786 3.0707 2.8967 0.7890 0.4465 1.8850 -0.0589 1.4972
F-stat 13.17450 1.0645 3.0085 13.1750 [11.94212 0.7140 0.2524 5.9732 0.2916 0.8068
F significance | 0.06823 0.4106 0.2250 0.06823 0.07450 0.4871 0.6652 0.1345 0.6433 0.4639

The t-stats of the intercept are all greater than
1.96, except for portfolios 6,7,9 and 10, leading
to rejection of the null hypothesis that the
intercept is statistically equal to 0 at a 95%
confidence level. This implies that to a great
degree, portfolio returns are better explained for
high-beta stocks.For the purpose of testing the
second hypothesis mentioned before, we see if
the t-values calculated are less than 1.96 or
greater than -1.96 and if they are, the null
hypothesis is conversely rejected in this case.
This led us to observe that for Portfolios 2, 3, 6,
7, 8,9 and 10 the hypothesis is definitely
rejected and the coefficient is not an estimate
of the mean market excess returns. We got
further confirmations from the F-test. At a
significance level of 5%, the F-significance of
all portfolios is more than 0.05, resulting in
acceptance of the null hypothesis that there is
no linear dependence between the variables.
This results in us concluding that the standard
CAPM model does not hold for the period for a
majority of the portfolios across NSE.

4. CONCLUSION

Thus, we saw that during first-pass regression
we were confident that with an exception of 3,
all other portfolios could verify the presence of
CAPM in NSE NIFTY 500. Consequently, the
risk-return relationship was further
strengthened  with  empirical  analysis.
However, using the BJ]S approach, when we did
the second-pass regression, it led us to the
conclusion that the model is rejected in a
majority of the companies listed on the
exchange. Thus, using the 2-factor zero beta
model (Black 1972) or multi-factor models like
(Fama French 2015) might lead to a better
understanding of the portfolio performance
with respect to the market.
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