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Abstract

This study investigates the time varying behavior of betas (Systematic risk) in Colombo Stock
Exchange (CSE). The study used the trading data of 26 stocks listed in Bank Finance & Insurance,
Hotels & Travel, and Manufacturing sectors for a period of 9 years for the analysis from 2005 to 201 3.
This study estimates time varying betas using two different approaches; Recursive regression and
Rolling regression. These two different approaches are employed in order to estimate and analyze the
time varying betas of 26 stocks under full period and three sub periods as 2005-2007, 2008-2010, and
2011-2013. The empirical finding of this study provides a clear evidence of time varying nature of 26
betas and indicates increasing and decreasing beta trends. It is also found that beta values varied
across the techniques used to estimate the betas. Finally, finding suggests that, similar to some other
evidences in developed and emerging markets, betas are not stable and demonstrate time varying
nature in the CSE. The findings imply that the assumption of beta constancy is not valid in Capital
Assets Pricing Model (CAPM) and the users of this model in estimating the systematic risk in CSE will
not get the anticipated results.

Key words: Beta, Capital Assets Pricing Model, Recursive regression, Rolling regression

1. Introduction

In early 1960s the finance literature

= X i securities as well as portfolios. The systematic
revolutionized with the advent of a model which

risk is identified as the slope of the Ordinary
Least Squared (OLS) regression of two return
series which is known as CAPM beta among
academic and practitioner community in finance.
This model could fill the long standing vacuum in
the asset pricing literature and it was well

can explain the cross sectional stock returns of
securities. This model was originally evolved by
the land mark paper of Shape (1964) and
subsequently it was further shaped by Lintner
(1965) and Black, Jensen & Scholes (1972) and
became popular as Capital Asset pricing model accepted by the finance community. However,
(CAPM). The stem of this model is that it states empirical validation of this model requires the
the relationship between the required rate of . o0t notire of CAPM beta throughout the
return and systematic risk for individual observation of the OLS regression which is one of

International Journal of Accounting & Business Finance 64 Issuel-2015



the fundamental assumptions of the CAPM. For
the time being , bad luck came to this model with
study of Roll (1977)Titled as "A critique of the
asset pricing theory's tests Part I: On past and
potential testability of the theory." This discovery
challenged the validity of the CAPM in
determining the cross section of stock returns and
started to explore the CAPM anomalies in several
stock markets largely. Moreover, this model was
heavily investigated both in developed markets
and emerging since its emergence.

1. Introduction

In early 1960s the finance literature
revolutionized with the advent of a model which
can explain the cross sectional stock returns of
securities. This model was originally evolved by
the land mark paper of Shape (1964) and
subsequently it was further shaped by Lintner
(1965) and Black, Jensen & Scholes (1972) and
became popular as Capital Asset pricing model
(CAPM). The stem of this model is that it states
the relationship between the required rate of
return and systematic risk for individual
securities as well as portfolios. The systematic
risk is identified as the slope of the Ordinary
Least Squared (OLS) regression of two return
series which is known as CAPM beta among
academic and practitioner community in finance.
This model could fill the long standing vacuum in
the asset pricing literature and it was well
accepted by the finance community. However,
empirical validation of this model requires the
constant nature of CAPM beta throughout the
observation of the OLS regression which is one
of the fundamental assumptions of the CAPM.
For the time being , bad luck came to this model
with study of Roll (1977)Titled as "A critique of
the asset pricing theory's tests Part I: On past and
potential testability of the theory." This discovery
challenged the wvalidity of the CAPM in
determining the cross section of stock returns and
started to explore the CAPM anomalies in several
stock markets largely. Moreover, this model was
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heavily investigated both in developed markets
and emerging since its emergence.

Many scholars have concentrated on testing
time varying beta because beta is an essential tool
for measuring the systematic risk of securities.
Financial economists and practitioners use beta
to estimate stock's sensitivity to the overall
market, to identify mispricing of shares and to
apply evaluation models and performance
evaluation. In Sri Lankan context, research on
time varying is perhaps novel concept. Therefore,
this study motives to fill this literature gap and
used different techniques to model and estimate
the time varying betas in important business
sectors in CSE. Thus, the aim of this study is to
examine the time varying nature of beta in
Colombo Stock Exchange (CSE).

The remaining sections of this paper are
organized as follows. The section 2 summarizes
the previous empirical studies of time varying
beta. The data and sample selection procedures
and the Methodology adopted for the paper are
stated under section 3. The results and the
findings of the statistical tests are presented in
section 4. Section 5 concludes the paper.

2. Empiricalliterature

Large number of empirical studies demonstrates
that beta coefficient is stable over time.
Importantly, Fama and French (1992, 1993, 1995
and 1996a) have examined the CAPM with
constant beta and reported that model performs
poorly. Baesel (1974) and Theobald (1981) also
examined the stability of security betas over time.
However, many researchers suggested that beta is
not constant in various financial markets. Several
studies documented that beta is time varying
because of the influence of micro-economic and
macro-economic factors. Blume (1971) first
discovered the time varying nature of beta in New
York Stock Exchange. Subsequently, many
other researchers attempted to test the time
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varying nature of beta in both developed and
emerging markets. For example, Fama and
Macbeth (1973), Fabozzi and Francis (1978),
Sunder (1980), Bos and Newbold (1984),
Collins et al. (1987), Brooks, Faff and Lee
(1992), Gronewold and Fraser (1999),Faff ,
Hillier and Hillier (2000), Li (2003), Yeo
(2004), Choudhry (2005) etc.

During the last five decades numerous studies
have addressed the time varying nature of betas.
In recent years, the general assumption of beta
stationary, which is fundamental to security
return models such as CAPM, has been argued.
The previous evidence states that systematic risk
varied across time.

Groenewold and Fraser (1999) studied time-
varying estimates of CAPM betas in Australian
stock exchange and documented that there is a
considerable time variation in beta. Their work
employed monthly data for 23 sectors for the
period from 1979 to 1994 and used the recursive
regression, rolling regression and Kalman filter
methods for estimating time varying betas. Further
they showed that the nature of time variation in the
betas differed considerably depending on the
method of estimation. Similarly, Yeo (2004)
examined that time varying beta in Australia for the
period 1980 to 2000 and study showed that there is
significant variability in beta of eighteen industry
portfolios rolling regression, recursive regression
and Kalman filter method. The results revealed
that the rolling and Kalman betas show more
variation than recursive beta over sample.

Moreover, Adam, Jansky& Benecka (2012),
in their study of time varying betas of banking
industries in eight advanced countries (United
States, United Kingdom, Germany, France,
Switzerland, Japan, Hong Kong and Australia)
found strong evidence that beta do not remain
constant during January 1990 to February 2011
by using rolling regression, multivariate GARCH
and Bayesian state space approaches. The results
of time varying beta test showed both country
specific and global events also affect to the beta
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coefficient.

Interestingly, Patton and Verardo (2009)
investigated the time varying nature in beta of
individual stock during firm specific information
flow in London Stock Exchange over period of
1995-2006 which includes 22575 earnings
announcements and found that beta increases by
an economically and statistically significant
amount on news announcement days and beta
decline on post announcement days. Finally they
suggested that variability in beta is substantially
larger for companies which release strong news
than for companies whose earnings
announcement has smaller information content.

Furthermore, Faff, Hillier and Hillier (2000)
explored the time variation beta in 32 UK
industry sectors using daily data from 1969 to
1998. Results provided that considerable
evidence for time variation in betas during
sample period under three models which are used
for the purpose and suggests that market model
betas are unstable and systematically time
varying. Another study of Eisenbei, Kauremann
and Semmler's (2005) shows that time varying
beta coefficient exists in German stock exchange
and further reported that betas tend to be
significantly larger in bear market than in bull
market. Li (2003) added that on the NewZeland
equity market by modeling the beta risk of
NewZeland industry portfolios over the period
from 1997t02002 and indicated that the betas of
all the NewZeland industry portfolios are not
stable and time varying.

The review of literature suggests that the time
varying nature of the beta is highly debated topic
both in emerging markets and developed
markets. It is evidenced that most the previous
studies has applied more or less similar
methodology in different markets in different
time periods. The methodology adopts in this
study also very much similar to the previous
researchers.

3. Methodology
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For the purpose of this paper we usedaily data of
listed stocks and All Share Price Index (ASPI) of
Colombo Stock Exchange for the period from
2005 to 2013. The sectors included in this study
are Bank Finance & Insurance Sector, Hotels&
Travel sector and Manufacturing Sector and 26

AY =aY, +dX e,

Where,

a = Constant

X, = Optional exogenous repressors
o = Parameter to be estimated

e, = Error term

The market model is applied to estimate
the beta and it is assumed that beta is
equal to 1 and beta behavior is time
invariant. The  Ordinary Least Squares
(OLS) method is used as a proxy for the
market model as shown in the below
equation,

R, =a,+b,R,  +e,

mi

Where,

R, = The rate of return of security i on day
t,

a,; = The intercept term of security i,

b, = The coefficient of security 1,

R .= The rate of return of the market on
day t,

“= The regression error term of security i
on day t,

As similar to the previous studies we
apply Rolling regression and Recursive
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securities areselected among above sectors.
Security which is traded more than 200 trading
per year, selected to sample and others are
avoided.

We test the time varying beta for three sub
periods covering the period 2005 to 2013. The
method adopted in this paper is similar to several
previous studies for example, Groenewold &

— PRIV NN ~ ~

+e,

R it =da t +ﬂmef
Where,
a

i = The intercept term of security i,

b _ The coefficient of security i,
N P T N securities
R, = the return on security i

R, = the return on the market portfolio

nit

e . . .
*= The regression error term of security i

on day t,

=0 =359 cviivs T

A TR— T

Recursive betas are estimating by

application of ordinary Least squares
(OLS) on the historical daily returns, the
sample size increase by one observation at
a time.in this study use following market
model equation to estimate recursive beta;

Ri! =an‘+ﬁme'! +ei
Where,
a

i = The intercept term of security i,

b, . o
i = The coefficient of security i,

i=1,2......... N securities

R, = the return on security 1

R, = the return on the market portfolio

nit

e, . !
= The regression error term of Security

iondayt,
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To test whether bata walues changs through
tima, ragrass rolling and racursive betas on a
tima trend eguation. Cronswold and Fraser
(19997 Calik {2013} usad simple linear timsa
seriss ragrassionto tast statistical sisnificant of
tima varving bata astimations. Following
aquation nsadto test thetime varving of beata.

»'E .'=:'; ]_-':" ’2‘1I _'E.'

Whars,

f.= Bata valua at tima t
;= Intarcapt

¥,t= Slopa coafficient at t
a=Error tarm

The null hvpothesis and altemativehvpothasis

for this test statistic were sat as follows:

Hyy=0
Hx#=0

If calenlatad t-valua = critical (tabla) t-valus
then H, is rejectad otharwrisa H, is acceptad at
10% significantlawval. Ifths slopacosfficiant is
significant, it can concludathat bata valuas ars
time varving or betavaluss not constant over
the timea.

4, Results
4.1, Unir Roor Tasr

The study used Augmentsd Ddclkew Fuller
[ADF) test on retum saries of all companias to
sxamings the unit roots of the serizs. Tha resuls
of the unitroottests arapresentadin Tabla4. 1

The results indicate that sach of stock return
seriss and markst retum series (API) ars
stationary (nounitroot) at significant lavel of

10%0. This is because caleulatad t- valus is
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graatar than critical t- valus and p - walus is
lass than 0.05 . It means that the null hvpothasis
of zach stockratum sarizs and markst return
serias (APT) have a unit root is rejectad and
accept H, { no unitroot). This rasult suggasts
that sach returmn sariss is qualifisd to procsad
with sconometrics modsal to astimate tims
varving bata in the Sri Lanka.

Table 4.1: Unit Koot Statistic of the Batum

Sarizs
ADF tast
Raturn HNull Hypothasis: Katurns
Serizs hava a unit root
t-valus p-valus

ACATF -19. 245596 0.000
ACL -18.34430 0.000
AHPL -21.54841 0.000
COME -19 89879 0.000
CSF -22 67502 0.000
DFL -18.18573 0.000
EDEM -20.37998 0.000
GHLL -19 26805 0.000
GLAS -18.03093 0.000
GERAN -21.74530 0.000
HASU -20.53957 0.000
HNE -20.68727 0.000
LLUB -21.23624 0.000
LVEN -18.96583 0.000
MARA -19. 57877 0.000
MBSL -19.39129 0.000
HDE -21.87384 0.000
HNTE -21.52233 0.000
RCL -20.32917 0.000
REEF -20.47641 0.000
EHTL -21.20787 0.000
SANMP -19.07254 0.000
SEME -20.61911 0.000
TAT -20.90909 0.000
TFC -18. 44841 0.000
TYEE -23.03070 0.000
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4.2 Constant beta estimation

As previously mentioned, CAPM betas of 26
stocks are calculated by using marketmodel. For
this purpose all the return series of the companies
are regressed with API returns (proxy for market
risk). Table 4.2 demonstrates the beta values
which obtained from the market model for the
full sample series and other sub periods.

Table 4.2. Market model beta for full period &
sub periods

Stock Full Sub Sub Sub
Period Period Period  Period
1 2 3

ACAP 042 0.60 0.11 0.65
ACL 0.52  0.82 0.26 0.53
AHPL 0.55 094 0.14 0.64
COMB 085 0.73 1.07 0.61
CSTF 1.68 1.81 1.38 2.04
DPrL 1.81 1.32 1.53 3.12
EDEN 1.43 1.49 1.45 1.27
GHLL 1.34 097 1.48 1.69
GLAS 1.17 1.30 1.09 1.12
GRAN 1.60 1.34 1.37 2.43
HASU 1.05 1.27 085 1.06
HNB 0.86 0.19 0.85 0.66
LLUB 0.57 073 049 0.45
LVEN 1.02 1.00 1.07 0.98
MARA 1.78 1.17 2.29 1.72
MBSL 1.62 1.61 1.48 1.88
NDB 0.52 0.73 0.28 0.61
NTB 1.07 1.16 0.99 1.08
RCL 1.31 1.61 1.27 0.86
REEF 1.61 1.45 1.43 2.13
RHTL 1.56 1.58 1.45 1.73
SAMP  0.83 0.73 0.97 0.73
SEMB 1.39 1.59 1.08 l1.68
TAJ 1.45 1.53 1.40 1.36
TFC 1.41 1.69 097 1.79
TYRE 1.02 1.54 1.39 2.18
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According to CAPM assumption, the calculated
beta value for full period remains constant during
2005-2013 andthose are not varying with time.
To identify beta variability, compared the
estimated full sample betas with sub sample betas
and sub sample betas with each other. Table 4.3
provides clear evidence against to CAPM
assumption on the beta coefficient. It indicates
that the estimated full period beta values differ
between sub periods beta and beta is not constant.
All securities included in the sample indicate, sub
sample beta values different from the estimated
beta for full sample period and each sub sample
betas. One can argue that slope (beta) of the OLS
regression model is subject to change when the
number of observations varies in the regression.
The focus of this paper is to explore the validity
issue of the CAPM due to time varying beta.
However, this result invalids the assumption of
beta constancy in the CAPM.

4.3 Rolling and recursive beta estimates

Time series properties of rolling beta and
recursive beta indicate in the table 4.3. Most of
securities in full period and sub periods
supporting the beta are not constant over time
because the coefficient of time trend is significant
both in rolling regression and recursive
regression.

The number of significant coefficient is 24
and 22 in full period for rolling and recursive
regression respectively. The number of
significant coefficient is 23, 23 and 22 for rolling
regression in sub periods respectively. On other
hand all coefficients are significant for recursive
regression in sub periods respectively. In full
period and sub periods beta values show both
increases and decreases for rolling regression and
recursive regression.
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5. Discussion

This study employed two techniques for
modeling and estimate time varying beta.
Findings of this study are summarized in to the
Table 5.1 It indicates observed securities with
constant beta betasunder different techniques for
full sample period as well as sub sample periods.

Table 5.1: Summary of findings

Mo. of Securities

in other sub periods almost all securities are time
varying. All results show that more than 80%
stocks demonstrate time varying betas for each
estimating technique. Moreover, it can be
concluded that all stocks which are in the sample
show time varying. This is because the results do
not indicate any stock which is constant nature
under above eight estimation categories.

Further, estimated average beta values of
rolling regression and recursive regression for
Bank Finance & Insurance sector, Manufacturing
sector and Hotels & travel Sector during the

Time
. Method e . P
Period ik _T1It_lh perloq from 2005 tc? 2013 are shovx./n in Figure
Beta Varyimg 4.1, Figure 4.2 and Figure 4.3 respectively.
) beta
2 -
Rolling 02 24 2.000
2005- 1.500 -
2013
Recursive 04 22 1.000 [
0.500 4
Rolling 03 3 0.000 -+———r—r—r—r—r——
o5 cgrseszos
2007 _ E £ & & & & & & &
Recursive 0o 26 < = = = S
R R . . A A -
Rolling 03 23 ———FRolling Beta  --------- Rscurave Bata
2008-
2010 _ Figure 3.1: Time WVarying Beta for Bank
B i = Finance & Insurance Sector (2003/13)
Rolling 04 2
2011-
2013
Recursive 0o 26

In the period from 2005 to 2013, out of 26
securities 24 very clearly demonstrate time
varying nature of beta under rolling regression.
Moreover, in the same period out of 26 securities
22show time varying nature of beta under
recursive technique. Interestingly, Table 5.1
shows that for the full period only four (04)
securities are constant under recursive technique
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Figure 5.2: Time Varying Beta for
Manufacturing Sector (2003/13)
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Figure 3.3: Time Varying Beta for Hotels &
Trawvel Sector (2003/13)

Figure 5.1, 5.2 and 5.3clearly indicate that beta is
not constant for all three sectors. Above figures
display that, rolling betas indicate more variation
than the recursive betas over time. All selected
sectors demonstrate recursive beta tend to show
grater variation earlier in the sample period then
it decreases as the time goes on and becomes
stable with lessvariations. On other hand rolling
beta tend to show more variation over the
estimatingperiod. This behavior appears because
of the nature of rolling and recursive regression
model. Rolling regression assigns equal weight
to each observation in the rolling window. In this
study we assign 60 days per each rolling window.
Under recursive regression technique each
successive observation carries less weight.

5. Conclusion

The main objective of this study is to examine
the existence of time varying betas in three
selected sectors in CSE. Two different
approaches were employed to examine time
varying betas: rolling regression, recursive
regression. The results suggest a clear evidence
of time varying nature of beta in the Colombo
Stock Exchange and beta values varied across the
estimation techniques which used for estimating
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the beta. In other words findings conclude that
CAPM betas are not stable in Sri Lankan Market
and show time varying nature over time.
Therefore beta is not a good tool for measuring
the risk of securities in the Bank Finance &
Insurance, Manufacturing and Hotels & Travels
sectors. Finally empirical results of this study
conclude that assumption of beta constancy of
CAPM is not valid in Sri Lankan market.

The finding implies that the investors and other
practitioners should be cautious when they
consider time varying beta in the investment
decisions and portfolio management decisions.
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