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Abstract
The quick diffusion of information  has led to increasing free 
flow of capital from one market to another or within markets that 
has led to market integration. This market integration has led to 
volatility transmission or spillover which has grabbed attention of 
many researches. Not much attention has been given on volatility 
transmission to the sectoral indices from the major indices, that 
has contributed to find the spillover effect of volatility in Sensex 
on BSE sectoral indices. All the sectoral indices of BSE has been 
selected and Spillover GARCH(1,1) model has been employed for 
the current study. There is volatility transmission from the BSE 
Sensex to BSE Auto, BSE Bankex , BSE Consumer Durables, 
BSE Capital Goods, BSE FMCG, BSE Healthcare, BSE IT, BSE 
Metal, BSE Oil & Gas, BSE Realty and BSE PSU. On the other 
hand shocks to the BSE Sensex do not transmit to the BSE Power 
and BSE TECk indices. 
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I. Introduction
In recent years, the information technology revolution has had a 
tremendous impact on the structure of financial markets with the 
quick diffusion of information and the substantial deregulation and 
harmonization which led to increasing free flow of capital across 
and within markets that has fostered integration (Gallo & Otrando, 
2007). Due to the differences in market structure, level of trading 
activity or cross listing of securities a shock occurred in one market 
is quickly transmitted to the others which are the major reasons 
that fostered the market integration. This market integration leads 
to spillovers or transmission of volatility from one market to other 
markets as well as within markets and causes the linkages between 
stock markets around the world to be stronger. Thus volatility 
transmission between countries or between exchanges in the same 
country has grabbed the attention of the researchers. However, not 
much attention has been given on the detection of the volatility 
spillover between sector indices among financial markets and 
volatility transmission mechanism to the sector returns.  Hence 
the study is distinct in the sense as it considers volatility spillover 
from major stock indices to the sectoral indices. As there is cross 
listing of securities an investor can choose his/her portfolios by 
diversification process, may find it beneficial for developing a 
correct asset pricing models, forecasting volatility in sector return 
with the hypothesis of volatility spillover and transmission of risk 
information, thereby enhancing the understanding of the equity 
markets. 

II. Literature Review
King and Wadhwani (1989) examined the transmission of volatility 
between stock markets. When investors derive information 
from price changes in other markets, sensitive information get 
transmitted to other markets. Their empirical results have shown 
that an increase in volatility leads to further increase in volatility. 

Hamao et al. (1990) was the first study that applied the univariate 
GARCH methodology to analyse relations between international 
markets. In this study, they analyse daily volatility transmission 
among the New York, London and Tokyo stock markets using a 
two stages approach. Firstly, MA(1)-GARCH(1,1) models are 
estimated for each one of the markets individually and secondly, 
the squared residuals of the previous estimated models are used 
as regressors in the various equation of the other markets. Thus, 
one can determine if there exists a relation between the domestic 
market variance and the “volatility surprise” of the foreign 
market. In particular, they found volatility spillovers from New 
York to London and Tokyo and from London to Tokyo, being the 
corresponding coefficients significant and positive. 
Soriano Felipe and Climent Diranzo (2004) conducted a survey 
on the Volatility Transmission models inorder to determine about 
the different methodologies applied in various studies. The study 
reviews the most relevant methodologies applied to the analysis 
of volatility between financial markets: GARCH models, Regime 
Switching models and Stochastic Volatility models. Fabozzi et 
al(2004) examined volatility transmission between two Chinese 
stock markets. They used a series of GARCH models for modeling 
volatility. Since two exchanges operate in the same market, they 
tested for the possibility of volatility spillover between two 
exchanges and found no significant volatility spillover between 
the two Chinese stock exchanges. Wongswan (2006) examined the 
transmission of information from developed equity markets (US 
and Japan) to emerging equity markets(Korea and Thailand) based 
on return volatility trading volume. Using high frequency data they 
found that important macroeconomic announcements in the US 
and Japan had significant but short lived impact of Thailand and 
Korean equity markets. The study argued that earlier studies found 
weak evidence of transmission due to the use of low frequency 
data. Mukherjee and Mishra (2008) examined return and volatility 
spillover among Indian stock market and other developed and 
emerging Asian countries. The study examined volatility spillover 
during November 1997 to April 2008 for daytime and overnight 
periods based on GARCH model. The study found significant 
positive and birectional contemporaneous return spillover among 
Indian stock market and that of other Asian countries in daytime 
period. It was also found that stock market movements in Pakistan 
and Sri Lanka were strongly influenced by movements in Indian 
stock markets.

III. Data and Methodology
The study aims to study the spillover effect of BSE Sensex on BSE 
Sectoral indices. The stock market indices are fairly representatives 
of the various industry sectors and trading activity mostly revolves 
around the stocks comprising the indices. The data includes the 
timeseries data of BSE Sensex and all the Sectoral indices of BSE 
viz.BSE Auto, BSE Bankex, BSE Capital goods, BSE Consumer 
durables, BSE FMCG, BSE Healthcare, BSE IT, BSE Metal, BSE 
Oil & Gas, BSE Power, BSE Realty, BSE Tech and BSE PSU. 
The present study analyses the sectors at the indices level and 
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not the scrip level.
The indices data has been taken from Prowess, the online database 
maintained by the Centre for Monitoring Indian Economy (CMIE). 
The aggregate values of sectoral indices were collected from 
Capital-line plus. Each indices were introduced on different time 
periods hence the spillover of Sensex on BSE sectoral indices have 
been analysed from their date of their existence.
To model the spillover effect of volatility in Sensex on BSE 
sectoral indices, a lagged squared error term from the mean 
equation of the GARCH model of Sensex may be introduced into 
the GARCH model of sectoral indices as an explanatory variable 
in the conditional variance equation. The estimate of the coefficient 
of the lagged squared error term is then examined, a statistically 
significant estimate would suggest a spillover effect. The spillover 
effect from BSE Sensex to market BSE Sectoral indices may 
be captured by the specification of Mean equation and variance 
equation. It is desirable to achieve the “ No ARCH effect” and “ 
No serial correlation” for volatility spillover effect.
The following is the specification of the mean equation:
Rt=µt + et     (1)
The following is the specification of the variance equation:

  (2)
Where ,
Rt is the return estimated from daily index value  is the 
constant in the Mean equation, e is the error term , ht 
is the variance of the residual derived from the Mean equation, α0 
is the constant in the variance equation, α1 is the Resid(-1)^2 in the 
variance equation, e2

t-1 denotes the previous days squared residual. 
It is ARCH term, β1 is GARCH(-1) in the variance equation, 
ht-1 denotes the previous days residual variance. It is GARCH 
term,  A2

t-1 denotes previous shocks to market A, δ  measure the 
impact of past shocks to the return of market A on the conditional 
volatility of market B.
Equations (1) and (2) together constitute the GARCH spillover 
model. The Coefficient (i.e., δ ) measures the spillover for BSE 
sectoral indices from BSE Sensex. The study proposed to used 
summary statistics namely Mean, Median, Standard deviation, 
Skewness, Kurtosis and Jarque-Bera test of normality for BSE 
Sensex. Autocorrelation which is the cross-correlation of a signal 
with itself in daily returns of BSE Sensex is estimated upto three 
lags, based on that spillover GARCH(1,1) model is used.

IV. Analysis 
Descriptive statistics of BSE Sensex is presented in Table 1. It 
contains the return observations for BSE Sensex and statistics 
testing the null hypothesis identically distributed normal variates. 
The mean return of BSE Sensex have positive returns and is very 
close to zero indicating that the series is mean reverting. The 
Median values of BSE Sensex is 0.000919. As far as standard 
deviation values are concerned Sensex shows higher volatility. 
The return series is negatively skewed (-0.030622) indicating that 
the distribution is non-symmetric. The Kurtosis of BSE Sensex is 
8.567419 and large values of Kurtosis suggests that the underlying 
data are leptokurtic or thick tailed and sharply peaked about the 
mean when compared with the normal distribution. This means that 
the more of the variance is due to infrequent extreme deviations 
rather than frequent modest-sized deviations. Jarque-Bera statistics 
reported BSE Sensex tests the assumption of normality and it is 
an asymptotic or large sample test. The reported probability is the 
probability that the Jarque-Bera statistics exceeds the observed 
value under the null hypothesis “ a small probability value leads 

to rejection of the null hypothesis of normal distribution”. For 
Sensex we reject the hypothesis of normal distribution at the 1% 
significance level.

Table 1: Descriptive Statistics of BSE Sensex 
Descritption BSE Sensex
Mean 0.000543
Median 0.000919
Standard Deviation 0.01784
Skewness -0.030622
Kurtosis 8.567419
Jarque-Bera 6509.98
P-value 0.000

Table 2: Autocorrelation of Daily returns of BSE Sensex
Lag Length Coefficients BSE Sensex

Lag Length 1
AC 0.09
Q-Stat 40.55
Prob. 0.000

Lag Length 2
AC -0.02
Q-Stat -0.03
Prob. 0.000

Lag Length 3
AC 0.02
Q-Stat 44.88
Prob. 0.000

The above table shows the autocorrelation for three lags for 
BSE Sensex and associated Ljung-Box Q statistic. BSE Sensex 
show positive autocorrelation in the daily returns at Lag 1, with 
the exception of negative autocorrelation at Lag 2. Positive 
autocorrelation is shown at Lag 3. Autocorrelation shows particular 
and similar patterns at different lag lengths. However, Coefficient 
of autocorrelation is highly significant hence the return series is 
serially correlated.
To model the spill-over effect of volatility in BSE Sensex on 
BSE Sectoral indices, a lagged squared error term from the mean 
equation of the GARCH model for BSE Sensex may be introduced 
into the GARCH model for BSE Sectoral indices as an explanatory 
variable in the conditional variance equation. The estimate of the 
coeffcient of the lagged squared error term is then examined; a 
statistically significant estimate would suggest a spill-over effect. 
If there is spillover it can be argued that there is no arbitrage 
opportunity. The result of volatility spillover model for BSE on 
BSE Sectoral indices is presented in Table 3 (Appendix). All the 
coefficients of the mean equations are statistically significant for 
all the BSE Sectoral indices except BSE Capital Goods, BSE 
FMCG, BSE Oil & Gas and BSE TECk. Although the coefficients 
are not statistically significant for few BSE Sectoral indices, the 
coefficients of variance equation can serve to determine whether 
we have a correct model specification. Because the squared error 
term from the mean equation of the GARCH model for BSE Sensex 
is introduced into the GARCH model for BSE Sectoral indices as 
an explanatory variable in the conditional variance equation. The 
coefficients of variance equation of all the BSE Sectoral indices 
are statistically significant and confirm stability requirement of the 
sign and size of the coefficients. The volatility spillover coefficient 
(δ1) is positive and highly significant for BSE Auto, BSE Bankex , 
BSE Consumer Durables, BSE Capital Goods, BSE FMCG, BSE 
Healthcare, BSE IT, BSE Metal, BSE Oil & Gas, BSE Realty and 
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BSE PSU. It suggests that there is volatility transmission between 
the BSE Sensex and BSE Sectoral indices. Thus volatility in both 
the indices influences each other and shocks to the stock returns of 
benchmark indices, BSE Sensex transmit to other. The volatility 
spillover coefficient (δ1) is positive and highly insignificant for 
BSE Power and BSE TECk. The estimates of the δ’s in both 
markets are not significant, suggesting that shocks to the stock 
returns in benchmark index(BSE Sensex) do not transmit to BSE 
Power and BSE TECk.

V. Conclusion
The transmission of volatility from Sensex on Sectoral indices 
will provide an useful information for the investors in constructing 
their portfolio , as it will help them to trade off between risk and 
riskless sectors for investment. It is resulted in the study that there 
is volatility transmission from BSE Sensex to the sectors viz. 
BSE Auto, BSE Bankex , BSE Consumer Durables, BSE Capital 
Goods, BSE FMCG, BSE Healthcare, BSE IT, BSE Metal, BSE 
Oil & Gas, BSE Realty and BSE PSU. On the other hand  shocks 
to the stock returns in BSE Sensex do not transmit to BSE Power 
and BSE TECk.
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Appendix
Table: 3 Spillover GARCH (1,1) Model Results for BSE on BSE Sectoral Indices

BSE 
Auto

BSE 
Bankex

BSE 
Capital 
Goods

BSE 
Consumer 
Durables

BSE 
FMCG

BSE 
Healthcare BSE IT BSE 

Metal
BSE Oil 
& Gas

BSE 
Power

BSE  
Realty

BSE 
TECk BSE PSU

µ 0.119018 0.122397 0.000196 0.001205 0.029335 0.067039 0.105615 0.169972 0.068419 0.11526 0.312561 -0.001 0.116241

p-Value 0.0001 0.0022 0.6845 0.016 0.2406 0.0068 0 0.0002 0.0688 0.001 0 0.9741 0.0003

α0 0.000015 0.000004 0.000008 0.00001 0.00001 0.000011 0.000006 0.00001 0.000003 0.000003 0.00002 0.000007 0.000002

p-Value 0.0000 0.0041 0 0 0 0 0.0000 0.0002 0.0093 0.0009 0 0.0002 0.0109

α1 0.059773 0.062934 0.093893 0.098474 0.109603 0.074157 -1.02763 0.071457 0.0492 0.113701 0.071428 0.103474 0.068525

p-Value 0.0001 0.0004 0 0 0 0 0 0 0 0 0 0 0

β1 0.826216 0.90114 0.844866 0.815985 0.769989 0.765934 0.866512 0.863145 0.904469 0.871303 0.86635 0.853443 0.894083

p-Value 0 0 0 0 0 0 0 0 0 0 0 0 0

δ1 0.054984 0.052733 0.068356 0.062549 0.040515 0.043025 1.143404 0.100199 0.05733 0.022027 0.142202 0.024936 0.034243

p-Value 0 0.0486 0.0112 0.0023 0.0003 0 0.0198 0.0009 0 0.0543 0.0006 0.2318 0

ARCH 
Test 0.177776 0.172034 0.045404 0.734918 0.035486 1.304717 2.01587 0.224943 4.240457 0.000516 0.265596 0.119502 0.009406

p-Value 0.6734 0.6784 0.8313 0.3915 0.8506 0.2536 0.1559 0.6354 0.0397 0.9819 0.6064 0.7296 0.9228

Q(Sq.
Res.) 0.036 0.010 0.021 0.018 0.001 0.006 0.445 0.012 0.004 0.012 0.023 -0.004 0.017

p-Value 0.673 0.678 0.831 0.391 0.850 0.253 0.156 0.635 0.0397 0.981 0.606 0.729 0.923

Log 
likelihood 3365.143 3025.77 3172.59 3193.27 3599.898 3742.126 3367.054 2903.068 3185.57 3295.865 2622.76 3328.848 3395.006

µ is the constant in the Mean equation, α0 is the constant in the variance equation, α1  is the RESID(-1)2 in the variance equation, β1   
is the GARCH (-1) in the variance equation, δ1 is lagged squared residuals from the Mean equation of BSE Sensex as explanatory 
variable introduced as explanatory variable in the variance equation of BSE Sectoral indices, ARCH test is the F-statistics and its 
probability value, Q (Sq.Res.) is the  Autocorrelation in the squared residuals at lag one  and Log likelihood test values.


