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Abstract
Volatility modelling in the stock market has significant implications in Economics and Finance. High
volatility in the stock prices has adverse effects in an economy. This paper is developed to study the
ARCH effect (Clustering), GARCH Effect (Long Memory), Leverage Effect (Asymmetric effect) and
Risk-return Relationship in the Information Technology (IT) sector of India, using asymmetric
EGARCH-M (1,1) model. The empirical study is based on daily return of BSE IT-INDEX, an Index
consisting of selected listed Information Technology Companies of India from the beginning of April
2014 till the end of March 2019. The nature of volatility of stock returns of Information Technology
companies is found to possess the leverage effect as the co-efficient is negative and significant
Volatility in IT sector is also explosive in that market. IT Sector has shown volatility clustering
phenomena during the study period as well as property of long memory is significantly identified.
However, no empirical support of Risk-return trade-off has been observed. Hence, it is concluded that
the risk which increased had not raised the returns as the coefficient is not significant for the entire
study period.
Keywords: Volatility, Leverage, ARCH Effect, Persistence and Risk –Return Trade Off

Introduction
Stock markets are considered to have a key role in economic conditions for countries worldwide. In this
regard one of the major aspects of the stock markets is to model and estimate stock market volatility. It is
the important indicator for the dynamic fluctuations in stock prices. Thus, volatility is considered to be a
measure of uncertainty for changes in stock prices. It was used earlier by Markowitz (1952) as a measure
of risk. Volatility is the measure of uncertainty about the variation in the return of stock market, bond
market, commodity market and foreign exchange market. Higher volatility implies large fluctuation in the
stock market return, whereas low volatility indicates that fluctuation in the value of security is not dramatic.
Very recently modelling of volatility of a financial time series has gained large popularity among the
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researchers and academicians and market players. Volatility can be of two types, Unconditional volatilitywhich is the single measure of volatility of asset return over time and Conditional volatility- which is
varying over time. Conditional volatility depends on own past volatility (Autoregressive), depending upon
past asset returns (conditional) and exhibits volatility clustering as well as leverage effect is perceived in
the volatility of returns. This clustering means that there are periods when these series show wide swings
for extended period followed by a period of relative calm. Knowledge of such volatility is extremely
important to investors. The investors in the stock market or bond market, like domestic investors or foreign
portfolio investors, are significantly affected by the nature of volatility. So modelling of stock return
volatility becomes a necessity for those who are participating in the capital market. Volatility in the financial
time series was first observed by Bechilier in 1900. Volatility clustering was first identified in 1963 by
Mendel Bort. However, formal modelling of volatility was introduced by Engle in 1982 in his
Autoregressive Conditional Hetroscedasticity (ARCH) model. A Generalized ARCH (GARCH) model was
developed by Bollerslev (1986). Nelson (1991) introduced non-linear Exponential GARCH (EGARCH)
model used to detention the leverage (asymmetric) effects and long memory property (persistence) of
volatility. Identification of the nature of time varying conditional volatility has become one of crucial
research areas in Finance in recent time. This research work has been conducted to study the nature of
volatility in the Indian IT sector. This paper has identified and addressed the issues in respect of stock
market conditional volatility. Here, we study the ARCH effect (volatility clustering), persistence of
volatility, asymmetric effect (Negative return due to bad news has more impact on volatility than positive
return due to good news) and risk-return relationship using GARCH family Model.
1.2 Literature Survey
 Ahmed and Aal (2011) discussed the Egyptian stock market return volatility. His study highlights the
EGARCH model and has tried to fit it among the other models for computing volatility.
 Karmakar (2005) projected volatility model to detention the mouth of stock market volatility in India.
The study also examined the occurrence of leverage effect in Indian stock market.
 Goudarzi and Ramanarayanan (2010) examined the volatility of Indian stock market using BSE 500
stock index as the proxy for ten years. ARCH and GARCH models were estimated and the best model
was selected using the model selection criterion viz., Akaike information Criterion (AIC) and Schwarz
Information Criterion (SIC). The study found that GARCH (1,1) was the most appropriate model for
explaining volatility clustering.
Based on the above literature review we can observe that in India very few empirical works have been
conducted to model the Information Technology stock volatility using IT-INDEX of BSE, an index
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representing the stocks of 65 IT companies. Hence, this paper is developed to bridge the research gap in
this sector.
1.3 Objectives of the Study
1. To identify the nature of distribution either Leptokurtic (High peak and fat tail) or Mesokurtic (Normal
distribution) of IT-INDEX.
2. To study the existence of unit root (Stationarity) in the return series of IT-INDEX of BSE.
3. To Study the Persistence and Clustering of volatility.
4. To capture the leverage effect of the volatility in the IT-INDEX.
5. To capture the Risk Return relationship of IT-INDEX.
1.4 Research Methodology
For this empirical study, we have selected an Index representing Information Technology –IT-INDEX
from the widely traded stock exchange in India- the Bombay Stock Exchange (BSE). Apart from using own
past information we have used BSE Sensex as control variable, which can influence the return of ITINDEX. The returns of stock index are calculated based on logarithmic transformation of daily closing
index value.
Sample: For the purpose of the study we have used the closing value of IT-INDEX.
Sample period: The sample covers daily observation of indices from 01.04.2014 to 29.03.2019. In total
there are 1231 observations.
Data source: The entire data have been collected from BSE website.
Research tools: In this paper we have used several statistical tools to achieve the research goal.
(a) ADF (Augmented Dickey-Fuller) test : To study the existence of unit root (Stationarity) in the return
series.
(b) Jarque-Bera statistic: To identify the nature of distribution Leptokurtic (High peak and fat tail) or
Mesokurtic (Normal distribution)
(c) ARCH-LM test: To test the presence of Heteroscedasticity in the residual of return model
(d) GARCH Model: To study the persistence and clustering of volatility.
(e) EGARCH Model: To capture the existence of asymmetry in the volatility
(f) GARCH-M model: To capture the risk -return relationship of IT-INDEX.
Volatility has been measured for the returns, but before doing all these tests, first we calculate the daily
return of the Index data Rt = Log (Pt / Pt-1), where Pt is the closing Index value at time t and Pt-1 is the
corresponding value at time t-1.
Research Software: The entire econometric analysis has been done using E-views 8 Econometric package.
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1.5 Research Findings
Table 1: Descriptive Statistics of IT-INDEX Return
RSEN
Mean

RITI

RSEN

0.047686

0.049838

0.05911

0.04

Maximum

3.379489

4.8

Minimum

-5.93622
0.834179

-5.35
1.108419

Median

Std. Dev.

RITI

Skewness

-0.43064

-0.14146

Kurtosis

5.80765

5.139659

Jarque-Bera

442.375

238.9262

0

0

1231

1231

Probability
observations

(a) Descriptive statistics:
Table 1 reports the statistical description for daily observations BSE SENSEX during the period of 20142019 that contains; mean, median, max, min, skewness, kurtosis and Jarque and Bera results. The average
daily Return of SENSEX is 0.047686 and IT-INDEX is 0.049838, which indicates that there were positive
return across the period of the study on an average and the return of IT sector outperform the return of
SENSEX. The standard deviations are 0.83 and 1.108 in respective markets. There is a substantial gap
between the maximum and the minimum which gives support to the high variability of return in both
indices. In a normally distributed series skewness must be 0 and kurtosis is around 3. Regarding our results
in IT-INDEX the skewness is -0.14146 negatively skewed which implies that the distribution has a long
right tail and significant deviation from normality.
In addition, the IT-INDEX returns are leptokurtic since kurtosis statistics of 5.13 exceeds normal value of
3, which indicates that the return is fat tailed. Regarding Jarque and Bera test for normality, it is consistent
with the outcome provided by both statistics of kurtosis and skewness, since the JB test is significant at 1%
level, that means to reject null and accept the hypothesis which states that; returns are not normally
distributed. Consequently, all the pre mentioned statistical analysis gives more support to the suitability of
applying ARCH/GARCH model for our data gathered from Bombay stock exchange, since the selected
observations can be described as leptokurtic, fat tailed and not normally distributed.
(b) Stationarity of Data
Table 2 : Augmented Dickey-Fuller test of IT-INDEX Return Series
RSEN
t-Statistic
Augmented Dickey-Fuller test statistic
Test critical values:

1% Level
5% level
10% Level

-41.7977

RITI
Prob.*
0

t-Statistic

-33.608

-3.434561

-3.43456

-2.863287

-2.86329

-2.567748

-2.56775

Prob.*
0
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Here we test the existence of unit root of these stock return series. The index data is basically a non
stationary. However, we are testing volatility of the return data of these series. Here we have converted the
series into log form and then take the first difference of the new series, which ultimately the stationary
series of daily stock return. Table 2 represents the Augmented Dickey Fuller (ADF) test to examine the unit
roots in return series. The main result based on this test is that ADF is statistically significant. This indicates
to reject null hypothesis and accept that the returns are stationary, as the tabulated value of these series is
much higher than critical values at 1%, 5% and 10% level of significance; hence, it is mean reverting. That
confirms the non-existence of autocorrelation. However, since the series are stationary, the next step is to
determine the best fitting mean equation through applying Auto Regressive Moving Average (ARMA) to
choose the best process in modelling the conditional mean, and it can be expressed as follows:
RITIt = C + RITIt-1 + RSENt + et
RSEN is the control variable which can influence return of IT-INDEX.
6
4
2
0
-2
-4
-6
14

15

16

17

18

19

ITIR Residuals

Fig 1: Excess return
From Figure 1 we can observe the excess return from the mean return equation. The excess returns display
periods of turbulence and tranquillity. This suggests that there is volatility clustering, which further
confirmed through ARCH-LM test. The ARCH-LM test is applied in IT-INDEX return to find out the
presence of ARCH (Auto Regressive Conditional Heteroscedasticity). From Table 3, it is observed that the
ARCH-LM test statistics is highly significant. Since p < 0.05, the null hypothesis of ‘no arch effect’ is
rejected at 1% level, which confirms the presence of ARCH effects in the residuals of returns equation and
hence we can use GARCH family for estimation of volatility.
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Table :3 ARCH-LM Test in the Residual of Return Model
RITIR

F-statistic
Obs*R-squared

11.12903
11.04697

Prob. F(1,1227)
Prob. Chi-Square(1)

0.0009
0.0009

The ARCH-LM test is applied in IT-INDEX return to find out the presence of ARCH (Auto Regressive
Conditional Heteroscedasticity) effect in the residuals from the estimated mean return Model IT-INDEX.
From Table 3, it is observed that the ARCH-LM test statistics is highly significant. Since p < 0.05, the null
hypothesis of ‘no arch effect’ is rejected at 1% level, which confirms the presence of ARCH effects in the
residuals of returns equation and hence we can use GARCH family for estimation of volatility.
(c) ARCH and GARCH effect in the Conditional Volatility of IT-INDEX
After building the return equation for estimating mean return, the volatility has been modelled using
GARCH (1,1) model as follows:
GARCH = ω+ α*RESID(-1)^2 + β*GARCH(-1)+εt

Table:4 GARCH (1,1) Model for Estimation of Volatility
Mean Equation
Variable
C
RBEN(-1)
RSEN
Variance Equation
Variable
C
RESID(-1)^2 (α)
GARCH(-1) (β)

Coefficient
0.032814
0.013665
0.644319

Std. Error
0.028324
0.026164
0.031127

z-Statistic
1.158531
0.522305
20.69958

Prob.
0.2466
0.6015
0

Coefficient
Std. Error
z-Statistic
Prob.
0.08771
0.03116
2.814861
0.0049
0.055453
0.012456
4.451864
0
0.853685
0.041589
20.5266
0
Akaike info criterion
-7.21015
Schwarz criterion

-7.19421

Table 4 indicates that there is a direct effect between news (Shocks) that enters the market and the level of
volatility in IT-INDEX. The parameters of The ARCH and GARCH coefficients (0.055453 and 0..853685)
are statistically significant, which implies to reject null hypothesis and accept the existence of volatility

clustering in return series. In other words volatility from the previous periods has a power of explaining the
current volatility condition. Thus, the sum of coefficients α and β in GARCH (1,1) model is a measure of
the persistence in the volatility shocks, if the result is close to unity (i.e. one) then the more persistent is the
stock to conditional variance. However, it appears from the analytical output that the (α + β) is around
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(0.91) which means that the IT-INDEX return series have both attributes; volatility clustering and
persistent. Hence, all previously mentioned tests indicate that the variance equation is well characterized
and specified.
(d) Leverage effect in Volatility
Table 4: EGARCH model of IT-INDEX
Dependent Variable: RMCI
Method: ML - ARCH (Marquardt) - Normal distribution
Mean Equation
Variable
Coefficient
Std. Error
z-Statistic
Prob.
C
0.040004
0.028323
1.412414
0.1578
RITI(-1)
0.013442
0.025616
0.524756
0.5998
RSEN
0.64834
0.030768
21.07212
0
Variance Equation
ω
-0.09813
0.019131
-5.12944
0
α
0.125811
0.024697
5.094166
0
γ
-0.03245
0.014122
-2.2975
0.02
β
0.928284
0.021481
43.21421
0
Akaike info criterion
-7.456014
Schwarz criterion
-7.430948
In order to capture the availability of asymmetric behaviour and the existence of asymmetry of information
in the financial return of IT-INDEX, the study applies EGARCH (1,1) model in order to detect the leverage
effect (asymmetric). The EGARCH model as proposed by Nelson (1991) to model the volatility of stock
return in logarithmic form is as follows:
LOG(GARCH) = ω + α *ABS(RESID(-1)/@SQRT(GARCH(-1))) +
γ*RESID (-1)/@SQRT(GARCH(-1))+ β*LOG(GARCH(-1))
where α is the coefficient of ARCH effect (clustering of conditional volatility), γ is the coefficient of
asymmetric effect or leverage effect in the volatility and β is the coefficient of persistence of volatility. The
leverage effect is captured by parameter (γ) in EGARCH model for estimation of volatility is negative and
significant at 1% level of significance, as expected, which signifies that a positive shock has less effect on
the conditional variance LOG (GARCH) compared to negative news or shocks. So good new (GST, high
GDP Growth, liberal credit policy etc.) can generate less volatility than bad news (NPA, inflation, etc.) for
Return of IT company.
Heteroscedasticity Test: ARCH
F-statistic

0.824987

Prob. F(1,1227)

0.3639

Obs*R-squared

0.825777

Prob. Chi-Square(1)

0.3635
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(e) Risk-return relationship in the return of IT-INDEX
To study the Risk and Return relationship, as proposed in Capital Asset Pricing Model (CAPM) in the ITINDEX, we have used the GARCH-M model by incorporating GARH component (conditional variance)
in the mean return equation as follows:
RBENt = C + RBENt-1 + RSENt + GARCHt + et
From the table we have observed that GARCH term is statistically insignificant suggesting there is no
risk/return trade-off , implies that the hypothesis of CAPM is rejected.
Table: GARCH-M Model of IT-INDEX
Mean Equation
Variable

Coefficient

GARCH

Std. Error

z-Statistic

Prob.

-0.1524

0.130386

-1.168844

0.2425

C

0.172509

0.121866

1.415557

0.1569

RITI(-1)

0.015758

0.026434

0.596123

0.5511

RSEN

0.643631

0.031137

20.6707

0

C

1.54E-06

2.66E-07

5.799474

0

RESID(-1)^2

0.056399

0.007253

7.775516

0

GARCH(-1)

0.910951

0.010304

88.4082

0

Variance Equation

1.6 Conclusion
Volatility is an important determinant in the investment decision in the stock market. The investors in the
stock market are also likely to be affected by the volatility of stock prices as high volatility could mean
huge losses or gains and hence greater uncertainty. Further, in the volatile capital market, it is difficult for
the companies to raise capital. Now, before investing in IT stock as well as raising finance from these
markets, I investors and IT companies should be aware of the nature of volatility in those markets. In this
empirical research we have tried to model the conditional volatility of Return of IT-INDEX (Index
reflecting stock of IT Companies) for exploring their nature. We have applied the non-linear Exponential
Generalised Autoregressive Conditional Hetroscedasticity (EGARCH) model to capture the volatility
clustering, leverage effect and long memory property of volatility over the study period and also the risk
and return relationship. The model is employed after confirming that the return series has Unit Root
(Stationary) using ADF test. The significance of Jarque-Bera statistic is suggesting the asymmetry of the
distribution. High kurtosis (>3) indicates that the distribution of market return is leptokurtosis. We have
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observed the volatility clustering in the market as α coefficient is statistically significant in EGARCH(1,1).
We also perceived asymmetry effect of information, as γ coefficient is negative and statistically significant
at 1% level of significance, which implies negative shock (information) in the Indian capital market will
raise more volatility than positive shock. We have observed that volatility is persistent in the recent time as
β coefficient is statistically significant which implies volatility of today not only influence the volatility of
tomorrow but also about the volatility of many days ahead in the stock market. We have identified that
there is no significant risk-return relationship in IT sector through GARCH-M Model. The diagnostic check
for the residual of the volatility model confirms that the model fitted above is satisfactory (Table 6). Further
the study supports the findings of Ahmedand Aal (2004) , Karmakar (2005) and work of Mittal, Arora
(2012). The paper is, however, not devoid of limitations. They are as follows: First, the data used in this
study is restricted upto 5 years; however, we can extend our study period beyond 5 years to explore the
nature of volatility of IT sector over long period. Second, we have used the inter day volatility for the study,
although, we can study the nature of intraday volatility and compare it with the previous one. Last but not
least, in this study we have ignored the impact of volatility of Sensex while modelling the Variation
equation.
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