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Abstract 

The present study is undertaken with a view to understand the time-varying volatility of the 

healthcare index of Bombay Stock Exchange. The main aim of the paper is to develop an 

equation for estimating the volatility of the healthcare index. To achieve this aim, the author 

has used autoregressive volatility measuring models. Since volatility of equities are influenced 

by a number of factors, the author has also attempted to investigate if the movement in 

leading sectoral indices such as Auto Index, Bankex and IT Index can be used to develop a 

better forecast of time-varying volatility of the healthcare index. The empirical findings of the 

study would be very useful to the investors and analysts in taking better investment decision 

in healthcare stocks in the light of the time varying nature of volatility of the stock returns. 

Since, volatility structure of a stock has direct bearing on its returns, the pattern of variation 

in volatility of a stock is undoubtedly key factor for equity investors. 

Keywords: Augmented Dickey Fuller test; Auto index; Bankex, GARCH; Granger causality 

test; Healthcare index; Variance regressors. 

ealthcare sector in India, comprising of hospitals, pharmaceuticals, medical 

equipment and supplies, medical insurance and diagnostics has been the focus 

of attention in the recent years. According to a report by Equentis Capital, the 

healthcare sector in India is expected to grow at a CAGR of 15 per cent to touch US$ 158.2 

billion in 2017 from US$ 78.6 billion in 2012. 

The burgeoning sector has attracted private equity players from across the globe. 

According to Thomson Reuter’s data, Goldman Sachs Group Inc, Warburg Pincus LLC, 
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Sequoia Capital and the Government of Singapore Investment Corp are among investors 

that pumped $520 million into India's basic healthcare industry in 2012 as compared with 

$137 million in 2011.i 

The rising interest of private equity investors is also emulated by the secondary market 

participants. There has been a noticeable surge in investment in equity of healthcare sector 

by the retail and institutional investors in India. The healthcare sector, led by 

pharmaceutical stocks, has become an important component of investment portfolios in 

the recent past. The growing importance of the healthcare stocks in the Indian equity 

markets is testified by the launch of S&P BSE Healthcare sectoral Indexii on August 9, 

1999.iii 

The healthcare index has been going strong since past few years. Not long ago, the 

Healthcare index, reached a life-time high of 10,212 on 8 January 2014 and it ended the 

day at 10,180. In 2013, the index outperformed the Sensex by rising 22% against just 8% 

rise in the Sensex during the same period.ivThe index closed at all-time high level of 

13528.89 on 27 Aug 2014.v 

In the recent past, the total returns of the index have surpassed its benchmark index, S&P 

500. The annualised price returns of the index over a ten year period are 19.32% as against 

16.86% returned by S&P BSE 500. In 2013, the index returned a whooping level equal to 

22.55% as against a paltry 3.25% returned by its benchmark index. Comparative chart of 

total returns of S&P BSE Healthcare index and S&P BSE 500 is displayed in exhibit 1. 

                                                           

i. http://in.reuters.com/article/2012/12/27/india-heathcare-
idINDEE8BQ03I20121227 accessed on September 02, 2014 

ii. It comprises the constituents of S&P BSE 500 that come under the healthcare sector as 
per BSE industry classification system. It measures the performance of companies in 
the healthcare sector and it is calculated using a float-adjusted market-cap-weighted 
methodology. The index benchmark is the S&P BSE 500.  

iii. http://www.asiaindex.co.in/indices/equity/sp-bse-healthcare 
iv. http://businesstoday.intoday.in/story/stocks-of-pharmaceutical-companies-

performance-2014/1/202657.html a accessed on September 01, 2014 
v. http://www.bseindia.com/indices/indiceswatch.aspx?index_Code=31&iname=BSEHC 

accessed on September 02, 2014.  
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Source: Asia Index Private Limited 

Exhibit 1: Comparative Chart Displaying Total Returns of S&P BSE Healthcare Index 

and S&PBSE 500 

Such phenomenal performance of its representative index has made the healthcare sector 

stocks attractive investment option for equity investors. Increasing retail investor interest 

makes it imperative to scrutinise the sector more diligently. Since, equity is inherently 

risky, it is essential to adjust and understand the expectation of return on equity 

investment in the context of the risk or volatility that comes with it. In fact, all finance 

related decisions, be it asset allocation or derivative pricing, are taken largely on the basis 

of estimated volatility as discussed by Poon and Granger (2003). A reliable measure of 

volatility can definitely enhance the quality of investment decision.  

The paper contributes to new research as to the best of the author’s knowledge; a large 

body of research on volatility modeling in India has focused on stock market as a whole. No 

significant study seems to have been undertaken to develop a volatility forecast tool/model 

for the healthcare sector using autoregressive techniques. 

Data Description and Methodology 

Data 

Rupee-denominated daily closing prices of Healthcare index, Auto index, Bankex and IT 

index for a period from January 1, 2011 through December 31, 2015 have been used as the 
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sample for analysis and drawing inferences. Since, low frequency data is not suitable for 

the auto regressive models proposed to be used for analysis, daily data has been chosen.  
 

To begin with, descriptive statistics have been generated to better understand the nature of 

the data under the study. Mean, median, maximum, minimum, standard deviation, 

skewness, kurtosis, Jarque-Bera statistic and probability value have been reported and 

analysed to infer data behaviour and distribution pattern. Results of the same are 

presented in table 1. 

 

Table 1: Descriptive Statistics of Time Series 

 RET HEALTH CARE RET AUTO RET BANK EX RET IT 

 Mean  0.000739  0.000480  0.000292  0.000391 

 Median  0.000857  0.000794  0.000311  0.000288 

 Maximum  0.047243  0.058111  0.088968  0.089285 

 Minimum -0.069936 -0.074623 -0.072447 -0.117586 

 Std. Dev.  0.009920  0.012516  0.015619  0.013716 

 Skewness -0.645906 -0.076273  0.088083 -0.754904 

 Kurtosis  6.890693  4.616955  4.880019  11.85192 

 Jarque-Bera  867.6234  136.1771  184.0692  4162.835 

 Probability  0.000000  0.000000  0.000000  0.000000 

 

Negative value of skewness and high kurtosis reveals that the data used for the study has 

skewed distribution. The null hypothesis of normal distribution is also rejected, indicating 

non-normality. 

Methodology 

Financial time series usually suffer from the problem of non-stationarity implying the 

existence of unit root at levels. A non-stationary data is not useful in drawing meaningful 
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inferences as it can result in a spurious regression. So, all four time series have been tested 

for the existence of unit root using the Augmented Dickey Duller (ADF) (Dickey and Fuller 

1979, 1981). 

Since, the objective of the study is to generate a reasonably accurate equation for volatility 

estimation of healthcare index, the author has investigated its causality relationship with 

other chosen indices to check if those can be used to better estimate the volatility of the 

index under the study.  

The author has explored the interdependency between healthcare index and each of the 

other three indices to ascertain if any of those can be used as exogenous variables to better 

predict the variability and movement in the healthcare index. For this purpose, causality 

and interdependence test, namely, pair-wise Granger causality test (Granger, 1969, 1988) 

has been applied. 

In the current study, the author has applied GARCH (1,1) that was presented by Bollerslev 

(1986) by extending the seminal work of Engle (1982), who had introduced the ARCH 

model. Since then, many studies have used these auto regressive conditional hetero 

scedasticity models for forecasting volatility of financial time series. For instance, studies 

by Booth et al. (1997), Sakata and White (1998), de Lima (1998), Blair et al. (2001), Hayo 

and Kutan (2005), Koopman et al. (2005) and Wu and Shea (2011) have applied the ARCH-

type models to both intra-day and daily data of financial time series.   

For the purpose of the study, vanilla GARCH (1,1) model has been used. This model 

estimates today’s conditional volatility by treating it as a linear function of yesterday’s 

volatility and past squared innovations in the mean equation. The model estimates the 

volatility using the following equation: 

 

𝜎𝑡
2 = 𝜔 + 𝛼𝜀𝑡−1

2 + 𝛽𝜎𝑡−1
2  

Where 

ω> 0,  α, β ≥ 0 (since variance  should be non-negative)  

𝜎𝑡
2  = conditional volatility 

𝜀𝑡−1
2  = actual volatility 
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ω = the standard notation for GARCH constant 

α = the GARCH error coefficient 

β = the GARCH lag coefficient 

 

Instead of simply applying the uni-variate GARCH (1,1) model that uses only the past 

information contained in the history of that series, the author has used additional 

regressors to incorporate the effect of the exogenous variables on the variability of the 

healthcare index. The effect of exogenous variables on the volatility of a financial time 

series has been incorporated by many studies (For example, Engle and Mezrich (1996)). In 

the current study, the author has tried to identify additional regressors for computing 

conditional volatility of the healthcare index from among some other leading sectoral 

indices of Bombay Stock Exchange. 

 

The effect of exogenous variables has been introduced in the GARCH (1, 1) model given 

above by extending it to accommodate additional regressors. Following equation has been 

used to estimate volatility of the healthcare index: 

 

𝜎𝑡
2 = 𝜔 + 𝛼𝜀𝑡−1

2 + 𝛽𝜎𝑡−1
2 + 𝜆𝐷𝑡  

 

Where 𝐷𝑡  is the additional regressor dummy variable  

 

Analysis and Discussion of Results 

Before estimating the volatility equation, all the time series under the study were tested for 

stationarity using the ADF test. The test results, exhibited in table 2, show that all four 

series follow I (1) process i.e. they are non-stationary at levels but stationary at first 

difference (log normal returns). The same can be confirmed visually through the time 

series plots at level and first difference as illustrated in exhibit 2 and 3. 
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Table 2: Augmented Dickey Fuller Test Result 

Healthcare Index 

 

 

 

Auto Index 

 

 

 

Bankex 

 

 

 

IT Index 

 

 

 

Exhibit 2: Time Series Plot at Levels 
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-30.78163  0.0000 
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-0.255181  0.9288 
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-31.36226  0.0000 
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-32.25593  0.0000 
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-0.273977  0.9262 

First 

Difference 

t-Statistic   Prob.* 

-33.59754  0.0000 
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Exhibit 3: Time Series Plot at First Difference 

 
 

As mentioned above, the author has studied the interdependency of the healthcare index 

with the other three indices under the study to identify if any of the chosen sectoral indices 

have information precedence over healthcare index. Granger Causality test is used for the 

purpose. Test results, exhibited in table 3, show that the healthcare index is unidirectional 

Granger caused by the auto index. This indicates that the lagged value of the auto index 

news can be of use to make a more accurate estimation of volatility of health care index 

than a forecast made solely on the basis of the lagged values healthcare index itself. 

 

Table 3: Pair-wise Granger Causality Test Result 

 Null Hypothesis: Obs 

F-

Statistic Prob.  

    
     RET AUTO does not Granger Cause RET HEALTH CARE  1236  187.874 6.E-72 

 RET HEALTH CARE does not Granger Cause RET AUTO  0.62426 0.5358 

    
     RET BANKEX does not Granger Cause RET HEALTH CARE  1237  0.94280 0.3898 

 RET HEALTH CARE does not Granger Cause RET BANK EX  1.30520 0.2715 

    
     RETIT does not Granger Cause RET HEALTH CARE  1237  0.86189 0.4226 

 RET HEALTH CARE does not Granger Cause RET IT  0.87364 0.4177 

 

-.08

-.06

-.04

-.02

.00

.02

.04

.06

11 12 13 14 15

RETHEALTHCARE

-.08

-.04

.00

.04

.08

11 12 13 14 15

RETAUTO

-.08

-.04

.00

.04

.08

.12

11 12 13 14 15

RETBANKEX

-.15

-.10

-.05

.00

.05

.10

11 12 13 14 15

RETIT



 

                                    Professional Panorama: An International Journal of Management & Technology  

 
 

 

Study of the Impact of Variability in Leading Sectoral Indices on the Volatility of                      
Healthcare Stock Listed on Bombay Stock Exchange                                                             9 

  

 
 

Based on the outcome of the interdependency test, GARCH (1,1) has been estimated for the 

healthcare index using its own lagged value and the lagged value of shock in auto index as 

additional regressor. Residual diagnostics have been applied to confirm the use of GARCH 

(1,1). Using estimation command ARCH (BACKCAST=0.7, DERIV=AA) RETHEALTHCARE C 

RETHEALTHCARE (-1) @ AUTONEWSSQ (-1), estimation equations are generated for 

return and volatility of the healthcare index. The equations derived are: 

RETHEALTHCARE = 0.000897954143942 + 0.135258945643*RETHEALTHCARE (-1) 

GARCH = 6.607186418e-05 + 0.120995407292*RESID (-1) ^2 - .0640527510591*GARCH(-1)  

+ 0.14733345684*AUTONEWSSQ (-1) 
 

Summary and Conclusion 

Estimation methods and causes of volatility of stock market returns have been 

documented quite thoroughly in the financial literature. However, most of the studies have 

focused on the markets in developed economies. Emerging market economies have not 

been discussed or studied as extensively. This paper is written with the primary objective 

of developing a model for forecasting volatility of sectoral indices in India.  The paper 

explores various autoregressive volatility models to develop a volatility estimation 

equation for the equity of the healthcare sector as represented by the S&P healthcare 

Index. This study has focused on GARCH-family models to evolve an equation for volatility 

forecasting for the Indian healthcare sector. These models use lagged values of historical 

price data to make an estimate current and future volatility. The study suffers from some 

limitations. The sectoral indices used to test interdependency with the healthcare index 

have been chosen solely on the basis of the judgment of the author. Further, only vanilla 

GARCH (1,1) has been used. Other GARCH family models to accommodate leverage effect 

and skewed distributions have not been used as it would increase the scope of the study.  

Future researchers can use empirical methods to identify the sectoral indices for testing 

interdependency and also apply other GARCH models like TARCH and EGARCH to generate 

more accurate volatility forecast for the healthcare index. 
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