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PREDICTABILITY OF INDIA VIX WITH CBOEVIX: A 

GRANGER CAUSALITY TEST 
 

Abstract 

 

The Volatility Index (VIX) is the 

most important indicator of the volatility of 

any stock market. The concept of volatility 

index was introduced by the Chicago Boards 

of Options Exchange (CBOE). Thereafter, all 

the stock markets of the world adopted the 

concept of VIX, so as to ease down the 

process of option valuation. The CBOE VIX 

tracks the S&P 500 index. Literatures show 

that the US stock markets highly influence 

the Indian stock markets. The major 

objective of the study is to test whether there 

exists a two-sided causality or not between 

the Indian and US volatility indices. Daily 

data of Indian and CBOE VIX from January 

2013 to December, 2022 was taken under the 

study, and Granger Causality test was 

applied in order to check the predictability of 

Indian VIX with the help of CBOE VIX. The 

present study finds two-sided causality 

between India VIX and CBOE VIX. 
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I. INTRODUCTION 

 

India VIX or volatility index is the most important indicator of the volatility of the 

stock market. Usually, the volatility of a particular stock is measured using the beta or 

standard deviation, whereas the volatility of the entire index (or market) is measured using 

the volatility index or VIX. The Volatility Index (VIX) is the measure of the volatility in the 

market, where volatility means dispersion from the actual returns. It is often referred to as the 

Fear Index as it depicts the level of fear in the market.  VIX can provide insights into the 

market sentiment and volatility. Though VIX is not specifically designed to predict the 

direction or movements of any individual market, it primarily indicates the expected 

volatility.  

 

Various indicators have been identified by researchers to measure stock market 

volatility in the different markets of the world. The first volatility index (VIX) was introduced 

by Chicago Board of Options Exchange (CBOE) in 1993 based on the expected volatility in 

the S&P 100 index for the next 30 days. In 2003, CBOE developed further methodologies 

and changed the underlying index to CBOE S&P 500 index. India VIX is a volatility index 

based on the NIFTY Index Option prices for the expected market volatility over the next 30 

calendar days. India VIX adapted the computation method of CBOE, with amendments to 

suit the NIFTY options. 

 

The present study is divided into the following sections – Introduction, Literature 

Review, Objectives of the Study, Research Methodology, Analysis and Interpretations, 

Recommendations and Conclusions. 

 

II. LITERATURE REVIEW 

 

Banerjee and Kumar (2011) in their study found that forecast error is minimum for 

VIX, indicating that a model-free estimator of volatility captures the underlying volatility 

better than an econometric model of volatility. Bagchi (2012) in his study found India VIX 

yields a positive and significant relationship with the portfolio return. He found that India 

VIX has higher predictive accuracy over 45-day period. So, India VIX can be regarded as a 

distinct risk factor that could assist an investor to understand the price discovery mechanism.  

Mishra (2012) empirically appraised the performance of the Indian capital market and 

provided the evidence of growing market size, liquidity, greater volatility and weak form 

inefficiency. Mall et al. (2014) in their study found bidirectional causality from Nifty to VIX. 

Shaikh and Padhi (2015) analyzed the behavior of implied volatility and results demonstrated 

seasonal anomalies of the emerging market’s volatility index in the form of day, the week, the 

options expiration and month of the year effects. Naik and Reddy (2016) in their observations 

to understand the dynamics of linkages between the volatility indices of US(VIX), Germany 

(VDAX), India (VIX), South Korea (VKOSPI) and China (VXFXI), found that there is a 

moderate level of influence of the US index on India VIX. Further, the Indian VIX seems to 

be minimally integrated with its Asian index. Similarly, Singh (2016) in his study indicated 

the presence of a unidirectional impact of the US financial stress on the Indian equity market.  

Bantwa (2017) showed that India VIX can be very useful in employing timing strategies in 

stock market trading. Ramasubramanian and Sophia (2017) in their study on VIX of stock 

markets found any change in India VIX reflects the change in other markets as well. The 

study found that Brazilian market has an effect upon the Indian volatility index. The markets 

that do not relate in the sample markets are USA and Chicago. Patane et al. (2017) found 
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some significant positive influence of US volatility on German market, however not the vice 

versa. Pranesh et al. (2017) study showed that factors like business confidence index has 

positive effect on India VIX while other factors like PMI, FII and DII did not impact India 

VIX. It also revealed a negative relationship between FII and DII. Saranya and Sudhamathi 

(2018) examined the asymmetric and temporal relationship between India Volatility Index 

and select equity index returns where the magnitude of asymmetry is not identical.  

 

Aliyev et al. (2020) in their model tried to estimate the volatility of the nonfinancial, 

innovative and hi-tech focused stock index, the NASDAQ-100. The index demonstrated 

leverage effect, and the impact of shocks was asymmetric, whereby the impacts of negative 

shocks on volatility were higher than those of positive shocks of the same magnitude. Gajera 

(2020) found movement of stock indices were predictable more for the one’s which were 

opening later based on the one’s which were opening earlier. Similarly, stock indices 

belonging to same continent had higher correlation.  

 

The literature review has revealed a negative and asymmetric relationship between 

implied volatility and its underlying assets both in developed markets and emerging markets. 

It also reveals causality of India VIX and Nifty returns. 

 

III.  OBJECTIVES OF STUDY 

 

The major objectives of the study based on the above literature review are as follows  

 

1. To analyze the return distribution of daily open, high, low and close data of India and 

Chicago VIX for the period January 2013 to December 2022. 

2. To determine the appropriate lag at where the time series of the open, high, low, and close 

data become stationary. 

3. To test the Granger Causality between the India VIX and Chicago VIX for the period 

January 2013 to December 2022 at the appropriate lags. 

 

IV.  RESEARCH METHODOLOGY 

 

This section discusses the research methodology used to address the research 

problem. Firstly, the dataset used in the present study is described, followed by the theoretical 

issues on Granger Causality test. 

 

1. Data: Daily data of open, high, low and close (OHLC) on India VIX and Chicago Board 

Options Exchange (CBOE) were collected from the NSE website for the period of 

January 2013 to December 2022. The data was collected from the website of National 

Stock Exchange and Chicago Board Option Exchange website. Since the OHLC data is a 

time series, Granger Causality test is performed to test whether the India VIX can be used 

to predict the CBOE VIX or vice-versa. 

 

2. Theoretical Issues on Granger Causality Test: One series can be predicted by the use 

of other, if they are significantly correlated with each other. In a simple cross-sectional 

data, a correlation analysis is done for scale data (Pearson, 1896). In his paper, it was 

shown on theory of evolution that the correlation between the two properties of 

individuals (such as age, gender, height, attractiveness etc.)exists when the mean of one 
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series is a function of the mean of another series – that mean of one series now can be 

used to predict the other series.  

 

In order to understand that one time series can be predicted with the other, it is 

essential to understand that whether one time series causesanother, it is necessary to 

understand, that a “series” must contain some trend, or be free from any fluctuations. In 

other words, the series should be stationary. This is the first assumption to conduct a 

Granger Causality test. Granger (1969) mentioned a common specification test for such 

series, whose error terms were correlated among each other – in other words, the data was 

the time series data.  

 

Let Xt , Ytbe two time series, having a zero-unit root (i.e., stationary), with mean 

zero and variance one. Then the simple casual model was stated as –  

 

Xt =  ajXt−j

m

j=1

+  bjYt−j

m

j=1

+ εt , 

 

Yt =   cjXt−j

m

j=1

+  djYt−j

m

j=1

+ η
t
, 

(1) 

 

where, εt , η
t
are the two uncorrelated white-noise series, i.e., E εtεs = 0 =

E η
t
η

s
 , s ≠ t, and E εtεs = 0 for all t, s. In model (1), m is considered to be finite and 

shorter than the given time series data.  The definition of causality as per Granger (1969) 

implies that Ytis causing Xtprovided some bj ≠ 0. Similarly, Xtis causing Ytif some 

ci ≠ 0. If both these events occur, then it can be implied that two-way relationship exists 

between Xtand Yt . 
 

In order to test the stationarity in the time series, Augmented Dickey-Fuller (ADF) 

test (Dickey and Fuller, 1979) is applied in this study. Unit root is a feature of some 

random (stochastic) process which may cause hindrance in proper prediction in the time 

series models. If unit root is present in the data, then the data is said to be non-stationary, 

and the lagged data is considered to remove the presence of unit root. The ADF test 

assumes the following alternative hypothesis –  

 

Ha: Unit root is absent in the time series data 

The ADF test assumes the following regression model –  

 

yt = c + βt + αyt−1 + ϕ1ΔYt−1 + ϕ2ΔYt−2 + ⋯ + ϕpΔYt−p + et (2) 

 

In the above regression, the null hypothesis is tested for α = 1.  If the null 

hypothesis is accepted, then it is concluded that the unit root is present and the time series 

is not stationary.  
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V. ANALYSIS AND INTERPRETATION 

 

Descriptive Statistics In the table 1 (appendix), daily data on OHLC of Indian and 

Chicago market for the period of 9 years is analyzed. A total of 2332 data points were 

analyzed. The maximum range in the CBOE market is for the daily high data. The standard 

deviation is also the highest of the high data of CBOE, whereas the lowest deviation (as 

observed by range and standard deviation) is observed in the low data. Average open was 

found to be higher than the average close. All the data points of the CBOE VIX were found to 

be positively skewed with a standard error of 0.5. The standard deviation between the open, 

high, low and close was found more or less stable. In the Indian market also, the highest 

standard deviation was found in the high data and the lowest standard deviation was found in 

the low data. A high skewness and kurtosis in the India VIX than that of the CBOE VIX 

revealed a presence of high volatility in the Indian market than that of the CBOE market. 

 

One of the interesting observations in the OHLC data of India and Chicago VIX is 

that, in the Chicago market, the open, high, low and close data are widely spread, and in the 

Indian market, the open, high, low and close are not so much widely spread. Therefore, from 

all the observations of the descriptive statistics, it can be concluded that Indian markets are 

more volatile than the Chicago markets. One conclusion that can be drawn, that the volatility 

spillover from the Chicago markets is making the Indian markets more volatile. Therefore, 

the present study hypothesizes from the literature and the descriptive statistics of the current 

data that by using the volatility of Chicago markets, Indian volatility can be modelled. From 

figure 1, it can be observed that the volatility in the Indian market is higher than that of the 

Chicago market. 

 

Table 2 shows the unit root tests for the stationarity of the data of the OHLC data of 

the Indian and Chicago volatility index. It also shows the appropriate number of lags at which 

the data becomes stationary.  It can be observed that the Chicago stock market is relatively 

stable than the Indian stock market in terms of unit root. The high VIX was found to be stable 

at lag 0, while the low and close VIX was found to be stationary at 2
nd

lag. The low VIX was 

found to be stationary at 3
rd

lag.  Regarding Indian volatility, open, low and close volatility 

was found to be stationary at 5
th

lag while the high VIX was found to be stable at 8
th

lag. Table 

3 shows the selection of the appropriate lags for conducting the granger causality test. The 

highest lags (i.e., 5
th

 and 8
th

lag) were selected to make the time series stationary. Using these 

lags, the Granger Causality test was carried out to determine the causality between India VIX 

and Chicago VIX. 

 

After making the data stationary by including the appropriate lags in order to make 

the time series stationary, the test for two-way Granger Causality was done. Table 4 shows 

the results of the two-way Granger causality test. 16 pairs of Indian VIX (OHLC) and 

Chicago VIX (OHLC) was formed (4
2
pairs). It can be observed from the table that the 

closing VIX of Indian and CBOE markets has a two-way Granger Causality. This is a clear 

indicator, that there exists some relationship between the Indian and US volatility and that the 

Indian shocks can be well predicted with the US markets. However, it can be observed that 

during the period under study, the Indian open, high and low VIX did not granger cause the 

CBOE open and high VIX. It was only found to be a unidirectional relationship, similar to the 

findings of Singh (2016).  
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VI.  RECOMMENDATIONS AND CONCLUSIONS 

 

The present study finds that a unidirectional relationship between Indian Open, High 

and Low and CBOE Open, High and Close, and bidirectional relationship was found between 

Indian close VIX and CBOE close VIX. This finding is very important as the US markets 

close at 01:30 AM IST, and the Indian markets opens at 09:15 AM IST, therefore, a 

relationship between US VIX and India VIX can be of utmost importance in order to predict 

the volatility of Indian stock markets. Future research can be undertaken in order to establish 

the relationship between the CBOE closing VIX and India closing VIX with CBOE closing 

VIX as the predictor variable and India closing VIX as an outcome variable to understand the 

bi-directional relationship in order to control the volatility of the Indian stock markets. 
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Appendix 

Table 1: Descriptive Statistics of the OHLC Data 

 

 
Source: Researcher’s Computation 

 

Table 2: Augmented Dicky-Fuller tests for unit root 

 

 
Source: computed by researcher 

 

Table 3: Selection of Optimum Lags for making data stationary for Granger Causality test 

 

 
Source: computed by researcher 
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Table 4: Granger Causality test 

 

Pair Null Hypothesis Obs. F-Stat. Prob. 

1  INDIA_OPEN does not Granger Cause CBOE_OPEN 2327 2.195 0.052 

  CBOE_OPEN does not Granger Cause INDIA_OPEN   71.079 0.000 

2  INDIA_HIGH does not Granger Cause CBOE_OPEN 2324 2.406 0.014 

  CBOE_OPEN does not Granger Cause INDIA_HIGH   13.681 0.000 

3  INDIA_LOW does not Granger Cause CBOE_OPEN 2327 2.977 0.011 

  CBOE_OPEN does not Granger Cause INDIA_LOW   30.669 0.000 

4  INDIA_CLOSE does not Granger Cause CBOE_OPEN 2327 3.274 0.006 

  CBOE_OPEN does not Granger Cause INDIA_CLOSE   11.926 0.000 

5  INDIA_OPEN does not Granger Cause CBOE_HIGH 2327 1.469 0.197 

  CBOE_HIGH does not Granger Cause INDIA_OPEN   72.424 0.000 

6  INDIA_HIGH does not Granger Cause CBOE_HIGH 2324 1.814 0.070 

  CBOE_HIGH does not Granger Cause INDIA_HIGH   31.014 0.000 

7  INDIA_LOW does not Granger Cause CBOE_HIGH 2327 1.319 0.253 

  CBOE_HIGH does not Granger Cause INDIA_LOW   47.881 0.000 

8  INDIA_CLOSE does not Granger Cause CBOE_HIGH 2327 6.940 0.000 

  CBOE_HIGH does not Granger Cause INDIA_CLOSE   24.039 0.000 

9  INDIA_OPEN does not Granger Cause CBOE_LOW 2327 3.693 0.003 

  CBOE_LOW does not Granger Cause INDIA_OPEN   42.691 0.000 

10  INDIA_HIGH does not Granger Cause CBOE_LOW 2324 4.698 0.000 

  CBOE_LOW does not Granger Cause INDIA_HIGH   16.954 0.000 

11  INDIA_LOW does not Granger Cause CBOE_LOW 2327 3.808 0.002 

  CBOE_LOW does not Granger Cause INDIA_LOW   26.043 0.000 

12  INDIA_CLOSE does not Granger Cause CBOE_LOW 2327 6.465 0.000 

  CBOE_LOW does not Granger Cause INDIA_CLOSE   15.154 0.000 

13  INDIA_OPEN does not Granger Cause CBOE_CLOSE 2327 0.987 0.424 

  CBOE_CLOSE does not Granger Cause INDIA_OPEN   57.980 0.000 

14  INDIA_HIGH does not Granger Cause CBOE_CLOSE 2324 1.365 0.207 

  CBOE_CLOSE does not Granger Cause INDIA_HIGH   32.460 0.000 

15  INDIA_LOW does not Granger Cause CBOE_CLOSE 2327 1.206 0.304 

  CBOE_CLOSE does not Granger Cause INDIA_LOW   47.522 0.000 

16  INDIA_CLOSE does not Granger Cause 

CBOE_CLOSE 

2327 0.553 0.736 

  CBOE_CLOSE does not Granger Cause 

INDIA_CLOSE 

  32.232 0.000 

 

Source: computed by researcher 
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Figure 1: Histogram of CBOE and Indian VIX (OHLC) 

 

 
 

Source: Computed by Researcher 

 

 


