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Abstract: The aim of this paper is to study the integration of volatility in the three markets, viz. spot,
futures and options, in order to provide input for hedging purposes and the formulation of policies
for derivatives. The generalized method of moments (GMM) is used to capture the simultaneous
equation modelling of volatility in the three markets. The integration of the volatility in the three
markets is also tested for structural breaks. The main finding of the paper is that the volatility in the
options market is not associated with volatility in spot and futures market. However, volatility in
spot and futures markets are associated with each other. As a consequence, investors can use options
for hedging purposes and policy makers do not need to be concerned about the imminent impact of
options markets on spot markets. To the best of the authors’ knowledge, there is no other study which
discusses the integration of volatility in the three markets. Moreover, the finding of this paper that
the options market behaves differently compared to the futures market has also not been discussed in
earlier studies.
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1. Introduction

Volatility is essentially a tool to understand the rate at which changes in price occur. The price of
securities always remains centerstage for all stakeholders in the securities market all over the world.
Moreover, the rate of change in the price of any security is a very important factor for researchers
and industry. People across all stakeholder groups are highly interested in knowing the change in
price more so than the price per se. Hence, to know the change in price in the future becomes more
important than the past prices. Volatility measurement gives the impression of how the price has
changed in the past. Thus, it is obvious that the future price of a security will have a bearing on the
current price. However, the future price of a security may also have a bearing on the current prices of
the other securities.

Understanding volatility gives a much better indication of the future prices than anything else.
Therefore, investors are focused more towards knowing the volatility of a security in order to know its
future prices. In the pricing of options too, the volatility of the underlying asset is one of the main inputs
(Bakshi et al. 1997). Volatility in stock markets is related to the macroeconomic factors of the economy
which have long-term implications (Bansal et al. 2014). Changes in volatility also raise the attention of the
authorities who might decide to react to it by taking appropriate action (Han and Misra 1990). Therefore,
in this paper, instead of prices, the volatility of different markets and their integration are studied.

Investing in spot markets is always preferred by investors. However, derivative markets also provide
an equally lucrative but demanding platform for investments. Derivatives, as an alternative to the spot
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market, provide an opportunity to invest in the same securities, however at a lower price. Though there
are varied views on investment in the derivatives market, there is enough evidence to prove that informed
investors invest in derivative markets (Chen and Wang 2017; Pan and Poteshman 2006). It is also debated
that informed investors may or may not invest in the futures market. Rather, it is seemingly accepted
that informed investors have only two options to invest: the spot markets or the options market. This de
facto acceptance does not hold water (Lin et al. 2017). Lin et al. (2017) demonstrate that investors look for
opportunities to invest in futures as well as stocks and options.

As a matter of fact, derivatives markets do provide avenues to invest in securities, albeit with
some additional risks, which are sweetened by the low cost of investment. However, due to regulatory
concerns, all the securities listed in stock markets are normally not allowed to invest in the derivative
markets. The securities which are allowed to trade in the derivatives market, in spite of their lower
number, significantly impact the securities which are not allowed to trade in the derivatives market
(Bologna 2000; Bologna and Cavallo 2002).

The existing studies on the three markets (the derivative markets are divided into futures and
options markets; both included along with spot markets become the three markets) are performed
in the following ways. The first set of studies are performed on any two markets out of the three
(Chakravarty et al. 2004; Chan 1993; Chan et al. 1991, 2002). The second set of studies are on all the
three markets together, but mainly focus upon the lead-lag relationship between prices or returns
(Jong and Donders 1998). However, neither of these study methods address the issues of studying
volatility in all the three markets together.

Atilgan et al. (2016) exhibit in a survey on derivatives that studies are mostly performed on price
discovery, market structure and market efficiency. Moreover, studies are mainly performed on Taiwan,
Korean and Chinese markets. Only few studies have been carried out on pricing and risk management
in the derivatives market, and for that matter, on developed economies. Studies on volatility in the
Indian derivatives market are rare. There are a few studies on implied volatility and realized volatility
(Ryu 2012; Szu et al. 2011). At the most, Han and Misra (1990) claim that in the absence of transaction
costs and corporate action, volatility in all the three markets should be the same for stock indices as the
underlying security. However, studies on the integration of volatility in all the three markets remain
non-existent. This paper fills this research gap to ensure both novelty and contribution to the field.

There are many studies which link spot market volatility with the volume in the options market
(Chen and Wang 2017; Sarwar 2005). Likewise, there are a few studies on how volume in the futures
market is linked with the volatility in the spot markets (Bessembinder and Seguin 1992). On the contrary,
the present paper studies the association among the volatility present in all three markets together.

Structural breaks, while studying volatility in the securities market, are a well-researched
phenomenon (Banerjee and Urga 2005; Fernandez 2004; Morales-Zumaquero and Sosvilla-Rivero 2010;
Morales and Gassie-Falzone 2014; De Davide 2018). Two possible structural breaks are identified
during the time-period undertaken for the present study. The first break is in India in May 2014 when
a major political and economic change took place. The second break is identified when the same
change in political set-up took place in the USA in November 2016. The second break becomes more
significant because during the same time period, a demonetization exercise was executed in India.
Both structural breaks are part of the present study.

The research objectives of the paper are as follows:

1. To analyze the long-term association of volatility in all three markets (spot, futures and options)
2. To compare the integration of volatility before and after both structural breaks (May 2014 and

December 2016) undertaken in the study.

The remainder of the paper is arranged in the following manner. The introduction is followed by
the second section which includes a literature review. The third section demonstrates the data and
methodology used, followed by the fourth section where empirical results are presented. A discussion
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and conclusion of results is presented in the fifth section. The author’s contribution is the sixth and last
section of the paper.

2. Review of Literature

The literature is replete with studies on volatility under different situations, such as the spot, futures
and options markets. A discussion on the review of literature pertinent to this paper is performed in the
context of the following areas: (1) spot and futures markets; (2) spot and options markets; (3) futures and
options; and (4) spot, futures and options markets.

The integration of the futures market with the spot market is one of the most relevant areas of
this paper. Though there are studies between these two markets, only a few discuss the integration
of volatility in both markets (Bessembinder and Seguin 1992; Chan et al. 2018; Chang et al. 2017;
Qin et al. 2018). Most of the studies are on prices, returns, and price discovery in one market caused by
the other markets. He and Xie (2012) show that in China, the futures price leads the spot market for price
discovery. In the crude oil market, futures contribute to price discovery in the spot market (Silverio and
Szklo 2012). In the Turkish stock market, a significant association between the futures and spot markets
is reported (Kasman and Kasman 2008). It is common to study spot market prices either with the
futures market or with the forwards market (Kavussanos and Visvikis 2004; Kavussanos et al. 2014).
Kim and Ryu (2014) show that the futures market impacts more upon the volatility of the spot market
than on the return or the volume of the spot market. On the contrary, Judge and Reancharoen (2014)
find evidence that in Thailand, market change in the spot market leads to changes in the futures market.

Huo and Ahmed (2017) document the volatility spillover effect from the futures market to spot
markets in China. There are studies that highlight the impact of the introduction of futures on spot
volatility and a resultant increase in market efficiency in the spot market (Bae et al. 2004). The mixed
results of the impact on spot volatility due to the introduction of futures is reported (Xie and Mo 2014;
Yu 2001). Pok and Poshakwale (2004) show that the introduction of futures increases the volatility in spot
markets in the Kuala Lumpur stock exchange. Through an earlier study, Edwards (1988) advocates that
there was no impact due to the introduction of index futures on stock index volatility. Bologna (2000)
finds evidence in the Italian market that the introduction of futures does not change the nature of volatility
in the spot market, however, volatility does slow down due to the introduction of futures. Moreover, it
is also evinced that volatility is inversely proportional to the trading volume of futures. Koutmos and
Tucker (1996) show an association of volatility in the spot and futures markets; they highlight that the
futures markets volatility takes lead over spot market volatility.

Chan et al. (1991) posit that there is interdependence between the volatility of spot and futures
markets. Darrat et al. (2002) exhibit that spot market volatility does impact the futures volatility but the
opposite (futures volatility impacting the spot market volatility) is not true. Hodgson and Nicholls (1991)
highlight the positive correlation between the volatility of futures and spot markets. Tokat and Tokat (2010)
highlight the interdependence of the volatility of futures and spot markets in the Turkish stock exchange.
Chang et al. (2018) discuss the integration between the futures markets of exchange traded funds (ETFs)
and the energy and financial markets.

There are several studies which show the association between spot and options markets. Guo and
Qiu (2014) demonstrate a negative association between option induced volatility measures (variance)
and returns in the spot markets. There is evidence to claim that price discovery in spot markets is due
to the options market (Hentze and Seiler 2000). Li (2008) demonstrates that until a certain level in the
option prices, there is no impact on the volatility of the underlying asset. However, as the threshold is
crossed, the option prices go up, beyond the threshold, the arbitrage is increased, and consequently,
the volatility in the spot markets goes down. In a lead-lag relationship between the options and spot
markets, the spot markets take the lead over options markets (Stephan and Whaley 1990). Turkington
and Walsh (2000) posit that spot prices lead option prices but the volume observed in the spot markets
leads prices in both the spot and options markets.
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Relatively less literature is found on the association of volatility in the three markets (spot, futures
and options markets) as more attention is given to any of the two markets than the three markets
altogether. In some of the early works on futures and options markets, Draper and Fung (2002) find
evidence of profitable arbitrage opportunities due to futures and options markets. Later on, Fahlenbrach
and Sandås (2009) show evidence of a co-movement in prices of options and futures. They use the
FTSE 100 index options and futures (The Financial Times Stock Exchange 100 Index) to highlight the
co-movement of the prices. Despite the significant evidence of the co-movement of prices, studies
on the association between volatility in both the markets (futures and options markets) are quite rare.
After many years, Farkas et al. (2017) evince a significant co-integration among the prices of futures and
options markets for ten commodities. In addition to this, Lin et al. (2017) document the impact of index
option trading on index futures. However, none of the studies on options and futures markets discuss
the association of volatility in both the markets.

There are very few studies on the three markets altogether. One of the earlier works is by Kleidon
and Whaley (1992) who show how the three markets fared before and after the financial crisis of 1987.
Pericli and Koutmos (1997) examine the impact of the currency derivatives market on spot volatility.
They showed that in normal conditions derivatives do not impact the spot markets. However, they report
a significant impact of derivatives on the spot market due to extreme events, for example the financial
crisis of 1987. Jong and Donders (1998) use the European options market data of 1992–1993 to show that
the futures market takes lead over the spot and options markets in terms of price discovery. This was
a surprising result because the futures market usually does not take lead among the three markets.
In another similar study on the lead-lag among the three markets in Hong Kong (Chiang and Fong 2001),
it is found that the spot market takes the lead over the other two markets. Kang et al. (2006) posit the
association among the three markets and find evidence that the options market leads the futures market
and the futures market leads the spot market.

Debasish (2009), while studying Indian spot, futures and options markets, evinces that derivatives take
lead over the spot markets. However, between the futures and options markets, for calls, options lead over
futures whereas in the case of puts, futures take the lead. However, all of these studies do not deliberate upon
the association among volatility in spot, futures and options markets. Shenbagaraman (2003) documents
that the introduction of options and futures in India does not bring much change in the volatility of the spot
market. Only the nature of the volatility is changed due to the presence of derivatives (some impact on the
persistence and reactivity of the volatility are reported). In a UK study on the FTSE 100, it is demonstrated
that in the normal course, derivatives do not impact the spot market. However, during some specific
periods of exigency, spot volatility is impacted by the derivatives market. Wang and Chen (2007) exhibit
a unidirectional spillover from the futures market to the options market and a bidirectional spillover
between the spot and futures markets in the Taiwan Stock exchange.

Chan and Lien (2006) study the three markets for currency. They argue that currency options
reduce the interdependence between the spot and futures markets, and hence the options market
dominates among the three markets. Chen and Gau (2009) do find evidence of the association among
the three markets, but for returns and not for volatility. Chang et al. (2010) examine changes in the
volatility of the spot market due to the options and futures markets. They highlight that there is no
impact on the volatility of the spot market due to the options and futures markets.

There are studies on the three markets which discuss volatility, but only in one of the three
markets (Bollen and Whaley 2004; Chen and Wang 2017; Ni et al. 2008; Sarwar 2005). It is observed
that spot volatility integration is linked only with the volatility of the options market, not with the
volatility of the futures market. It seems as if they are oblivious to the fact that there is a futures
market where informed traders can also take positions, which may impact the volatility in the spot
market. However, to the best of our knowledge, no other study discusses about the role of futures
market on the volatility in the spot market. Cheng et al. (2000) evince that a discussion of spot market
volatility is incomplete without considering the futures market along with options market. However,
we believe that the present work is pioneering in that it explores the volatility of the futures market
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along with spot and options markets. The present study fills the gap created by the absence of the
futures markets in studying volatility amongst these three markets. Additionally, the present study
investigates the association among the volatilities of the three markets, viz. spot, futures and options
markets. With reference to the abovementioned discussion in the literature review, the following
hypotheses are proposed for empirical testing:

Hypothesis 1. The volatility of all three markets studied have a long-term association.

There is enough literature to support the significant structural breaks in the volatility series.
Fernandez (2004) explores structural breaks in volatility using two approaches: ICSS (Interactive
cumulative sum of squares) and wavelet analysis. Dufour and Ghysels (1996), in their earlier work on
structural breaks, examine where and how studies on structural breaks are performed using econometric
modeling. Banerjee and Urga (2005) exhibit the instances of econometric modelling for structural
breaks in long-memory volatility and the co-integration among volatility. Morales-Zumaquero and
Sosvilla-Rivero (2010), in a study on the volatility of foreign exchange, find evidence of structural breaks.
Morales and Gassie-Falzone (2014) also demonstrate instances of structural breaks while studying
the volatility spillover between crude-oil markets and stock markets. The following hypothesis is
formulated based on the above arguments:

Hypothesis 2. The degree of association of volatility in the three markets changes during the time-periods
separated by structural breaks.

3. Data and Methodology

3.1. Data

For spot rates, weekly closing prices of the Nifty-50 (index of the National Stock Exchange, India)
are collected for between 2010 and 2017. For futures, weekly closing prices of Nifty-50 index-futures
are taken, and for options, weekly closing prices of Nifty-50 index-options are taken from 2010 through
2017 (Wang and Wu 2013). The prices have been obtained from the official website of NSE (National
Stock Exchange). Hu (2014), the prices of five days or less, and before expiry are discarded. Both index
options and index futures are traded for three months on NSE (National Stock Exchange). In addition to
reducing expiry effect, for rollover of the options before expiry, the 5-day time period is applied (Chiang
and Fong 2001). Bothfutures and options on the Nifty-50 index, expire every three months. Therefore,
to get a continuous series for futures, as well as for options, the assumption of rollover of Nifty-index
futures and options is applied in this paper (Floros and Salvador 2016).

The literature supports the view that at-the-money (ATM) options give a more accurate estimate
of volatility than out-of-the-money (OTM) and in-the-money (ITM) options (Gemmill 1986; Gwilym
and Buckle 2001). Options priced at less than $1 are removed in order to avoid minimum tick bias
(Han and Misra 1990). The same approach is used in the current paper for collecting options prices.

3.2. Summary Statistics

The closing prices from all the three markets are gathered. These price series are converted into return
series. Further, the GARCH(1,1) model (Generalized Autoregressive Conditional Heteroscedasticity)
is applied on the return series in order to generate a variance series for all three markets, viz. spot,
futures and options markets (index, index-futures, index-call options and index-put options respectively).
Descriptive statistics of all the four variance series are reported in Table 1. The mean variance for index
and index-futures are quite low at 0.04% and 0.05% respectively. The same is true for the standard
deviation of the variance series for both. However, in the case of options, the mean variance is 24.72%
and 22.32% for call and put options, respectively.
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Table 1. Descriptive.

Variables (at Levels) Observations Mean (%) Standard Deviation (%) JB Statistics @

hs (Index) 411 0.04 0.02 380.54 *
hf (index futures) 411 0.05 0.01 521.98 *

hoc (index call option) 411 24.72 3.63 451.61 *
hop (index put option) 411 22.32 2.14 625.83 *

Notes: 1. Weekly data is collected. Closing prices on the last working day of the week has been taken. 2. GARCH(1,1)
model is used for estimating variance. 3. Variance of the return series is calculated. 4. As explained by JB statistics,
no variance series is normally distributed. 5. hs is variance of return series of Index. hf is variance series of return of
index futures. hoc and hop are variance series of return of index call and index put respectively. @ Null of normalcy is
tested by JB test (Jarque Bera Test) (Jarque and Bera 1980). * Significant at 5% level.

All the four variance series are not-normal as the JB test statistics (Jarque Bera Test) result is
significant in all four cases. In addition to descriptive statistics, the stationarity of all four variance
series is tested using the augmented Dickey Fuller (ADF) test and Phillips-Perron (P-P) tests. All four
variance series are stationary at levels (Table 2).

Table 2. Test of Stationarity.

Variables (at Levels) ADF (Augmented Dickey Fuller Test) P-P Test (Phillips and Perron Test)

hs (Index) −2.9428 * −3.0406 *
hf (index futures) −3.0754 * −3.1992 *

hoc (index call option) −12.3959 * −6.4287 *
hop (index put option) −20.6062 * −19.7671 *

Notes: 1. Null of non-stationarity is tested by ADF test (Dickey and Fuller 1979, 1981) and P-P test (Phillips and
Perron 1988). Level of significance is at 5% in both the tests; 2. * Test result is significant at 5% level of significance.
All four variance series are stationary at levels.

3.3. Methodology

The stationarity of the time series is tested by using the augmented Dickey-Fuller test and P-P test
(Phillips and Perron 1988). Following the law of parsimony, the optimum lag length is selected on the
basis of AIC (Akaike information criteria) and SCI (Schwartz’s information criteria). On preliminary
investigation of the data, it is established that the price series of spots and futures are non-stationary
at levels, but options price data is stationary at levels. This was uniquely present in the context of
the Indian index option market because normally index-options are also non-stationary at levels
(Turkington and Walsh 2000).

The possibility of co-integration among the volatility of the three markets is ruled out because the
variance series of all three markets is stationary at levels. There are many studies where co-integration
among the three markets is studied. However, most such studies are not on the volatility, but on the
prices or returns (Sogiakas and Karathanassis 2015). The present study is on the volatility of the three
markets and their long-term association. However, the possibility of studying co-integration is ruled
out because the volatility series (variances) of the three markets are stationary at levels, which is the
primary violation of co-integration, as discussed earlier. Furthermore, as the authors want to establish
a long-term association among the volatility of the three markets, the volatility spillover effect is also
left unexplained (Malhotra and Sharma 2016) (volatility spillover effect among the volatilities of three
markets can be a future area of study on this topic).

As a consequence, having explored and ruled out the possibilities of co-integration and the
spillover effect, the authors aimed to use regression. However, as the literature supports simultaneity
in the three markets, the current study also tests for simultaneity among the volatility of the three
markets. The volatility spillover effect also corroborates the existence of simultaneity among the
volatility of all the three markets (Malhotra and Sharma 2016; Wang and Chen 2007). Therefore,
the systems of equation should be the obvious choice for studying the volatility in the three markets,
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provided simultaneity is tested positive (Simultaneity can be tested with the help of the Hausman test
for simultaneity).

There are a few methods that can be used to study simultaneous equations. Because studying
contemporaneous effects is a part of one of the objectives of the study, the VAR (vector auto regressive)
method has not been used. Between TSLS (two-stage least square) and GMM (generalized method of
moments), the present study has applied GMM. The optimum least square (OLS) including TSLS, and
ML (maximum likelihood) methods have the following limitations: (1) the model should be specified;
(2) linearity assumption should hold true; and (3) distributional assumption is supposed to take care
of autocorrelation and heteroscedasticity (Jagannathan et al. 2002). The GMM method handles the
abovementioned limitations well; therefore, between TSLS and GMM, the authors preferred the GMM
method in the current study.

The instrumental variable method is a standard method used to handle cases of simultaneity
among TSLS, GMM or LIML (limited information maximum likelihood) (Larcker and Rusticus 2010).
The same is also applied in the present study.

In general, there is abundant literature for the world markets, and in particular for the Indian
market, that supports the GARCH(1,1) model’s ability to give a better estimate of volatility than the
other models (Andersen and Bollerslev 1998; Karmakar 2005; Rastogi and Srivastava 2011). However,
there are some exceptions for the choice of the GARCH(1,1) model as the best model to estimate
volatility (Gabriel 2012). Despite the exceptions, for this study on the Indian market, due to the
literature support, the GARCH(1,1) model is applied to estimate the variance series (volatility) for all
the three markets undertaken in the current study.

3.4. The Econometric Model and Contemporaneous Relationship

The following system of equations is estimated using the GMM estimator. All the three volatility
measures have been treated as endogenous variables. Lag terms of all the endogenous variables are
treated as instrument variables (IV) because the lag of endogenous as well as exogenous variables are
predetermined variables. Predetermined variables are exogenous in nature. Weekly data has been
taken; therefore, only one lag has been considered in the following equations for endogenous variables:

hSt = α0 + α1hst−1 + α2h f t + α3h f t−1 + α4hot + α5hot−1 (1)

h f t = β0 + β1h f t−1 + β2hst + β3hst−1 + β4hot + β5hot−1 (2)

hot = γ0 + γ1hot−1 + γ2h f t + α3h f t−1 + α4hst + α5hst−1 (3)

where

hs—volatility of index
hf —volatility of index futures
ho—volatility of index options (call and put both; for call ho = hoc and for put hop).

The three equations (models) applied in this paper also test the contemporaneous effect on the
volatility of one market due to the volatility of the other markets. This is also one of the reasons to
use the GMM rather than the VAR (vector autoregressive) model. But for testing predictability in the
models, we need to use the lag terms (Sarwar 2005). This study restricts itself to only two lags as the
scope of the paper is to study integration of volatility in spot, futures and options markets. Studying
predictability can be a future area of study and higher lag terms could be tested. Presence of lag terms
in the equation as exogenous variables serve two purposes. First, they help in testing the predictability
of the dependent variable due to the lag terms of the variable(s) and second, they work as instrument
variables in the estimation of equations. Insignificant j-statistics and Cragg-Donald statistics confirm
the proper identification of the model and strength of the lagged variables as instruments.
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3.5. Structural Breaks

Indian markets have witnessed two extreme events, which bring policy change as well as
a disruption in the Indian economy, during the time period of the study (2010–2017). In May 2014,
the political leadership changed in India. The second upheaval was observed when the same change
of guard took place in the USA in November 2016. These two points of intervention are considered as
structural breaks to investigate further. The GMM breakpoint test is applied to verify the possibility of
structural breaks on the abovementioned years.

4. Results

Empirical testing is reported at three levels.

4.1. Endogeneity

Endogeneity is tested in all the four cases (Equation (3) is estimated two times; one for call-options
and the second for put-options). The Durbin-Wu-Hausman test is conducted on each regression
equation (Equations (1)–(3)). The Durbin-Wu-Hausman test is for the null hypothesis of OLS to be
consistent and an efficient estimator. In other words, for the Durbin-Wu-Hausman test, the target
variables are assumed to be exogenous in the null hypothesis. The result of the tests is reported in
Table 3. In the first case of the variance series with the index as dependent variables, index futures
and call options have been tested for endogeneity. Similarly, in the second case of index-futures as the
dependent variable, index and index-call options are tested for endogeneity. In the case of index-call
option as the dependent variable, index-spot and index-futures are tested for endogeneity. Likewise,
in the fourth case of index-put-options as the dependent variable, index-spot and index-futures are
tested for endogeneity (Table 3).

Table 3. Regression Analysis results-GMM (Generalized method of moments).

Dependent Variable hs
(Index)

hf
(Index Futures)

hoc
(Index Call Option)

hop
(Index Put Option)

hs 1.1939 * 6792.21 −336.5040
hs−1 0.9271 * −1.1067 * −6347.18 303.4835

hf 0.8342 * −5834.384 298.5364
hf−1 −0.7706 * 0.9237 * 5432.77 −266.4965
hoc 0.0000 0.0000

hoc−1 0.0000 0.0000 0.6859
hop

hop−1 0.8086 *
J-Statistics 0.1156 0.1194 0.4807 4.0438 *

Endogeneity test
(Durbin-wu-Hausman test) 1.0201 1.3466 7.7291 * 0.5921

Weak Instrument Diagnostic
(Cragg-Donald Statistics) 0.2601 0.1916 0.0390 0.1049

GMM Breakpoint Test (May 2014) 1.5491 4.1687 12.7659 * 3.8294
GMM Breakpoint (November 2016) 58.1998 * 83.1618 * 57.8215 * 32.2301 *

Notes: 1. Instrument variables are same for all the four endogenous models. They are hs−1, hs−2, hf−1, hf−2, hoc−1
and hoc−2. Constant term is part of the Instrument list by default. 2. J-statistics is for identification of the equation.
Null hypothesis for J-statistics is appropriateness of identification of the regression equation using GMM. Null of
Endogeneity test is that OLS is consistent and efficient estimator. Null of weak instrument diagnostic in that
instruments are not weak. The critical value for Cragg-Donald statistics at 10% is 13.43. Null of GMM breakpoint
test is no breakpoint. * Significant at 5% level.

Out of the four Durbin-Wu-Hausman tests, only in the case of the index-call option as the dependent
variable is the test significant. This implies that endogeneity exists among the index-call-option,
index-spot and index-futures. However, index-put-options have not shown endogeneity with any of
the other three variables into consideration.
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4.2. Long-Term Association among Volatility of Spot, Futures and Option Markets

Equations (1)–(3) are empirically tested using the GMM as estimator. Results of the estimated
models have been reported in Table 3. Index-spot variance is regressed on the five variables considered
as exogenous for this equation: one lag of index-spot variance, at the level of index-future variance, at one
lag of index-future variance, at the level of index-call-option variance and at one lag of index-call-options
variance. The volatility (variance) of index-spot has a long-term significant relationship with the
volatility (variance) of index-futures, but an insignificant relationship with the variance series of the
index-call option. This mean volatility of index-spot is related to the volatility of index-futures, but not
to the volatility of index-options. Besides this, Equation (1) (index-spot as dependent variable) is
properly identified as J-statistics is 0.1156 and insignificant (null of appropriateness of instruments for
identification cannot be rejected). Further, Cragg-Donald statistics is insignificant for Equation (1),
implying the instruments are strong enough to be used in the given specification.

A similar estimation of index-future as the dependent variable (Equation (2)) is significant for
index-spot (both level and one-lag) but insignificant for index-call-options. Therefore, the volatility of
index-futures has a long-term association with the volatility of index-spot, but not with the volatility of
index-call-options. Further, this relationship, also properly identified as j-statistics for this equation
(Equation (2)), is insignificant. In addition to this, a weak instrument diagnostic test is also insignificant.
This signifies that the instruments are strong enough to estimate this relationship in Equation (2)
(Table 3).

The results for the variances of index-call and index-put-options as dependent variables (Equation (3)
are also reported in Table 3. The variance of the index-call-option as a dependent variable does not
have a significant association with the variances of index-spot and index-futures. This means that
index-call-option volatility does not have any long-term association with the volatility of index-spot or
index-futures; however, the identification of the model is appropriate as j-statistics is insignificant (Table 3).
Cragg-Donald statistics is also insignificant, signifying that the instruments are strong enough for the
identification of the model. The variance of the index-put-option as a dependent variable does not have
a significant relationship with index-spot and index-futures variances, but has significant relationship
with the lag series variance of index-put options. However, in this case, model identification is not
appropriate as j-statistics is significant (Table 3), despite having strong instruments (as Cragg-donald
statistic is insignificant).

4.3. Impact of Structural Breaks

As discussed in Section 3.5, two threshold points are tested for structural breaks. The GMM
breakpoint test is deployed to verify structural breaks in this paper. In May 2014, the GMM breakpoint
test was significant only with variance of the index-call-option as a dependent variable out of four
specifications. The second structural break (November 2016) is significant with all the four variances
as dependent variables undertaken in the study (Table 3). This implies that May 2014 was not felt as
a major structural break for the volatility integration among index-spot, index-future and index-options.
However, November 2016 was observed as a structural break as the GMM breakpoint test results are
significant for all the four estimated models.

The application of diagnostic tests (J-Statistics and Cragg-donald statistics) in the estimation of all
three equations (Equations (1)–(3)) (which is consistent in their estimation) ensures the robustness of
the results.

5. Discussion

The first hypothesis that the volatility of spot, futures and options have a long-term association
is partially accepted. The volatility of the index-spot market has a significant relationship with the
volatility of index-futures but does not have a significant relationship with the volatility of index-options.
In addition to this, the volatility of index-futures has a significant association with the volatility of



J. Risk Financial Manag. 2019, 12, 98 10 of 15

index-spot, but not with the volatility of index-options. However, the volatility of index-options does
not have a significant relationship with the volatilities of index-spot and index-futures.

The second hypothesis, regarding structural breaks, is true for one of the two proposed structural
breaks. The first break proposed in May 2014, is not significant for the volatility of index-spot and
index-futures but it is significant for index-options markets; whereas the second proposed break in
November 2016 is significant for volatility in all the three markets.

This paper deliberates two-pronged managerial and policy implications. The primary implication
is from the investors’ point of view. Investors in India invest less in options than futures. By an estimate
in 2015, investment in terms of value in Nifty-50 index-futures was 11.65 times the investments in
Nifty-50 index options (NSE 2015). The findings of this paper support the distinction between futures
and options markets regarding the integration of volatility in both the markets with respect to spot
markets. The main aim of investing in the derivatives market is to hedge (Shiu and Moles 2010).
The options market can serve the purpose of hedging better than the futures market. The findings of
the current paper suggest that volatility in the options market is not integrated with the volatility in
the spot market whereas volatility in the futures market is associated with the spot market (Table 3).

This finding brings spot and futures markets to the same platform; however, options remain
away from this integration of volatility between spot and futures markets. Therefore, it is advisable to
investors to get the benefit of the options market for hedging because it behaves differently than spot
and futures markets. This has two benefits. Not only will investors be better off in terms of hedging,
but the options market will also grow, which is not the present scenario (NSE 2015).

The second implication of the findings is for policy makers. The main concern of policy makers
regarding derivative markets is how the derivatives market impacts the spot market. Public opinion
regarding the adverse impact of derivatives on spot markets is very strong presently (Tripathi 2014).
Responsibility for the negative publicity of derivatives may be due to the levered nature of derivative
instruments but governments always find it risky to support the derivatives market. However,
this perception about the entire derivatives market can change with the help of findings in this paper.
Rather, the options market should be seen differently than the futures market. The reluctance of policy
makers for launching options can also be avoided by using the findings of this paper.

Volatility is an important measure for the securities market. The same set of securities are traded
in all three markets, viz. in spot, futures and options markets. Therefore, volatility in the three markets
is expected to be integrated.

In this paper, a significant association is found between the volatilities of index-spot and
index-futures markets (of financial securities markets). However, volatility in the index-option market
does not have any significant association with the volatility of index-spot and index-futures markets
(the results are derived by using financial securities only).

Moreover, out of the two structural breaks undertaken in the study, the second structural
break—change of the guard in USA and demonetization in India during November 2016—is significant
in all three markets with respect to the other two markets in volatility modeling.

The present study has two main limitations. First, this study does not use control variables to
neutralize the impact of other factors aside from the volatility in the three markets. Second, as discussed
earlier, this study could not explain the reason for the non-association of the volatility of index-options
with the volatility of the other two markets (spot and future markets). Both the limitations are future
areas of study on this topic.

6. Conclusions

Volatility in the options market is not integrated with the volatility of the other two markets
studied here (spot and futures). This finding is unique as the authors did not find any earlier research
referring to the integration of volatility in the three markets. The volatility in the options market
behaving differently can be explained. The return function of the option is non-linear, whereas futures
have a linear return function. This may be the reason for the different volatility behavior of the options
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market as compared to the futures market. Additionally, in the options market, investors have to
pay a price to take a long position, whereas in the futures market nothing is paid to take a position
(a margin payment is the security money paid by futures investors, and not the price to be paid to
take a position in futures markets). Payments (for option premium) can also be the reason for the
different behavior of the options market as compared to the futures market. Both the explanations
need empirical scrutiny which could be an area for future research.

Moreover, the authors also did not find any other study on volatility covering both the structural
breaks undertaken in the study. However, May 2014 is not found to be a significant structural break in
spot and futures market volatility. This can be due to the fact that the reach of the political change
of the landscape in India in May 2014 did not have much bearing on the securities market. On the
contrary in November 2016, when demonetization was executed in India and a change of guard took
place in the US, it had a significant impact on the volatility of all the three markets. This raises the
point that demonetization was a statistically significant move by the Government of India regarding
the securities market, and that the change of guard in the US was similarly significant.

Shenbagaraman (2003) highlights no significant impact of the introduction of index-futures and
index-options on index-spot volatility. However, the futures market was able to reduce the day-of-the-week
effect of the index-spot market. Moreover, futures were also able to change the sensitivity of Indian
index-spot returns with respect to the index-spot returns of the US stock market. Though our study
discusses the volatility integration in three markets, the findings of Shenbagaraman (2003) support the
results of our study; that the volatility of the spot market integrates with the volatility of fthe utures market,
but not with the volatility of the options market.

Sogiakas and Karathanassis (2015) show that within sub-periods of their study, when the market
was efficient, the futures market shows evidence of price discovery of spot rates. These findings support
the results of our study, that the futures market impacts spot markets. Sogiakas and Karathanassis (2015)
have not studied volatility integration in both the markets as it is done in the present study.

Wang and Chen (2007) examine the integration of three markets (spot, futures and options).
The Wang and Chen (2007) study does not focus on volatility, rather studying the dynamic association
among the three markets. However, simultaneity is considered as an obvious choice, which also has
the support of the literature, as discussed earlier as well in the current paper (see Wang and Chen 2007,
for evidences on the support of simultaneity in the three markets). Simultaneity is found in the
volatility of index-option markets with respect to the volatility of index-spot and index-futures markets.
However, this paper does not find evidence of simultaneity in index-spot (with respect to index-future
and index-options) and index-futures markets (with respect to index-spot and index-option markets).
Other than simultaneity, volatility transmission is also highlighted by Wang and Chen (2007) but the
results were inconclusive for volatility transmission. Contrary to Wang and Chen (2007), our study
solely focuses on volatility integration and finds that simultaneity is present in index-options (both call
and put) with respect to the variances of index-spot and index-futures.

To the best of the authors’ knowledge, there are no other studies covering the integration of the
volatility in the three markets. The research findings of the paper, that the options market behaves
differently as compared to the futures market, is also not explored in earlier studies. Moreover, a discussion
of structural breaks with respect to volatility studies of the three markets is also a novel contribution of the
current study.
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