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Abstract 

The study is an empirical scrutiny on the Indian equity options market to examine whether 

it facilitates the reduction of investment risks, focusing on an economic sphere with financial 

upheavals. The risk mitigation ability is examined with respect to the integration of near-

month call and put options markets having different levels of exercisability with the equity 

market in the National Stock Exchange of India. The optimal size of options contracts required 

for establishing a hedge portfolio that minimises the risk exposure to a maximum possible 

magnitude and the level of gains resulting from such hedges are identified following the 

minimum variance approach, using Diagonal BEKK GARCH. The results indicate that ATM, 

ITM, and DITM call options and ATM, OTM, DOTM, and DITM put options provide 

effective risk reduction that can be efficiently utilised by the existing as well as prospective 

investors in the equity market. 
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Introduction 

The presence of financial markets that facilitate diverse segments in it to enable 

the protection of productive investments is essential for the growth and expansion of 

any modern economic sphere. Explicitly, the efficacy of an equity market is supported 

by active derivative segments for expediting mitigation of price risks in it (Ross, 

1976). Derivatives are financial instruments that inherently facilitate the transmission 

of uncertainties from the risk-averse investors to speculators who are risk lovers 

(Ederington, 1979). The options, being the most dynamic derivative with its capacity 

to be exercised at the preference of its holder, is expected to bring effective risk 

mitigation, as it appeals not to compromise the potential benefits from advantageous 

ups and downs in the underlying market. The risk reduction ability of a derivative 

market is identifiable from its long-lasting substantive relationship with the 

underlying asset market and from the persistence of such integration even when there 

are asymmetric movements in both the markets (Booth et al., 1999). The effectiveness 

of the risk dilution is measurable from the estimation of the optimal hedge size and 

the resulting hedge gains (Hull & White, 2017). 

 

Chang et al. (2010) noted that the effectiveness of optimum risk reduction varies 

as per differences in the market trends. Financial upheavals demarcate a crucial phase 

in the equity market, as they lead to the rallying of bears that provides cautious and 

pessimistic attitudes to the investors (Maheu et al., 2012). The Indian financial system 

witnessed such incalculable economic disruption with the outburst of global 

economic slowdown during the latter half of the first decade in the new millennium, 

and its effects were extremely evident in the Indian equity segment from January to 

October 2008 with a drastic fall of the market indicators (NSE Nifty 50) up to 52.50% 

within 10 months. The unanticipated downturn of prices is the riskiest situation for 

the equity investors, and it is high time for the use of risk reduction mechanisms. The 

financial system that undergoes unprecedented recession when the equity market 

expresses a high propensity to drop, making the existing as well as prospective 

investors in the equity market cautious about using either call or put options 

separately or combinations of them to generate constructive gains from the 

deteriorations experienced in the value of their assets. This is mainly due to the fact 

that the options market is likely to exhibit high levels of information content and 

predictive power during such an economic scenario (Conover & Peterson, 1999; Kim 

et al., 2013; Mazouz et al., 2015).  

 

In a financial market that deteriorates in asset values, the call options appear to 

facilitate the investors to have an upper bound for longing in the asset (Bhattacharya, 

1987), limiting the potential cash outlay to a maximum extent, where the investors 
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use the options to minimise the impacts from unforeseen upsurges in prices while 

attempting to explore the lowest prices. Even amongst the idiosyncratic noise (Hull 

& White, 2017), put options market seems to be a reservoir of substantial information 

in a bearish market (Kim et al., 2009), which can be effectively utilised for estimating 

the further downfall and the probable bottom level in the underlying market. Thus, an 

evaluation of both the call and put options develop value to future investors and 

existing investors, respectively, especially in a bearish market. Further, depending 

upon the risk preferences of the investors and their ability to spend for hedge related 

transactions based on estimated market fluctuations, the options market provide the 

investors with contracts falling under different exercisability levels (Bond & 

Thompson, 1985; Pan et al., 2014; Yang et al., 2017).  

 

Therefore, the objectives of the study are to explore the potential of the Indian 

equity options market for risk dilution and to estimate probable gains from hedging 

the equity investment risks from the use of equity options at an optimal level. The 

empirical evaluation further considers both the call and put options with varying 

levels of exercisability, with particular emphasis on a phase of bear domination in the 

equity market. The risk reduction ability of each of the options segments is examined 

by testing the null hypothesis that ‘the equity options market in India is hardly ever 

in integration with the underlying equity market’. The present study contributes to the 

finance literature by suggesting an empirical methodology to develop time series 

representations for signifying the options market as a whole since the readily 

available data are from each of the options contracts being traded in the market. 

Further contributions of the current study are twofold. Initially it gives an estimation 

of optimal positions that account for mitigation of risks in the underlying market to 

the maximum possible magnitude by the use of different segments of the Indian 

equity options market. Then it assesses the level of gains resulting from such optimal 

positions using the minimum variance framework unlike frequent empirical evidence 

in the options hedging that uses pricing models for the estimations. 

 

The rest of the paper includes a survey of empirical literature in the related fields 

of study, an elaboration on the methodology used, a detailed discussion on pragmatic 

implications of significant findings of the study, and a conclusion. 

 

Review of Literature 

Relative Informational Efficiency of the Options and Stocks 

The risk reduction ability of the options market is connected to the theory of 

market efficiency that holds the market to be efficient when it leaves no excess returns 
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to the market participants (Fama, 1970). The prediction of the actual options premium 

using theoretical pricing models was the early method of testing the efficiency of the 

options market (Evnine & Rudd, 1984). Later this efficiency was tested  by exploring 

the no-arbitrage association among different options segments or between the options 

market and its underlying market such as put-call parity, monotonicity property and 

no-arbitrage boundaries (Kamara & Miller, 1995; Kumar & Raman, 2017; Mittnik & 

Rieken, 2000; Mutum & Das, 2019; Vipul, 2008) and further by testing no-arbitrage 

relationship existing within the options market itself including put and call spread, 

box spread and butterfly spread (Ackert & Tian, 2001; Aggarwal & Gupta, 2009; 

Mohanti & Priyan, 2014; Zhang & Watada, 2019). But mere efficiency hardly ever 

warrants risk mitigation by the options market when it fails to confirm instantaneity 

with the underlying market in absorption and reflection of information (Chan et al., 

1993). The absence of such simultaneous informational integration creates an effect 

that one market leads the other in the price discovery process, and it results in 

arbitrage profits (Booth et al., 1999; Hentze & Seiler, 2000). Even if the lead-lag 

structure depends on inconsistencies and frictions in the markets (Abhyankar, 1995), 

the economic incentives of options trading, such as lower transaction costs and higher 

leverage, liquidity, and flexibility (Chakravarthy et al., 2004; Easley et al., 1998; 

Fleming et al., 1996; Harvey & Whaley, 1992; Hentze & Seiler, 2000; Kumar et al., 

1995) falsify the notion that the options reflect only those information that is already 

reflected in the stock market, and suggest that there is significant information share 

with the options market (Baltussen et al., 2012). This is due to the informed investors 

who trade first in the options market to take advantage of their information (Kang & 

Park, 2014), and cumulative transactions by them make the options market a rich 

reservoir of information on future stock movements (Ryu, 2016), providing 

directional information to traders in equity (Du & Fung, 2018). It is also worth noting 

that there is empirical evidence for the leading price discovery roles of the equity 

market relative to the options counterparts. Conover and Peterson (1999), Chiang and 

Fong (2001), Chan et al. (2002), Kim et al. (2009), Chan et al. (2009), Muravyev et 

al. (2013) and Mazouz et al. (2015) are some studies among those presenting such 

evidence. The Indian evidence on the lead-lag structure among the options and equity 

markets also remains inconclusive. The early evaluations based on non-price 

variables in the markets prove that trade volume and open interest of stock options 

contained information to predict future price movements in the underlying stocks 

(Srivastava, 2003; Mukharjee & Mishra, 2004). When Debasish (2009) proves that 

futures and options lead the stock market, Bagchi (2012) argues that the stock options 

have price discovery roles towards the stock market. However, some of the recent 

pieces of evidence indicate that the stock market is strong enough to have the price 

discovery in it (Dixit et al., 2010; Shaikh & Padhi, 2013; 2015). 
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The persistence of relative rate of information absorption in the options and 

equity markets is conditional on market circumstances and other sensitivities (Ren et 

al., 2019). Therefore, the risk reduction ability of the options during periods of 

financial turmoil in the economy can be assured, only when it moves together with 

the underlying market. This co-movement provides the investors a chance to offset 

the uncertainties in the equity market by opting for a reverse position in the options 

market (Bakshi et al., 2000b; Hull & White, 2017). Therefore, one of the major 

prerequisites for considering options market to minimise the aftereffects of uncertain 

vicissitudes in the underlying market is the integration of both the market 

counterparts. However, the risk reduction ability can be confirmed only by identifying 

how effectively each of these markets interacts with the other, to initiate the process 

of bringing back the equilibrium through rectification of the aberrations, and to nullify 

the consequences from non-simultaneous absorption of information among the 

market streams (Kim et al., 2009). 

 

Optimal Hedging and Hedging Effectiveness 

The investors can reduce their risks in the spot market to the maximum possible 

extent by choosing an optimal position in the options market (Choudhry, 2004), and 

the magnitude of risk reduction measured in terms of gains from hedging denotes the 

effectiveness of the market (Cao & Huang, 2007; Hull & White, 2017). Using options 

at an optimal level for risk dilution transactions upsurge the efficacy of the hedging 

strategy (Kamara & Siegel, 1987), and the selection of the optimal level purely 

depends upon the attitude of the investors towards risk (Bond & Thompson, 1985). 

The mode of measuring hedging gains is also significant from the practitioner’s point 

of view (Brailsford et al., 2001). The seminal work of Ederington (1979) proposed 

the hedge ratio that minimises the variance of the portfolio to be effective, considering 

the purpose of hedging is to create an optimum combination of risk and return, and 

Cecchetti et al. (1988) proposed the utility maximisation hedge. However, hedge 

ratios under diverse approaches converge into the ratio under minimum variance 

approach, when both the spot and derivative markets are jointly normal (Chen et al., 

2003), especially in the case of longer hedging horizons (Chen et al., 2008). 

 

Empirical evidence from the options market on its hedging effectiveness is 

relatively limited. Considering the hedge ratio as an integral part of the options 

pricing models, Bakshi et al. (1997; 2000a), Dumas et al. (1998), Buraschi and 

Jackwerth (2001), and An and Suo (2009) evaluate the hedging performance of 

different option pricing models. Rao and Thakur (2008) find that the methodologies 

proposed by Ederington (1979) and Black and Scholes (1973) outperform the other 
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models for Indian futures and options, respectively. DeMaskey (1995), Bakshi et al. 

(2000a), Butterworth and Holmes (2001), Alexander and Nogueira (2007), and Hull 

and White (2017) support the appropriateness of the minimum variance approach in 

the estimation of gains from options hedging. More importantly, the empirical 

discussions on hedging using equity options stray around the strategies for options 

traders who take short positions in options market (Alexander et al., 2009; Alexander 

& Nogueira, 2007; Hull & White, 2017). Further, the deliberations from the hedgers’ 

perspective are limited to commodity options (Alexander et al., 2013).  

 

Methodology 

One of the recent financial meltdowns experienced by the world economies is the 

global financial crisis that commenced with the US subprime crisis that took place 

between the years of 2007 and 2010. The Indian stock market also tasted the bitterness 

of this financial slowdown, but the period of the crisis was limited to a period from 

15th of January 2008 to 31st of October 2008, and these 197 days are considered for 

the analysis. The variables needed for examining the risk reduction ability and 

effectiveness of the optimal risk reduction using the options market for the stock 

market investments are the representatives of the stock market and the equity options 

market in India, and they are actual index and implied index, respectively. The daily 

closing level of the NSE Nifty 50 index is the actual index, and the value of the index 

implied from the daily closing values of the equity options on the Nifty 50 index is 

the implied index levels to represent the equity options market (Debasish, 2009). 

Manaster and Rendleman (1982) proposed the concept of implied stock level in the 

finance literature, based on a presumption that the options are capable of forecasting 

the long-term equilibrium value of the underlying stock. It is the stock value implied 

from the actual options prices and is taken as a straight and innate measure of the 

assessment by the options traders about the value of the underlying asset. It is 

expected that the forecasts based on such implied value are more precise and 

consistent than the estimates of the same based on other empirically used measures 

(Cremers et al., 2019). As defined by Black and Scholes (1973), the price of an 

options contract is a function of the existing value of the asset based on which the 

value of the option is derived, the variance of the rate of return of the underlying asset, 

the time remaining for the expiration of the contract, the risk-free rate of interest and 

the strike price of the contracts. Considering the actual index as the underlying asset, 

using known and observed parameters, except observed actual index level, the 

implied index level for call options and put options can be computed by inverting the 

Black and Scholes (1973) model, based on the assumption that the use of implied 

index as the value of the underlying index will equate the actual price with its 
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theoretical price using the Newton-Raphson framework. The risk-free rate of interest 

is represented, for the purpose, by the yield on 91 days Treasury Bills. 

 

One of the contributions of this study is the development of time series 

representations for signifying the options market as a whole. It is done as follows.  

First, the options contracts are classified into five moneyness categories using the 

ratios of spot price to strike price and strike price to spot price for the call and the put 

options, respectively (Bakshi et al., 2000b; Baltussen et al., 2012; Debasish, 2009; 

Shaikh & Padhi, 2013). Considering Pan et al. (2014) and Yang et al. (2017), options 

are classified as Deep-Out-Of-The-Money (DOTM) when the ratio is lower than 

0.925, Out-Of-The-Money (OTM) when the ratio is lower than 0.975 but not less than 

0.925, At-The-Money (ATM) when the ratio is lower than 1.025 but not less than 

0.975, In-The-Money (ITM) when the ratio is greater than 1.025 but less than 1.075, 

and Deep-In-The-Money (DITM) when the ratio is greater than 1.075. Then, the 

following filters are applied to arrive at a time-series representation of the options 

market. From options contracts with different expiration cycles viz. near-month, mid-

month, far-month, etc., only near-month options having at least one trade on a trading 

day are selected. Mukharjee and Mishra (2004) and Dixit et al. (2010) suggested these 

filters to ensure that only liquid options are being selected. Debasish (2009) pointed 

out the variability in the implied volatility of the options due to over-liquidity during 

the maturing week of options. This is avoided by selecting the contracts with a switch 

to the next expiration cycle, eight days prior to maturity. Srivastava (2003) has also 

documented the expiration effect of the options contracts. If the options contracts 

violate arbitrage bounds, it shows that the options are priced against general 

properties of options pricing models (Bhat & Arekar, 2016; Jiang & Tian, 2011). No 

upper arbitrage boundary violations are seen in the Indian options market. Therefore, 

the options contracts are filtered for violations of lower arbitrage boundaries. From 

the multiple contracts remaining after applying the above filters, the one contract with 

the highest trade volume on the trading day is selected (Muravyev et al., 2013) to 

represent that day in the concerned moneyness group for the formation of the call and 

put options time series. 

 

Ensuing to the examination of the normalcy of the data using summary statistics 

and stationarity of the data using Augmented Dickey-Fuller (ADF) and Phillips 

Perron (PP) unit root tests, the ability of the options market to mitigate the investment 

risks implied in the stock market is tested by scrutinising the integration of the options 

market with the equity market, using the Trace test and the Maximum Eigen-value 

test in the Johansen cointegration procedure for the relationship given in the Equation 

(1), following Johansen (1995). 
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𝑃𝑗,𝑡 − 𝛽0 − 𝛽1𝑃𝑠,𝑡 = 𝜀𝑗,𝑡     (1) 

where, 𝑃𝑗,𝑡 is the value of the implied index for call options or put options as the case 

may be and 𝑃𝑠,𝑡 is the value of the actual index for the time t. 

 

In order to analyse the strength of its risk reduction ability, the short-term 

dynamic relationship of the implied index with the actual index is tested using the 

Vector Error Correction Model (VECM), using Equation (2). 

 

[
∆𝑃𝑠,𝑡

∆𝑃𝑗,𝑡
] = [

𝛼11

𝛼21
] + [

𝛼𝑠

𝛼𝑗
] [𝑃𝑗,𝑡 − 𝛽0 − 𝛽1𝑃𝑠,𝑡] +

                          ∑ [
𝜗1,𝑖 𝛾1,𝑖

𝜗2,𝑖 𝛾2,𝑖
]𝑘

𝑖=1 [
∆𝑃𝑠,𝑡−𝑖

∆𝑃𝑗,𝑡−𝑖
] + [

𝑢𝑠,𝑡

𝑢𝑗,𝑡
]   (2) 

 

Conventionally and conveniently, Ordinary Least Square (OLS) regression is 

used for estimating the hedge ratio (Ederington, 1979), but its pragmatic consistency 

is questioned since it does not incorporate possible cointegration and short-run 

dynamics into the estimation (Lien, 1996). Even though Lien and Tse (1999), Floros 

and Vougas (2006), and Kenourgios et al. (2008) suggested the use of Vector 

Autoregression (VAR) and Error Correction (EC) models for the estimation, they are 

interrogated for their inability to monitor the effects of dynamic nature of the markets. 

Innovatively, Autoregressive Conditional Heteroskedasticity (ARCH) based time-

varying models are used for the estimation of the futures hedge ratio by Cecchetti et 

al. (1988), Park and Switzer (1995a; 1995b), Lien and Tse (1999), Brooks et al.  

(2002), Choudhry (2003; 2004), and Floros and Vougas (2006). Zhipang and 

Shenghong (2017) suggested the use of the Markov Regime Switching Diagonal 

BEKK-GARCH model for estimating hedge ratios. François et al. (2014) believed 

that the regime-switching behaviour of the underlying market is to be considered 

while calculating the optimal hedge ratio. Bai et al. (2019) agree that the hedging 

performance can be improved by incorporating conditional heteroskedasticity into the 

estimation. Empirical evidence from the Indian futures market supports the value of 

GARCH models in estimating hedging gains; such studies include Kumar et al. 

(2008), Bhaduri and Durai (2008), Gupta and Singh (2009), and Singh (2017), among 

others. 

 

Therefore, after examining the heteroskedasticity of the data using the ARCH-

LM test, variances in the daily returns of the options and the equity markets and 

covariance of both are estimated by the Diagonal BEKK GARCH model, using 

Equation (3), based on the suggestions in Allen and McAleer (2017). 
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𝐻𝑡 = (
𝐻𝑠𝑠,𝑡 𝐻𝑠𝑗,𝑡

𝐻𝑗𝑠,𝑡 𝐻𝑗𝑗,𝑡
) = 𝐶′𝐶 + ∑ 𝛼𝑘

′ 𝑢𝑡−𝑘𝑢𝑡−𝑘
′ 𝛼𝑘

𝑝
𝑘=1 +

                                                                            ∑ 𝛽𝑘
′ 𝐻𝑡−𝑘𝛽𝑘

𝑝
𝑘=1   (3) 

where, 𝐻𝑠𝑠,𝑡 and 𝐻𝑗𝑗,𝑡 are the conditional variances of the actual index and the implied 

indices for the call or the put options as the case may be, respectively, and 𝐻𝑠𝑗,𝑡 is the 

conditional covariance between the actual index and the implied index either for the 

call or for the put options for day 𝑡. 

 

Finally, the optimal hedge ratio and the gains from hedging at optimal levels are 

estimated under the minimum variance framework proposed by Ederington (1979). 

The optimal hedge ratio is the ratio of covariance between the actual index and 

implied index and variance of the implied index, and it denotes the ratio of options 

required to hedge equity investments optimally. The hedge gain is the variance 

reduction caused by the use of options at an optimal ratio. Both are computed using 

Equations (4) and (5), respectively.  

 

Optimal Hedge Ratio (ℎ) =  
𝐶𝑜𝑣(∆𝑃𝑠,𝑡∆𝑃𝑗,𝑡)

𝜎∆𝑃𝑗,𝑡
2    (4) 

Hedging Gain =  
𝜎∆𝑃𝑠,𝑡

2 −(𝜎∆𝑃𝑠,𝑡
2 +ℎ𝑡−1

2 𝜎∆𝑃𝑗,𝑡
2 +2ℎ𝑡−1𝐶𝑜𝑣(∆𝑃𝑠,𝑡∆𝑃𝑗,𝑡))

𝜎∆𝑃𝑠,𝑡
2  (5) 

where, 𝐶𝑜𝑣 stands for covariance, 𝜎2stands for the variance, and ℎ stands for the 

optimal hedge ratio as in Equation (4). 

 

Empirical Analysis and Discussion 

Preliminary Analysis 

The bear domination in the Indian equity and equity options markets during the 

financial crisis of 2008, where the equity market witnessed a steep fall from a level 

of 6,074.25 points to 2,885.60 points within a short period with an average daily drop 

of 0.27%, demarcates the appropriateness of the period for exploring the risk 

mitigation behaviour of the options market with particular focus on times of 

incalculable economic disruption.  The price movements in different call and put 

options markets and their underlying equity segments make it clear that the markets 

travel together downward during this phase of the financial crisis, symptomatic of 

having an integration among the market pairs to facilitate the protection of 

investments from repercussions of such catastrophes (Bakshi et al., 2000b). 

Considering the nature of the markets during this phase of economic stress, conveyed 
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from skewness and excess kurtosis, the data, except that from the DOTM call options 

segment, are found to have nonconformities to be useful for further econometric 

evaluations, as they expressed not to have normalcy in them (Alexander & Nogueira, 

2007). The unusual nature of the DOTM calls is due to its reduced speed of falling, 

resulting from lesser extreme movements within the period (Carr et al., 2002). The 

entire data have been smoothened to save the results of further analysis from 

mismatches and errors. One of the general properties of the price series data is its 

stationarity, which states that that data usually have stimulus from its past (Kim et al., 

2009). The results of both the ADF and the PP unit root tests indicate the absence of 

unit root in the data for all the 10 options segments and the spot market. These results 

also predispose possible integration among the markets (Holowczak et al., 2006), 

which is further to be proved for establishing the persistence of the long-run 

relationship between the options-spot pairs. [The time series plots of the options and 

spot markets, summary statistics of the data, and results of unit root tests are given as 

Appendices 1, 2, and 3.] 

 

Does the Equity Options Market Facilitate Risk Reduction During Financial 

Upheavals? 

Financial stress present in the market during times of economic upheavals may 

cause the investors to behave differently, to be strong enough to alter the ordinary 

market characteristics (Maheu et al., 2012). Even when the equity options markets 

are theoretically expected to be in integration with the equity counterpart (Bakshi et 

al., 2000b), the risk reduction ability is to be carefully analysed during the periods of 

apprehensions to prudently learn the potential changes in the market behaviour 

(Chang et al., 2010), since such behavioural fluctuations may cause intensification of 

uncertainties in it. It is prudent for the investors to make sure that they remain 

unaffected from the undesirable effects of spiralling uncertainties by the cautious use 

of different risk mitigation mechanisms (Brailsford et al., 2001), especially of the 

options contracts. The vigilant use of the options can be ensured when the investors 

choose the required level of options contracts for minimising their exposure to a 

maximum possible extent (Ederington, 1979). Table 1 summarises the results of the 

Johansen cointegration process. All equity options segments, except the OTM and the 

DOTM calls and the ITM puts, express a long-run integrating relationship with the 

underlying equity market by rejecting the null hypothesis that ‘the Indian equity 

options market is hardly ever in integration with the underlying spot market’. When 

the ATM, the ITM, and the DITM call options demonstrate their usefulness in risk 

reduction for the prospective investors who wait for achieving maximum benefits 

from the price falls in the bearish market, the ATM, the OTM, the DOTM, and the 

DITM put options validate that these segments of the equity options market protect 
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the existing investors from the downsides of continuous falls in the value of their 

assets. The unusual behaviour of the OTM and the DOTM calls and the ITM puts, 

which is evident from the failure of the markets to reject the null hypothesis, indicates 

that the pairs of respective options and the underlying spot behave independent of 

each other, leaving no promises of risk reduction. This may be due to the panic 

transactions on the part of the investors and the dominance of the speculators who 

appear to gain benefits from the unprecedented financial ambiguity. The results are 

supported by the argument that the options market expresses slight efficiency during 

the financial meltdown (Jain et al., 2013). Even though similar behaviour is expected 

from the other options segments during the financial crisis period, the results of 

cointegration make it clear that they are not independent of each other.  

 

Table 1: Integration Between the Options and the Stock Markets 

  
No. of 

CE(s) 
Trace p 

Max-

Eigen 
p 

Panel A: Call Options 

ATM 
None * 21.207 0.020 18.134 0.036 

At most 1  3.073 0.080 3.073 0.080 

OTM 
None  14.489 0.071 12.570 0.091 

At most 1 1.919 0.166 1.919 0.166 

ITM 
None * 35.129 0.000 35.053 0.000 

At most 1 0.076 0.783 0.076 0.783 

DOTM 
None  5.380 0.767 5.043 0.736 

At most 1 0.337 0.562 0.337 0.562 

DITM 
None * 47.748 0.000 47.731 0.000 

At most 1 0.018 0.894 0.018 0.894 

Panel B: Put Options 

ATM 
None * 17.333 0.026 17.163 0.017 

At most 1 0.170 0.680 0.170 0.680 

OTM 
None * 28.340 0.000 25.507 0.001 

At most 1 2.833 0.092 2.833 0.092 

ITM 
None  11.027 0.210 10.924 0.158 

At most 1 0.103 0.748 0.103 0.748 

DOTM 
None * 25.109 0.001 23.384 0.001 

At most 1 1.725 0.189 1.725 0.189 

DITM 
None * 18.427 0.018 18.031 0.012 

At most 1 0.396 0.529 0.396 0.529 

Note: ‘No. of CE(s)’ stands for the number of cointegrating equations. ‘Trace’ and ‘Max-Eigen’ stand 

for ‘Trace Statistics’ and ‘Maximum Eigenvalue Statistics’ of the tests used to empirically 

evaluate the presence of a cointegrating equation between the series. 

 

The integration of the options and stock markets alone does not warrant the 

hedging ability of the options market, as there will be deviations from such 



Colombo Business Journal 12(1), 2021 

12 

equilibrium in the short run due to the non-simultaneity of price formation in both the 

markets. At this juncture, an analysis of the short-run dynamics between the 

integrated market pairs becomes essential, as the long-run co-movement is possible 

only when there is the reinstatement of the simultaneity among the markets. Table 2 

provides the results of the VECM. Since the intention of the study is to examine how 

effectively the deviations in the long-run integration are corrected in the short-run, 

only the error correction coefficient is reported in the table, and the coefficients of 

each of the ‘difference terms’ are excluded. When the error correction terms are 

negative, it indicates that there is a tendency for the concerned market to lead in the 

re-adjustment process, but this reinstating tendency becomes considerable only when 

the coefficients are significant. Since the error correction term denotes the percentage 

of error correction that takes place during one day (as the data used is of daily 

frequency), the number of days taken by the respective market component is 

identifiable from dividing one (1) by the respective error correction term, considering 

the same models. In comparison with the ATM call and the ATM, the DOTM and the 

DITM put options markets, the Indian equity market expresses to have a minimal 

tendency to lead in the process of regaining the equilibrium among the markets, but 

it fails to initiate any significant rebalancing. In cases of options markets having 

integration with the stock market, all the options segments show statistically 

significant readjusting dynamism towards the equilibrium state with the stock market. 

The ATM, the ITM, and the DITM call options markets ensure that the prospective 

investors can rely upon its integration with the equity market, as they consume only 

3.0, 3.9, and 3.6 days to regain the equilibrium, respectively. The ATM, the OTM, 

the DOTM, and the DITM put options markets are also dependable as they need only 

3.3, 3.4, 2.2, and 1.9 days, respectively, to regain the equilibrium with the underlying 

equity market.  

 

Table 2: Short-Run Dynamics Between the Stock and the Options Market 

  Spot Options 

  

EC 

Coeff. 
p 

No. of 

Days 

EC 

Coeff. 
p 

No. of 

Days 

Panel A: Call Options  

ATM -0.111 0.488 - -0.332 0.012 3.0 

ITM 0.175 0.119 - -0.253 0.007 3.9 

DITM 0.153 0.015 - -0.278 0.000 3.6 

Panel B: Put Options  

ATM -0.038 0.755 - -0.301 0.036 3.3 

OTM 0.080 0.442 - -0.291 0.022 3.4 

DOTM -0.091 0.308 - -0.462 0.000 2.2 

DITM -0.273 0.209 - -0.521 0.039 1.9 

Note: ‘EC Coeff.’ stands for the coefficient of the error correction term in the VECM.  
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Even in the absence of integration, the markets may have short-run dynamic 

relationships. But such a relationship is not considered in the study for the OTM and 

the DOTM calls and the ITM put options markets. Even though the options are short-

run in nature and the hedging using the options is also a short-run exercise, for the 

purpose of computing the hedge ratio and hedging effectiveness, we consider only 

those market pairs that have enduring long-lasting co-moving relationships among 

them, as the dependability of a market hails from its persisting behaviour, rather than 

short term trends. 

 

The Extent of Risk Reduction and Effective Gains from Hedging 

Since risks are dependent on unstipulated circumstances, an optimal hedge ratio, 

in the minimum variance structure, expresses the number of options that can mitigate 

the risks implied in the underlying investments to a maximum possible extent 

(Ederington, 1979). Since the OTM call, the DOTM call, and the ITM put options are 

completely independent with the underlying spot market in the long-run, and they are 

unable to facilitate persevering effective hedging, there is no significance in 

estimating the hedge ratio. The optimal hedge ratios and the gains resulting from such 

hedges for each of the market pairs showing hedging ability are given in Table 3. 

[The results of the ARCH LM test and the D-BEKK GARCH estimation are given in 

Appendices 4 and 5.] 

 

Table 3: Optimal Hedge Ratio and Hedging Gains 

Option Type Moneyness Optimal Hedge Ratio Hedging Gain 

Call Options 

ATM 1.09 91.12% 

ITM 0.93 81.12% 

DITM 0.73 53.51% 

Put Options 

ATM 0.75 86.91% 

OTM 0.65 70.51% 

DOTM 0.46 47.27% 

DITM 0.85 92.37% 

 

Efficient use of the options market can be helpful for the investors with long 

positions when an incessant downward drive formed by continuous selling pressure 

from the market tends to captivate their past earnings as well as invested capital. Put 

options can save them from the damages of huge falls in the underlying market, and 

further use of call options may allow them to have assured benefits of synthetic short 

sales. The prospective investors can use the call options to predetermine a price level 

at which they desire to long in the underlying asset. But, in both situations, the optimal 

level of risk mitigation is to be considered by the market participants.  
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Generally, investment preferences are subject to the willingness of the investors 

with ample availability of financial resources to expend the same according to their 

inclinations on uncertainties.  The effectiveness of a portfolio comprising of spots and 

derivatives, created for risk dilution purposes, varies according to the risk perception 

of the investors (Chuang et al., 2015). Moreover, a selection on the type of options 

for effecting the hedge is contingent upon the trade-off between the risk perception 

of the investors and their willingness to have initial financial outlay (Ederington, 

1979; Bond & Thompson, 1985). The ATM options are likely to deliver accurate 

expectancy on the actual value of the underlying asset (Srivastava & Shastri, 2020) 

with relatively lesser prices compared with other moneyness levels due to the lower 

level of implied volatility (Bhat & Arekar, 2016) and they can be selected by those 

who neither expect further massive changes in the existing value of the underlying 

asset nor wish to pay more for securing their interests. If they intend to secure 

probable purchases of equity, holding call options at a ratio of 1.09, i.e., slightly 

higher than the naïve position, may provide an assured risk reduction up to 91.12%. 

When they desire to protect their existing cash outlay in the equity from further losses, 

the use of put options at a ratio of 0.75 is expected to offer a decline in the expected 

variance up to 86.91%. The call options are in-the-money when their strike prices are 

lower than the current market price, giving an upright opportunity for the options to 

be exercisable but purchasable only at a higher premium due to the level of intrinsic 

values. Prospective investors desirous of purchasing the underlying asset in the near 

future at a profitable level without having enhanced initial monetary outlay can use 

ITM calls, and a portfolio of equity and calls at a ratio of 0.93 for a single unit of 

equity can provide a reduction of variance up to 81.12%. But investors who wish to 

buy equity at the lowest possible price irrespective of the cost aspect can choose a 

combination of equity and DITM calls at a ratio of 0.73, expecting a hedging gain of 

53.51%. Put options are out-of-the-money when their exercise prices are lower than 

the spot values of the underlying asset and are available at lesser premiums due to its 

non-exercisability. Investors who do not expect further fall in the prices of the 

underlying asset can opt for OTM put options, and its use with the equity assets at a 

ratio of 0.65 is expected to reduce the risks up to 70.51%. If they opt for the DOTM 

puts to be the risk mitigation tool, its use with the spot at a ratio of 0.46 will provide 

a variance reduction of 47.27% to them. Investors who are eager to earn maximum 

profits from the already existing equity assets, compromising the cost aspect of 

buying options for the same, can reduce their risks up to a significant level of 92.37% 

by the use of DITM put options at a ratio of 0.85. The results are consistent with the 

findings of Hull and White (2017), who found that both the calls and puts are efficient 
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in hedging but do not show significant differences in their effectiveness when the 

market faces upheavals. With a special focus on a bearish trend that may prevail in 

the stock market, the existing investors in equity can use either put options or a 

combination of puts and calls to secure their investments and also to book the required 

level of profits.  

 

Conclusion 

The current study is designed to identify the suitability of the Indian equity 

options market for facilitating the protection of existing as well as prospective 

investors from undesirable price movements in the underlying market during periods 

of financial stress and to estimate an optimal level of options to be used for mitigating 

the uncertainties to the maximum probable extent, following the minimum variance 

approach. The lack of integration of the OTM call and the DOTM call and the ITM 

put options with the equity market denotes the absence of hedging ability in these 

market segments. However, all other segments express to have significant ability to 

shield the equity investments throughout the period under consideration, even in the 

presence of short-run deviations from their integration with the spot market. Further, 

hedge portfolios developed by incorporating any one of the options segments with 

the underlying equity have a risk reduction ranging from 47% to 91%. When 

compared with the reported effective risk reduction initiated from the Indian futures 

market (Gupta & Singh, 2009; Jose & Lazar, 2012; Singh, 2017), the results of the 

present study do not disprove the findings of Chang and Shankar (1986) and Lien and 

Tse (2001) that the futures contracts outperform the options in terms of hedging 

effectiveness. But the inherent disadvantage of the futures that it fails to assist the 

hedger in benefiting from favourable market movements leads to a suggestion that 

those investors who are desirous of mitigating the risk exposure to a great extent 

without any compromises in the benefits can opt for combinations of futures and 

options altogether to have a better hedging portfolio. Even though Lee and Nayar 

(1993), Kyriacou and Sarno (1999), Ryu (2015), Ryu and Yang (2017), and Ahn et 

al. (2018) support the joint use of options and futures for a better risk mitigation in 

their common underlying spot market, the benefits from such joint explorations are 

yet to be empirically evaluated. 
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Appendix 1: Movements of the Equity and Options Markets 

 

Note: ‘SPOT’ stands for the ‘actual index’ and ‘OPTION’ stands for ‘implied index’. The terms given within the brackets denote the options market segment 

under consideration. 
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Appendix 2: Summary Statistics 

  
Mean 

Std. 

Dev. 
Skewness Kurtosis 

Jarque-

Bera 
p 

Panel A: Actual index 

Spot 4535.0 632.3 -0.77 3.96 27.0 0.00 

Panel B: Implied index for Call options 

ATM 4591.7 611.2 -0.47 3.44 8.8 0.01 

OTM 4600.7 609.3 -0.43 3.51 8.3 0.02 

ITM 4581.5 618.2 -0.47 3.43 8.8 0.01 

DOTM 4633.9 612.3 -0.29 3.34 3.8 0.15 

DITM 4617.7 603.7 -0.50 3.64 11.6 0.00 

Panel C: Implied index for Put options 

ATM 4402.9 643.1 -0.84 4.15 34.1 0.00 

OTM 4358.8 644.5 -0.81 4.25 34.0 0.00 

ITM 4450.5 647.4 -0.89 4.29 39.5 0.00 

DOTM 4323.3 593.9 -0.71 4.41 32.8 0.00 

DITM 4475.8 639.1 -0.88 4.31 39.2 0.00 

 

 

Appendix 3: Stationarity of the Data 

  ADF PP 

  Level Difference Level Difference 

  𝝉 p 𝝉 p 𝝉 p 𝝉 p 

Panel A: Actual index 

Spot -1.64 0.77 -13.20 0.00 -1.71 0.74 -13.17 0.00 

Panel B: Implied index for Call options 

ATM -1.93 0.63 -14.91 0.00 -1.84 0.68 -15.02 0.00 

OTM -1.68 0.76 -12.54 0.00 -1.82 0.69 -12.43 0.00 

ITM -1.78 0.71 -15.20 0.00 -1.75 0.73 -15.27 0.00 

DOTM -1.77 0.72 -13.36 0.00 -1.84 0.68 -13.34 0.00 

DITM -1.29 0.89 -14.85 0.00 -1.21 0.91 -14.88 0.00 

Panel C: Implied index for Put options 

ATM -1.83 0.69 -15.48 0.00 -1.66 0.76 -15.69 0.00 

OTM -1.61 0.78 -15.28 0.00 -1.48 0.83 -15.48 0.00 

ITM -1.77 0.71 -14.21 0.00 -1.76 0.72 -14.32 0.00 

DOTM -1.05 0.93 -15.32 0.00 -0.62 0.98 -15.44 0.00 

DITM -1.74 0.73 -9.31 0.00 -1.78 0.71 -14.01 0.00 
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Appendix 4: Results of ARCH LM Test for Heteroskedasticity 

  F Stat. p Chi Sq. p 

Panel A: Actual index 

Spot 11.17 0.00 20.32 0.00 

Panel B: Implied index for Call options 

ATM 2.15 0.08 8.43 0.08 

OTM - - - - 

ITM 1.51 0.07 34.02 0.08 

DOTM - - - - 

DITM 3.27 0.00 31.82 0.00 

Panel C: Implied index for Put options 

ATM 9.11 0.00 8.79 0.00 

OTM 4.67 0.00 13.33 0.00 

ITM - - - - 

DOTM 4.69 0.00 25.34 0.00 

DITM 14.81 0.00 26.05 0.00 

 
 

 

 
Appendix 5: Estimation Results of Diagonal BEKK GARCH Model 

  ATM OTM ITM DOTM DITM 

  Coeff. p Coeff. p Coeff. p Coeff. p Coeff. p 

Panel A: Call Options 

𝐶′ 0.00 0.57 - - 0.00 0.22 - - 0.00 0.00 

𝐶 0.00 0.44 - - 0.00 0.18 - - -0.01 0.00 

𝐻𝑠𝑠,𝑡 0.00 0.03 - - 0.00 0.01 - - 0.00 0.00 

𝐻𝑠𝑜,𝑡 0.00 0.04 - - 0.00 0.00 - - 0.00 0.00 

𝐻𝑜𝑜,𝑡 0.00 0.05 - - 0.00 0.01 - - 0.00 0.00 

𝛼11
∗  0.62 0.00 - - 0.57 0.00 - - 0.66 0.00 

𝛼22
∗  0.53 0.00 - - 0.48 0.00 - - 0.40 0.00 

𝛽11
∗  0.82 0.00 - - 0.85 0.00 - - 0.82 0.00 

𝛽22
∗  0.87 0.00 - - 0.88 0.00 - - 0.88 0.00 

(Contd.) 
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  ATM OTM ITM DOTM DITM 

  Coeff. p Coeff. p Coeff. p Coeff. p Coeff. p 

Panel B: Put Options 

𝐶′ 0.00 0.14 0.00 0.23 - - 0.00 0.01 0.00 0.23 

𝐶 0.00 0.13 0.00 0.25 - - -0.01 0.01 0.00 0.27 

𝐻𝑠𝑠,𝑡 0.00 0.03 0.00 0.00 - - 0.00 0.01 0.00 0.08 

𝐻𝑠𝑜,𝑡 0.00 0.02 0.00 0.00 - - 0.00 0.00 0 0.08 

𝐻𝑜𝑜,𝑡 0.00 0.02 0.00 0.03 - - 0.00 0.01 0.00 0.08 

𝛼11
∗  0.41 0.00 0.47 0.00 - - 0.51 0.00 0.35 0.00 

𝛼22
∗  0.54 0.00 0.31 0.00 - - 0.35 0.00 0.36 0.00 

𝛽11
∗  0.89 0.00 0.87 0.00 - - 0.88 0.00 0.90 0.00 

𝛽22
∗  0.80 0.00 0.90 0.00 - - 0.92 0.00 0.91 0.00 

Note: The D-BEKK GARCH model estimated here is  

𝐻𝑡 = (
𝐻𝑠𝑠,𝑡 𝐻𝑠𝑗,𝑡

𝐻𝑗𝑠,𝑡 𝐻𝑗𝑗,𝑡
) = 𝐶′𝐶 + ∑ 𝛼𝑘

′ 𝑢𝑡−𝑘𝑢𝑡−𝑘
′ 𝛼𝑘

𝑝

𝑘=1

+ ∑ 𝛽𝑘
′ 𝐻𝑡−𝑘𝛽𝑘

𝑝

𝑘=1

 


