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Abstract 
 

Using Indian index options, this paper investigates the effect of short-sales 
restrictions on the pricing and informational efficiency of derivative markets in emerging 
countries. Results indicate that there are violations of the put-call parity as well as the 
boundary conditions, indicating pricing inefficiency in the derivative market when there are 
restrictions on short-sales. However, volume-volatility relationship of the Indian market is 
similar to that of the developed markets which suggests that investors in India are using the 
derivative market for efficient hedging strategies. 
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1.  Introduction 
The purpose of this study is to investigate the effect of short-sales restrictions on the pricing efficiency 
of derivative markets in an emerging country. Since options are redundant assets, any mispricing of 
these can possibly be arbitraged to get a positive payoff. Profiting from certain types of mispricing of 
options require short-sales of underlying asset upon which the option is written. When short-sales are 
restricted it will not be possible to arbitrage some of the mispricings of options. India is one of the 
fastest growing emerging markets in the world with very well developed capital markets. Stock index 
options were introduced in India in 2001 and the trading volumes have grown considerably larger in 
the ensuing six years. This study will use the Indian stock index options market to study the effects of 
short-sales restrictions on its pricing. 

Short-sales allow those investors who do not own the stock to get their lower valuations 
incorporated into the equilibrium price of the asset (Miller, 1997). If short-sales are restricted, 
valuations of these investors will not be incorporated into the price and hence it can be above the 
equilibrium price. In many of the emerging equity markets short-sales is not allowed. But when these 
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emerging markets introduce derivative markets such as options and futures contracts on the underlying 
stocks, investors can use these derivatives to overcome many of the short-sales restrictions. But the 
pricing of the derivatives itself will be affected by the short-sales restrictions. There are a number of 
studies on the effect of short-sales restrictions on options markets in developed countries. Similarly 
there are several studies that look at the effect of short-sales restrictions on the pricing efficiency of 
emerging equity markets, but there are very few studies that look into the effect of short-sales 
restrictions and pricing efficiency of option markets in emerging country. This paper attempts to fill 
that gap. 

In the absence of short-sales, market participants may use derivative securities such as futures 
and options as a part of their investment strategy. In this respect the trading volume of such derivatives 
may provide the evidence of how the market participants may be using the derivatives to overcome the 
short-sales restrictions. It can be conjectured that option volume may contain certain information about 
the future price behavior of the underlying asset. Pan and Poteshman (2006) looked at the causal 
relationship between put-call volume ratio and returns and found that put-call volume ratio have 
significant predictive power over the future returns of the underlying asset. Chakravarty, Gulen and 
Mayhew (2004) found that options markets contributed to about 17% of the price discovery of the 
underlying asset. Sarwar (2003, 2005) studied the informational role of option volume in predicting the 
volatility of the underlying asset price and found that there is contemporaneous feedback between the 
option volume and volatility. This study extends these empirical models to test the role of option 
volume in predicting the future returns and volatility of the underlying Indian stock index. 

India is a unique market to study the effect of short-sales on option markets. India allows short-
sales by individual investors, while institutional investors are prevented from doing so. Since 
institutional investors are the major players in the stock market, overall short-sales in the Indian stock 
market is very limited. It can also be assumed that institutional investors may be more informational 
efficient compared to the individual investors and they might use the option markets for information 
based trading. If this indeed is the case, option markets in India might contain considerable information 
about the future equity prices. 

Derivatives markets in India have existed since 1875. Bombay Cotton Trade Association 
started futures trading in 1875 and by the 1900s was a major futures market in the world. In 1952 the 
Indian government banned cash settlements and the trading derivatives moved to an informal market. 
Following recommendations of the Kabra Committee appointed in 1993, the Forwards Contracts 
(Regulation) Act of 1952 was amended and derivative trading in commodities were allowed in early 
2000. 

Currently the law recognizes derivatives as securities and as such derivatives can be traded. 
However, derivative securities can only be traded if the trades are conducted on recognised trading 
exchange and trades that are conducted outside of exchange are illegal. Index futures were introduced 
for trading at NSE in June 2000, followed by index options in June 2001, options and futures on 
individual securities in July 2001. From the beginning, volume of derivatives on stock indexes and 
individual stocks have grown rapidly and especially single stock futures have become very popular and 
account for close to fifty percent of the trade on the NSE by value. 

The rest of the paper is organized as follows. The empirical methodology used in this paper is 
discussed in Section 2. Details of the data are given in Section 3 and the results are discussed in 
Section 4. Section 5 concludes this paper. 
 
 
2.  Empirical Methodology 
In an efficient option market, there should not be any arbitrage opportunities. Indian Index options are 
European type and hence the following boundary conditions and put-call parity conditions should hold. 
The violations of boundary conditions for index options are tested for both call and put options using 
the following inequalities: 
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rtn KeSTCKC −−≥+)(  (1a) 
nrt SKeTCKP −≥+ −)(  (1b) 

where C(K) is the premium of a call option and P(K) is the premium of a put option, both of which has 
the strike price K and TC is the transaction cost for buying and exercising the options. Sn is the price of 
the stock adjusted for expected dividend payments. 
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S is the current price of the stock index, r is the risk-free interest rate and t is the time to 
maturity of the option. If these inequalities are violated, the options are undervalued relative to the 
underlying stock index and will provide arbitrage opportunities. 

If there is a violation of boundary condition (1a), then an investor can take advantage of it by 
buying a call option, short-sell the stock index, and invest the proceeds from the short-sales at the risk-
free rate. A violation of this condition is an indirect indication that the inability to short-sell has 
contributed to the violation of the boundary condition. If there is a violation of condition (1b), an 
investor can make certain profit by buying a put option, buy the stock and borrow an amount equal to 
the value of the strike price at the risk-free rate. Since this transaction does not involve short-sales, it 
can be hypothesized that there will be fewer such violations of this boundary condition compared to 
that described in (1a). 

The second set of efficiency tests involve the put-call parity condition, which can be stated as 
follows: 

0)()( =−+− −rtn KeSKCKP  (3) 
Put-call parity is an arbitrage driven relationship between the call and put prices of options with 

the same strike price and exercise price. Put-call parity will not hold always because of the transactions 
costs, and the violations of this parity condition can be rewritten as: 

)()( KCTCKeKPS rtn ≥+−+ −  (4a) 
)()( KPTCSKCKe nrt ≥+−+−  (4b) 

If the violation as described in equation (4a) happens, an arbitrageur can take advantage of it by 
buying a call option, buy the underlying index, write a put option with the same exercise price and 
maturity, and borrowing the present value of strike price at the risk-free rate. Since there are no short-
sales involved in this arbitrage strategy, the short-sales restrictions should not have any effect on this 
strategy. On the other hand, if the violation is as described in (4b), then to profit from the violation, 
arbitrageur has to buy a put option, write a call option with the same exercise price and expiration as 
the put option, short the underlying index, and invest the amount from the short-selling at the risk-free 
rate. With short-sales restrictions, it can again be hypothesized that the Indian options market may have 
more of this type of violation. 

When there are restrictions on short sales, investors may resort to using derivative markets for 
information based trading and it is possible that the option trading volume may reflect the information 
about the future stock prices. The causal relationship between the option volume and index returns can 
be tested in a variety of ways. One of the tests that is conducted frequently is whether the ratio of put 
and call volume is an indication of market sentiment. If the ratio is high it is an indication that the 
market sentiment is negative and the index may fall in the near future. Following system of equations 
is used to test whether put-call ratio Granger-cause index returns or vice versa: 
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where rt is the index return at time t. and yΔ t is the first difference of the put-call ratio. 
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Investors who have information about the future volatility of the stock price may prefer to trade 
on this information in the option market due to cost considerations (Back, 1993). It is also possible to 
imagine that the option trading volume may also reflect the future volatility of the underlying asset. If 
this indeed is the case then there must be a dynamic relationship between the trading volume of index 
options and the future price volatility of the underlying index. This study uses the following 
simultaneous equation model proposed by Sarwar (2005), to test the causality between the price 
volatility and the option trading volume. 
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where σt is the future price volatility, Vt is the option trading volume. If there is simultaneous 
interaction between volatility and volume, then α10 and β10 will be significant. But if the interaction 
extends beyond the current period, then the lagged variables also will be significant. The causality 
between the expected future volatility and the option trading volume can be tested using the following: 

0...........: 222210 ==== kH βββ  (9) 
Whether the option trading volume has predictive power on option volatility can be tested using 

the following: 
0...........: 112110 ==== kH ααα  (10) 

The significance of the above two hypotheses are tested using the F-statistic for the restricted 
and unrestricted equation system. 

Since the volatility at the time of trading is the expected volatility, implied volatility of the 
options is used as one of the methods of measuring the volatility. Since the index options are European 
type options we use the modified Black-Scholes model (adjusted for dividend payments) to estimate 
the implied volatility. To test whether the realized volatility has a similar effect on the option trading 
volume, the above test is run once again with the volatility estimated using a EGARCH(1,1) model. 
 
 
3.  Data 
Index options are traded at the National Stock Exchange in India. The underlying stock index on which 
these options are written is S&P CNX Nifty Index, which is a composite of fifty large cap stocks from 
twenty two sectors of the Indian economy. At the end of the year 2006, the market capitalization of 
these fifty stocks was 57.66% of the overall market capitalization of the National Stock Exchange and 
nearly fifty percent of the average trading volume for the previous six months. Options on this index 
are European type with a three-month trading cycle. At any date there are options available for the 
current month and the immediate following two months. It is observed that most of the trading activity 
is concentrated around the options contracts nearest to the expiration. These contracts expire on the last 
Thursday of the contract month and if that day is a holiday, then it expires on the previous business 
day. 

Daily closing option prices, trading volume, index prices, and dividend payments are obtained 
from the National Stock Exchange of India. For short term interest rates the 1-month Mumbai Inter 
Bank Offered Rate (MIBOR) is used. The options on NIFTY index started in August 2001 and this 
study covers the period from August 2001 to December 2006. The summary of the number of contracts 
traded and the annual turnover on these contracts is given in Table 1. The average annual growth rate 
of number of call option contracts traded for the six year period is 27%, while that of put options is 
36%. The turnover value in Indian rupees for call options have increased at an annual rate of 78%, 
while it grew at a rate of 89% for the put options. The ratio of put to call options traded increased from 



International Research Journal of Finance and Economics - Issue 46 (2010) 103 

 

0.62 in 2001 to 0.91 in 2006, indicating that the use of put option contracts has increased at a faster rate 
than the call option contracts. 
 
 
4.  Results 
Violation of the lower boundary condition for the call options are given in Table 2. There are 5,255 
violations (out of the total sample of 24,431) of the lower boundary condition for the call options. The 
average value of the violations is 21.37 Indian rupees. A further breakdown of the violations shows 
that a majority of the violations are for at-the-money options. The violations of the lower boundary for 
put options are given in Table 3. Interestingly enough the number of violations are far fewer than that 
of call lower boundary violations. This can be construed as evidence that lack of short-sales perhaps 
prevents the call lower boundary violations from being arbitraged away. 

In Table 4 the violations of put-call parity are given. Overall there are 5,901 violations out of a 
total sample of 24,431. In the absence of short-selling, these violations cannot be arbitraged and this is 
a clear indication of the effect of lack of short sales on the pricing of options. The sample is further 
sub-divided into at-the-money, in-the-money, and out-of-the-money categories. Most of the violations 
are in at-the-money category with the average value of the violation around 8.87 Indian rupees. 

The results of Granger causality tests of whether put-call ratio causes index options or vice 
versa are given in Table 5. With lags of 3, put-call ratio did not have any significant effect on the 
returns of the underlying stock index. On the other hand, the first and second lags of the returns of the 
underlying asset had statistically significant effect on the put-call ratio. The coefficient of the first lag 
of return is positive indicating that the put volume increased with respect to the call volume. This may 
be an indication that the investors are trying to protect the gains in the underlying asset by using put 
options to cover the downside risk. The coefficient of the second lag of the return is negative. This is 
possibly due to the fact that investors might have over hedged their gains using put options and tried to 
reverse the same during the following day. 

In regression models it is necessary to first test the stationarity of the variable, which otherwise 
can lead to spurious regressions. Stationarity of the variables are tested using the Phillips-Perron Unit 
root test and the results are given in Table 6. Results indicate that all the variables are indeed stationary 
and there is no need for taking the first difference to make them stationary. 

Results of joint estimation of the effects of volatility on the volume and vice versa are given in 
Table 7. Contemporaneous implied volatility as well as the first, second, third, fourth, and sixth lags 
have significant effect on the option volume. Sign of the contemporaneous volatility coefficient is 
negative indicating that the volume actually falls initially when the volatility increases. But the first 
and second lags of the volatility coefficient are significant and positive indicating that the volume 
increase does happen after the volatility has gone up. The initial drop in volume may be an 
underreaction to the volatility increase, while it has a positive effect on the subsequent option volume. 
The effect persists up to sixth lag is also an indication that the effect of volatility increase persists in 
the option trading volume. 

The effect of EGARCH volatility coefficient on the option volume is significant for 
contemporaneous, first, second, and fourth lags. The main difference between the effects of EGARCH 
volatility and implied volatility coefficients are the signs of the coefficients. The signs are exactly 
opposite of each other. Sarwar (2005) did find similar sign difference in his analysis of S&P 500 Index 
options. A possible explanation for the sign difference is that implied volatilities are a measure of 
volatility for a specific time period, while EGARCH volatilities are not time bound. Overall, both 
measures of volatility option volume increases subsequent to an increase in volatility 

The results also indicate that contemporaneous volume has a strong negative effect on the 
implied volatility of the underlying index. On the other hand the effect of volume on EGARCH 
volatility is significant and positive. Both results point out that there is a strong feedback between the 
volume and volatility, which can be construed as a sign of market efficiency. 
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The volume-volatility relationships are further tested for the sub samples of call and put 
options. In Table 8, the results of volume-volatility regressions results for call options are given. The 
results of effects of implied volatility on volume are quite similar to that of the total sample. Similarly 
the effect of volume on volatility is also similar to that of the total sample. The results of the 
regressions of put volume-volatility relationships are give in Table 9. Results indicate that there is no 
significant difference in relationships in this case with the overall sample. 

These results show that the investors in India use the markets to trade on information similar to 
that of the investors in the developed markets. Moreover, when these results are interpreted together 
with the results from the previous analysis of put-call parity, we can jointly interpret the results to 
argue that derivative markets in India, in terms of information efficiency, are very similar to the 
markets of developed countries. However, restrictions on short-sales cause operational inefficiencies in 
the markets that do not allow the investors to take full advantage of mispricings. 
 
Table 1: Summary of Index Option Trading Volume 
 

Call Options Put Options 
Year No. of Contracts Turnover in 

INR(millions) No. of Contracts Turnover in 
INR(millions) 

2001 78,302 16,410 48,471 9,960 
2002 198,681 42,300 115,797 24,030 
2003 813,838 213,750 518,579 135,570 
2004 1,648,460 586,640 1,163,649 408,140 
2005 5,117,998 1,346,900 5,022,241 1,299,180 
2006 6,766,458 2,824,631 6,185,890 2,376,583 

 
Table 2: Lower Boundary Violations for Call Options 

Violation of the lower boundary condition for the call options are tested using the following 
relationship: 

rtn KeSTCKC −−≥+)(  
Violations out of a total sample of 24,431 observations 
 

 Number of 
Violations 

Average 
Violation in 

INR 

Percentage 
of Violations 

Std. Dev. of 
Violations 

Minimum 
Value In 

INR 

Maximum 
Value In 

INR 
Total violations 5255 -21.37* 21.51% 54.20 -813.90 -0.0001 
At-the-money 4088 -16.52* 18.45% 33.53 -370.55 -0.0065 
Out-of-the-money 1167 -38.39* 75.68% 94.48 -813.90 -0.0001 
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Table 3: Lower Boundary Violations for Put Options 
Violation of the lower boundary conditions of the put options are tested using the following 
relationship: 

nrt SKeTCKP −≥+ −)(  
Violations out of a total sample of 24,431 observations 
 

 Number of 
Violations 

Average 
Violation in 

INR 

Percentage of 
Violations 

Std. Dev. of 
Violations 

Minimum 
Value In INR 

Maximum 
Value In INR 

Total violations 1259 -28.70* 5.15% 65.12 -802.10 -0.03704 
At-the-money 1075 -20.00* 4.84% 32.59 -272.30 -0.03704 
Out-of-the-money 184 -79.52* 11.93% 140.98 -802.10 -0.05008 

* Significant @1%; ** Significant @5%; *** Significant @10% 
 
Table 4: Violations of Put-Call Parity Conditions 

Violation of the parity conditions are tested using the following relationship: 
TCKeSKCKP rtn <−−− −)()(  

Since TC cannot be negative a negative value is a clear indication of violation of the parity condition. 
Violations out of a total sample of 24,431 observations 
 

 Number of 
Violations 

Average 
Violation in 

INR 

Percentage of 
Violations 

Std. Dev. Of 
Violations 

Minimum 
Value In INR 

Maximum 
Value In INR 

Total violations 5901 -11.24* 24.15% 32.78 -802.10 -0.0001 
At-the-money 5393 -8.87* 24.34% 17.71 -272.30 -0.0001 
In-the-money 211 -73.05* 28.63% 133.53 -802.10 -0.0406 
Out-of-the-money 297 -10.51* 19.26% 15.22 -148.50 -0.0009 

* Significant @1%; ** Significant @5%; *** Significant @10% 
 
Table 5: Granger Causality Tests 

Tests whether put-call ratio Granger-cause index returns or vice versa using the following system of 
equations: 
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Where rt is the index return at time t. and yΔ t is the first difference of the put-call ratio. 
 

Dependent Variable: Return (rt) Dependent Variable: PCratiot 
Independent variable Coefficients t-stats Coefficients t-stats 

Intercept:  0.00071 1.77371*** 0.00150 0.59448 
yΔ t-1 0.00024 0.04840 0.01474 0.46854 

yΔ t-2 0.00259 0.51058 -0.00452 0.14282 

yΔ t-3 0.00647 1.32793 0.01961 0.64472 
rt-1 0.09087 2.93956* 0.69875 3.64734* 
rt-2 -0.12185 3.91299* -0.32028 1.66022*** 
rt-3 0.02035 0.65662 0.11984 0.62399 
αt-1= αt-2= αt-3=0 (F-stat) 0.67819   
βt-1= βt-2= βt-3=0 (F-stat)  6.73260* 

* Significant @1%; ** Significant @5%; *** Significant @10% 
 
Table 6: Tests for Stationarity: Phillips Perron Unit Root Test 
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Variable Total Sample Call Options Put Options 
Volume -5.90680 -6.43451 -6.01356 
Implied volatility -12.87813 -11.80979 -13.78172 
EGARCH volatility -7.05149   
Critical t-test value -3.438* -3.438* -3.438* 

Total observations 1465 1465 1465 
* Significant at 1% 
 
Table 7: Option Volume and Volatility Regressions: All Options 

These tests are using equations (7) and (8). 
 

Dependent Variable: Volume (Vt) Dependent Variable: Volatility (It) 
Coefficients Coefficients Independent 

Variable Implied Volatility  
(t-stat) 

EGARCH Volatility 
(t-stat) 

Implied Volatility  
(t-stat) 

EGARCH Volatility 
(t-stat) 

5880.24 8572.53 0.0293 0.0125 

Intercept: (1.7285) *** (2.3954) ** (5.0641) (5.1048)* 

-35723.49 82567.74   
σt (1.9534) *** (1.8290) ***   

68220.42 -223715.75 0.5221 1.1026 
σt-1 (3.3293) * (-3.3387) * (16.6604) * (34.964)* 

-50859.32** 132555.68 0.0613 -0.1255 σt-2 (2.4643) (1.9686) ** (1.7276) *** (2.6847)* 
16298.95 -98105.35 0.1480 -0.0875 

σt-3 (0.7496) (1.4534) (3.9947) * (1.8661)*** 
-52697.55 113328.94 0.0128 0.0819 

σt-4 (2.4257) ** (1.6792) *** (0.3429) (1.7444) *** 
-4165.92 -93711.43 -0.0405 -0.0171 

σt-5 (0.1915) (1.4146) (1.0843) (0.3710) 

36459.25 50957.63 0.1496 -0.0140 
σt-6 (1.8878) *** (1.1544) (4.5476) * (0.4561) 

-1.0536e-07 0.000000040 
Vt 

  
(1.9534) *** (1.8290) *** 

0.6438 0.6192 1.4957e-07 0.000000143 
Vt-1 (20.7519) * (19.3623)* (2.35684) ** (5.5854) * 

0.0306 0.0581 6.3693e-08 -0.00000011 
Vt-2 (0.8321) (1.5482) (1.0064) (4.4031) * 

-0.1069 -0.1187 -5.6006e-08 0.000000026 
Vt-3 (2.9290) ** (-3.2132) * (0.8901) (0.9990) 

0.1919 0.2042 7.5932e-08 -0.00000001 Vt-4 (5.1798) * (5.4449) * (1.1785) (0.3508) 
0.0695 0.0663 3.3144e-08 -0.00000003 

Vt-5 (1.8452) *** (1.7436) *** (0.5115) (1.2584) 
0.1759 0.1755 -1.1163e-07 -0.00000004 

Vt-6 (5.3501) * (5.2675) * (1.9524) *** (1.8899) *** 

F-statistic 698.57* 589.71* 
System R2 0.8986 0.5958 

117.03* 589.37* 

* Significant @1%; ** Significant @5%; *** Significant @10% 
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Table 8: Option Volume and Volatility Regressions: Call Options 
 

Dependent Variable: Volume (Vt) Dependent Variable: Volatility (It) 
Coefficients Coefficients Independent 

Variable Implied Volatility 
(t-stat) 

EGARCH Volatility 
(t-stat) 

Implied Volatility 
(t-stat) 

EGARCH Volatility 
(t-stat) 

3635.53 5044.89 0.0295 0.0125 

Intercept:  (1.8748) *** (2.4961) ** (5.0863) * (5.1139)* 
-20084.39 46560.30 σt (1.9361) *** (1.8238) *** 

  

41302.47 -117598.02 0.5160 1.0985 
σt-1 (3.5630) * (3.1071) * (16.4544) * (34.8252)* 

-25613.99 67432.86 0.0569 -0.1279 σt-2 (2.1931) ** (1.7749) *** (1.6081) *** (2.7435)** 
-366.24 -58569.59 0.1510 -0.0825 σt-3 (0.0297) (1.5370) (4.0871) * (1.7620)*** 

-30529.58 66881.47 0.0116 0.0844 σt-4 (2.4824) ** (1.7554) *** (0.3099) (1.8019) *** 
-3125.54 -50866.01 -0.0363 -0.0185 σt-5 (0.2540) (1.3596) (0.9737) (0.4029) 
25260.66 25790.70 0.1494 -0.0150 σt-6 (2.3155) ** (1.0337) (4.5584) * (0.4910) 

-1.8411e-07 0.000000071 Vt 
  

(1.9361) *** (1.8238) *** 
0.6418 0.6195 3.2652e-07 0.000000241 Vt-1 (20.5206) * (19.2559)* (2.9087) ** (5.2853) * 
0.0552 0.0777 8.6004e-08 -0.00000018 Vt-2 (1.4912) (2.0642) ** (0.7666) (3.9298) * 
-0.0928 -0.1025 -6.0374e-09 0.000000049 Vt-3 (2.5453) ** (2.7809)* (0.0545) (1.0661) 
0.1660 0.1832 1.1996e-07 -0.00000002 Vt-4 (4.4780) * (4.8936) * (1.0584) (0.3142) 
0.0341 0.0299 -1.7824e-08 -0.00000003 Vt-5 (0.9135) (0.7921) (0.1574) (1.4965) 
0.1946 0.1905 -2.1156e-07 -0.00000007 Vt-6 (5.9407) * (5.7503) * (2.1004) ** (1.7337) *** 

F-statistic 696.32* 472.35* 
System R2 0.8983 0.5992 

118.66* 474.93* 

* Significant @1%; ** Significant @5%; *** Significant @10% 
 
Table 9: Option Volume and Volatility Regressions: Put Options 
 

Dependent Variable: Volume (Vt) Dependent Variable: Volatility (It) 
Coefficients Coefficients Independent 

Variable Implied Volatility 
(t-stat) 

EGARCH Volatility
(t-stat) 

Implied Volatility 
(t-stat) 

EGARCH Volatility
(t-stat) 

1987.17 3430.80 0.0293 0.01304 
Intercept:  (1.1974) *** (1.9468) *** (5.0843) * (5.2470)* 

-16370.05 37528.38 σt (1.8289) *** (1.7042) *** 
  

26734.00 -109110.25 0.5252 1.1059 σt-1 (2.6588) * (3.3315) * (16.7686) * (35.0289)* 
-23048.63 60823.39 0.0661 -0.1255 σt-2 (2.2808) ** (1.8450) *** (1.8630) *** (2.6735)** 
16723.81 -29306.17 0.1464 -0.0892 σt-3 (1.5725) (0.8875) (3.9472) * (1.8966)*** 
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-21876.44 42252.33 0.0148 0.07314 σt-4 (2.0593) ** (1.2796) (0.3967) (1.5531) 
-549.39 -39262.90 -0.0454 0.0137 σt-5 (0.0516) (1.2113) (1.2172) (0.2969) 

11418.60 22938.79 0.1496 -0.0113 σt-6 (1.2053) ** (1.0608) (4.5424) * (0.3667) 
-2.0165e-07 0.000000076 Vt 

  
(1.8289) *** (1.7042) *** 

0.6216 0.5992 1.8377e-07 0.000000277 Vt-1 (20.0630) * (18.8361)* (1.4305) (5.3196) * 
0.0382 0.0665 1.7415e-07 -0.00000022 Vt-2 (1.0460) (1.7927) *** (1.3580) (4.2920) * 
-0.0986 -0.1078 -2.0424e-07 0.000000038 Vt-3 (2.6922) ** (2.9095)* (1.5851) (0.7068) 
0.1850 0.1884 1.5180e-07 -0.00000002 Vt-4 (4.9803) * (5.0127) * (1.1506) (0.4756) 
0.1283 0.1278 1.5200e-07 -0.00000005 Vt-5 (3.3600) * (3.3161) * (1.1279) (0.8236) 
0.1282 0.1294 -1.7067e-07 -0.00000008 Vt-6 (3.8321) * (3.8249) * (1.4446) (1.6961) *** 

F-statistic 691.42* 609.44* 
System R2 0.8854 0.5931 

115.70* 606.22* 

* Significant @1%; ** Significant @5%; *** Significant @10% 
 
 
5.  Conclusion 
Derivative markets in fast developing markets such as India is an interesting topic to study. In 
developed markets efficiency is achieved by arbitraging away the mispricing of assets. In order to 
arbitrage one has to have the ability to use short-selling as a way of profiting from mispricings. In the 
case of India, large institutional investors are prohibited from short-selling, while individual investors 
are allowed to do so. This study investigates whether this has any effect on the pricing of options on 
the stock indices. Tests indicate that in 24% of the observations, there is a violation of the put-call 
parity condition where the arbitrage requires short-sales. Similarly there are more violations of the 
lower boundary condition of the call options as compared to the put options. Arbitraging of the lower 
boundary condition violations of the call options require short-selling, while that of put options does 
not require short-selling. This is an indication that restrictions on short-sales by more informed 
institutional investors do allow the market imperfections to persist without being arbitraged away. On 
the other hand, the volume-volatility relations of the Indian index options markets are very similar to 
that observed in developed markets such as the U.S. In this respect market reaction to information 
arrivals resulting in increased volatility are as efficient as other developed markets. This suggests that 
the Indian investors may be using the derivative markets as an efficient method of hedging the risk. 
1 Figlewski & Webb (1993), Danielson & Sorescu (2001), Lamont & Thaler (2003), Ofek, Richardson & Whitelaw (2004) 
2 Chang & Yu (2006), Bris, Goetzmann & Zhu (2007) 
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