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Abstract: 

This paper studies cross market arbitrage in stock index futures and options markets.  The Tucker(1991) result that combinations of put and call options with the same exercise price can replicate futures positions with same expiration and underlying cash asset, underpins the Put-Call-Futures (P-C-F) parity relationship.  As arbitrage strategies based on the P-C-F parity can bypass the more costly cash leg involving the stock index itself, it has become the basis of recent tests for the joint efficiency of index futures and options (Lee and Nayar, 1993, Fung et.al. 1997and Bae et.al., 1998).  We investigate how effective the P-C-F arbitrage is in theory and practice for removing pricing inefficiencies between the spot index and each of the derivatives, viz. the index option and futures.  The theory that over pricing in index futures can result via the Black(1976) option formula to over priced  calls and underpriced puts, and vice versa for underpriced futures, is called the Black Effect.  The latter has specific implications for the profitability of  P-C-F arbitrage and also why it is unlikely to be fully effective in removing pricing inefficiencies should they arise from mispricing in the futures-spot market.  In particular, as futures-spot mispricing contributes to P-C-F arbitrage profits, the convergence of the futures and the spot index value at expiration implies that stock index option efficiency by the P-C-F parity in the spot month is most likely.  Thus, studies such as Fung et. al. (1997) that test exclusively for spot month efficiency of the option on Hang-Seng index and find it to be efficient, a result that we confirm for the LIFFE FTSE-100 index option, is not of much interest.  The FTSE-100 index derivatives contracts in far from maturity periods (20-50 days and 50-80 days) are found to be inefficient by the P-C-F parity.  The evidence for Black Effect on short P-C-F arbitrage is particularly prominent in our sample and the large mean underpricing of futures in far from maturity contracts is found to be contributory to this. 
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THE BLACK(1976) EFFECT AND CROSS MARKET ARBITRAGE ON LIFFE FTSE-100 INDEX FUTURES AND OPTIONS






Sheri Markose and Hakan Er

1.INTRODUCTION

Stock index derivatives such as futures, options and options on futures on a stock index have become prominent in financial markets in a short space of time. Stock index futures contracts on the Standard and Poor (S-P) 500 Index was first introduced in the U.S.A in April 1982 by the Chicago Mercantile Exchange (CME).  This was followed by the S-P 500 futures index options at the CME in January 1983.  Trading in the S-P 500 index option contracts (SPX) was started by the Chicago Board of Trade (CBOT) in July 1983.   The success of the index derivatives in the U.S led to early adoption and high trading volumes on stock price indices such as the FTSE-100, Nikkei, Hang Seng and others outside the USA.  Stock index derivatives have gained phenomenal success primarily because they are ideal vehicles to hedge equity portfolios against market risk.  Low transaction costs in the derivatives markets compare favourably with the higher costs in the cash market despite the computerization of trades in baskets of stocks of the underlying stock index.  Further, the cash market may have illiquidities in the availability of stocks which do not occur in index derivatives as typically delivery is cash settled rather than in the underlying index portfolio. Moreover, short sales which can be problematic on the spot /cash market for stocks is not so in the index derivatives market.  The coexistence of index futures and options on the same stock index opens up more opportunities for speculation and arbitrage that can even bypass the cash market.  Both these activities add depth and liquidity to the markets.  Academic interest accorded to the testing for no arbitrage price efficiency of derivatives markets is in part because of the practical significance that properly aligned cash and derivatives prices have for the conduct of hedging
 and the orderly functioning of these markets.  Large misalignments in the prices of assets when combinations of a subset of these can replicate the payoffs of another, could signal arbitrage profits which incentivize arbitraguers to take profitable positions that work to drive the prices in to the equilibrium range.

This paper studies the cross market arbitrage conditions for stock index futures and options.   Figure 1 illustrates the three important equilibrium pricing and arbitrage criteria that relate the index options and futures on the same underlying stock index.  
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Cash Market: FTSE-100 Index

A: Index Arbitrage based on the cost of carry fair futures formula.

B: Option-Cash Index Arbitrage based on Stoll (1969)Put-Call Parity condition.

C: Index Options-Futures Arbitrage based on Tucker(1981) Put-Call- Futures Parity condition.


  A large number of studies have analysed the efficiency of stock index futures markets with respect to the spot index (along  arrow A in Figure 1) when so called index arbitrage based  on a theoretical cost of carry formula is used to detect arbitrage profit opportunities.  The classic papers here are by Modest and Sunderasan (1983) and Cornell and French(1983) for the U.S index futures and Yadav and Pope(1990) for the FTSE-100 index futures. The high costs of trading in the stock index portfolio and in particular the problems of shorting stock in the conduct of a short index arbitrage strategy have been cited by some for the mispricing of the index futures to its fair futures price.  

 The equilibrium pricing relationship between the index option and the stock index (see, arrow B in Figure 1) is based on the Stoll (1969) Put-Call (P-C) parity relationship.  Here typically the option price is derived from the underlying  stock index.  However, from early studies of efficiency of index options, see, Evnine and Rudd
 (1985), it has been acknowledged that the prohibitive costs of hedging index option positions with a portfolio based on the constituent shares of the spot index could lead  to a number of problems for the tests of market efficiency of index options, (see, Gemmill, 1993).
  Foremost among them is the appropriate pricing model for the index option.  Market makers are known to price index options based on the traded index futures price rather than the spot price of the index.  As a result, many (Evnine, 1988, Gemmill,1993, Gwilm and Buckle,1999) have recommended the use of the Black(1976) (see, Appendix) modification of the Black and Scholes (1973) option pricing model to price European index options when delta hedging is more effective with index futures than the spot index.  This suggests that mispricing in the futures markets can be related to the mispricing in the index options. Overpriced futures via the Black(1976) formula could result in overpriced (underpriced) calls(puts) and vice versa for underpriced futures.  The former we call the high-call-low-put bias from overpriced futures relative to the spot index and the latter is called the low-call-high-put bias.
 Generically, we will refer to this simply as the Black(1976) Effect.      

 The Tucker(1991) result that combinations of  put and call options with the same exercise price can replicate payoffs of futures positions with the same expiration and on the same cash asset underpins the put-call-futures (P-C-F, for short) parity relationship.   Thus, arbitrage strategies based on the P-C-F parity (arrow A in Figure 1), involves time synchronized  triplets of prices on a put, a call and a futures contract as specified above.  A short futures position can be replicated by a combination of a short position in a call index option and a long one in a put index option.  Conversely, a long futures position is equivalent to a combination of a long call and a short put position.  The existence of these synthetic futures contracts involving combinations of options generates conditions for riskfree no arbitrage profits for the futures and options markets on the same underlying cash asset. 

The significance of the P-C-F parity arbitrage relationship between the index options and index futures markets is that it allows the arbitrageur to bypass the more costly transactions involving the spot index which arise with the respective index futures and options arbitrage vis-à-vis the cash market. In addition, Fung and Chan( 1994) have shown that the distribution of stock dividends which affect arbitrage strategies along the arrows A and B do not affect the P-C-F arbitrage along arrow C of  Figure 1.   For these reasons the put-call-futures parity relationship has become the basis of recent tests for efficiency in the index options prices (Lee and Nayar, 1993, Fung et. al 1997 and Bae et. al.1998).  Unlike these papers, we first start with a theoretical investigation of how effective the P-C-F arbitrage is in eliminating inefficiencies between the cash/spot market and the respective derivatives viz. the futures and the index options with the relationships show along the arrows A and B in Figure 1.  A not surprising theoretical finding is that as spot/ futures mispricing contributes to P-C-F arbitrage opportunities, the convention of zero basis risk at maturity of the index futures contract, implies that P-C-F arbitrage opportunities are least likely to occur in the periods close to maturity of the contracts.  Thus, we critique Fung et. al (1997) for their exclusive focus on the spot month for efficiency tests with the P-C-F parity.  As in the Fung et. al  study, we also confirm efficiency in the spot month.  However, for above reasons we explicitly examine two further samples with regard to maturity, other than the spot month  and find statistically significant P-C-F pricing inefficiencies at periods beyond the spot month.   Further, we find evidence for the possibility that over(under) pricing in index futures can result via the Black(1976) option formula to over priced  calls and underpriced puts.  This in turn implies that P-C-F arbitrage is unlikely to be fully effective in removing pricing inefficiencies should they arise from mispricing in the futures/spot market

The first objective of this study is to examine the P-C-F joint pricing efficiency of the FTSE 100 Stock Index Futures and European style options on FTSE 100 Index. We use extensive intra daily tick data sample for trade and quote prices
 covering the period from the inception of the stock index option on the LIFFE in 1991 to 1998.  Section 2 discusses the methodology of P-C-F arbitrage. Section 3 also formalizes the above outlined theoretical implications of it along with the Black(1976) Effect for cross market efficiency conditions along arrows A and B in Figure 1.  Section 4 gives information about the FTSE 100 futures and European options contracts and on the construction of data set for the testing of the P-C-F arbitrage.  In Section 5 we report on the ex post
 tests of efficiency for the P-C-F parity.  This involves a statistical tabulation of the distribution of the no arbitrage violations in the sample data for different categories of transactions costs.  We also conduct a regression analysis.  The main empirical result is that though the spot month showed efficiency by the P-C-F parity condition, there is quite overwhelming evidence that far from maturity contracts with 20-50 days to maturity and 50-80 days to maturity present arbitrage opportunities. The evidence for Black Effect on short P-C-F arbitrage is prominent in our sample and the large mean underpricing of futures in far from maturity contracts is found to be contributory to this. We tabulate the empirical results confirming this. The final section makes some concluding remarks on the scope of the results and prospects for future research.
2. METHODOLOGY OF PUT-CALL-FUTURES (P-C-F)ARBITRAGE

As first discussed in Tucker (1991), since futures positions can be replicated by combinations of call and put options with the same exercise price and same maturity as the futures,  the no arbitrage equilibrium pricing relationship is based on the futures price being priced close to the synthetic futures price. We use the following notation. 

F= stock index futures price.

C= index call option price .

P= index put option price with the same exercise price as the index call option.

X= the common exercise price of the call and put options.

S=Stock index value.

T: Time at maturity.

r=  the interest rate.

q= the continuous dividend rate on the stock index.

TC= Transactions costs.

Note that subscripts of a and b will stand for the ask and the bid price. 

 The P-C-F Short Arbitrage
A risk free arbitrage portfolio can be constructed by combining a short futures contract and a long synthetic futures position obtained by buying a call, shorting a put and by borrowing the present discounted value of the futures price and lending the same for the  exercise price.  Panel  A in Table 1 shows how a zero net return is  accomplished by this short hedge arbitrage strategy should  ST > X or ST < X.   The upper bound of the stock index futures bid price denoted  by  Fbt  is given by
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Here, = (T-t) is the remaining time to maturity;  Cat is the call premium at the ask, Pbt is the put premium at the bid  and TC denotes the transactions costs (that will be specified) that exist in the futures and option markets.  Note, the interest rate on the futures price is the offer/ask rate as this amount has to be borrowed by the arbitrageur and that on the exercise price is the bid interest rate as it has to lent.  If the condition in (1) is violated then the arbitrageur by definition will make a risk free profit equal to

 
    [Fbt e-r - ( Cat  - Pbt  + Xer  + TC)]  >0.                 (2)    

by shorting the futures and by creating the synthetic long futures given on the R.H.S of  (1). 

 TABLE 1

A: P-C-F Short Arbitrage
 
Cash Flows at Expiration (T)

TRANSACTIONS UNDERTAKEN
Cash Flows Today (at t)
ST > X
ST < X

 


 

Short a futures contract at Ft
0
Ft-ST
Ft-ST

Borrow Fte-r
+Fte-r 
-Ft 
-Ft 

Long call
-Ct  
ST-Xt
0

Short put
+P 
0
-(X-ST)

Lend Xje-r 
-Xe-r  
+X
+X

 
Fte-r- (Ct – Pt + Xe-r))
0
0

B: P-C-F Long Arbitrage

Cash Flows at Expiration (T)

TRANSACTIONS UNDERTAKEN
Cash Flows Today (at t)
ST > X
ST < X

 


 

Long a futures contract at Ft
0
ST-Ft
ST-Ft

Lend Fte-r
-Fte-r 
+Ft 
+Ft 

Short call
+C  
-(ST-X)
0

Long put
-Pt 
0
X-ST

Borrow Xe-r 
+Xe-r 
-X
-X

 
(Ct – Pt + Xe-r )– Fte-r
0
0

The  P-C-F  Long Hedge Arbitrage
The P-C-F  riskfree long arbitrage portfolio is obtained by combining a long futures contract and a short synthetic futures position obtained by shorting a call at the bid, being long in the put at the ask and by lending the present discounted value of the futures price and borrowing the same for the exercise price.   Panel B shows how a zero net return is obtained  by this long hedge arbitrage should  ST > X or ST < X.  The lower bound of the ask futures price is given by   
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If the present value of the ask futures price is less than the R.H.S of (3), then the arbitrageur buys the futures and sells the portfolio on the R.H.S of (3 ).  This nets a risk free profit equal to 

[(Cbt - Pat + X
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Note, here that the bid interest rate applies to the amount for the futures price that is lent in the arbitrage and the ask/offer interest rate applies to the value of exercise price as that has to be borrowed.    

As trade prices are not specified in terms of whether a buy or sell is involved the condition for the short arbitrage is given as profitable

     
 
Fe-r - [Ct - Pt  + Xe-r ]  -  TC ( 0 .
               (5)

Long arbitrage is profitable

[Ct -  Pt  +   Xe-r] - Fe-r   - TC ( 0.                     (6)

3.CROSS MARKET ARBITRAGE IMPLICATIONS OF P-C-F PARITY

Some theoretical aspects of the cross market arbitrage conditions are investigated here to see whether P-C-F arbitrage is effective in eliminating inefficiencies between the derivatives and cash markets, viz. arrows A and B in  Figure 1.  First, note that the cost of carry fair futures to the spot price in the case of continuous dividends is given by

Ft = Ste(r-q)     (  Fte-r  = Ste-q  .                 (7)

Thus, the bid futures price satisfies Fbt ( Ste(r-q)  and the ask futures price satisifies Fat  ( Ste(r-q)

 Second, the fair value of the difference between the put and call prices as given by the Stoll (1969 ) put-call parity and denoted by (Ct-Pt)* is  

(Ct-Pt)* = Ste-q- Xe-r  .       

 (8)

The moneyness of the index option is measured in terms of St and the exercise price X. The analysis will now combine the three cross market parity conditions highlighted in Figure 1. 

Case I: If  the call (ask ) is underpriced, that is  if , Cat  < Pbt  + St e-q- Xe-r , then by the Stoll P-C parity condition, buy a call, sell a put and the index.  This results in a profit of 



Pbt- Cat +  Ste-q- Xe-r  > 0 .           
          (9)

Result 1: If  Fbte-r  =Ste-q, viz. the bid futures is at the fair futures price given in (7), then from (2) we see that the short P-C-F arbitrage condition is identical to option-spot Stoll P-C arbitrage that longs the underpriced call in (9) above.  

 If there is mispricing of the futures to the spot index ,viz.  (Fbte-r  -Ste-q ) >0 (<0), then on adding this mispricing to (9) we have,  

[Pbt- Cat + (Ste-q - Xe-r )] +(Fbte-r  -Ste-q ) = Pbt- Cat + Fbte-r- Xe-r  > 0.         (10)

By direct inspection we see that the L.H.S of (10) precisely equals condition (2) on profitable P-C-F short arbitrage. Thus, the L.H.S of (10) yields an interesting decomposition of the P-C-F short arbitrage expression (Fbte-r- Xe-r )  ) in terms of the fair option-spot value in (8) and the futures-spot overpricing term.  Note that (10) also generalizes the Fung and Chan(1994) result that the P-C-F arbitrage condition given on the R.H.S of (10) is independent of the dividend returns on the stock index irrespective of whether the index futures is priced fairly or not.  We see from the L.H.S of (10) that the short P-C-F arbitrage profitability is enhanced by the underpricing of calls as given in  (9) and spot-futures overpricing  of index futures.

 If the assumption of the Black-Scholes pricing of the index option is made, then from the L.H.S of (10) we infer that the short P-C-F arbitrage is more profitable with larger futures/spot overpricing and a low call option price that follows from out of the money call option (viz. Se-q <  Xe-r(T-t ) < Fbt e-r(T-t) ).  However, this is precisely the least profitable situation for P-C-F short arbitrage if market index options prices are set according to Black (1976).   We hold this up as a stringent test for the presence of the Black Effect on index option prices with the following implications for the effectiveness of P-C-F arbitrage.  We summarise this as Result 2.

Result 2: Black Effect on Short P-C-F Arbitrage 

(i)
With the Black Effect, large futures-spot index overpricing will result in overpriced call and underpriced puts and this mitigates P-C-F short arbitrage profits and limits its effectiveness in  removing large initial futures-spot overpricing.

(ii) 
The most clear cut evidence of the Black Effect is when the most profitable P-C-F short arbitrage is found to arise in the case of  underpricing of futures to spot which leads to the low-call-high-put price bias.  The high P-C-F arbitrage profits in this case can arise from high futures spot underpricing with extreme out of the money calls, Ste-q- Xe-r <0,  both of which biases down the call prices.  Thus, in these cases there is in fact a perverse effect in that the profitable short P-C-F will exacerbate the initial futures-spot underpricing with further selling of futures.  

(iii) 
Thus, if the Black Effect is present, P-C-F  short arbitrage is likely to be effective only in removing moderate to low futures-spot overpricing with deeply out of  the money call options (viz. Xe-r > Fe-r > St e-r)  .

Case 2 :If call (bid) is overpriced, viz. if Cbt  > Pat  + St e-q(T-t)- Xe-r(T-t) ,  then by the Stoll P-C parity condition, sell a call, buy a put and long the index with profit of 

(Cbt  - Pat) - ( Ste-q- Xe-r) > 0.     


 (11)

Result 3: If Fate-r = Ste-q, then from the cost of carry rule from (4) we see that the long P-C-F arbitrage is identical to Stoll P-C arbitrage that sells the overpriced call.

  If there is mispricing of the futures to the spot, viz St e-q - Fate-r  > 0 (>0), then on adding this mispricing term to (11) we have the profit condition for P-C-F long arbitrage     

[Cbt -Pat - ( St e-q- Xe-r)] + Sat e-q - Fate-r = Cbt  - Pat + Xe-r- Fate-r >0.     (12)

From the decomposition of the P-C-F long arbitrage expression ( Xe-r -Fbte-r) on the L.H.S of (12) we see that the long P-C-F arbitrage profitability benefits from overpriced call with the first term in the square bracket in (12) coincides with the definition in (11).  Again, in the absence of the Black Effect, the Black-Scholes index options pricing implies from the R.H.S of (12) that greater the futures-spot mispricing, greater are the    P-C-F long arbitrage profits with in the money call options,(viz. Fbt e-r< Xe-r < Se-q ).   We will now tabulate the implications of the Black Effect on long P-C-F arbitrage. 

Result 2: The Black Effect on Long P-C-F Arbitrage

(i) By the low-call-high-put price bias from the Black Effect from extreme futures-spot underpricing, the latter yields negligible P-C-F long arbitrage with in or especially out of the money options and hence this arbitrage is of limited effect for removing excess futures-spot underpricing. 

(ii)  Seemingly counterintuitive from the vantage of Black-Scholes price for index options, but a clear consequence of the Black Effect is that the long P-C-F arbitrage is likely to be both most numerous  and profitable for overpriced futures-spot contracts with in the money options (viz. Xe-r  <Ste-q < Fbte-r).  The latter  two factors will cause the high-call-low–put price bias which benefits long P-C-F arbitrage. However, in this case as the long P-C-F arbitrage buys the futures despite futures-spot overpricing, we have forces that can make the overpriced futures-spot problem to persist.  
(iii) By direct inspection of RHS of equation (12), overpriced call by the Stoll P-C parity with moderately underpriced futures to spot is likely to be profitable for long P-C-F arbitrage with deeply in the money calls.  Thus as in the case of the short P-C-F arbitrage, long P-C-F arbitrage is useful only rectifying spot-futures underpricing  only if it is moderate.
To summarize, when the index futures satisfies the cost of carry formula, the Stoll P-C parity condition and the P-C-F parity conditions are identical.  However, if there is futures-spot mispricing, then from point (i) in Results 2 and 3, we see that extreme futures-spot overpricing (underpricing) if it causes the Black Effect of high-call-low-put (low-call-high-put) option price bias will limit the efficacy of  P-C-F arbitrage to rectify futures-spot misalignments.  Point (ii) in Results 2 and 3 also indicate the perverse consequence of the Black Effect in that P-C-F short (long) may in fact exacerbate further futures-spot underpricing (overpricing) inefficiencies.   Finally, due to the convention of zero basis at maturity, as futures-spot mispricing are more likely at far from maturity contracts, the above attendant problems leading to inefficiencies by the P-C-F parity , will be apparent only in far from maturity contracts.

4.LIFFE INTRADAILY TRADE DATA FOR INDEX OPTIONS AND FUTURES
Trading in FTSE-100 index futures started on the LIFFE on 3rd May 1984 while the European style FTSE-100 index options did not start till 1991.  Nevertheless, they are tailor made for the application of the P-C-F parity condition as they have identical delivery months (March, June, September and December), EDSP( Exchange Delivery Settlement price), trading hours and value multiplier (£10 per index point). Each contract is settled by cash at the Exchange Delivery Settlement Price (EDSP).  EDSP is based on the average level of the FTSE 100 Index between 10:10 and 10:30 on the Last Trading Day.  The last trading day is the third Friday of the delivery month and trading on the contract ends at 10:30 a.m on that Friday. Minimum price movement allowed for FTSE 100 futures is 0.5 index points. For further details of contract specifications, see Appendix. 

For our analysis we take the intraday historical tick data on the FTSE-100 European style index option traded on the LIFFE from March 1, 1991 to June 30, 1998.  Thus, 30 contracts are included in the study.  The tick data records contain both two way bid/ask quote data and the transactions/trade price data.  Each record is time stamped with the following information: (i) option identity ,ie.  whether a call or put; (ii) the maturity date; (iii) the exercise price;(iv) the price of contract (bid and ask for quoted prices and transaction price if indicated as a trade record);(v) the synchronized underlying FTSE-100 stock index  price.

The interest rate used for borrowing funds in the hedge portfolio is the London Interbank Offer Rate(LIBOR) maturing on the day closest to the expiration date of the option. FTSE 100 daily dividend rate is obtained from Data Stream.  The bid or lending interest rate is conventionally taken to be 1/8 of the LIBOR rate.

To obtain tick data for arbitrage relating to the put-call-futures parity, we follow a three way matching criteria for puts, calls and futures with the same nearby maturity.  For trade data, all calls and puts with the same exercise price and traded within the same minute are matched.  All such pairs are matched further with a futures contract traded within a minute of the time stamp of the call-put pair.  In the LIFFE tick trade data from January 1991 to June 1998, 15670 arbitrage trade price triplets were found.

As the 3 way  price matches are a necessary condition for a P-C-F arbitrage to take place it is important to see if  these opportunities are  evenly distributed in the period studied especially in terms of time to maturity.  From Table 2, first, there is a clear increase in the average number of matched price triplets after 1994 for all contracts.  This corresponds to the increases registered in the LIFFE data on the overall volumes of trading in stock index options and futures.  Second, the mean of the number (percentage of each contract maturity) of P-C-F trade price triplets are 175 ( 37.87% ) for spot month,   199.6 (38.51% ) for 20-50 days before maturity, and 147.73 (23.62%) for 50-80 days to maturity. In earlier studies by Lee and Nayer (1993), Bae et. al. (1998) it was simply assumed that as the spot month has the largest trading volume,  that it would also yield the largest number of  P-C-F arbitrage price triplets.  Table 8 shows that on average the 20-50 day period to maturity offers the largest number of P-C-F arbitrage trade price triplets and the December contracts appear to provide the most opportunities.
                                          Table 2
Distribution of P-C-F Matched Trade Prices by Contract and Time to Maturity

 
 
 
 
 
 
 
 
 

 
Spot
20 to 50 Days
50 to 80 Days
All

Contract Months
     No:   
%**
      No:                                             
%**
      No:
%**
     No:
%*

Mar-91
53
63.86%
21
25.30%
9
10.84%
83
0.53%

Mar-92
2
9.09%
10
45.45%
10
45.45%
22
0.14%

Mar-93
29
29.90%
62
63.92%
6
6.19%
97
0.62%

Mar-94
72
39.78%
107
59.12%
2
1.10%
181
1.16%

Mar-95
80
46.78%
15
8.77%
76
44.44%
171
1.09%

Mar-96
55
46.61%
30
25.42%
33
27.97%
118
0.75%

Mar-97
90
41.28%
98
44.95%
30
13.76%
218
1.39%

Mar-98
96
75.00%
24
18.75%
8
6.25%
128
0.82%

Jun-91
59
21.07%
210
75.00%
11
3.93%
280
1.79%

Jun-92
57
35.85%
42
26.42%
60
37.74%
159
1.01%

Jun-93
65
28.26%
47
20.43%
118
51.30%
230
1.47%

Jun-94
80
33.47%
108
45.19%
51
21.34%
239
1.53%

Jun-95
41
26.62%
93
60.39%
20
12.99%
154
0.98%

Jun-96
133
54.73%
94
38.68%
16
6.58%
243
1.55%

Jun-97
278
51.58%
190
35.25%
71
13.17%
539
3.44%

Jun-98
283
64.03%
129
29.19%
30
6.79%
442
2.82%

Sep-91
241
49.28%
134
27.40%
114
23.31%
489
3.12%

Sep-92
85
28.72%
177
59.80%
34
11.49%
296
1.89%

Sep-93
52
31.90%
58
35.58%
53
32.52%
163
1.04%

Sep-94
166
55.33%
99
33.00%
35
11.67%
300
1.91%

Sep-95
75
16.23%
216
46.75%
171
37.01%
462
2.95%

Sep-96
249
64.84%
89
23.18%
46
11.98%
384
2.45%

Sep-97
320
31.31%
470
45.99%
232
22.70%
1022
6.52%

Dec-91
470
28.28%
975
58.66%
217
13.06%
1662
10.61%

Dec-92
333
19.29%
550
31.87%
843
48.84%
1726
11.01%

Dec-93
609
37.90%
392
24.39%
606
37.71%
1607
10.26%

Dec-94
207
21.25%
442
45.38%
325
33.37%
974
6.22%

Dec-95
212
22.06%
411
42.77%
338
35.17%
961
6.13%

Dec-96
208
24.64%
221
26.18%
415
49.17%
844
5.39%

Dec-97
550
37.26%
474
32.11%
452
30.62%
1476
9.42%

Total
5250

5988

4432

15670


Mean
175
37.87%
199.6
38.51%
147.73
23.62%
522.33
3.33%

*
% of total contracts






**
% of each contract maturity
 
 
 
 
 

Transactions Costs 

It is conventional for transactions costs for arbitrage to be estimated for at least three categories of traders- the private investor, institutional investors and for broker/market makers. The first two incur commission/broker fees in addition to the LIFFE exchange fees.  The LIFFE exchange fees are approximately £6 for a P-C-F arbitrage. There is a fixed round trip broker costs of about £15 -£20 for the LIFFE index futures.  For the index options on the other hand we have 1.5% of the option premium for opening and 1% of the same for closing.
  To get a rough estimate, we took a day’s sample for these costs for the time matched call and put prices in a long arbitrage (not reported).  The average round trip cost for the calls on the day came to £25.89 and that for puts was £35.11 with the average for both at £61.00.   The latter is considerably larger than the round trip commission on LIFFE index futures.   Note, however, that as many of the options remain unexercised at maturity, the full inclusion of these round trip commission costs as percentage of the index option premium is an overestimation of costs. 


Margins on futures position can be covered by cash or by other acceptable securities. We have assumed that traders use interest-bearing securities to cover the margin requirements. Therefore, no costs are assumed to be involved for the money tied to margins.  Finally, the average bid ask spreads were estimated in the following way.  These were taken from quote data taken 1 minute to the prices in the 15670 P-C-F trade price triplets.  These yielded only 4218 matches for calls, 3939 for puts and 13933 for futures. The bid ask spreads were then estimated from these and reported in Tables 3A and B.  Clearly, the mean index futures spread at 1.24 index points (£12.40) compared to 7.20 index points (£72.00) for calls and 7.06 index points (£70.60) indicates greater liquidity in futures markets.  Thus the average spread in the three markets is about £154.

In trade price data, to incorporate the bid-ask spread costs we add on half of the median spread of approximately £55 as part of transactions costs in equations 5 and 6.

Table 3A

Distribution of Absolute Spreads in Index Points: FTSE-100 Index Options 

 
Calls
Puts


Number
Percentage
Number
Percentage

0(spread(5
2679
63.51%
2311
58.67%

5<spread (10
959
22.74%
1084
27.52%

10<spread (15
129
3.06%
136
3.45%

15<spread (20
373
8.84%
316
8.02%

20<spread (30
30
0.71%
74
1.88%

30<spread (40
40
0.95%
14
0.36%

40<spread (50
0
0.00%
0
0.00%

50<spread(70
8
0.19%
4
0.10%

Spread>70
0
0.00%
0
0.00%







Mean
       7.20 

       7.06 


Median
5

5


Total Sample
4218
 
3939
 

Table 3B

Distribution of Absolute Spreads in Index Points: FTSE-100 Index Futures

 
Futures


Number
Percentage

0<=spread<=1
11438
82.09%

1<spread<=2
1837
13.18%

2<spread<=3
504
3.62%

3<spread<=4
90
0.65%

4<spread<=5
41
0.29%

5<spread<=6
6
0.04%

6<spread<=7
8
0.06%

7<spread<=8
6
0.04%

Spread>8
3
0.02%





Mean
       1.24 


Median
1


Total Sample
13933
 

  The following caveats must be noted.  In trade price data, it is conventional to add on half the spread in the assumption that trade prices are mid prices.  Clearly, this convention can be correct, if at all, only for private arbitraguers and not for the institutional investor and in particular the broker/floor trader for whom trade prices do take place within the quoted bid/ask rather than at them.   Further even for the private investor, if the tick trade prices are at the bid/ ask  appropriate for the arbitrage (given in equations 2 and 4) the convention of adding on half the spread to trade prices will overstate the cost by an amount of £55.  More accurate estimates of the direction of trade and of the arbitrage strategy in the put-call-futures prices require ways of equating the trade tick data with the quote prices.
  In equations 5 and 6, the estimated transaction costs for the private investor is about £134 for a P-C-F arbitrage.
  As the institutional investor and the broker/market maker incur considerably fewer costs, we assume that the former incurs .3% and the latter about .1% of the index futures value.    

Tables 4A-C give the distribution of efficiency violations for P-C-F trade data in terms of profitable short and long arbitrage.  This has been done for various transactions costs and different times to maturity.  In the absence of transactions costs, in Table 4A, we see that in keeping with Lee and Nayar (1993) some 99% of contracts are inefficiently priced.





Table 4-A

TRADE DATA FREQUENCY OF EFFICIENCY VIOLATIONS
 
 

 
NO TRANSACTION COSTS
 
 

 
Number of Efficiently Priced Contracts
Number of Mispricing 

 Short Arb.
Ex Post Profits

Mean

Short Arb. (£s)
Number of Mispricings

Long Arb.
Ex Post Profits

Mean

Long Arb.( £s)
Sample size
Mean Profit

       All (£s)

All
187
8073
     182.20 
7410
     224.72 
15670
    200.13 

*
1.19%
51.52%
       (13.14)
47.29%
     ( 22.79) 

    ( 12.73) 

50-80  Days Before
20
2457
     263.76 
1955
     385.92 
4432
    316.46 

*
0.13%
15.68%
       (33.29) 
12.48%
      (67.02) 

     (34.89) 

20-80 Days Before
26
3080
     151.75 
2882
     222.01 
5988
    184.91 

*
0.17%
19.66%
       (18.87) 
18.39%
      (33.65) 

     18.90 

Spot Month
141
2536
     140.17 
2573
     105.27 
5250
    119.30 

 
0.90%
16.18%
       (13.12) 
16.42%
      (15.69) 
 
       (9.99) 

Table 4-B

 
TRANSACTION COSTS AS 0.1% OF THE FUTURES PRICE 
 
 

 
Number of Efficiently Priced Contracts
Number of Mispricing 

Short Arb.
Ex Post Profits

Mean

Short Arb. (£s)
Number of Mispricing

Long Arb.
Ex Post Profits

Mean

Long Arb. (£s)
Sample size
Mean Profit

     All (£s)

All
9744
3357
     368.89 
2569
     571.61 
15670
    158.55 

*
62.18%
21.42%
       (29.79) 
16.39%
     ( 62.89) 

     (12.69) 

50-80 Days  Before
2467
1145
     496.87 
820
     846.27 
4432
    272.94 

*
15.74%
7.31%
      ( 67.79) 
5.23%
     (153.16) 

     (34.82) 

20-50 Days  Before
3865
1206
     316.55 
917
     619.43 
5988
    143.85 

*
24.66%
7.70%
       (45.65)
5.85%
      (99.80) 

     (18.84) 

Spot Month
3412
1006
     285.96 
832
     248.20 
5250
     78.74 

 
21.77%
6.42%
       (29.02) 
5.31%
      (45.72) 
 
       (9.88) 





Table 4-C

 
ACTUAL ESTIMATED TRANSACTION COSTS
 
 

 
Number of Efficiently Priced Contracts
Number of Mispricing

Short Arb.
Ex Post Profits

Short Arb.

 (£s)
Number of Mispricing 

Long arb.
Ex Post Profits

Long Arb. 

(£s)
Sample 

Size
Mean Profit

All £s.

All
13421
1222
     818.46 
1027
  1,209.35 
15670
     68.96 

*
85.65%
7.80%
       (68.65) 
6.55%
     (138.26) 

     (12.14) 

50-80 days Before
3712
398
  1,114.01 
322
  1,836.65 
4432
    150.05 

*
23.69%
2.54%
     (162.90) 
2.05%
    ( 336.33) 

     (33.20) 

20-50 days  Before
5229
367
     864.38 
392
  1,231.09 
5988
     53.81 

*
33.37%
2.34%
     (124.25) 
2.50%
     (204.93) 

     (18.24) 

Spot Month
4480
457
     524.20 
313
     536.79 
5250
     17.79 


28.59%
2.92%
       (49.15) 
2.00%
     (104.77) 
 
       (9.50) 

 
 
 
 
 
 
 
 


 * As a percentage of the total sample size, 15670





(    ) 95% confidence intervals.

A larger number of these 8073 (51%) indicate profitable short arbitrage rather than the 7410 (47%) that favour the long arbitrage. The mean profits in all categories are statistically significant with the more numerous and profitable ones favouring the periods away from the spot month.  At transactions costs of 0.1% of index futures, Table 4B, the efficiency violations decline to about 38% of the total sample and at estimated actual costs for the private investor, Table 4C, over 86% of the contracts cannot net P-C-F arbitrage profits. In Table 4B at costs appropriate to the marketmaker/broker, we see that though the spot month nets on average only £78, for periods to maturity beyond this there are statistically significant mean profits of over £143 with some When actual estimated costs appropriate for private investors are applied in Table 4C we see that the spot month yields a statistically significant but negligible mean profits.  However, what is interesting is that presuming that arbitraguers correctly identify profitable short/long arbitrage as in Tables 4B and C, the mean profits in these categories are large and statistically significant.  

5.REGRESSION RESULTS ON Ex POST  P-C-F  Trade DATA

The following regression equation is run to test the P-C-F parity relationship.

Fte-r  =  +  (Ct – Pt + Xte-r) + t.                   (13)

By construction the absence of arbitrage profit condition that the long(short) index futures and the opposite position viz short (long) in the synthetic futures is  risk free with zero return requires the two are perfectly negatively correlated.  Thus, in the linear regression in (12) for market efficiency by the P-C-F arbitrage, the beta coefficient should not be statistically different from 1 and the intercept term  should not be statistically different from zero.   

For the spot month contracts, the regression yields = 8.38 with a t-statistic of 0.387 and = 1.0002 with a t-statistic of 0.387, both at 95% confidence level.  This indicates that  or mean mispricing is not significantly different from zero and   is not significantly different from 1.  However, for the regressions on samples 20-50 days and 50-80 days before maturity, the null hypotheses of efficiency cannot be maintained.  Finally, the overall regression equation reflects the inefficiencies of the latter samples rather than that of the spot month.  

Table 5

Regression Results For Trade Data Classified by the Time to Maturity







 
Overall
Spot Month 
 20-50 Days To Maturity
50-80 Days To Maturity

Dependent Variable
     Fte- r
         Fte- r
            Fte- r
              Fte-r

Independent Variable
Ct-Pt +Xe–r
  Ct-Pt +X e- r
           Ct-Pt + Xe-r
           Ct-Pt +Xe- r

  Intercept
               412.37 
                  8.38 
               554.23 
               864.91 

  Standard Error
                 29.16 
                 21.63 
                 43.87 
                 88.14 

  T value *
14.144 
0.387 
12.635 
9.813 

  Slope Coefficient
0.9897
1.0002
0.9857
0.9793

  Standard Error
0.00069
0.00052
0.00105
0.00200

  T value *
-14.963
0.369
-13.634
-10.307

N
15670
5250
5988
4432

Adjusted R2
0.9925
0.9986
0.9933
0.9818

* 
 Critical T value is1.65 at 95% confidence level for null hypotheses 




Patterns of Profits in P-C-F Arbitrage: The Black Effect
In this section we will investigate further the theoretical possibility raised earlier that it is futures-spot mispricing in far from maturity constracts and the subsequent the Black Effect on options price bias that account for inefficiencies with respect to the P-C-F parity condition. We begin here with Table 6 which gives the distribution of futures-spot mispricing is useful.  These calculations are made using the cost of carry equation (7) without transactions costs.  In the sample period from January 1991- June 1998, with a sample of 15670 futures contracts that correspond to the P-C-F price triplets, only 10 were found to be efficiently priced and these occur in the spot month.  The majority of the cases, viz. 5988 cases of mispricing, both for over and under pricing is found in the 20-50 days to maturity period.  There are marginally more underpriced futures than overpriced futures in the sample with the mean value of underpricing about £25 more than that of overpriced futures.
Table 6

Distribution of Futures-Spot Mispricing (No Transactions Costs) 



All
Spot
20-50 days before
50-80 days before

Efficiently Priced Futures
Number
10
10
0
0



0.06%
0.06%
0.00%
0.00%

Futures-Spot Underpricing (Eq.7)

    (£s)
Number
7999
2326
2850
2823



51.05%
14.84%
18.19%
18.02%


Mean 
-95.52 
-81.95 
-93.14 
-109.12 


Confidence
1.58
2.73
2.82
2.50

Futures-Spot Overpricing (Eq.7)

      (£s)
Number
7661
2914
3138
1609



48.89%
18.60%
20.03%
10.27%


Mean
70.95
64.27
73.04
78.95


Confidence
1.17
1.88
1.75
2.77

Further, the mean value of mispricing of over £70.00, all statistically significant, is also greatest in the far from maturity futures contracts.  This goes some way in explaining the inefficiencies in P-C-F arbitrage regression equations for far from maturity contracts.       


 The following Tables 7A,B confirm the Black Effect on P-C-F arbitrage in the LIFFE index futures and options markets. They indicate that patterns in P-C-F arbitrage profitability may be the consequence of systematic index option price biases that arise from the high costs of hedging index options with the spot index.  The quadrants in the Tables 7A,B are marked (i), (ii) and (iii) to correspond to the three points made in Results 2 and 4 in Section 3.  Table 7A considers only profitable P-C-F short arbitrage when futures spot is over priced (underpriced) by equation (7) and the call is overpriced (underpriced) by the Stoll Put-Call parity.  In quadrant (i) Table 7A, we see that in the 2871 cases of P-C-F trade price triplets favouring short P-C-F arbitrage, when futures-spot is overpriced on average by £90.59, P-C-F arbitrage with overpriced calls with mean Put-Call overpricing of £61.36, yields only negligible profits of about £29.23.  The reason we give for this is that futures overpricing that causes call overpricing makes P-C-F short arbitrage ineffective as the latter requires call underpricing. 

TABLE7A
 
FUTURES OVERPRICED
FUTURES UNDERPRICED


 
 
C>P
C<P
 
C>P
C<P

 
 
ALL
S>X
S<X
S>X
S<X
ALL
S>X
S<X
S>X
S<X

LONG ARBITRAGE CALL OP
NO
3270
1781
630
0
859
1191
752
166
0
273


MEAN P-C-F PROFIT
    149.00 
    167.99 
    157.64 
 N/A 
    103.30 
     927.95 
  1,309.21 
    579.58 
 N/A 
      89.55 


CONFIDENCE
      18.66 
      23.79 
      54.24 
 N/A 
      32.14 
     124.66 
     190.53 
    102.91 
 N/A 
      18.20 


MEAN FUTURES MISPRICING
      64.19 
      62.61 
      80.33 
 N/A 
      55.63 
-      63.69 
-      70.57 
-     81.56 
 N/A 
-     33.90 


CONFIDENCE
       1.66 
       2.22 
       3.84 
 N/A 
       3.06 
         3.49 
         4.53 
      10.72 
 N/A 
       4.19 


MEAN OPTIONS MISPRICING
    213.19 
    230.60 
    237.98 
 N/A 
    158.93 
     864.25 
  1,238.64 
    498.02 
 N/A 
      55.65 


CONFIDENCE
      18.76 
      23.82 
      54.52 
 N/A 
      32.48 
     123.38 
     188.93 
      95.10 
 N/A 
      14.73 


MEAN MONEYNESS
    165.22 
    806.19 
-   196.45 
 N/A 
-   898.49 
     792.43 
  1,611.45 
-   483.14 
 N/A 
-   688.00 


CONFIDENCE
      52.21 
      69.15 
      54.80 
 N/A 
      89.85 
     143.19 
     196.85 
      94.89 
 N/A 
    150.57 

LONG ARBITRAGE CALL UP
NO
0
0
0
0
0
2947
1746
0
456
745


MEAN P-C-F PROFIT
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
       24.65 
       24.03 
 N/A 
     30.99 
      22.24 


CONFIDENCE
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
         0.93 
         1.38 
 N/A 
       2.04 
       1.16 


MEAN FUTURES MISPRICING
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
-    112.43 
-      96.65 
 N/A 
-   172.50 
-   112.63 


CONFIDENCE
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
         2.63 
         3.23 
 N/A 
       5.57 
       5.02 


MEAN OPTIONS MISPRICING
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
-      87.77 
-      72.62 
 N/A 
-   141.51 
-     90.39 


CONFIDENCE
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
         2.51 
         3.03 
 N/A 
       5.48 
       5.01 


MEAN MONEYNESS
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
     288.74 
     600.84 
 N/A 
     65.55 
-   306.09 


CONFIDENCE
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
       25.51 
       33.68 
 N/A 
       3.79 
      28.18 

TABLE 7B
 
FUTURES OVERPRICED
FUTURES UNDERPRICED


 
 
C>P
C<P
 
C>P
C<P

 
 
ALL
S>X
S<X
S>X
S<X
ALL
S>X
S<X
S>X
S<X

SHORT ARBITRAGE CALL OP
NO
2871
1527
227
0
1117
0
0
0
0
0


MEAN P-C-F PROFIT
      29.23 
      30.64 
      37.00 
 N/A 
      25.72 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE
       0.99 
       1.45 
       3.28 
 N/A 
       1.45 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN FUTURES MISPRICING
      90.59 
      90.94 
    122.94 
 N/A 
      83.55 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE
       1.86 
       2.42 
       6.27 
 N/A 
       3.08 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN OPTIONS MISPRICING
      61.36 
      60.30 
      85.94 
 N/A 
      57.83 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE
       1.74 
       2.26 
       6.41 
 N/A 
       2.87 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN MONEYNESS
    147.09 
    718.16 
-     59.42 
 N/A 
-   591.62 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE
      47.42 
      68.82 
       4.94 
 N/A 
      50.70 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 

SHORT ARBITRAGE CALL UP
NO
1423
747
0
38
638
3777
1849
0
364
1564


MEAN P-C-F PROFIT
    261.51 
    213.23 
 N/A 
    510.14 
    303.23 
     268.69 
       80.84 
 N/A 
     46.64 
    542.45 


CONFIDENCE
      24.39 
      31.33 
 N/A 
     47.73 
      39.57 
       26.01 
       14.93 
 N/A 
       5.87 
      57.62 


MEAN FUTURES MISPRICING
      47.23 
      47.00 
 N/A 
    111.03 
      43.70 
-      93.49 
-      90.90 
 N/A 
-   128.36 
-     88.44 


CONFIDENCE
       2.62 
       3.88 
 N/A 
     13.57 
       3.40 
         2.24 
         3.25 
 N/A 
       7.01 
       3.34 


MEAN OPTIONS MISPRICING
-   214.28 
-   166.23 
 N/A 
-   399.11 
-   259.53 
-    362.18 
-    171.74 
 N/A 
-   175.01 
-   630.89 


CONFIDENCE
      23.55 
      30.07 
 N/A 
     34.95 
      38.48 
       26.24 
       15.15 
 N/A 
       8.69 
      58.25 


MEAN MONEYNESS
      52.07 
    682.92 
 N/A 
    368.32 
-   705.39 
       44.97 
     671.35 
 N/A 
     93.94 
-   706.95 


CONFIDENCE
      68.39 
      82.34 
 N/A 
     35.30 
      87.76 
       39.76 
       49.79 
 N/A 
       8.31 
      56.82 

Quadrant (i) Table 7A, confirms Result 2 (ii) which had indicated that the bulk of short arbitrage profits (3777 cases) come from extreme futures-spot underpricing which in turn via the Black Effect produces the low-call-high-put bias in the Stoll parity.    Indeed, the greatest mean profit of £542 in Table 7A (iv) arises from deeply out of the money options where negative moneyness is £630.89.  In these 3777 cases, P-C-F short arbitrage via the Black Effect will have a perverse consequence of selling underpriced futures-spot contracts exacerbating price inefficiency along arrow A in Figure 1.  Finally, in Table 7B quadrant (iii), we have 1423 cases where the short P-C-F arbitrage will sell moderately overpriced futures-spot contracts with a mean value of £47.23.  By simultaneously longing the call and selling the put, the P-C-F arbitrage will rectify price inefficiencies textbook style along arrow B of Figure 1 as well.  But as noted in Result 2 (iii), P-C-F short arbitrage is either completely ineffective when overpricing of futures spot is more extreme or in the majority of cases results in a perverse consequences for futures-spot markets.

         Table 7A considers long P-C-F arbitrage when futures-spot is over priced (underpriced) by equation (7) and the call is overpriced (underpriced) by the Stoll Put-Call parity.  In quadrant (iv) Table 7A, we see that in the 2947 cases of P-C-F trade price triplets favouring long P-C-F arbitrage, when futures-spot is extremely underpriced on average by £112.43, P-C-F arbitrage with overpriced calls with mean Put-Call overpricing of £61.36, yields only negligible profits of about £24.65.  The reason we give for this is that the extreme futures-spot underpricing that causes call underpricing makes long P-C-F arbitrage ineffective as the latter requires call overpricing. 


Quadrant (i) Table 7A, confirms Result 4 (ii) which had indicated that the bulk of long arbitrage profits (3270 cases) come from futures-spot overpricing which in turn via the Black Effect produces the high-call-low-put bias in the Stoll parity.  Indeed, the greatest mean profit of £167 in Table 7A (i) arises from deeply in the money options where positive moneyness is £806.19.  In these 3270 cases, long P-C-F arbitrage via the Black Effect will have a perverse consequence of buying overpriced futures-spot contracts exacerbating price inefficiency along arrow A in Figure 1.  Finally, in Table 7A quadrant (ii), we have 1191 cases where the long P-C-F arbitrage appears to be very profitable with average profits of  £927.95.  The long P-C-F arbitrage will buy moderately underpriced futures-spot contracts with a mean value of £63.69.  By simultaneously selling the call and buying the put, the long P-C-F arbitrage will rectify price inefficiencies textbook style along arrow B of Figure 1 as well.  But as noted in Result 4 (iii), long P-C-F arbitrage is either completely ineffective when futures-spot underpricing is more extreme or in the majority of cases results in a perverse consequences for futures-spot markets.

Quote Data : P-C-F Arbitrage Profit Patterns

To rule out the possibility that the above observed patterns in P-C-F arbitrage arise because the direction of trade is not correctly specified in trade tick data, we perform the same analysis with quote tick data.  With quote tick data as the ask and bid prices are given, P-C-F time synchronized price triplets for a short arbitrage are precisely set up as in equation (1).  In terms of the three way matching process described before, for a short P-C-F arbitrage, call ask prices are matched with the closest within a minute put bid prices, and these pairs are further matched with closest within a minute bid futures prices. We have obtained 11637 P-C-F price triplets in the sample period from January 1991-June 1998.  Likewise, for the long P-C-F arbitrage we follow equation (4) and have matched the closest within a minute call bid prices with put ask prices and then matched these pairs with the closest within a minute ask futures price. This matching process generated 11494  long P-C-F price triplets in the sample period.

Table 8A
 
FUTURES OVERPRICED
FUTURES UNDERPRICED


 
 
C>P
C<P
 
C>P
C<P

 
 
ALL
S>X
S<X
S>X
S<X
ALL
S>X
S<X
S>X
S<X

LONG ARBITRAGE CALL OP
NO
184
95
11
0
78
135
78
1
0
56


MEAN P-C-F PROFIT
436.7636
       446.49 
  174.97 
 N/A 
    461.84 
 1,199.89 
 1,613.46 
 843.77 
 N/A 
    630.21 


CONFIDENCE LEVEL
165.8028
       253.93 
  244.26 
 N/A 
    243.21 
   345.25 
    565.49 
 N/A 
 N/A 
    214.21 


MEAN FUTURES MISPRICING
72.37757
         71.05 
    77.18 
 N/A 
      73.31 
-  111.94 
-   123.84 
-  23.01 
 N/A 
-     96.96 


CONFIDENCE LEVEL
8.079448
         11.02 
    34.43 
 N/A 
      13.17 
     28.33 
      40.20 
 N/A 
 N/A 
      40.09 


MEAN OPTIONS MISPRICING
509.1412
       517.54 
  252.15 
 N/A 
    535.15 
 1,087.95 
 1,489.63 
 820.76 
 N/A 
    533.25 


CONFIDENCE LEVEL
166.3725
       254.55 
  265.46 
 N/A 
    244.17 
   346.02 
    568.73 
 N/A 
 N/A 
    210.14 


MEAN MONEYNESS
59.44578
    2,125.93 
- 212.15 
 N/A 
- 2,419.13 
   792.64 
 2,848.45 
-520.76 
 N/A 
-2,047.35 


CONFIDENCE LEVEL
452.8876
       426.96 
  270.99 
 N/A 
    559.36 
   561.06 
    590.27 
 N/A 
 N/A 
    434.71 

LONG ARBITRAGE CALL UP
NO
0
0
0
0
0
162
85
0
4
73


MEAN P-C-F PROFIT
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
     40.23 
      44.16 
 N/A 
   29.50 
      36.23 


CONFIDENCE LEVEL
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
       7.91 
      12.89 
 N/A 
   22.54 
       9.32 


MEAN FUTURES MISPRICING
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
-1,969.85 
-3,654.73 
 N/A 
-133.80 
-   108.61 


CONFIDENCE LEVEL
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 3,664.66 
 7,033.11 
 N/A 
   65.72 
      18.04 


MEAN OPTIONS MISPRICING
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
-1,929.62 
-3,610.57 
 N/A 
-104.30 
-     72.38 


CONFIDENCE LEVEL
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 3,658.88 
 7,022.07 
 N/A 
   46.55 
      13.56 


MEAN MONEYNESS
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 2,231.54 
 6,422.92 
 N/A 
   64.30 
-2,530.09 


CONFIDENCE LEVEL
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 3,709.64 
 7,002.13 
 N/A 
   36.95 
    510.20 

Table 8B
 
FUTURES OVERPRICED
FUTURES UNDERPRICED


 
 
C>P
C<P
 
C>P
C<P

 
 
ALL
S>X
S<X
S>X
S<X
ALL
S>X
S<X
S>X
S<X

SHORT ARBITRAGE CALL OP
NO
223
155
12
0
56
0
0
0
0
0


MEAN P-C-F PROFIT
          26.75 
         24.40 
    29.60 
 N/A 
      32.62 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE LEVEL
            3.75 
          4.37 
    10.29 
 N/A 
        8.59 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN FUTURES MISPRICING
          91.77 
         90.03 
  129.14 
 N/A 
      88.59 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE LEVEL
            7.12 
          8.47 
    36.59 
 N/A 
      14.15 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN OPTIONS MISPRICING
          65.03 
         65.63 
    99.54 
 N/A 
      55.96 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE LEVEL
            6.90 
          8.80 
    31.37 
 N/A 
      10.64 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


MEAN MONEYNESS
      2,227.35 
    3,592.56 
-   62.87 
 N/A 
- 1,060.61 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 


CONFIDENCE LEVEL
         419.69 
       447.24 
    29.07 
 N/A 
    290.18 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 

SHORT ARBITRAGE CALL UP
NO
173
114
0
3
56
287
159
0
6
122


MEAN P-C-F PROFIT
         904.87 
    1,081.99 
 N/A 
  282.55 
    577.62 
   768.26 
    840.48 
 N/A 
   66.70 
    708.65 


CONFIDENCE LEVEL
         284.87 
       409.22 
 N/A 
  473.74 
    278.22 
   220.30 
    340.38 
 N/A 
   65.26 
    271.62 


MEAN FUTURES MISPRICING
          59.61 
         59.97 
 N/A 
    26.52 
      60.64 
-    66.57 
-     63.70 
 N/A 
-  69.52 
-     70.16 


CONFIDENCE LEVEL
            6.40 
          8.30 
 N/A 
    41.87 
      10.43 
       7.57 
       9.36 
 N/A 
   85.92 
      12.75 


MEAN OPTIONS MISPRICING
-        845.26 
-   1,022.02 
 N/A 
- 256.03 
-   516.98 
-  834.83 
-   904.18 
 N/A 
-136.22 
-   778.81 


CONFIDENCE LEVEL
         284.29 
       407.82 
 N/A 
  514.28 
    281.26 
   222.93 
    344.00 
 N/A 
 124.15 
    275.91 


MEAN MONEYNESS
      1,764.62 
    3,387.64 
 N/A 
  182.69 
- 1,454.62 
   943.79 
 3,262.54 
 N/A 
   41.22 
-2,033.81 


CONFIDENCE LEVEL
         530.92 
       597.47 
 N/A 
  528.08 
    348.10 
   422.08 
    455.22 
 N/A 
   51.50 
    363.79 


Corresponding to Results 2 and 4, we constructed the Tables 8A and 8B for quote data.  Firstly, based on the premise that recorded quote tick data are ones for which no trade occurs, the quote tick data are in principle unlikely to yield profitable arbitrage opportunities.  The trade tick P-C-F arbitrage prices evaluated ex post must reflect the most mispriced contracts and hence be more profitable than quote data.  Indeed, for P-C-F short (long) arbitrage, quote data yields only 683 (481) cases of profitable P-C-F arbitrage opportunities or about 6% (4%) of the P-C-F short (long) arbitrage sample.  In Tables 8A,B for quote data we have exact same patterns for P-C-F arbitrage as in the trade data Tables 7A,B.  For the short arbitrage the perverse Black Effect given in Result 2(ii) is compared for trade and quote data.  As a percentage of their respective sample sizes, while 46% of the trade data arbitrage will result in selling the underpriced futures-spot contract this compares with 42% for the quote data.  As for Result 2 (iii), only 18% of trade data arbitrage helps in equilibrating price movements in both futures-spot and option-spot markets, in the quote data this is higher at 25%.   Thus, in quote data, more some 57% of the cases as compared to 37% in trade data cannot be arbitraged profitably with the short P-C-F strategy when the greatest futures-spot overpricing with mean value is over £90.    

In the case of the long P-C-F arbitrage, Tables 7b and 8 shows that the perverse Black Effect of Result (4) (ii) affects 28% of the quote data sample as opposed to 38% for the trade data.  In this case, it is profitable by a very large margin to buy the overpriced future-spot contract exacerbating the mispricing problem.   As for Result 4 (iii) again the long P-C-F arbitrage is effective in rectifying price inefficiencies in both markets only in 16% in the trade data and in 28% of the quote data.   In the quote data 66% of extreme cases of futures-spot underpricing (Table 8b (i)), some of them not statistically significant, cannot be corrected by a long P-C-F arbitrage as profits are not substantial enough to cover transactions costs.  This compares to 40%  in the same category for trade data Table 7b (i).    

6. CONCLUSION


The high costs of the cash leg in stock index arbitrage involving transactions in the stock index makes the arbitrage strategies based on the Tucker (1981) Put-Call-Futures parity attractive.  As we saw the latter enables the arbitrageur to avoid the cash leg altogether as it involves only positions in the index futures and options.  Nevertheless, the P-C-F arbitrage strategies when combined with the Black(1976) Effect which again arises from the high cost of delta hedging index options with the spot index will in principle produce some interesting features in cross market arbitrage in index options and futures .  We claim that the Black Effect can even lead to some perverse consequences for price efficiency in the index future-spot markets.   


In the test for P-C-F parity in the FTSE-100 index futures and options though we found efficiency in the spot month, in periods further away from maturity even within the 20-50 days period produced statistically significant P-C-F arbitrage profits in the regression equations.  In keeping with the theory in this paper on cross-market arbitrage conditions and the Black Effect, we find positive evidence (Tables 7A,B) of the latter for the LIFFE index futures and options markets.   In so far as the Black Effect requires mispricing in the futures- spot market, we confirm in Table 6 that the latter is significantly larger for periods away from the spot month.


As direction of trade in trade tick data is in doubt, we intend to test for the Black Effect on P-C-F arbitrage profits with quote tick data.  In conclusion, while it is well known for market makers in index options to follow in the spirit of Black(1976) rather the Black-Scholes(1973), more analysis is needed to work out the wider implications of this for the cross market pricing relationships.  This paper appears to be the first, systematic analysis of the possible consequences of the Black Effect in the derivatives markets for the stock index.     
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Appendix 1

he Black(1976) modification of Black-Scholes (1973) option price for the index option is given by 

  

Ct  =  Ft e-r(T-t) d1) -  Xe-r(T-t) N(d2) 
 d1* =  
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Note as the futures position does not require initial investment, the interest rate term (r(T-t)) in d1* is missing. Directly in the above Black(1976) formula, we see that the relative efficiency of the index futures and spot index markets viz. whether the index futures is underpriced (overpriced) relative to the cost of carry can have an impact on the index option prices.  Further, though the EDSP is identical for both the index option and the index futures with ST = FT , the moneyness variable in d1*  given as Ft/X will ensure that the future-spot mispricing will again have an indirect  influence the index option price.

Appendix 2

FTSE 100 Index Future;Contract Specifications

Contract size:
Valued at £10 per index point (e.g. value £65,000 at 6500.0)

Delivery months:
March, June, September, December (nearest three available for trading)

Last trading day: 
10:30 (London time) - Third Friday in delivery month1

Delivery day:
First business day after the expiry date

Quotation:
Index points (e.g.6500.0)

Minimum price movement:
0.5

Tick size & value:
£5.00

LIFFE CONNECT™ Trading hours:
08:00 – 17:30 (London time)

1 - In the event of the third Friday not being a business day, the Last Trading Day shall normally be the last business day preceding the third Friday. 

Contract standard: 

Cash settlement based on the Exchange Delivery Settlement Price. 

Exchange Delivery Settlement Price (EDSP): 

The EDSP is based on the average values of the FTSE 100 Index every 15 seconds between (and including) 10:10 and 10:30 (London time) on the Last Trading Day. Of the 81 measured values, the highest 12 and lowest 12 will be discarded and the remaining 57 will be averaged to calculate the EDSP. Where necessary, the calculation will be rounded to the nearest half index point. 

FTSE 100 Index Option (European style exercise):Contract Specifications 

Contract size: 
Valued at £10 per index point (e.g. value £65,000 at 6500.0)

Delivery months: 
March, June, September and December plus such additional months that the 3 nearest calendar months are always available for trading

Exercise day:
Exercise by 18:00 on the Last Trading Day only.

Last trading day:
10:30 (London time)  - Third Friday in delivery month1

Settlement day:
Settlement day is the first business day after the expiry date. 

Quotation: 
Index points (e.g. 6500.0)

Minimum price movement:
0.5

Tick size & value:
£5.00

Trading hours:
08:00 – 16:30 (London time)

1 - In the event of the third Friday not being a business day, the Last Trading Day shall normally be the last business day preceding the third Friday. 

Contract standard: 

Cash settlement based on the Exchange Delivery Settlement Price. 

  

Exchange Delivery Settlement Price (EDSP): 

The EDSP is based on the average values of the FTSE 100 Index every 15 seconds between (and including) 10:10 and 10:30 (London time) on the Last Trading Day. Of the 81 measured values, the highest 12 and lowest 12 will be discarded and the remaining 57 will be averaged to calculate the EDSP. Where necessary, the calculation will be rounded to the nearest half index point. 

  

Option premium: 

Is payable by the buyer in full on the business day following a transaction. 

  

Exercise price and exercise price intervals: 

The interval between exercise prices is determined by the time to maturity of a particular expiry month and is either 50 or 100 index points. 

  

Introduction of new exercise prices: 

Additional exercise prices will be introduced after the underlying index level has exceeded the second highest, or fallen below the second lowest, available exercise price.

1 Figlewski(1984) for instance gives an important insight into how futures-spot mispricing of index futures can affect equity portfolio hedging performance. See, also, Merrick (1988).   


2 Evnine and Rudd(1985) note that unlike the option on a stock, an option on an index  involves more complex procedures for arbitrage, " it is conceivable that arbitrage forces are not as powerful with index options and hence index options may display greater pricing errors than stock options".


� This is also discussed in Harvey and Whalley(1992) who study index option market efficiency from the vantage of using predicted implied volatilities in profitable arbitrage trades.


4 Indeed, Evnine (1988) had made the early note of the fact, still overlooked in studies on implied volatilities of stock index options, that the model for the generation of implied volatilities, whether the Black-Scholes (1973) or the Black(1976), has great bearing on the shape of the volatility‘smiles’.  Evnine suggested that the implied volatilities of stock index options from the Black-Scholes and the Black formulae are equivalent only if the futures is trading at fair prices.  Overpricing in the latter could result in Black-Scholes implied volatilities to be far greater than those from the Black model and vice versa if futures are underpriced.  


� Analysis with quote (bid/ask)data  and trade data from the point of view of  ex ante profits from P-C-F arbitrage is undertaken in Markose, Tsang and Er, 2000.  Unlike, Bae et al.(1998) we take the view that in so far as LIFFE quote tick data are ones for which no trade occurs,  the trade tick data corresponding to 


P-C-F arbitrage must in principle be executed at those quotes existing at the time which were most mispriced and hence most profitable.  Thus, a fortiori, quote data will contain fewer profitable P-C-F arbitrage opportunities.  The quote data analysis conducted in this paper remains ex post analysis in that profitability of arbitrage is calculated on the assumption that the trades are in fact conducted at the quoted prices.  The quote data analysis of P-C-F arbitrage is included to overcome  problems of lack of information on direction of trade tick data raised by Bae et.al. (1998). 


6 Ex post profits are so called because, the profits are assumed to be obtained contemporaneously at the very prices at which the arbitrage opportunity is assessed to exist at the time. 


� Unfortunately, after 1997 December end,  the LIFFE tick data CD ceased to report synchronized underlying FTSE-100 stock index price with the index options.


� The costs were estimated from a number of sample quotations given by broker/market makers on the LIFFE. 


9 Given the highly ephemeral nature of the viability of quoted prices on the LIFFE, we are sceptical of  the methodology suggested in Bae et al(1998) to identify the direction of trade from adjoining quote data with a ten minute interval.  When the 15670  trade P-C-F price triplets was incorporated into the trio of quote triplets for short and long arbitrage with only a 1 minute time interval, only 96 of these coincided with quoted prices.  


10 This includes £6 LIFFE fees, £15 LIFFE futures round trip broker fees, £55 spread costs and the £61 from the round trip commission on opening and closing option positions.


� Source:LIFFE


� Source:LIFFE
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