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Recent work by Mackinlay and Ramaswamy (1987), Merrick (1987(a), 1987(b)),
Modest and Sudereshan (1983), Cornell and French (1983), Figlewski (1984(a),
1984(b)), and Arditti, Ayadin, Mattu, and Rigskee (1986) documents the existence
of substantial and sustained deviations between actual stock index futures prices
and theoretical values. Based on these findings, Merrick (1989) and Finnerty and
Park (1988) attempt to demonstrate the profitability of arbitrage related program
trading strategies. On the other hand, Saunders and Mahajan (1988) adopt an alter-
native approach and conclude that stock index futures are priced efficiently.

One limitation of empirical work in this area is that it relates only to stock index
futures contracts traded within the USA. The fact that earlier work involves re-
peated analysis of data sets pertaining to the same economic and institutional envi-
ronment, albeit for different sample periods, means that (whilst the work is of great
interest and enables a better understanding of index futures contract pricing to be
developed) it needs to be externally validated.

A second limitation of earlier empirical work in this area is that even though
there appears to be a broad consensus that observed mispricing is often sufficient to
span the transaction cost bounds and offer arbitrage possibilities, this is not sub-
stantiated with formal evidence on actual transaction costs. In this respect the evi-
dence of Stoll and Whaley (1987) is largely anecdotal, while Merrick (1989) uses an
ad hoc estimate and Finnerty and Park (1988) ignore transaction costs.

This article seeks to partially bridge these “gaps” in the literature by reporting
the results of a comprehensive analysis of a totally new set of data relating to the
UK FTSE-100 stock index futures contract traded on the London International Fi-
nancial Futures Exchange (LIFFE). The results are set into perspective by an anal-
ysis of the relevant transaction costs. To provide direct comparability with previous
work, the present study seeks to replicate, as closely as possible, many of the tests
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and methods developed in the US context. Allowance is made for institutional
change during the sample period, notably the changes associated with Big Bang on
October 27, 1986 when the UK stock market was substantially deregulated.

THEORETICAL FRAMEWORK

Futures Pricing and Arbitrage

Assume initially that capital markets are perfect and frictionless, i.e. there are no
transaction costs, taxes, or information asymmetries. Following Cornell and French
(1983) and Figlewski (1984) the theoretically fair price at t of a futures contract
with maturity date T is

T
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where

I is the stock index price on day ¢

d, is the aggregate dividend paid by underlying stocks on day ¢

r.T is the yield on day ¢ of a discount bond maturing at time T

R,.r is the forward interest rate at time ¢ for a loan that will be made at time w to
mature at time T.

However, a priori the existence of trading frictions and transactions costs will
cause futures prices to fluctuate within a band around the fair price without trig-
gering profitable arbitrage. If X, is the percentage mispricing, the width of the arbi-
trage window should be given by:

IX| = QT. + Tp + T¢ + T}) (2)
where

T, is the percentage one way transaction cost for equities, including both com-
missions and any potential market impact

Tp is the value of taxes (e.g., stamp duty) payable as a percentage of asset value

Ty is the round trip percentage commissions in the futures market

and

TF# is the one way percentage market impact cost in the futures market.

If the actual market price of a futures contract F,r exceeds the upper arbitrage
level, then an arbitrageur with capital in Treasury Bills (or equivalent fixed interest
securities) can sell Treasury Bills, buy the value-weighted basket of index stocks,
sell futures contracts of equivalent amount and unwind the long stock-short futures
position at expiration. Similarly, if the market price is below the lower arbitrage
level, then an arbitrageur with capital in index stocks can enhance stock market
yields by selling the index, buying futures contracts and Treasury Bills of equivalent
amount and unwinding the long futures-short stock position at maturity.

The arbitrage window should depend on the arbitrageur with the lowest transac-
tion costs. However, in assessing the effective arbitrage possibilities, there are po-
tentially additional sources of transaction costs that might be relevant: (1) There
can be a cost of capital associated with financing an upper arbitrage strategy equal
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to the spread between the borrowing and lending rates. Similarly, a lower arbitrage
strategy may involve high additional costs associated with short-selling the index
basket of stocks, often making arbitrage feasible only for those who hold index
stocks: (2) Realized dividends are uncertain and hence the mispricing calculation is
conditional upon the dividend expectation, which in previous research tends to be
set equal to the actual realization, thus introducing a potential errors-in-variables
problem. Dividend uncertainty has the effect of increasing the size of the effective
arbitrage window. However, in the UK, dividends are paid semi-annually and the
ex-dividend date is fairly predictable. Thus, major problems are not expected, par-
ticularly if the analysis is restricted to the near contract, which generally is the most
actively traded stock index futures contract on LIFFE. Since dividend declarations
occur several weeks before a stock goes ex dividend, making them certain for many
companies during the period of the near contract, misspecification of dividend ex-
pectation is unlikely to be a major factor in explaining any observed mispricing.
Nevertheless, in the analysis which follows the sensitivity of the results is exam-
ined, making conservative assumptions about expected dividends; (3) The fair price
obtained from the forward pricing model (1) is strictly applicable to futures con-
tracts only if interest rates are nonstochastic (see Cox, Ingersoll, and Ross, (1981)).
Otherwise the futures price will reflect the unanticipated interest earnings or costs
from financing the marking to market cash flow in the futures position. The re-
turns from holding the futures contract will not only be a function of the terminal
value of the spot index, but will also be dependent on the path followed by the spot
index in relation to the path of interest rates. In general, the uncertainty involved
can lead to a wider arbitrage window. However, as Rubinstein (1987) notes, with re-
alistic uncertain interest rates, the difference between forward and futures prices
has been examined both empirically and with Monte Carlo simulations in a number
of studies and found to be negligible. In particular, Modest (1984) finds, based on
simulation analysis, that stochastic interest rates and marking to market has a min-
imal effect on equilibrium prices of stock index futures; (4) Arbitrage is triggered by
mispricing based on the reported value of the spot index. This is not a perfect mea-
sure of the truly tradeable cash index since the constituents of the index do not
trade continuously (Cohen, Maier, Schwartz, and Whitcomb (1986)). The risk in-
volved in an arbitrage program due to this effect tends to widen the arbitrage win-
dow; (5) Issues related to the tax status of arbitrageurs complicate the situation.
Cornell and French (1983) highlight the tax timing option available to stockholders
due to their ability to select the timing of realization of losses and gains. This op-
tion is not available to futures traders for whom cash settlement implies that taxes
are due in the year that gains are realized. The tax timing option can tilt the prefer-
ences of taxable stockholders towards keeping stocks. This implies a further lower-
ing of the lower side of the arbitrage window. More formally, Cornell and French
(1983(a), 1983(b)) price index futures relative to a hypothetical restricted security
consisting of the underlying index minus the tax timing option, but the closed form
solution is not in terms of directly measurable inputs. However, they present intu-
itive arguments to suggest that the value of the tax timing option is higher when the
time to expiration is greater, and hence imply that if this factor is important mis-
pricing should be negative and converge to zero as time to expiration decreases.
Cornell (1985) examines plots of mispricing against time to expiration and con-
cludes that the timing option does not have a significant impact on the pricing of
futures contracts. The tax timing option may be more important in the USA than
the UK. US tax law requires that the tax liability on open futures contracts be as-
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sessed by marking them to market at the end of the tax year. In the UK, the tax
liability arises only when the position is closed; and (6) Trading the entire basket of
index stocks substantially increases the size of the minimum possible arbitrage
trade (to enable trading of individual stocks in round lots). Program trading costs
also increase. Index traders often attempt to replicate the underlying basket of
stocks in an index by tracking the index with a small surrogate subset of perhaps
30 stocks. The replication introduces some additional costs due to sophisticated
computational techniques and additional risk due to tracking error.

There are also several relevant countervailing factors that are likely to induce a
narrower arbitrage window than might otherwise be expected: (1) Arbitrageurs
have the option to reverse their positions prior to the expiration date if the mispric-
ing of the futures contract changes sign and the absolute magnitude of this mispric-
ing exceeds T¥, i.e., is sufficient to cover the additional market impact cost
involved in closing the position in the futures market. Thus a “risky” arbitrage
strategy may be adopted even before the mispricing reaches the boundaries of the
arbitrage window in the expectation that at some time before expiration the mis-
pricing will reverse itself sufficiently to cover and exceed the additional transaction
costs involved (Arditti, et al. (1986)). Such an option is particularly relevant because
in practice arbitrageurs can be restricted to a fixed number of net long or short arbi-
trage positions at any point of time due to capital constraints or self-imposed expo-
sure limits (Brennan and Schwartz (1987)); (2) Arbitrageurs have the option to roll
forward their futures position into the next available expiration date if the direc-
tion of the mispricing on expiration day is the same as the direction when the arbi-
trage trade was initiated and if the extent of mispricing on expiration day exceeds
(T¢ + TF). In the new arbitrage program initiated on expiration date, there are no
additional transaction costs in the stock market and no additional stamp duty is
due. Arbitrageurs can profitably roll forward their positions even prior to expira-
tion if (a) the direction of mispricing on the day the position is rolled foward is the
same as the direction of mispricing on the day the position was initiated, and
(b) the absolute magnitude of the difference between mispricing of the near con-
tract and mispricing of the far contract exceeds the incremental transaction costs
(Tr + 2T¥); (3) Special circumstances enable some market participants to put on
arbitrage trades at a considerably lower marginal transaction cost. For example, in-
stitutional investors who are committed to reduce (increase) their exposure to equi-
ties, may use the futures market as an intermediary for market exit (entry) instead
of direct sale (purchase) of their equity portfolio. Such a strategy is profitable
whenever the magnitude of percentage mispricing exceeds the marginal transaction
cost (Te + T¥). There is potential also for additional profits from early unwinding
or rollover. It is relevant to note that mispricing of (Tr + T§¥) can exist often in
well-behaved markets with arbitrage bounds ordinarily given by |2Ts + Ty +
Te + TE|; (4) There are relevant exemption clauses for payment of stamp duty on
stock purchases. Before the Big Bang, stocks purchased and sold within the same
settlement period did not incur stamp duty. After the Big Bang, market makers and
broker/dealers are exempt from stamp duty only if they buy and sell shares within
seven days. If it is possible to use the exemption clauses, the arbitrage window
shrinks; and (5) Other derivative assets, such as puts and calls on the index,
provide new arbitrage possibilities which effectively reduce transaction costs and
shrink the window of no opportunity (Gould (1988)). However in this article, such
possibilities are not investigated, and hence, the tests can be viewed as conservative
in the sense that the transactions cost window might be overstated.
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Mispricing
The major determinants at the arbitrage window should be proportional to the

value of the spot index and, hence, a key variable of interest is the percentage mis-
pricing X, r defined as:

Fr— F!
X1 = % (3)

where F,r is the actually observed market price of the index futures contract.

Analysis of the mispricing series, in relation to transaction costs, is relevant for
arbitrageurs. Of particular interest is the tendency of mispricing to persist, or re-
verse itself.!

Garbade and Silber (1983) present a model of simultaneous price dynamics in fu-
tures and cash markets. Their model essentially implies mispricing to be an ARl
process, with the value of the AR1 factor p representing an inverse measure of the
elasticity of supply of arbitrage services.”

Another key time series of interest is the series of scaled first differences in mis-
pricing, or mispricing “returns” R defined as -

xl.T]I =X l—lll'—l
It—l

Rt = (4)
Even if the forward pricing formula is a biased estimator of futures prices, the exis-
tence of an arbitrage window would, given a sufficiently large number of observa-
tions, result in the average of mispricing returns being constrained to zero.

R can be expressed as:

RY% = [Rir — "™ TIR};] + [ 1{T-#D — gnr(T=0] (5)
where:
R = w is the observed futures “return”
=1
and
Rir = el is the cash index return.

I:—I

An investor, e.g., a market maker, wanting to hedge, for one day, a predetermined
cash market position would, on the basis of the forward pricing formula (and per-
fect knowledge of future absolute dividend inflows), construct a one-day hedge
portfolio by selling e "™"~" futures contracts for every unit of the cash index held
by him (Merrick (1987)). The first expression in square brackets on the right hand
side of eq. (5) is the negative of the future value at expiration of the “abnormal”
return earned on this one day hedge portfolio. The second bracketed expression is
the riskless return, the one day change in the discount factor (usually about 0.0003).

"It is difficult to select a stochastic process to “model” mispricing. Brennan and Schwartz (1987)
suggest a Brownian Bridge process. But this is path independent, when the empirical evidence of
Mackinlay and Ramaswamy (1987) indicates that the mispricing series is path dependent.

*Garbade and Silber (1983) call this factor §.
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EMPIRICAL RESULTS

The Data

LIFFE index futures expire four times a year in March, June, September, and De-
cember, on the last business day of the month. (Trading commenced in May 1984,
with June 1984 being the first expiration month.) The data of this study consists of
1012 daily observations on 16 different contracts spanning the period July 1, 1984 to
June 30, 1988. The first contract (June 1984) is not included because of the short
period for which data is available for that contract and because it could be unrepre-
sentative due to possible “seasoning” effects.

The main analysis relates to the near contract. An examination of daily trading
volume reveals that the near contract is almost always the most heavily traded con-
tract on LIFFE. Volume in the second nearest contract starts to build up about four
weeks before expiration of the near contract. Hence, the main data set is based on
the near contract, shifting to the next contract on expiration day.’ However, for a
period of four weeks prior to expiration of the near contract the second nearest
contract is analyzed also.

Data on LIFFE FTSE-100 futures contracts are from Datastream. The data in-
clude the daily settlement price, opening price, high, and low prices and the volume
of trading. Data on the FTSE-100 index are from the International Stock Exchange
(formerly the London Stock Exchange). The data includes daily opening, closing,
high and low prices. Information on the constituents of the index and how these
change over the sample period are included also.

Dividends and ex-dividend dates for all the relevant constituents of the index for
each day of the study period are from Extel cards. Data from Datastream on market
values and unadjusted prices of the index constituents are used to compute the
daily dividend entitlement on the FTSE-100 index. The number of shares of each
company outstanding at the end of each day is taken to be the closing market capi-
talization divided by the closing unadjusted price of the company. The market
value of the total dividend each day is obtained by multiplying, for each company
going ex-dividend on that day, the number of shares outstanding by the nominal
dividend (of the company going ex-dividend) and summing over all the companies
which are part of the index on that day. This is divided by the total market capital-
ization of all index constituents on that day to obtain, in index units, the daily div-
idend entitlement associated with the FTSE-100 index. Daily series for one- and
three-month Treasury Bill rates are from Datastream.

Trading hours on LIFFE for stock index futures are from 9.05 h to 16.05 h. The
daily closing settlement price reflects the value of the index future at 16.05 h, and
the opening price reflects the value at 9.05 h. On the other hand, the FTSE-100 in-
dex closing series is the index value as computed at 17.00 h and the FTSE-100 open-
ing series is the index value as computed at 9.00 h. Hence, while opening market
prices are reasonably coincident with futures opening prices, closing prices are less
likely to be aligned and this asynchronicity might produce noise in fair value esti-
mates. Though this is a potential source of error, it should not lead to systematic
differences between the normative index futures price and the actual index futures
price. Nevertheless, in formulating arbitrage strategies in the empirical tests which
follow, some allowance is made for the timing of price observations by also consid-
ering ex ante strategies.

*Opening prices on expiration day do not relate to the expiring contract.

578/ YADAV AND POPE




UK Transactions Costs

Transaction costs incurred in arbitrage related strategies can be expected to be
higher in the UK than in the USA for several reasons. First, index futures contracts
in the USA expire at the opening or closing of the market, and it is possible to un-
wind stock market positions with no bid-ask spreads through market-on-open or
market-on-close orders. In the UK, the index futures contract expires at 11.20 h
and the bid-ask spreads involved in unwinding stock market positions are similar to
the bid-ask spreads faced when the position was initiated unless systematic changes
in spreads occur in the interim.

Secondly, with respect to stamp duty, this is currently payable in the UK on every
purchase transaction at 0.5%, except for market makers and broker/dealers buying
and reselling stocks within seven days. Before the Big Bang the rate was 1%, except
for shares bought and sold within the same Stock Exchange account period. Mar-
ket makers are granted a stamp duty exemption confined to the stocks for which
they make a market. The stamp duty rate is between 0.5% and 1% over the sample
period and therefore this exemption represents a significant incentive for market
makers to try to track the index with the subset of stocks in which they make
a market.

Thirdly, with regard to futures related transactions costs, the volume of trading
in the UK stock index futures market is relatively low and so the volume of arbi-
trage trade for a perceived mispricing opportunity needs to be restricted to avoid
high market impact costs.

Prior to the Big Bang, commissions were relatively high and market wide bid-ask
quotes were not computerized; therefore bid-ask spreads could be expected to vary
substantially across different market participants during that time. Since the Big
Bang, transaction costs have become very competitive. Commissions can be negoti-
ated to very low levels by large market participants (such as index arbitrageurs) and
can be expected to be insignificant in relation to bid-ask spreads which have re-
mained, however, very volatile.

To estimate bid-ask spreads after the Big Bang, daily bid and ask price quotes of
index constituents over the post-Big Bang sample period, October 27, 1986 to July 1,
1988, are used. Data from Datastream are used. The bid-ask spread for trading the
index basket of stocks is calculated for each trading day in the above period by
using the bid-ask spread of the different index constituents and the proportion of
index value represented by the constituent. Table I(A) reports the mean, standard
deviation, median, and upper and lower quartiles of these daily estimates over dif-
ferent quarters. Bid-ask spreads decline steadily after the Big Bang until the period
around the market crash on October 19, 1987, after which they tend to rise. Over
the whole period, the average spread is about 1%.

Futures related transaction costs relevant for index arbitrage are, in comparison,
much smaller. Round trip commissions can be negotiated to very low levels, and
even a “normal” commission of about £50 per contract represents only about 0.1%
of index value. Bid-ask spreads are estimated by using a transaction prices database
provided by LIFFE. For each trading day in 1987 the average of all ask quotes for
the near contract and the average of all bid quotes for the near contract are calcu-
lated and these values used to estimate the bid-ask spread applicable on that day.
The average over the year 1987 is estimated at about 0.1%. Table I(B) reports the

*There are about 400 bid-ask quotes every day in the database.
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Table I(A)
QUOTED BID-ASK SPREAD IN TRADING THE INDEX BASKET OF STOCKS

Mean SD Median Q1 Q3

Period (%) (%) (%) (%) (%)

Oct 86-Dec 86 1.19 0.12 122 1.19 1.5
Jan 87-Mar 87 1.03 0.11 1.04 1.02 1.09
Apr 87-Jun 87 0.67 0.15 0.62 0.59 0.65
Jul 87-Sep 87 0.66 0.09 0.66 0.62 0.69
Oct 87-Dec 87 1.33 0.35 1.43 107 1.61
Jan 88-Mar 88 1.05 0.08 1.04 0.98 {5
Apr 88-June 88 0.98 0.08 0.97 0.94 1.01

SD = Standard Deviation.
Q1 = Lower Quartile.
Q3 = Upper Quartile.

Table I(B)
QUOTED BID-ASK SPREAD IN TRADING LIFFE INDEX FUTURE

Mean SD Median Q1 Q3

Period (%) (%) (%) (%) (%)

Jan 87-Mar 87 0.12 013 0.12 0.10 0.13
Apr 87-Jun 87 0.11 0.04 0.11 0.09 0.12
Jul 87-Sep 87 0.09 0.06 0.09 0.08 0.10
Oct 87-Dec 87 0.21 0.21 0.17 0.12 0.25

mean, standard deviation, median, and upper and lower quartiles of these daily
estimates for each quarter in the year 1987.

The costs incurred by index arbitrageurs in the USA are estimated at about 0.6%
(Mackinlay and Ramaswamy (1987)). Aggregate transactions costs in the UK ap-
pear to be substantially higher in general. However, as stated before, transaction
costs are lower for some categories of arbitrageurs. For example: (1) Market makers
and brokers/dealers recycling stocks within seven days avoid stamp duty of 0.5%;
(2) Arbitrageurs with an existing arbitrage position can seek the opportunity to
profitably roll forward their position into the next available maturity; (3) “Risk arbi-
trageurs” can open an arbitrage position within normal transaction cost bands in
the hope of exploiting mispricing reversals; (4) Investors committed to market en-
try/exit using the futures market as an intermediary face marginal transaction costs
only in the futures market; and (5) The marginal transaction costs of those market
makers who track the index with stocks in which they make markets are confined
to the opportunity cost of personnel time.

Consequently, in the analysis which follows, the implications of four different
transaction cost bands, 0.5%, 1.0%, 1.5%, and 2.0% are considered. It is assumed
that all market participants for whom index arbitrage might have been relevant dur-
ing the sample period faced transaction costs within this range.

The Mispricing Series
The fair value of the futures contract at the daily opening and closing of futures
trading is computed initially under the following assumptions: (a) The forecast divi-
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dend yield to maturity for each date is identical to the actual ex post daily cash divi-
dend inflow for the FTSE-100 portfolio; (b) The forward interest rate at the time ¢
for a loan made at time w to be redeemed at time T, is identical to the interest rate
at time w on a Treasury Bill maturing at time T; (c) The value on day ¢ of one- and
three-month Treasury Bill interest rates can be used to infer a linear term structure
from which the implicit interest rate for the period (T-f) can be calculated; and
(d) The futures settlement price is synchronous with the closing index value and the
opening futures price is synchronous with the opening index value.

The fair values at the opening and closing of trading each day are used to com-
pute the opening and closing percentage mispricing series.

Figure 1 presents a plot of percentage mispricing based on closing prices of the
near LIFFE index futures contract over the period July 1, 1984 to June 30, 1988.
Figure 2 is a similar plot based on opening prices. Figures 1 and 2 are similar and
suggest that asynchronicity does not appear to be a major factor in the analysis.

The figures indicate that the fair value forward pricing formula is frequently vio-
lated, and many of the violations appear too large to be accounted for solely by
transaction costs. Mispricing in the pre-Big Bang period appears to be systematically
negative. Post Big Bang, the tendency and frequency of (at least partial) price rever-
sals are substantially greater, though the June 1988 contract reverts to the pre-Big
Bang pattern of forward pricing fair value consistently providing a downward biased
estimator of actual value. Overall, the plots are consistent with the growth and im-

PERCENTAGE MI SPRICI NG

CLO®I NG PRI CES

% Ml SPRICI NG

CONTRACT

Big Bang

Figure 1
Plot of percentage mispricing based on closing prices of the near LIFFE index
futures contract: July 1, 1984—June 30, 1988.
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PERCENTAGE MI SPRI CI NG
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Figure 2
Plot of percentage mispricing based on opening prices of the near LIFFE index
futures contract: July 1, 1984—June 30, 1988.

provement in the arbitrage sector, and post-Big Bang, suggest that additional poten-
tial exists for “risky” arbitrage strategies based on “predictable” mispricing reversals.

Table II provides summary statistics for the mispricing series of each contract ex-
piring during the period of the study; and also for the overall sample, the sample
pre-Big Bang, and the sample post-Big Bang. If the Crash period is excluded, the
mean levels of mispricing do not differ significantly from the median levels of mis-
pricing, indicating that outliers are probably not affecting the results. The maxi-
mum absolute mispricing on opening prices post-Big Bang (ignoring the December
1987 contract) is only 1.5% whereas it was 2.5% before the Big Bang. The average
mispricing is negative for 8 out of the 9 contracts expiring before the Big Bang but
for only 4 out of 7 contracts expiring after the Big Bang. Systematic mispricing ap-
pears to have decreased from an average of about 0.5% in the pre-Big Bang period
to below 0.2% in the post-Big Bang period. However, the standard deviation of the
percentage mispricing has remained at similar levels (about 0.5%) for all contracts
(except December 1987). These results can be compared with US results based on
daily data reported by Merrick (1987(b)). Over the period 1985-86 he reports the
mean and standard deviation of the percentage mispricing of the S&P500 futures
contract to be 0.011% and 0.411% respectively, and his plot appears to indicate
that the maximum and minimum values have remained generally between +1%
and —1%.

The #-statistics reported in Table II are for the null hypothesis that the mean per-
centage mispricing is zero. The unadjusted t-statistics (as reported e.g., by Figlewski
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(1984) for actual mispricing levels) are highly significant for each contract. However
in computing standard errors, this test ignores the high autocorrelation of the mis-
pricing series. ARMA modelling of the percentage mispricing series shows that the
series for most of the contracts are best modelled in terms of an autoregressive pro-
cess of order one.’ Table II gives the value of the AR(1) parameter, p, which best
fits the model and the associated standard error, o. The autocorrelation is uni-
formly positive and the coefficient is above 0.6 in most cases. Furthermore, the co-
efficient is substantially higher in the Pre-Big Bang period, pointing to a marked
increase in the elasticity of supply of arbitrage services after the Big Bang. There
appears to be a strong tendency for mispricing to persist, though this tendency has
declined markedly since the Big Bang, or as the market has matured. The adjusted
t-statistic employs a standard error calculated on the assumption that successive re-
alizations are first order autocorrelated. Overall the adjusted ¢-statistics, whilst being
lower, confirm the results obtained previously. At the individual contract level,
there are only two contracts (June and December 1987) for which the null is ac-
cepted using the adjusted t-statistic but rejected using the unadjusted statistic. How-
ever, for the post-Big Bang period, the average level of mispricing based on opening
prices is not significant at the 5% level with the adjusted r-statistic; although, with-
out the adjustment, it appears to be significant.

Table III gives the summary statistics for the series of mispricing returns (scaled
first differences of the mispricing series). Average mispricing returns are indistin-
guishable from zero for every contract. Mispricing returns are only mildly auto-
correlated as shown by the Box Pierce Q-statistic for 24 lags. The first order
autocorrelation is negative for every contract, which is reasonable in the presence of
an effective link between the cash and futures markets. It is pertinent to observe
that the first order autocorrelation is more negative after the Big Bang.

If arbitrageurs are effective one should expect positive average mispricing re-
turns when futures are initially underpriced and negative average mispricing re-
turns when futures are initially overpriced. Hence, Table III reports the results of
subdividing the full sample of mispricing returns into two subsets based on whether
futures are initially underpriced or overpriced. As expected, the average of mis-
pricing returns with initially underpriced futures is consistently positive and the av-
erage of mispricing returns with initially overpriced futures is consistently negative;
but these averages of the different series for individual contracts are significantly
different from zero only after the Big Bang. This clearly points to a markedly
greater tendency for mispricing reversals and a greater efficiency of the arbitrage
sector after the Big Bang. The results also imply that a one day long-cash-short-
futures hedge, based on the foward pricing formula, consistently earned negative
“abnormal” returns if established when futures are initially underpriced and posi-
tive “abnormal” returns if established when futures are initially overpriced. This
clearly limits the use that market makers can make of futures markets to hedge
short term changes in stock market exposure. These results are essentially similar
to those reported by Merrick (1987).

Table IV presents summary statistics for the mispricing in the second nearest
contract. Only the four weeks prior to expiration of the near contract are consid-
ered to ensure that prices are based on reasonable levels of trading volume. Thus,
for each contract the series consists of only 20 values (less any holidays). The abso-
lute magnitudes of mispricing appear to be considerably larger than for the near

5This is consistent with the model of Garbade and Silber (1983).

STOCK INDEX FUTURES ARBITRAGE / 583




61— 010 £9°0 71§ e ¥6°0 ae I S0 = 90— LI Ly 9 (0]

I8l 600 €L°0 LEY— 880 = S0 8T0— 620— 61 Sy ¥9 B 98/T1
LES 010 19°0 69°01 7 5 U 1€°0 L90 890 6 9¢ <9 (0]

69t 80°0 SLO P'6 90°C LLD— 9¢°0 IL0 990 6 9¢ g9 3 98/6
e 1o %0 CEE— 5 2 Al e <0 col— €0 61 144 £9 O

96°T— 600 0L0 0Sv— LT'1 k1= S0 LED— 150 LT 14 £9 | 98/9
LLE= [AN|] 1S°0 1245 80 801 o LE)y- Te0= Cl 9% 19 0

GLE= 170 650 90°L— 650 9L 1= 0r'0 SP0— o e 01 1< 19 0, 98/¢
cbl— 900 60 £5°8— 650 BT €90 6L0— 69°0— cl s 9 O

L5 = <00 S6°0 T8 050 L ¥9°0 €L0— 99°0— 14! 0s ¥9 @, S8/T1
06'9— 01°0 9°0 8SYI— 1o LT~ 6€°0 €9'0— 0L0— I 9 <9 0

19— 600 vL0 €ECI— 8T°0 5l LED ZL0— 10— I 9 <9 D c8/6
0sZ— 90°0 96°0 £6'ET— [4A) S1Z— £9°0 e Gl L= 9 ce 19 (0]

8EC— <00 96°0 JEtl— €0 LEG— 990 7 7 cll= 14 LS 19 J S8/9
S6L— AN LT0 01— LY0 EE = 8¢0 1§0—- 0S0— S 8¢ €9 (@]

09— 01°0 89°0 SLEL— ST0 LE = I€0 ¥S0— £5°0— I 9 £9 D CR/E
C8'E— LO0O 80 PETL= 00 ¥ST— 99°0 88°0— 60— C 29 9 (0]

6EC— 00 60 8CZl— 100 e £9°0 16’0~ 66'0— I £9 9 4 v8/Tl
YT9— 600 €L0 9Z'ST— 00— Fi- S0 £6'0— yO'1— 0 ¥9 9 O

r0'S— 80°0 £8°0 06'ST— 00 61— 0S0 60— 66°0— I £9 9 3 ¥8/6
anjea-; o d anjea (%) @) (%) (%) (@) 0< 0> u 1PENEO)
pasnfpe -1 Xewm arm as ueIpam uBamw

SOLLSILVLS A VIWIAS-LOVHLNOD ¥VIN FHL NI ONIDIAdSIIN SHYNLNA 40 TIAAT
II- 2198 L

YADAV AND POPE

~
by
QO
w




‘sautas 9o1d Juruado sajouap O
*sa112s 2211d 3uisopd sajouap O

89°C—
eFre—

8S'1—
EpT—

€S-
139 A

Yoy —
£0'r—
0L~
ST~
961 —
)

S00
891
L60
(X0 %

200
200

v00
¥0'0

w0
00

1o
010
1o
1o
ro
0r'o
800
600
110
010
E10
(AR

¢L0
080

§s0
99°0

£8°0
880

850
0L'0
6£0
LY'0
0
9L°0
£L0
050
¥Zo
0g'0

SCHLE=
£ l=

06C—
BES—

D0 L=
9081 —

89'8—
8E6—
=
1TP—
ov'c—
68°C—
LT
LT'0
€8T
c0'C
629
12007

TEC
90T

6v'1
8¢°1

1£C
90¢

Lo
89°0
880
8¢'1
SeE'l
ST'T
IS°1
191
ST'T
9T'l
Sl
o'l

AR |
0v'0—

S00—
er0~

LS0—
65°0—

85°0—
69°0—
LD~
0e'0—
LO0—
90°0—
120
00
o
¥Z'0
920
LT'0

S0~
0v'0—

0=
0T°0—

£S0—
S50

00—
09°0—
800—
80—
00—
00—
AN\
100
17°0
ST°0
0€0
<0

9Ie
<6¢

061
SLT

91
LIT

01

€C
61

8¢
6t
9¢
LE
LE

6t

969
0ZL

1354
8¥C

13014
Ly

IS
€S
Iy
St
St
9¢
9C
62
¥
¥
L)
v

z1o1 (0]
Z101 D
oidureg [[e12AQ
€Ty O
€Ty 2,
Sueq Sig-1sod [ei0
68S 0]
685 )
Sueqg Sig-a1d [p10],
19 O
19 9 88/9
9 0]
¥9 D 88/€
¥9 0]
¥9 3 L8/TT
<9 (0]
9 2 L8/6
19 (0]
19 ) L8/9
€9 (6]
£9 J L8/E

/ 585

STOCK INDEX FUTURES ARBITRAGE




61°0— 200 8¢0— S'6E L00 0 000 8¢ £E 19 O
01’0 60°0— 6£0— 9°sT S00 LED 000 [43 6¢ 19 D 98/¢
LT0 A 800~ At 90°0— £e’0 000— I€ EE ¥9 O
00 $0°0— L00— ¥'0C D= 0g0 000— (43 (43 9 D e8/T1
000—- €00 ST0—- L'ST L00— €0 000 12 1€ <9 (0]
€00 91'0— €00 961 100 820 000 LE 8C $9 J S8/6
ST0- 0ro— 01°0— 87T 100— 6£°0 000— 9¢ Y4 19 (0]
00— 0r’o— 81°0— £yl 81'0— 0 100— £e 8¢ 19 J $8/9
PI°0— 800 1§°0— £'8¢ S00 9’0 000 | £ (4 £9 0
600— 0T0— cc0- %5 w0 9z°0 000 £E 0e €9 ®) S8/g
LO0 AL 10— 691 org— St'0 100 193 6C 9 0}
1’0 Iro— 10— v6l 01°0— 8t°0 000— 62 St 9 J ¥8/T1
IT°0 00— ETD— Sve 1€°0 o €00 a7 62 9 O
81°0- 60°0— 10~ 6l Lo e0 €00 93 6C ¥9 J ¥8/6
td d Id g anjea-; (%) @) 0< 0> u jdeI1iu0)
as aBaw

«SNUNLAH» ONIDIYdSTIN

111 219BL

YADAV AND POPE

586 /




L00—
LU=
L00

00

LT0

600

81°0—
01°0—
800—
00—
w0-
1C0~-
10°0—
60°0—
LI0—
1mo—
81°0—
10—

00—
00

ot 0—
0~
200

00—
600—
LO0—
100—
80°0—
wo—
600

80°0—
020—
y1'0—
60°0—
LT0

91'0—

e
07 )
61°0—
81°0—
LSO~
L=
€T0—
8T0—
wo—
EEl=
8¢0—
ev'0—
LED=
81°0—
el e
o=
8%0—
910~

8'6C
0Ze
gst
6'¢C
1'69
v'or
(A4 4
89T
SLE
8T
Ty
L'T8
(Al
1A 4
8'Sy
¥'81
¥'8C
ooy

gy~
000
£0'0—
cro
€10
600
00
600
0ro—
€L 0—
90°0—
00—
L00
LO0—
€00—
10°0—
910~
=

o
ov'0
£v'0
650
45!
STl
£v'0
£5°0
860
6v°0
L¥0
150
Sv0
8¢°0
LY'0
§:40]
650
90

100—
000—
000—
100
00
100
000
100
100~
100—
00°0—
000—
000
000-
000—
000—
100—
10°0—

It
£
8¢
0t
6¢
Ic
I€
1€
0

4
€€
Lz
ve
£e
ot
0g
0t

19

8ITITIT

<9
19
19
£9

83 I3

9
€9
£9

LOoODOVODOVOLEOODOD

88/9
88/¢
L8/T1
L8/6
L8/9
L8/E
98/T1
98/6

98/9

/ 587

STOCK INDEX FUTURES ARBITRAGE




€000 LT §200 6v'C— SteE0— 0200 0r'e IZ1°0 O
1100 89°C 1€0°0 LEc— ¥81°0— 061°0 £e'l vLO0 O 98 22g
St0°0 £6°C 06¥°0 0L0— [v0°0— 6500 L4 £0v'0 O
0s€0 0’1 01L0 LE0— 6100— 08¢0 L6'0 661°0 0 98 dog
1L0°0 L8 0£1°0 8C¢1— 1SE0— 01£°0 POl 080°0 O
0ZZ°0 9l 01€0 PO'T— €E1'0— 09%°0 SL'0 LY00 D 08 ung
cs00 80C 660°0 SL'T~ STT0— 0LT0 (A8 9%0°0 O
091°0 0S°1 0ZT0 PET— ¥81°0— 08+°0 0L0 ¢e00 9 98 IeN
06£°0 060 0S¥°0 8L0— 660'0— 019°0 IS0 1200 O
06¥°0 690 000 60'1— 0£00— 0L8°0 LTO 800°0 D £8 32
nfea je)S anjea 1es L2 anjea je)S I sSurdxy
d ] d ] uBI d 1 U sjoRIIU0)
ol = n:og 0 = W'y 0 = 'y
ERTTENETSITY | saamny padadiaaQ saanjng pasudiapun
Alreniuy yua suanjay Afrenrug gua suanjay
Supudsipy Jo 1asqng sjduieg Supudsip Jo 19sqng ajdweg

YADAV AND POPE

588/




"ejep aienbapeul ureiuod saining pasudiaso Ajjeniur yitm sunjal Sududsiw jo jasqns adwes oy 2ouis paniwo e ¢gel Joquaidag o1 dn Junndxa syoenuo),

000°0
0000
0000
£00°0
000
8L0°0
900°0
0000
z100
LZ00
100°0
2000
€000
#00°0
S00°0
000°0

S6'S
PIL
96°¢t
£0E
8Lt
[{Vé
16T
6v'v
86T
8CT
E5°E
£2€
8I'¢
90°¢
10°€
6T'Y

000°0
00070
1000
€100
0100
011°0
6£0°0
1000
LS00
L000
6100
9100
2800
I#0°0
0zZ1°0
9100

(A%
059—
o
€S°C—
S~
€8I~
0TC—
66—
861
6C—
ol g
€LC—
10E—
cli—
09°1T—
EST—

9120~
0£T'0—
£51 0~
£01°0—
ore0—
00£°0—
10—
wavo—
18¥°0—
£1e0—
Ly1'0—
L81°0—
081T°0—
PS10—
¥01°0—
061°0—

0000
00070
8200
2900
0€T0
0se’0
8600
SE00
001°0
ovTo
9100
1€0°0
a0
SE0'0
1200
2000

68t
06t
e
L8'T
171
¥6°0
66'1
81°C
89°1
61l
86T
92T
9'C
§TT
se't
8P'E

Z81°0
891°0
ev0°0
620°0
890°0
05070
91T°0
8LT°0
o0
9820
€170
[0
0LZ°0
LTTO
1LT0
LOE0

QRGN0 OO0 QIO

Sueg Fig-1504
Sueqg Sig-a1g
88 unf
88 IE|N
L8 22d
L8 dag
L8 unf

L8 TN

/ 589

STOCK INDEX FUTURES ARBITRAGE



Table 1V
MISPRICING IN THE SECOND NEAREST CONTRACT-SUMMARY STATISTICS

Levels of Mispricing
Mean SD Min Max %<0 %>0
Pre-Big Bang C -1.21 123 —3.45 250 82 18
(0] -1.20 1.25 -3.95 2.02 79 21
Post-Big Bang G 0.47 0.81 =163 2.05 32 68
O 0.58 0.86 —1.15 2.66 26 74
Changes in Mispricing
Mean SD Min Max %<0 % >0
Pre-Big Bang C 0.03 0.35 -0.82 1.20 44 56
& 0.01 0.62 -2.23 203 49 il
Post-Big Bang & -0.01 0.45 —1.44 1.06 46 54
(0] -0.02 0.59 -1.82 1.88 47 53

contract and so are the extreme values. Prior to the Big Bang, the forward pricing
formula was a downward biased estimate of futures price, just as it was for the near
contract (only much more so). But after the Big Bang, while the mean of the mis-
pricing series of the near contract continues to be negative (even if one ignores the
period around the October 1987 crash), the mean of the mispricing of the second
nearest contract is positive and fairly large (except for the June 1988 contract). It
can be conjectured that this could be because of strong “bullish” sentiment over
this period.

Arbitrage Related Ex Post Program Trading Simulations

The first column in Table V(A) documents the number of mispricing violations
based on the near contract for different levels of transaction cost bounds. The num-
ber of violations at all (nonzero) levels is markedly smaller after the Big Bang. If the
period around the October 1987 Crash is excluded, there is only one violation of the
2% bound and only three violations of the 1.5% bound since October 1986. On the
other hand, there are a relatively large number of violations of the 1% transactions
cost bound.

This study attempts to simulate the possible profits of arbitrageurs using program
trading driven by simple trading rules. Tables V(A) and V(B) are based on ex post
trading rules, which assume continuous trading in the market; and that it is possible
to use the price at time ¢ to execute a trade at the same price at the same time.
Consider the following trading rules: Trading Rule 1: If mispricing exceeds x%, sell
one futures contract, sell Treasury Bills and buy the equivalent underlying basket of
stocks, and hold the long stock-short futures position up to expiration. At expira-
tion, sell the stock bought earlier, and reinvest in Treasury Bills. If mispricing is be-
low —x%, buy one futures contract, sell the equivalent underlying basket of stocks,
use the proceeds obtained to buy Treasury Bills, and hold the position until con-
tract expiration, at which time the position is unwound and investment in stocks re-
instated. This is the simple hold-to-expiration trading rule. Trading Rule 2: Same
as Trading Rule 1, except that, instead of waiting until contract expiration, the po-
sition is unwound as soon as mispricing changes sign and becomes at least
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(y% + 0.2%) in magnitude (to cover the estimated incremental transaction costs
(T + TE) and an incentive to trade of y%). This is the early unwinding option.
Trading Rule 3: Same as Trading Rule 1, except that during the last four weeks be-
fore maturity, the position is rolled forward to the next available maturity as soon
as the sign of the mispricing in the far contract is the same as the sign of the origi-
nal mispricing and when the difference in mispricing between the far contract and
the near contract exceeds (y% + 0.3%) in magnitude (to cover the estimated incre-
mental transaction costs (T + 2T§¥) and an incentive to trade of y%). This is the
rollover option. (Compound rollovers are ignored, i.e. the rolled over position is as-
sumed to be carried to expiration.) Trading Rule 4: This is a combination of trad-
ing rules 1, 2, and 3. The arbitrage position is initiated as in Trading Rule 1, but is
unwound early, as per Trading Rule 2, or rolled forward, as per Trading Rule 3,
which ever option becomes profitable at an earlier date.

Four values of x are used in each case: 0.5%, 1.0%, 1.5%, and 2.0%. It is assumed
that the transaction costs being faced by the arbitrageurs are x%. In Trading
Rules 2, 3, and 4 two values of y are used: 0.0% (Table V(A)) and 0.5%
(Table V(B)). The first represents the case where a position is unwound early or
rolled forward as soon as it is profitable to do so. The second represents the case
where a position is unwound early, or rolled forward, only when the additional
profit is at least 0.5%. In this context, when an arbitrage position is unwound early
or rolled forward the arbitrageur loses the option of unwinding or rolling forward
when the relevant mispricing values are more favorable to him.

Based on closing (opening) prices and prior to the consideration of transaction
costs, Trading Rule 1 gives average annualised excess returns (relative to the Trea-
sury Bill rate) of 8.0% (8.4%) with a standard deviation if 9.1% (10.4%) before the
Big Bang and 7.7% (7.4%) with a standard deviation of 13.4% (13.2%) after the Big
Bang. All excess returns are positive. Given the high standard deviation, the re-
sults suggest that there could have been many potential opportunities for arbitrage
related strategies over the sample period.

Tables V(A) and V(B) give the profit (in pounds sterling) earned from the differ-
ent Trading Rules for the various transaction cost levels. The profits reported are
based on just one contract. Considering the present level of trading volumes, it seems
possible to use a much larger number of contracts without tangible market impact.

Tables V(A) and V(B) show that significant arbitrage profits could have been
earned even at transaction cost levels of 1.5%; though, after the Big Bang, most of
the contribution shown at transaction costs levels of 1.5% or higher is due to the
December 1987 contract (spanning the October 1987 Crash). The additional profits
arising out of rollover or early unwinding are a significant proportion of the total
arbitrage profits and often exceed the arbitrage profits arising from the simple hold
to expiration strategy. These high additional profits imply a heavy transaction cost
“discount” and should generate substantial arbitrage activity even when futures
prices are within transaction cost bounds. Merrick (1989) does not document addi-
tional profits arising out of rollover, but he does report profits due to early unwind-
ing which are comparable to those in the simulations of this study for the post-Big
Bang period.

A comparison of the additional potential profit over the two subperiods reveals
that before the Big Bang, the additional potential profit is due mainly to rollovers
whereas after the Big Bang it is due mainly to early unwinding. This means that the
tendency for price reversals is more pronounced after the Big Bang and the system-
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atic underpricing of the pre-Big Bang period seems to be “corrected” by a more ef-
fective arbitrage sector. The decline in profitability of rollovers is due mainly to the
fact that the second nearest contract has been generally overpriced since the Big
Bang, while most of the arbitrage trades in the near contract are from underpriced
futures.

Table V(B) shows that the option to delay early unwinding/rollover until addi-
tional profits are at least 0.5% appears to be valuable. Higher profits are possible in
most cases. If positions are unwound/rolled over as soon as it is profitable to do so
(Table V(A), Trading Rule 4), all arbitrage positions based on x = 1.0% would be
closed prior to expiration. If x = 0.5% about 99% of positions would be closed be-
fore expiration. Even if unwinding/rollover is delayed until the additional profits
are at least 0.5% (Table V(B), Trading Rule 4), less than 30% of positions would be
held to expiration. This appears to indicate that arbitrage related program trading
may not carry a significant risk of expiration day price, volume, and volatility ef-
fects on underlying stocks.

What is the effective transactions cost “discount” created by the early unwinding/
rollover option? Merrick (1989) makes a rough estimate of 27% considering only the
number of trades unwound as a proportion of the total number of trades (ignoring
actual magnitudes). Table V(C) presents the results of simulating “risky” arbitrage
strategies when positions are taken within the transaction cost bounds in anticipa-
tion of additional profits due to rollover/early unwinding. The results are based on
Trading Rule 4 with x = 0.5% and x = 1.0%, but with different levels of actual
transaction costs up to 1% higher than x. Prior to the Big Bang, the strategy would
be profitable even if transaction costs exceeded the filter x% by 1.0%. After the Big
Bang the strategy is profitable for transaction costs exceeding the filter x% by 0.8%.
Thus, if an arbitrageur has actual transaction costs of 1.3% after the Big Bang he
can consider initiating arbitrage trades within the bound x = 0.5%, a discount ex-
ceeding 60%.

Table V(C)
“RISKY” ARBITRAGE STRATEGIES
EX POST ARBITRAGE PROFITS USING TRADING RULE 4 WITH x = 0.5% AND
x = 1.0% AND DIFFERENT TRANSACTION COSTS

Arbitrage Profits (£000) With Transaction Costs of

Contracts
Expiring 0.7% 0.9% 1.1% 1.3% 1.5%
x = 0.5%
Pre-Big Bang C 135.5 110.8 86.1 61.4 36.7
O 135.8 111.5 87.3 63.0 38.8
Post-Big Bang C 66.2 472 28.2 9.3 -9.7
O 65.1 46.6 28.1 9.6 —8.9
x = 1.0% 1.2% 1.4% 1.6% 1.8% 2.0%
Pre-Big Bang C 52.4 41.9 314 20.9 10.5
(0] 54.7 4.4 341 23.8 13.5
Post-Big Bang C 20.6 15.1 9.7 4.3 =12
O 15.8 11.7 i 34 =7
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Arbitrage Related Ex Ante Program Trading Simulations

Table VI reports arbitrage profits based on Trading Rule 1, implemented on an
ex ante basis. It is assumed that if there is an arbitrage mispricing opportunity per-
ceived at opening prices, it is possible to execute a strategy only at closing prices;
and similarly, if there is an arbitrage mispricing opportunity perceived at closing
prices one day, it is possible to execute a strategy only at opening prices the next
day. The trading rules used are the same as before, except for the delayed execu-
tion. It is also assumed that a trade decided on the basis of opening (closing) prices
is executed at the subsequent closing (opening) prices only if the mispricing has not
moved to within the transaction cost bound in the intervening period. It should be
noted that the profits reported in Table VI include trades executed at both opening
and closing prices, whilst Tables V(A) and V(B) show trades executed at closing
prices separately from trades executed at opening prices.

Table VI shows that the use of the ex ante trading rule considerably reduces the
profits reported in Tables V(A) and V(B) for the ex post trading rules. The reduc-
tion is particularly significant after the Big Bang where the average period for
which profitable mispricing opportunities exist declines markedly. If the December
1987 contract is ignored, ex ante profits with transactions executed with a half day
lag are insignificant even at the 1% transaction cost bound. Considering that “nor-
mal” transaction costs are estimated to be above 1%, this can be argued as evidence
that the market prices stock index futures efficiently after the Big Bang. However,
in the context of the high intra-day stock market volatility of the post-Big Bang pe-

Table VI
ARBITRAGE PROFITS FROM EX ANTE STRATEGIES

Ex ante Profit (£000) at Transaction Cost Level of

Contract

Expiring 0.0% 0.5% 1.0% 1.5% 2.0%
September 1984 34.1 18.0 6.9 2.0 0.0
December 1984 35.7 19.8 9.0 3.2 0.7
March 1985 21.0 5.4 0.3 0.0 0.0
June 1985 45.0 27.9 13.3 29 0.2
September 1985 30.0 10.8 1.9 0.1 0.0
December 1985 353 16.5 5 0.4 0.0
March 1986 19.4 34 0.0 0.0 0.0
June 1986 23.6 5.6 0.3 0.0 0.0
September 1986 35.0 13.5 3.6 0.2 0.0
December 1986 21.7 6.2 0.8 0.0 0.0
March 1987 18.3 2.7 0.1 0.0 0.0
June 1987 29.7 55 0.0 0.0 0.0
September 1987 30.8 7 0.8 0.0 0.0
December 1987 45.5 24.8 16.0 11.4 7.8
March 1988 18.4 13 0.0 0.0 0.0
June 1988 31.8 11.7 0.7 0.0 0.0
Pre-Big Bang 279.1 120.9 40.4 8.8 0.9
Post-Big Bang 196.2 59.8 18.5 11.4 7.8
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riod (Peel, Pope, and Yadav (1990)), the assumed execution delay of about half a day
(in the absence of intra-day data) is not very realistic.

Misspecification of Dividends

It is tempting to attribute systematic deviations from fair value pricing to misspeci-
fication of dividends. Table VII gives the average percentage mispricing which is at-
tributed to systematic errors in forecasting dividends for different contracts. On
average, systematic 10%, 25%, and 50% errors in dividends result in respectively
only 0.06%, 0.15%, and 0.3% errors in calculated fair values. Hence, dividend un-
certainty does not appear to be a significant explanation for systematic mispricing
to the extent observed. This does not preclude dividend uncertainty resulting in a
widening of the arbitrage window. These results are broadly consistent with results
for the US (Kipnis and Tsang, (1984)).

Relative Volatility

An effective arbitrage link between the cash market and the futures market implies
the null hypothesis that the ratio of the “returns” variance of the futures market to
that of the cash market should equal unity. This null hypothesis is tested using the
conventional F-test for three variance estimators: the Close-to-Close estimator
(based on closing prices); Open-to-Open estimator (based on opening prices); and
the (Parkinson (1980)) extreme value estimator which provides an estimate of intra-
day volatility (based on daily high and daily low prices).

Table VIII summarizes the results of the F-test. Detailed analysis of individual
contracts reveals that the average intraday volatility of price changes in the futures

Table VII
MISSPECIFICATION OF DIVIDENDS

Mean % Effect on Fair Value of Misspecification Equal to

10% 25% 50%
September 84 0.08 0.20 0.40
December 84 0.04 0.10 0.20
March 85 0.11 0.28 0.57
June 85 0.05 0.11 0.23
September 85 0.07 0.17 0.33
December 85 0.05 0.13 0.27
March 86 0.06 0.16 0.32
June 86 0.04 0.09 0.18
September 86 0.07 0.17 0.34
December 86 0.06 0.14 0.28
March 87 0.07 0.19 0.37
June 87 0.04 0.10 0.20
September 87 0.06 0.14 0.28
December 87 0.05 0.13 0.26
March 88 0.08 0.21 042
June 88 0.05 L 0.24
Pre-Big Bang 0.06 0.16 0.32
Post-Big Bang 0.06 0.15 0.29
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market is higher for 15 out of 16 contracts and significantly higher at the 5% level
for 8 out of these 15. The futures market intraday volatility is significantly higher at
the 1% level for both the subperiods. The F-test is not able to distinguish so clearly
between the close-to-close and open-to-open intraday volatility measures for the
two markets. The close-to-close interday variance estimator for the futures market
exceeds that of the cash market for 15 out of 16 contracts, but is significantly higher
at the 5% level for only 1 out of these 15 contracts. The open-to-open interday
variance estimator of the futures market exceeds that of the cash market of 11 out
of 16 contracts and is significantly different at the 5% level only for the contract
whose observations span the period of the 1987 Crash. However, both the close-
to-close estimator and the open-to-open estimator reject the hypothesis of equality
of variances at the 5% level for both the overall subperiods pre-Big Bang and post-
Big Bang.

Inferences can be drawn from the aggregated evidence for the 16 contracts by as-
suming that the variance ratios are independent across contracts. The hypothesis
that the variance ratio equals one is rejected with r-values of 4.91 for the close-to-
close estimator, 3.53 for the open-to-open estimator and 5.03 for the intra-day high
low estimator, all of which are significant at the 1% level. The overall evidence ap-
pears to suggest that both interday and intraday volatility in the futures market is
higher than that in the cash market. These results strongly substantiate the conclu-
sions of Mackinlay and Ramaswamy (1987) in this regard.

Mispricing and Time to Expiration
The tax timing option has been argued to imply that mispricing should be negative
and converge to zero as time to expiration decreases. The argument of Cornell and
French (1983(a), 1983(b)) that the value of the tax timing option decreases with a
decrease in time of expiration is not dependent on the validity of the forward pric-
ing formula. Even if mispricing is positive because of possibly unquantified effects
of other factors on index futures pricing, it should still be valid to argue that mis-
pricing tends to decrease with time to expiration, if the tax timing option is impor-
tant or relevant. A precise functional form for such a time dependence has not been
suggested but it is possible to explore a linear relationship as a first approximation.
Figures 1 and 2 indicate that the mispricing might have been related to expiration
time for the contracts expiring up to December 1985; but, subsequently, there is no
obvious time-related pattern of mispricing. Such a conclusion is borne out also by
regressions of mispricing against time to expiration for different contracts. These
results are reported in Table IX(A). OLS regression residuals display high autocor-
relation. This is not surprising in view of the autocorrelation in the mispricing se-
ries (Table II) and since time to expiration cannot be expected to be the major
factor governing successive realisations. The regressions reported assume that the
random error term is governed by an ARI1 process and represent maximum likeli-
hood estimates based on the Beach and Mackinnon (1978) iterative procedure.’
Time to expiration is significant as an explanatory variable with negative slope only
for the first six contracts. Thereafter, the slope coefficient is either insignificant or
positive. The results do not appear to provide support for the hypothesis that the
tax timing option is valuable.

*The results are essentially similar for OLS regressions with or without lagged values of the depen-
dent variable included as regressors.
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Table IX

REGRESSIONS OF MISPRICING VS. TIME TO EXPIRATION*

Xr=a+bT-1) + ¢

DW of
Transformed
b T-stat Sig. level Residuals
September 84 c -0.015 =333 0.000 1.91
0] —-0.015 -5.04 0.000 1.81
December 84 C —0.021 -1.27 0.000 2.27
(0] —-0.021 -7.24 0.000 2.06
March 85 & —-0.008 -4.38 0.000 1.98
0 -0.007 -4.12 0.000 2.02
June 85 & -0.022 -6.67 0.000 2.10
0 -0.022 -6.81 0.000 2.02
September 85 & -0.010 -5.27 0.000 2.18
(0] -0.010 —4.84 0.000 2.06
December 85 (& -0.017 —3.40 0.001 2.26
O —0.018 —-3.88 0.000 211
March 86 & —0.001 -0.31 0.760 2.26
@, -0.002 -0.58 0.563 2.18
June 86 [ -0.003 -0.55 0.586 2.24
@] —0.003 -0.77 0.443 2.33
September 86 & 0.002 0.43 0.670 2.08
(0] 0.004 0.94 0.349 2.08
December 86 B 0.003 0.61 0.544 2.04
(0} 0.004 0.94 0.348 222
March 87 B 0.001 0.28 0.780 2.06
(@] =0.000 -0.12 0.908 2.00
June 87 0 —-0.005 -1.00 0.319 2.34
(0] —0.005 -1.24 0.215 2.29
September 87 & 0.012 2.72 0.007 219
0] 0.013 .55 0.000 221
December 87 C -0.011 -0.90 0.368 2.24
0} -0.011 -1.13 0.257 2.30
March 88 C —0.004 -0.93 0.354 1.84
O =0.000 -0.08 0.936 1.87
June 88 (& —0.006 -1.12 0.264 222
0] -0.002 -0.63 0.527 211

*Beach and Mackinnon (1978) Maximum Likelihood procedure used to transform autocorrelated

OLS residuals.

Time to expiration can be associated also with higher absolute magnitude of mis-
pricing because of (i) dividend uncertainty and (ii) uncertainty about the relative
pattern of interest rates and stock prices. The results of regressing the absolute mag-
nitude of mispricing against time to expiration are reported in Table IX(B). The re-
sults are maximum likelihood estimates for the standard Tobit model with a zero
lower bound censoring threshold and are based essentially on the iterative proce-
dure of Berndt, Hall, Hall, and Hansman (1974). About 50% of the variation in ab-
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REGRESSIONS OF ABSOLUTE MAGNITUDE OF MISPRICING VS. TIME TO

Table IX(B)

EXPIRATION*
|Xorl =a + BT — 1) + ¢
RZ
b T-statistic Sig. level (%)
September 84 & 0.014 8.95 0.000 55.6
0 0.014 .73 0.000 48.3
December 84 C 0.021 14.53 0.000 76.7
0 0.021 11.52 0.000 67.4
March 85 C 0.008 6.79 0.000 423
(0} 0.007 443 0.000 238
June 85 i 0.021 14.00 0.000 76.3
(0] 0.019 13.30 0.000 74.4
September 85 & 0.010 8.47 0.000 52.5
(0] 0.010 7.00 0.000 43.0
December 85 C 0.013 8.12 0.000 50.7
(0] 0.012 7.50 0.000 46.8
March 86 C —0.000 -0.22 0.829 0.1
0 -0.002 -1.48 0.139 39
June 86 & 0.005 3.64 0.000 17.4
0 0.004 2.84 0.005 12.2
September 86 C —0.000 -0.02 0.986 0.0
0 0.002 1.01 0.311 1.6
December 86 & 0.001 0.59 0.554 0.5
(0} 0.001 0.85 0.393 1.1
March 87 3 0.001 0.95 0.344 14
0} 0.001 0.54 0.590 0.5
June 87 & 0.002 1.69 0.092 4.4
(0] 0.002 1.16 0.245 22
September 87 i 0.003 1.85 0.064 5.0
o 0.004 3.04 0.002 124
December 87 C 0.014 2.84 0.004 11.2
0 0.012 2.13 0.033 6.6
March 88 C 0.004 2.14 0.033 6.7
0 0.002 1352 0.129 35
June 88 C 0.004 2.42 0.016 8.8
0] 0.003 1.95 0.052 58
Pre-Big Bang G 0.009 13.01 0.000 223
0 0.009 1213 0.000 20.1
Post-Big Bang C 0.005 4.92 0.000 54
O 0.004 3.91 0.000 35

*Maximum likelihood estimates for the Standard Tobit Model with a zero lower bound censoring
threshold and based essentially on the iterative procedure of Berndt, Hall, Hall, Hansman (1974).

solute mispricing of the first six contracts is explained by the time to expiration and
7 out of the 9 coefficients for contracts expiring before the Big Bang are significant
at the 1% level. In the post-Big Bang period, the coefficient of determination is
much lower, but slope coefficients for all seven contracts are positive and signifi-
cant in 3(2) cases at the 5% level for closing (opening) prices. For both the sub peri-
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ods, pre-Big Bang and post-Big Bang, the slope coefficient is highly significant.
The results do appear to suggest that absolute levels of mispricing increase as time
to expiration increases. These results support those of Mackinlay and Ramaswamy
(1987) in this regard.

CONCLUSIONS

This article presents empirical evidence and the results of trading simulations on
the pricing of stock index futures based on a non-US data set, the UK FTSE-100
contract traded on LIFFE. The results are set into perspective by an analysis of the
relevant transaction costs and are reported separately for the different institutional
and regulatory regimes existing before and after the Big Bang when the UK stock
market was substantially deregulated. The salient results are the following: (a) The
forward pricing formula tends to provide an upward biased estimate of actual
futures price. Many of the “violations” of the formula appear too large to be ac-
counted for solely by transaction costs of the favorably positioned arbitrageurs.
However, after market deregulation, the extent and frequency of systematic mis-
pricing violations have considerably decreased and the tendency for mispricing re-
versals has substantially increased; (b) The mispricing series has high positive
autocorrelation and tends to an AR1 process. The AR1 coefficient is high but has
tended to decrease after the Big Bang. Hence mispricing tends to persist, and the
elasticity of supply of arbitrage services has increased after market deregulation;
(c) While the average level of mispricing is significantly different from zero for most
of the contracts, the average of mispricing “returns” is essentially zero, with mis-
pricing constrained to a window by the actions of arbitrageurs. But the average of
mispricing returns is significantly positive when futures are initially underpriced
and significantly negative when futures are initially overpriced, implying that a
long-cash-short-futures one day hedge portfolio based on the forward pricing for-
mula consistently earns significant negative “abnormal” returns if established when
futures are initially underpriced and significant positive “abnormal” returns if es-
tablished when futures are initially overpriced; (d) The simple hold to expiration
trading rule appears to provide only limited opportunities for arbitrage profits, par-
ticularly after market deregulation. However, options to unwind early or rollover an
arbitrage position are very valuable and provide heavy transaction cost discounts.
This results in “risky” arbitrage strategies being attractive even for arbitrageurs
with large transaction costs. Furthermore, the existence of these options make ex-
piration day price and volume effects unlikely; () Dividend uncertainty does not
appear to be an explanation for systematic mispricing to the extent observed;
(f) Both interday and intraday volatility of the futures market is consistently higher
than that of the cash market, thus negating the hypothesis of a perfect arbitrage
link between the two markets; (g) It is not possible to reconcile the pattern of mis-
pricing with the hypothesis that tax timing option is valuable; and (h) The width of
the arbitrage window tends to be wider for longer times to expiration.

The above results strongly substantiate earlier evidence in this regard based on
US data reported by Merrick (1989, 1987), Hill, Jain, and Wood (1988), Mackinlay
and Ramaswamy (1987), Arditti, et al. (1986), Cornell (1985), and Figlewski (1984).
The peculiar features of stock index futures pricing, not readily explained from
a theoretical standpoint, thus appear to be independent of the economic, institu-
tional and regulatory environment. These results are not inconsistent with those of
Saunders and Mahajan (1988) as clarified separately by Yadav and Pope (1991). Ac-
ceptance of the Saunders and Mahajan (1988) definition of pricing efficiency based
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on the behavior of the first difference of cash and futures prices does not preclude
the existence of arbitrage profits from hold-to-expiration or other trading rules.
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