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This article examines if changes in short sales constraints affect the
extent to which index futures contracts are mispriced. In particular,
the study analyzes the mispricing of the Hong Kong Hang Seng Index
futures contracts. Tests are conducted over three distinct regulatory
regimes relating to the short selling of stocks in Hong Kong. This
permits a study of how changes in short selling regulations affect the
mispricing of futures contracts. The study indicates that relaxing the
constraints on short selling reduces the extent of futures mispricing.
Multiple regression analysis is used to test the relationship between
the magnitude of mispricing and various economic factors including
cash market volatility, time-to-maturity of the contract, trading cost,
and dividend payout rates. The study also finds that lifting of the short
selling restrictions speeds up market adjustment, especially when a
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INTRODUCTION

The popularity and growth in use of index futures contracts worldwide
reflects the usefulness of the contracts to various classes of users, in-
cluding institutional investors, speculators, and arhitrageurs who profit
from any misalignment in the index level and the futures price. The extent
of mispricing and the potential arhitrage profits has heen a suhject of
considerahle interest to academics, with a numher of studies reporting
significant differences hetween ohserved stock index futures prices and
theoretical futures prices. In highly competitive financial markets we
would expect the extent of mispricing to he small and the level of arhitrage
profits to reflect the severity of real market frictions, including trading
and market-impact costs, execution risks, and restrictions on the short
selling of stocks.

Trading, market impact costs, and execution risks have all heen the
focus of a considerahle volume of research. Less attention has heen fo-
cused on the difficulties caused hy the prohihitions on short selling in
most markets. It is widely accepted that restrictions preventing the short
selling of shares impede the arhitrage process. In the ahsence of heing
ahle to ohserve the imposition or lifting of short sale restrictions, studies
of short selling in the United States and other markets have resorted
either to an intermarket comparison or to an intramarket analysis over
different market conditions. Recent regulation changes in the Hong Kong
securities markets now allow for the first time direct ohservation of the
effects on the arhitrage process of reductions in short sale constraints
over time. Short sales constraints in Hong Kong were partially lifted in
1994 and then more comprehensively removed in 1996. The impact on
mispricing of the lifting of short sale restrictions is the primary focus of
this article.

We find that the removal of restrictions on short selling reduces the
size and frequency of mispricing and speeds up the process of adjustment,
with most of the change occurring with the first relaxation of short selling
restrictions in 1994, a reflection of the size and importance of the stocks
for which short selling was allowed. The relaxation of short sales con-
straints not only reduces the underpricing of the futures contract, hut
also narrows the no-arhitrage window reducing the magnitude of over-
pricing. Early unwinding of an initial long futures (short stock) arhitrage
portfolio may exert downward pressure on the futures price and reduce
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the extent of the overpricing of the futures contract. Both overpriced and
underpriced futures display a reduction in the magnitude of mispricing
after the first change in the short selling regulations.

INDEX MISPRICING AND SHORT SALES
CONSTRAINTS

Considerahle research has heen conducted on the mispricing of various
U.S. futures contracts' whilst the growth of futures markets elsewhere
has stimulated research. Despite the importance of Hong Kong's futures
markets, however,̂  few studies of mispricing are availahle. The hest
known study of arhitrage efficiency hetween the contract and the under-
lying Hang Seng index is that of Ho, Fang, and Woo (1992), although the
study uses only a limited data set covering 17 trading days hetween April
and July 1991. The study found overpricing to he more frequent than
underpricing hut concluded that it was difficult to realize arhitrage profits
hecause of the trading system then in operation. A numher of studies
have examined the relative pricing efficiency hetween the futures contract
and the index options traded in Hong Kong (Fung, Cheng, & Chan, 1997;
and Fung & Fung, 1997a). The studies generally conclude that the fu-
tures are priced efficiently relative to the options. Cheng, Fung, and Pang
(1999) show that an early unwinding strategy provides incremental profit
in the arhitrage hetween the futures and the options contracts.

A numher of authors have noted the possihle importance of short
sale constraints hut little empirical evidence on their impact is availahle.
Pope and Yadav (1994) provide a clear explanation of the impact of short
sales constraints on index stocks and note that, if short sales are prohih-
ited, short arhitrage is impossihle except for market participants already
owning equity stocks. To examine the effect of short sales restrictions
they exploit a particular feature of the London Stock Exchange, the Ac-
count period, now aholished, which effectively allowed investors to short
sell within an Account. During an Account period spanning a futures
maturity date, there is no need for an arhitrageur to horrow stocks to
exploit negative index future mispricing, and hence negative mispricing
should he reduced. They conclude that short sales constraints and costs

'Sutcliffe (1997) provides an excellent overview of the literature.
^The Hong Kong stoek market was ranked eighth in the world hy market capitalization at the end of
1996. Futures on the Hang Seng index (HSl) have traded in Hong Kong since 1986 with ever-
increasing volumes. The average daily trading volume of the HSl eontract grew from 10,236 in 1993
to 18,685 contracts in 1996, with an average over the 4-year period of 16,188 contracts, equivalent
to HK$8.094 hillion (around USS1.038 hillion assuming a multiplier of HK$50 per index point and
an average index value of 10,000).
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are a significant factor leading to futures underpricing relative to the cash
index. Kempf (1998) also concluded in his study of the Cerman market
that constraints against short-sales do affect mispricing: "Overall, the
tests suggested that short selling restrictions and early unwinding oppor-
tunities are influential factors for the hehavior of the mispricing." Fung
and Jiang (1999) adopt an error-correction model and examine the index-
futures dynamic relationships in the Hong Kong markets. They find that
the lifting of short-sales restrictions improves the integration hetween
prices in the futures and the cash markets.

In contrast, Chung, Kang, and Rhee (1994) in their study of the
Japanese markets note that the numher of short arhitrage opportunities
is small (3.4% in their sample) and that the results are ahout the same as
those for comparahle long arhitrage. On this hasis they suggest that dif-
ficulties in short sales of stocks are not a major reason for hig surges in
the mispricing of futures contracts. This view agrees with that of Neal
(1996), who argues that short-selling restrictions should not suhstantially
affect the pattern of futures mispricing hecause institutions account for
half of the arhitrage trades. For institutions that already own the stock,
restriction against short selling cannot impede the process of quasi-ar-
hitrage (selling instead of shorting stocks, and going long in futures) when
the future is underpriced.

Both MacKinlay and Ramaswamy (1988) and Kempf (1998) provide
arguments for expecting wider pricing effects to result from the removal
of short sales constraints. MacKinlay and Ramaswamy note that the op-
tion to unwind early introduces path dependence in the mispricing he-
havior. The early unwinding option narrows down the no-arhitrage win-
dow hecause it is possihle to capture extra profit from the reversal of
mispricing errors. This is true hoth for initial short-futures and long-
futures positions. MacKinlay and Ramaswamy found it less likely for the
mispricing to he positive if the previous mispricing was negative hecause
the unwinding trades stop the mispricing errors from crossing the arhi-
trage hounds. Relaxing short-sales constraints allows the arhitrageur to
estahlish long-futures (short stock) arhitrage portfolios. This reduces the
potential profitahility of long-futures arhitrage (and the magnitude of fu-
tures underpricing). The possihility of early unwinding also makes it pos-
sihle to open an initial long-futures portfolio earlier. When the mispricing
approaches the boundary (specifically, the upper hound of the futures
price), the arhitrageurs hegin covering (or unwinding) their initial long-
futures portfolio. This checks the upward movement of the futures price
and prevents it from drifting ahove its upper hound.
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Kempf (1998) introduces a model that predicts that pricing is path
dependent. The model takes into account the holding cost of a short
position and indicates that negative mispricing need not he driven hack
to zero hy arhitrageurs, hut instead may remain negative, the level de-
pending on the holding costs arising from short selling. The argument
underscores the impact of short selling and the need to consider the cost
of estahlishing a short position. The existence of differential costs, he
suggests, should mean that positive mispricing hehaves differently to neg-
ative mispricing.

Model and Hypotheses

The cost of carry relationship (Klemkosky and Lee, 1991) is computed
as

Ff = Sid + r - df (1)

where F* denotes the "fair" futures price implied hy the synchronous
index price (S;) via the cost-of-carry relationship, r represents the riskless
rate of interest, d the dividend payout rate of the index portfolio, and t is
the time-to-maturity (as a fraction of a year) of the futures contract.

If the futures price is ahove its fair value (F > F*), then an arhitra-
geur may huy the index (portfolio) and hedge the exposure hy taking a
short position in the futures (short-hedge arhitrage). The arhitrageur fi-
nances the equity position with a risk-less loan and with the future divi-
dends. If the futures price is helow its fair value (F < F*), then the
arhitrageur may sell short the index and hedge the position hy going long
in the futures (long-hedge arhitrage). Those who already own the stocks
may simply sell their stocks and suhstitute for their equity exposure with
a "cheap" futures contract. The proceeds from selling the stock are in-
vested in a risk-less asset. The futures position locks in the price at which
the stock may he hought hack. Arhitrageurs who do not own the stocks
short sell and then invest the proceeds in a risk-less asset. This is used
for huying hack the index in the future and for compensating the stock
lender for future dividends.^

Taking transaction costs into consideration, the upper hound (F'^)
and lower hound {F^) for the futures prices can he written as:

F^ = F* 4- my: + m,

F'- = F" - ntf - m, (2)

where ntf and m^ represent, respectively, the round-trip trading and mar-

'See Modest and Sundaresan (1983) and Cornell and Freneh (1983) for detailed proofs.
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ket-impact costs for the futures contract and the index portfolio.'* The
trading and market-impact costs can be decomposed as follows:

ntj: — 2xf + ^f) and

m, = (T, + <|>,)(Si + S"j) + K (3)

where Xt and ^t denote the one-way exchange trading fee and market-
impact cost (all in index points) for futures trading, and Tg and <^s ^̂ e
the one-way exchange trading fee and market-impact costs (all in frac-
tions of the index value) for equities trading, X^ denotes the round-trip
miscellaneous trading fee (including transfer deed duty and transfer fee)
for the index portfolio and S^ is the settlement value of the index. This
is equal to an arithmetic average of the index taken every 5 minutes during
the last trading day.

Following MacKinlay and Ramaswamy (1988) and Yadav and Pope
(1994), this analysis examines the distrihution of the mispricings relative
to the cash spot index. Relative mispricing is defined as:

elS = (F - F^)IS if F > F^

= (F — F^)IS if F < F'^ (and in this case e is negative)

= 0 otherwise

where F is the actual price of the future.^
Viewing short sales constraints as a source of asymmetric transaction

costs (Pope & Yadav, 1994), the transaction costs facing arbitrageurs will
be higher if short selling is regulated. Short sales restrictions and market
practice impede short stock arbitrage in a number of ways. Because short-
sellers have to borrow stocks before they can sell short, they have hoth

''The option to early-unwind reduces the width of the no-arbitrage window (Brennan & Schwartz,
1990). Its impact on the distribution of mispricing should be magnified after the lifting of restrictions
against short-sales.
The relative magnitude of over-pricing and under-pricing are defined in a similar fashion as

eVS = (F - F^)IS xiF > F"

e'/S = {F'- - F)/S if F < F'-

= 0 otherwise

The relative absolute value of mispricing is defined as:

\e\/S = eVS if F > F ^

= e'/S if F < F"-

= 0 otherwise
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to locate a willing stock lender and to pay a stock borrowing fee. In ad-
dition, they are unahle to use the proceeds from short selling. The cost
ranges from zero for those already owning the stock (and who use a stock
substitution strategy hy selling stock and going long in futures) to a po-
tentially high level. Tick rules against short sellers also increase frictions
and possibly delay arbitrage whilst prohibitions against short selling pro-
vide an extreme barrier to short-stock arhitrage because only those who
already own the stock may take advantage of futures underpricing. Hence
reduction in the constraints on short selling should reduce transaction
costs, increase the efficiency of the market, and reduce mispricing op-
portunities in the market. Consequently the overall profitability and fre-
quency of mispricing opportunities will diminish with the lifting of re-
strictions on short selling. Mispricing opportunities should also decline
for long and short hedges.

The improved ability to create long hedge positions as a result of the
lifting of short sale restrictions should increase the speed of reaction of
the market. Traders will be able to react more swiftly to mispricing op-
portunities and to extinguish them more rapidly so that the speed of ad-
justment will be faster after the removal of short sale restrictions. In
particular, adjustment after underpricing should be faster, and profits
(losses) will decrease (increase) over longer adjustment intervals.

We express these ideas of the effects of short sales constraints more
formally as three hypotheses.

Hypothesis 1: The lifting of short sale restrictions reduces the dif-
ficulty associated with long-hedge arbitrage (that is, short stock, long fu-
tures). This reduces the magnitude and frequency of futures underpric-
ing. Hence the relative absolute value of mispricing, | e |/S should be
smaller after the change.

Hypothesis 2: Because it is easier to initiate a long-hedge arbitrage
portfolio, arbitrageurs may adopt an early-unwinding strategy to capture
a reversal in the mispricing when the futures become overpriced. This
will reduce the magnitude of overpricing, because arbitrageurs may im-
mediately close their long futures and cover their short stock positions
when the futures price rises above its fair value (or the costs associated
with holding a short position). Hence lifting the short sales restriction
will also reduce the extent of overpricing of the futures.

Following from hypotheses one and two, the impact of the lifting of
the short sales restrictions will be symmetric for the distribution of mis-
pricings. The deviation around the fair value should be reduced on both
sides.
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Hypotheses 3: Lifting of the short sales restrictions should ease the
arbitrage processes both for underpricing and overpricing. Consequently,
the adjustment to equilibrium prices will he more rapid so that ex-ante
arbitrage profitability will decline faster with the lapse of time after the
change. The effect may be more pronounced with underpricing. These
effects follow from hypotheses 1 and 2 because the tightening of the
arbitrage window will increase the relative attractiveness of any given level
of mispricing compared with the previous no-arbitrage window. At the
same time, the growth in stock borrowing and the removal of tick rules
following the relaxation of the short-selling restrictions will reduce the
inconvenience of arbitrage so helping to speed up the arbitrage process.

DATA

The most actively traded futures contracts are those for the current
month. To reduce thin trading problems these contracts are the focus of
this study. Other months are excluded as is expiration-day data to elimi-
nate any potential bias arising from the settlement method of the HSI
contracts.

Time-stamped transactions data of the Hang Seng Index Futures
contracts for the period 1 April 1993 to 30 September 1996 were ob-
tained from the Hong Kong Futures Exchange. Minute-by-minute index
prices and annualized month-end dividend yields for the same period
were provided by Hang Seng Index Services Ltd.^ Middle quotes of the
Hong Kong Inter-bank Offer Rates (HIBOR) were retrieved from Data-
stream. To alleviate the asynchroneity problem between the index and the
futures prices, each minute-by-minute index price is matched with the
nearest futures price so that there is at most one matched futures-index
pair for each one-minute interval.

The HK contract is written on the Hang Seng Index, a market value-
weighted index composed of 33 stocks that account for more than 70%
of the total market capitalization of all the stocks listed on the Stock
Exchange of Hong Kong (SEHK). The contract is cash settled, with set-
tlement on the last business day of the month. The expiry (or last trading)
day is the business day prior to the settlement day. The settlement value
of the contract is set equal to an average value of the index taken at five-
minute intervals during the expiry day. Fung and Fung (1997b) show that

^The index is calculated using the last traded price for each stock. Following Sofiano (1993), because
some stocks are traded at their hid and the others are traded at their ask, the index should he close
to the midquote.
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the conventional cost-of-carry relationship^ holds for HSI contracts be-
fore the last trading day.

By using a sample period covering April 1993 to September 1996,
the study is able to capture the possible impact on index mispricing of
changes in regulatory regimes that affect short selling. Within the study
period, two major changes in short-sales restrictions occurred. Short sell-
ing was prohibited before 3 January 1994. From that date, the Stock
Exchange of Hong Kong (SEHK) allowed 17 out of the 33 constituent
stocks of the Hang Seng Index (HSI) to be sold short, subject to restric-
tions. These stocks represented the largest, most liquid and actively
traded stocks on the HK market. As such, we would expect the number
of mispricing opportunities to fall dramatically once the short sales re-
strictions were lifted. The restrictions that remained after the first relax-
ation included the "up-tick" rule, which stipulated that stocks could only
be short sold at prices above that of their previous trade, and the levying
of stamp duty on the borrowed shares if the short position was not covered
in two weeks. These restrictions were lifted^ on 25 March 1996, at the
same time as 113 of the shares listed on the exchange including all the
constituent stocks of the index were allowed to be sold short.^

Thus our study identifies three distinct regimes. During regime 1,
prior to January 1994, short selling was prohibited in Hong Kong. In
regime 2, from January 1994 until March 1996, short selling was possible
on just over half the stocks in the Hang Seng index. This allowed short
selling of a proxy for the index, but with the possibility of substantial
tracking error so that arbitrage possibilities were imperfect. From April
1996, regime 3 permitted all of the index stocks to be sold short, allowing
much more complete and effective arbitrage to take place.

The existence of mispricing is not of itself necessarily important.
What is crucial is its size relative to transactions costs and its persistence
over time. Transaction costs consist of the exchange trading fees charged
to member firms by the Hong Kong Futures Exchange (HKFE) and the
Stock Exchange of Hong Kong (SEHK). For futures, a fee of 0.24 index
points is used, and for equities, 0.17% of value.'° The round-trip mis-
cellaneous trading fee for the index portfolio is estimated to be three index

'Cornell and French (1983); Modest and Sundaresan (1983).
^The Stock Exchange hoped that stock horrowing and lending and short selling would hecome popular
after changes to stamp duty took effect in 1991. However, restrictions on relief meant that the market
did not develop and further regulation changes were necessary.
^Only memhers of the exchange are ahle to sell short the designated securities. They may sell them
on their own account or on hehalf of clients. Short selling without horrowing sufficient securities to
cover the sale ("naked short selling") is an offence under the Securities Ordinance of HK.
'"The fees were slightly lower in the post-January 1995 period, 0.23 for futures and 0.163 for equities.
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points. The minimum bid—ask price spread for stocks is fixed according
to a "spread table" set by the SEHK. In this study, the one-way market-
impact cost is proxied by calculating one half of the average of the per-
centage spreads that span the prices of every index stock'' (Mak & Lam,
1996). The SEHK lowered the official spreads on 1 July 1994 and revised
them upward on 1 January 1995, although the average spread after the
last revision remained lower than before 1 July 1994. The minimum
spread should be a good approximation of the actual bid—ask spread, be-
cause the constituent stocks of the index are typically the most actively
traded (SEHK Fact Book, various issues). For the August 1993 to June
1994 period we use an equity bid ask spread of 0.3314%, and for the post-
January 1995 period a spread of 0.2391%. Traders and officials estimate
the bid—ask spread for the spot month futures contracts to be five index
points.'^

The efficiency of trading is also indicated by the speed of response
to mispricing. We would expect mispricing and hence profit opportunities
to disappear the longer the time that elapses after the initial observation
of the mispricing. For long hedge arbitrage signals (e"), which suggest
shorting the stock and going long in the futures, further improvement in
the speed of response might be expected after short selling restrictions
are removed. However, for short hedge arbitrage signals, which involve a
strategy of going long in the stock and short in the futures, we would
expect no further improvement once short selling restrictions are lifted,
because the removal of restrictions does not affect the ease with which
the strategy may be followed. To test these expectations the change in the
profitability (Ae) of the arbitrage strategy after a time lag L is regressed
on the length of the lag and a dummy variable representing the periods
before and after the change in the short selling regulations in 1994.

Ae = PL + ApLDt + e

Ae is the change in profitability in the arbitrage strategy after a particular
time lagL where L ranges through 3, 5, 10 and 15 minutes. Ae = P^ —
e^ > 0 i f e > 0 and Ae = PL — e~ if e < 0. The magnitude of the signal

' 'The market impact cost used here is limited to the hid—ask spread and does not include any effect
on prices as a result of arbitrage operations.
'^In the majority of studies, market impact costs (bid—ask spread) have heen calculated only for the
opening equity position. No such cost is assumed for the closing of the position. This is appropriate
for markets where market-on-close or market-on-open orders are available, and the settlement value
of the contract depends only on the closing or opening value of the cash Index. However, in unwinding
the equity position of the HSIF contract, the equity leg has to be closed out evenly throughout the
last trading day by buying or selling a fraction of the position at the end of every five-minute interval.
This creates an additional market-impact cost at closing.
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(initial profitability) is determined by e. P^ is the (ex-ante) profitability of
the strategy. P is the slope coefficient in period 1, AP the change in the
slope coefficient in period 2 relative to period 1. Dj is a dummy variable
with the value 0 in the period before short selling restrictions are relaxed,
and 1 after relaxation. The regressions are carried out using all arbitrage
signals, short hedge arbitrage signals only, and long hedge arbitrage sig-
nals only.

P is expected to be negative. The longer the time elapsed after mis-
pricing is observed, the larger the drop in profitability. Ap should also be
negative once short selling restrictions are removed, especially for long-
hedge arbitrage signals. Short-hedge arbitrage should be less affected by
the lifting of restrictions so that AP should not be significant in that
situation.

IMPACT OF SHORT SELLING ON MISPRICING

Short sales restrictions impede long-hedge arbitrage (long futures and
short stock), due to the cost and inconvenience involved in selling short
the entire index portfolio. The lifting of short sales restrictions should
reduce the frictions involved in accomplishing long-hedge arbitrage and
should reduce the extent and frequency of futures underpicing. Lifting
of the short sale restrictions may also make short-hedge arbitrage port-
folios more difficult to establish, because early unwinding of an initial
long-hedge arbitrage portfolio will prevent the futures price from drifting
too far above its fair value, and will reduce the extent and frequency of
short-hedge (short futures and long stock) arbitrage profit opportunities.
Consequently we should observe a shrinking in both the magnitude of
underpricing and overpricing, and in the frequency of occurrence too.

Ex-post Arbitrage Profits

Table I summarizes the extent of overpricing and underpricing, and pro-
vides the distribution of the pricing errors between the spot month futures
contract and the index. We report results for both the case of zero trans-
action costs (panel A) and for transaction costs compatible with being a
member of the exchange (panel B). The evidence on early unwinding
(Sofianos, 1993) suggests that traders establish positions that don't cover
all the transaction costs. The trader's position is liquidated early, when
overpricing switches to underpricing and additional price benefits are
captured. The appropriate level of costs will therefore lie somewhere be-
tween zero and those payable by members. The zero transaction cost
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panel wall overstate the effects of mispricing and the opportunities for
arhitrage. In contrast, as a result of early unwinding the transactions cost
panel will understate the opportunities for arbitrage.

In the absence of transaction costs the mean percentage pricing error
(e/S) over the whole period is 5.2 basis points over a sample of 172,678
observations. Futures are generally overpriced in Hong Kong (in contrast
to the results of similar studies for other exchanges'^), and the average
magnitude of the overpricing is greater than the underpricing.

I e |/S provides an estimate of the overall magnitude of the pricing
error in percentage terms. If our hypothesis (that short sales restrictions
impede the process of arbitrage) is correct, we would expect the value of
I e |/S to fall as short sales constraints are relaxed. The overall value for
the whole period of | e |/S is 33.8 basis points (bps). The other entries in
panel A examine both overpricing (e+/S representing the positive pricing
errors) and underpricing {e~lS representing the negative pricing errors).
Panel B indicates the position that assumes traders must pay a level of
transaction costs appropriate to members of the Exchange. The number
of mispricing opportunities is reduced to 4,190 overall, and the mean
percentage pricing error (e/S) over the whole period for these opportu-
nities is 13.8 basis points.

Table I also reports the result of constructing three-month windows
on either side of the regulation changes with regard to short selling in
1994 and 1996.'"* Panel A provides evidence of mispricing immediately
before and after tbe changes in 1994, and immediately before and after
tbe changes in 1996. The columns labeled Period 1 (01/09/1993-30/11/
1993) correspond to a situation in wbicb no sbort selling is allowed. Tbe
columns labeled Period 4 (01/05/1996-30/07/1996) correspond to a pe-
riod wben sbort selling was allowed in all tbe index stocks. | e \/S '^

'"'See for example, Cornell and French (1983), who found S&Peontracts to be under-priced; Modest
and Sundaresan (1983), who study both the S&P 500 and NYSE composite contracts and attribute
the discount to the inability of the trader to fully use the proceeds from short selling stocks; and
Chung (1991), who examined the Major Market Index and found the deviations smaller than for
previous studies. However, the MMI eonsists of only 20 stocks. Outside of the LJ.S., Brenner, Sub-
rahmanyam, and Uno (1989) found the Nikkei contracts to be generally underpriced, wbereas Yadav
and Pope (1994) observed tbat tbe FTSE 100 contracts were more frequently underpriced and tbat
tbe average magnitude of underpricing exceeds tbat of overpricing.
'''Tbe table was constructed using an event study metbodology (Brown & Warner, 1985). Data for
the month before and after tbe event date (deregulation day) was excluded. Tbe tbree-montb period
before tbe exclusion interval is then compared with the three-month period after tbe exclusion in-
terval.
"e/S indieates whether on average the market overpriees or underprices the futures contract. It is
not suitable as a measure of tbe cbange in mispricing because e can be both positive and negative,
so that large positive and large negative mispricings ean cancel eacb otber out and indicate that on
average there is no misprieing. | e \/S ignores the sign of the misprieing and does not suffer from this
canceling-out effect. However, tbe variance of e/S is a good measure of cbanges in market efficiency.
A lower variance of e/S implies that the aetual futures price is closer to the no-arbitrage value.
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from 62.5 bps before any sbort selling is allowed to 46.5 bps in tbe period
following tbe relaxation of controls on 17 stocks in Marcb 1994. Tbere
is clear evidence of a reduction in mispricing as a result of the relaxation
of sbort selling constraints. For tbe second set of sbort sale cbanges in
1996 mispricing in tbe tbree montbs prior to tbe cbange is, on average,
39.2 bps. After tbe relaxation of sbort selling restrictions on all index
stocks, tbe mispricing falls to 21.6 bps. Tbe cbanges between periods are
statistically significant (Table II), as tests (1) and (2) for tbe mean values
and (5) and (6) for tbe median values indicate. Tbese results are repeated
for botb overpricing and underpricing for tbe first relaxation, and for
overpricing (but not underpricing as a result of too few observations) for
tbe total lifting of restrictions on index stocks in 1996.

In tbe presence of transaction costs (Table I, Panel B), tbe first re-
laxation in 1994 results in a fall from 31.7 bps to 23.0 bps and reduced
mispricing. Tbe 1994 relaxation of constraints related to tbe largest, most
actively traded stocks. Tbese stocks comprised tbe majority of tbe stocks
in tbe Index by number and a mucb larger proportion by value. Arbitrage
activity is overwbelmingly concentrated in these stocks. We would expect
tbe subsequent removal of sbort selling restrictions to bave a furtber
impact on mispricing. Tbis is indeed wbat we find. After tbe second re-
laxation of sbort selling restrictions mispricing opportunities disappear.'^

Ex-ante Arbitrage Profits

Table I indicates tbe extent of mispricing observed ex-post for different
levels of transaction costs. Tbis mispricing may persist only momentarily
or for an extended period of time. To analyze ex-ante mispricing a sbort
or long bedge is formed at tbe prices prevailing 3, 5, 10, and 15 minutes
after tbe bedge initially signals mispricing (Klemkosky & Lee, 1991). Ta-
ble III provides ex-ante tests of tbe profit opportunities, assuming tbat
tbe mispricing is perceived and acted upon witbin intervals of 3, 5, 10,
and 15 minutes for an arbitrageur wbo is a member of tbe excbange. Tbe
results are given in percentage form P/S (line 1). P is tbe profit or loss on
tbe trade initiated after an arbitrage signal. P may be positive or negative.
If P is persistently positive after an extended time delay, tbe market is
slow to adjust. If P is negative after a sbort delay, tbe market is dynami-

In period 3, 313 misprieing opportunities occur after allowing for transactions costs out of a total
of 12,000 trades. In period 4 only 6 misprieing opportunities after transactions eosts occur. Tbe
market bas become bighly arbitrage effieient. Note also tbat in a number of cases tbe mean value of
tbe statistic goes up from period 1 to period 2, or period 3 to period 4. Tbis is accompanied by a
reduetion in tbe number of observations and reflects tbe substantial reduction in tbe number of
mispricings, so tbat only outliers remain. Similar instances are apparent in tbe ex post tables.
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TABLE II

Results of Statistical Tests for Differences in Distribution of Percentage
absolute error (|e/S) between the sub-periods

Panel A:

lel/S

Panel B:

lel/S

Zero Cost

(1)

(3)

(5)

Memher

(1)

(3)

(5)

Two-Sample Test for
sub-period I and sub-period II

Ho'- Mt = M2

H,:/z, >//2
(32.26)"

HQ'. 0".] = 0"2

H , . (7, > O-j

(1.57)"
Ho: m, = mj
Ho: m, > m^

(7.50)"

Two-Sam^ple Test for
Period I and Period II

Ho'- M, = M2

'(7^22)" '
Ha'- f7i = "2

Hy a, > a^
(2.59)"

Ho: m, = m^
Ha', m, > m^

(0.70)

(2)

(4)

(6)

—

- -

—

Two-sample Test for
sub-period III and sub-period IV

Ha- Ml = Ml

H,'-M3> MA

(52.70)"
Ha- (^3 - "•4

H,: (73 > (T4

(2.54)"
Ha', m^ = m^
H,: m.j> /D4

(12.54)"

Two-sample Test for
Period III and Period IV

N.A."

N.A.<=

N.A.°

Notes:
m, = Median of lel/S in sub-period, I = 1, 2, 3, and 4
a, = Standard deviation of lel/S in sub-period, I = 1, 2, 3, and 4
fii = Mean of lel/S in sub-period, I = 1, 2, 3, and 4
"Significantly different from zero at 5% level.
"Significantly different from zero at 1% level.
"̂ There are only six observations in sub-period four. So, we drop all tests between period 3 and 4
(1) shows that/j, > / i j at 1% level (2) shows that/ij > fi, at 1% level
(3) shows that CT, > 02 at 1% level (4) shows that 0-3 > a, at 1% level
(5) shows that m, > m2 at 1 % level (6) shows that m, > m, at 5% level
1. A two sample t-test is used to test whether the mean of lel/S are equal between periods.
2. A F-test is used to test whether the ratio of the variances of lel/S deviates from unity.
3. A "median test" to test the test for equal proportions of two populations lie below the median. For sufficient sample size,
the test statistics converges to a chi-square. (see page 530-533, Hawkins and Weber (1980).

cally efficient and the market is quick to adjust to the arbitrage signal.
P^ is the profit or loss after a short-hedge arbitrage signal (that is, e"̂ )
and P" is the profit or loss after a long-hedge arbitrage signal (that is,
e~). Profitability following a long-hedge arbitrage signal is expected to
persist longer than that following a short-hedge arbitrage signal because
of the extra costs and restrictions against short selling, particularly before
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the lifting of the short sale restrictions. Significant profitable opportuni-
ties exist in period 1 for three minutes, but as short selling restrictions
are removed these do not persist after the relaxation of short selling re-
strictions in period 2. Similarly, profit opportunities exist before the 1996
changes for up to five minutes but become smaller in the final period
wben short selling restrictions have been removed for all the index stocks.
As tbe time lags increase, no period reveals profitable opportunities. Pan-
els B and C provide a more detailed breakdown for P+ and P~. The picture
for overpricing is as before witb significant profit opportunities existing
in botb periods for three minutes immediately before the change in regu-
lation, but witb these opportunities extinguished after the change. Wben
an underpricing signal is received, profits are possible but tbe magnitude
and frequency of tbe profits falls over time, consistent with our bypotbesis
that the removal of short sales restrictions reduces the extent of
mispricing.

Table IV reports the results of regressions using mispricing as the
dependent variable for both zero and member level transaction costs.'^
For botb levels of transaction costs tbe regression is run for tbe short
sales cbanges in 1994, and for tbe more complete relaxation in 1996. For
tbe 1994 cbanges the volatility of the index (a), time to maturity (t),
transaction costs (TC) and relaxation of sbort selling are all significant
in determining mispricing for both levels of transaction costs. D repre-
sents a dummy variable associated with overpricing and underpricing (D
= 1 for underpricing, 0 otberwise) and is negative as expected because
the contracts are mainly over-priced. SS represent a dummy variable as-

'^The following regression model is adopted:

\e\/S = ao •*" '^l'^ + "'2' + '^i^ + ay^D + a^TC + a^SS + T\

(7 is the intraday standard deviation of the minute-hy-minute quotes of the index on the day the
mispricing occurs, t is the time-to-maturity of the contract, d is the dividend yield, D is a dummy
variable associated with over and under pricing (D = 1 for underpricing, 0 otherwise), TC is the
total trading cost for memhers, SS represents a dummy variable associated with the change in short
selling regulations. For the first change in short selling restrictions, SS = 1 with no short-selling, 0
otherwise. For the second change, SS = 1 for the period with restrictions, 0 otherwise, (aj (j = 0
to 6) are the regression coefficients; T| is the error term of the regression model, aj is expected to be
positive because execution risk is bigher in a volatile market, a2 may be positive or negative, Tbe
longer the time to maturity of the contract, the greater the value of the early-unwinding option
(Brennan & Schwartz, 1990), and arbitrageurs may require smaller mispricing in order to find it
wortbwbile to set up the (initial) positions; however, the mispricing converges to zero at maturity,
a3 depends on whether the ex-post dividend yield is accurately forecast by traders (Chance, Kumar,
& Rich, 1996), (a4 should be negative if tbe magnitude of overpricing is greater than that of under-
pricing on average, and vice versa, a5 should be negative, because lower trading costs sbould reduce
tbe widtb of tbe no-arbitrage window and reduce the range of the pricing errors. If the results are
consistent with our hypothesis that reduced restrictions against short selling reduce mispricing, a^
should be positive for both regressions, because lifting of the restrictions should reduce tbe magnitude
of the pricing errors.
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sociated with the change in short selling regulations. As expected it is
positive and significant because larger pricing errors are expected with
more restrictions on short-selling. The removal of short selling restric-
tions results in a fall in the level of mispricing. The size of the pricing
error is positively related to time to maturity and market volatility, a result
consistent with that of Yadav and Pope (1994). Pricing errors are also
positively related to dividends and to time to maturity consistent with
Bhatt and Cakici (1990) and MacKinlay and Ramaswamy (1988).

The results for the 1996 changes largely confirm the results for 1994
for a zero level of transaction costs. Consistent with expectations the
coefficient for SS is positive for zero transaction costs around the event
date. Once memhers transactions costs are allowed for the number of
mispricing opportunities is so small that further analysis is not
meaningful.

Table V reports the results of the regression of Ae against elapsed
time lag since observation of mispricing. As predicted, P is negative and
significant for all arbitrage signals. The longer the time from the intial
mispricing signal being observed, the smaller the profit opportunities that
remain. Ap as expected is not significant for the short-hedge arbitrage
signals but is significant for the long-hedge arbitrage signals. The reduc-

TABLE V

Regression Results on the Analysis of the change in Profitability

Dependent
Variable N F-stat A/?

All Arbitrage signals Ae

Short-hedge arbitrage signal (e+) Ae

Long-hedge arbitrage signal (e-) Ae

7243 765,508 0,1745

6806 716,896 0,1741

437 83,244 0,2768

-2,80
(-30,210)=

-2,872
(-29,296)=

-1,746
(-9,711)=

-0,174
(-1.147)
-0,084

(-0,531)
-2,613

(-4,806)=

Note: (-statistics in parentheses
"significant at 1%
Mcdel 2: Ae = PL + A/?LD, + E
Fcr regression (1) (all arbitrage signals), Ae = P̂  - e* if e > 0; and Ae = P̂ " - e" if e < 0.
For regression (2) (short-hedge arbitrage signal, e*). Ae = P^ — e*; e > 0.
For regression (3) (long-hedge arbitrage signal, e"),Ae = P[ - e'; e < 0.
Ae is the change in the profitability in the arbitrage strategy after a particular time lag L (,L ranges from 3 to 15 minutes.
The magnitude of the signal (initial profitability) Is determined by lei. and the strategy is determined by the sign of the error,
P̂  is the (ex-ante) profitability of the strategy determined previously by the sign of the signal (note that P̂  can be positive
and negative), p is the slope coefficient for period 1. Ay9 denotes the change (if any) in the slope coefficient in period 2
relative to period 1. D, is a dummy variable which distinguishes observations in period 1 from those in period 2. 0, is equal
to 0 within period 1. and is equal to 1. otherwise, F. is the error term of the regression model.
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tion in the short selling restrictions made shorting the stock easier and
improved the speed of reaction of the market to mispricing.

CONCLUSIONS

The analysis of transactions data covering April 1993 to September 1996
provides strong support to the hypothesis that constraints on short selling
increase mispricing. Examination of periods of no short selling, partial
short selling, and no restrictions on short selling of the index stocks sug-
gest quite clearly that mispricing is reduced as the constraints are relaxed.
This conclusion holds for a number of alternative methods of analyzing
the data and for transaction costs. Ex-ante tests, which allow time for
trading to take place, provide additional confirmatory evidence and reveal
that profitable arbitrage is difficult, if not impossible, except for market
members with very fast response times.
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