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1. INTRODUCTION

I be prieing efficiency of stock inde.\ futures markets bas generated a
substantial volume of researcb by Imance academics. Tbe bulk of tbis lit-
erature bas considered tbe prieing effieiency of futures contracts relative
to tbe casb market. Evidenee on U.S. stock index futures eontraet prieing
efficiency, for example, may be found in Figlewski (1984), Cbung (1991),
and Dwyer, Loeke, and Yu (1996); for UK markets in Yadav and Pope
(1990, 1994); for Japanese markets in Brenner, Subrabmanyam, and
Uno (1989) and Lim (1992); and for Australian markets in Brailsford and
Hodgson (1997). In general, "empirieal work bas often contrasted witb
tbeoretieal expectations witb researebers finding evidence of substantial
and sustained 'wave-like' mispricing between tbe spot and futures stock
index markets. . ." (Brailsford & 1 lodgson, 1997, p. 22).

A second and less frequented area of tbis bterature bas considered
tbe relative pricing efficiency of stock index futures contracts of different
maturities (i.e., intramarket or ealendar spreads), lo our knowledge, tbe
sole contribution specific to tbis area was provided by Billingsley and
Cbance (1988).^ In tbis paper, tbe autbors considered intramarket
spreads using weekly data for tbe S&P 500 and New York Stock Excbange
index futures contracts and found evidence of significant overprieing,
wbicb was not profitable once transaction costs were taken into account.

Tbis lack of researeb into tbe bebavior of calendar spreads represents
a surprising oversigbt by tbe literature, as knowledge of tbe bebavior of
spreads is important.* For example, due to tbe cost advantages provided
by futures markets (Fleming. Ostdiek. & Wbaley. 1996). equity fund man-
agers olten create an exposure to tbe stoek market by transacting in stock
index futures ratber tban directly investing in tbe market itself (Koski &
Pontiff, 1999). Tbis exposure is maintained by continually rolling over tbe
position from near to deferred eontraets. Tbus, a fund manager witb a
long position in stock index tutures will simultaneously execute a sell
trade in tbe near contract and buy trade in ibe deferred eontract as

'The I'lrsl exthnnfjc lo inlrodiFCf ii siock iiuk-x fiiturcs contnict was the Kans;is City Rnnrd [)l Trade,
which lit'fian trading Value Line C'omposile liiclex lulurcs in ['ehruary 1482. lollowcd by the C'hitafiii
Merciinlilf txehangc which hejian Iradinj; SfiP SOO lride\ liiliires in April I'-'S2. The Syilney
Futurt's Exchange was the first Futures evehange outside ihe United Slates (o inlrodiicc a sloek
index futures contract in 1983.
"A subset of futures market research has examined spreads in commodities nuirkcls. I'or example,
BarrctI ;ind Kolh (1995) and Girma and Paulson IIWH) cvamine seasoniilily in ;i^ricuilur;d iuni
petroleum spreads, respectively.
^This is a view shared h\ Harrett and kolh ( 1995, p. 69) who slate "(alllhou^h much, in c\en most.
speculative aelivity in luiures markets is condiiited hy trading spreads, ihe priee heha\ ior ot spreads
lias received rclativelv litlle attention in the academic literalure."
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maturity approacbes. For fund managers and bedgers wbo utilize sucb
trading strategies, tbe mispricing of calendar spreads in stock index
iutures can represent a transaction cost as tbey may be forced to pay a
premium to roll over tbeir position (over and above tbe cost of carry).

Tbe behavior of futures excbanges would certainly appear to sup-
port tbe importance of calendar spreads as special facilities, regulations,
and procedures bave been developed for bandling sucb transactions. For
example, many screen traded market.s—sucb as SYCOM on tbe Sydney
Futures Excbange (SFE) and Globcx2 on tbe Cbicago Mercantile
Excbange—have built-in functions tbat allow traders to execute spreads
by submitting a single order. Furtber, many futures e.xcbanges imple-
ment special procedures and bave special regulations governing tbe exe-
cution ol spreads. For example. Sections 6.10 to 6.12 of tbe Trading
Etiquette of tbe SFE and Section 542 of tbe Cbicago Mercantile
Excbange Rulebook govern tbe execution of spread transactions.

Ibus, tbe pricing efficiency of calendar spreads is an important ele-
ment of tbe quality of stock index futures markets. The aim of tbis arti-
cle is to provide evidence as to tbe pricing efficiency of stock
index futures spreads using recent data drawn from tbe SFE. A tbeoreti-
cal argument is developed in wbich spread mispricing is bypotbesized to
increase as tbe near contract draws closer to maturity and traders look to
roll-over tbeir positions from tbe near to tbe deferred contracl. Tbe
empirical evidence generated by tbe data considered in tbis paper
provides support For tbis bypothesis. Tbe remainder of tbis paper
is structured as follows. In Section 2, some tbeoretical discussion of the
pricing relationsbip between contracts of different maturity is diseussed
and c\ number of bypotbeses arc developed. Section 3 sets out tbe data
and metbod used to test tbe bypotbeses, and Section 4 reports tbe
results. Tbe final section provides some eoneluding comments.

2. THEORETICAL EUTURES PRICES
AND CAEENDAR SPREADS

Assuming tbe following—all investors can borrow and lend at tbe risk-free
rate; zero taxes and transaction costs; a known dividend yield; no restric-
tions on sbort sales; tbe full proceeds oF sbort sales are made available to
investors and ignoring marking to market—tbe tbeoretical price of a
futures contract under tbe cost of carry model as derived by Cornell and
Frencb(1983)is:

r ( « , 7 , t - J l ( U , ) ) / , ^JJ
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wbere/(O, 1\) is tbe current price of tbe futures contract expiring in
T| years; S(0) is tbe current stock index level, r(0, T^) is tbe annualized
risk-free rate over tbe period (0, T,); J(0, T^) is tbe annualized dividend
yield over the ]ieriod (0, T,); and T, is tbe time to maturity of tbe con-
tract. Tbe tbeoretical price of a stock index futures contract witb a
longer time to maturity (T^) is as follows:

wbere tbe variables in equation (2) are analogous to tbose in equation (1),
and T| < T,.

Following Billingsley and Cbanee (1988), tbe tbeoretical spread
between tbe near and deferred contract under tbe cost-of-carry model
can be found by subtracting (I) from (2) and witb some rearrangement
yields:

/(O. T,) — /(O, r ,) = S(0) [c "̂  • - -̂  - — e '^ ' ' ' ' ' ' i] (3)

2.1. Determinants of Spread Mispricing

Altbougb tbe trading activity of arbitragers sbould promote tbe conver-
gence of prices, frictions exist in tbe market tbat allow tbeoretical and
observed futures prices to diverge. 1 be scope for sucb tnispricing is not a
constant, bowever, as researcb bas documented tbat tbe magnitude of
index futures mispricing fafis as contract maturity approacbes
(Brailsford & Hodgson, 1997; MacKinlay & Ramaswamy, 1988;Yadav&
Pope, 1994). MacKinlay and Ramaswamy (1989) attribute tbis feature
of index futures markets to tbe faet tbat at least tbree risks faced by arbi-
trage traders diminisb as tbe time to maturity approaches. First, as tbe
maturity date approacbes, tbe number of stocks paying dividends in tbe
underlying index falls and bcnce tbe costs of incorrectly ])redicting divi-
dends also falls.^ Second, unanticipated increases in costs associated
witb tbe daily marking to market of a futures arbitrage position are less
likely to occur as maturity draws near, as are unanticipated cbanges in
interest rates. Finally, since arbitrage typically involves tbe use of a sub-
set (ratber tban all) of tbe stoeks in tbe underlying index, errors in track-
ing tbe index are less likely to occur tbe closer to maturity. Taken togetber,

""In fad, given ihat eorporalions iinnoiinee the magnitude of dividends and ihe ev-dlvidend dale
hetore ihe e\-di\idend date, there will he a period ol lime inimedialely helore llie expiration ol ci
eonlrati when there is no uneertainly ahoul dividends paid h\ luiderKing stocks.
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these three factors imply that the closer ;i contract is to expiration, the
smaller the mispricing necessary to induce arhitrage traders into the mar-
ket to realign theoretical and actual futures prices. In the context ol calen-
dar spreads however, these three factors apply equally to near and delerred
futures contracts. If there is a tendency for mispricing to he in the same
direction, then the spread may still be appropriately priced.

In this article, a theory is put forward to explain calendar spread
mispricing. which is based on the trading behavior of market partici-
pants. To understand the argument, recall that a number ol different
types of traders are likely to roll-over their position from the near to
deferred contract as tbe former approaches maturity. Tbese include
speculators sucb as fund managers seeking to maintain exposure to tbe
underlying market over an investment horizon exceeding tbe remaining
life of tbe near contract; bedgers bolding a position in tbe underlying
asset across an expiratioti date and wisbing to continue witb tbeir hedge
are also likely to roll-over tbeir positions; and arbitragers seeking to
increase tbe profitability of tbeir positions may also eboose to roll-over
their position on expiration of Lbe near eontraet (Yadav & Pope, 1994).

I he.sc tbree groups of traders may attempt to roll-over tbeir futures
positions at any point in time prior to expiration of tbe near eontraet. An
incentive exists, bowever, to attempt to roll-over as close to maturity oi
tbe near contract as is possible. Bessemhinder and Seguin (1992) docu-
ment a negative relationsbip between days to expiration and trading
activity for tbe S&P SOO stock index futures contract traded on tbe CME.
Tbis increase in trading activity can bave tbe effect o( reducing bid ask
spreads (Mclnisb & Wood. 1992; Wang. iVliebaelski. Jordan. & Moriarty.
1994) und market impact costs (Aitken & hrino. 1996; Cban &
Lakonisbok, 1993). Tbus, tbe volume of trade and open interest in tbe
far contract increase as tbe expiration date of the near contract draws
close, wbicb lowers tbe transaction costs associated witb rolling a posi-
tion over into tbe next contract.

Tbe rolling over of positions by market participants is argued to
cause spreads to deviate from tbeir tbeoretical levels. More speeifically,
as traders roll-over tbeir positions tbey will execute opposite transactions
in tbe near and deferred contracts. For example, traders long in futures
seeking to roll-over tbeir positions will sbort tbe near contract and go
long in the deferred contract. Tbis can have tbe effect of pushing down
tbe price of tbe near contract, and pusbing up tbe price of tbe deferred
futures contract. A similar but opposite effect is expected if traders are
seeking to roll-over sbort positions. I bus, wbile tbe direction of ebange
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in spread mispricing depends on whether traders on balance are looking
to roll-over long or short positions, the magnitude of observed calendar
spread mispricing will increase prior to contract maturity.^

The rolling over of Futures positions by traders leads to two testable
propositions about futures spread mispricing. The first such proposition
is that the magnitude of calendar spread mispricing is likely to increase
as the near term contract approaches maturity. As such, the following
model may be estimated:

A|AJ;| = a , , + ^a-D. + e, / - 1 . . . 7 (4)
i = I

where M\\ is the absolute daily average mispricing of the near and
deferred futures index contract and D- are weekly dummy variables
designed to capture the pattern in each variable related to the time to
expiration ofthe near contract (e.g., D, = 1 where i = 1 to 5 trading days
prior to expiration of the near contract, else 0; D, ^ I where i ^ 6 to 10
else 0; etc.). Under the theory presented, a positive sign is expeeted for
the dummy variable eapturing the 5 trading days prior to expiration—i.e.,
D^ > 0 and D, > D. where i ^ 2 to 7. The first difference of the mis-
pricing variable is considered to limit problems associated witb autocor-
relation, which have heen documented in prior researeh (Bessembinder
& Seguin, 1992), and possible non-stationarity/'All ^statistics are also
adjusted for autocorrelation and heteroskedasticity using the procedure
outlined in Newey and West (1987).

Prior research suggests that futures spread mispricing may be
related to price volatility and trading volume (see Brailsford &
Hodgson, 1997). Further, the theory presented earlier implies that the
increase in mispricing as the near contract approaches maturity is
related to attempts by traders to roll-over their positions from the near
to deferred contract. Thus, changes in the magnitude of mispricing of
calendar spreads should be negatively related to cbanges in open inter-
est in the near-term contract and positively related to changes in open

•"ll ihf numlitTof Iradcrs si-ckin^tn rollover a lonj; position is exacliy equ;il Ui the numher of Iniders
seeking lo rtill-over sh{)rl position.s. then where these (raders arrive at the market simultiincously,
ihey will nllset each other uilh no impact on sjtread misj)riein^. If these traders do mil arri\e to the
markel simultaneously, however, then the ma^nilude of spreads may still deviate from I heir theoret-
ical level.
''Slalionarity of each time series was assessed usinf> Augmented l.>iekey-I-uller tests. I he re.sulls of
this analysis sugfjested that while each scries was nonslationary at conventional levels of signifi-
cance, none of the first-differenced series exhibit a unit rool.
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interest in the deferred contract.' Hence in order to properly test the
relationship between mispricing and time to maturity, it may be neces-
sary to control for these three variahles. Following Bessemhinder and
Seguin (1992), both open interest {hiteresti) and trading volume
{Voluyne^) are measured in contracts and price volatility may be meas-
ured as;

Volatility, = Iog(H,) - log(L,) (5)

where H, is the highest price on day t and L, is the lowest price. Wiggins
(1992) provides evidence that volatility metrics based on extreme values
(high/low) are more efticient than those based on closing prices. Taking
into account each of these additional factors, equation (4) may be modi-
tied to:

A|/U;| = al, + fS^Mnterest'; + ^^Mnteresfj + (

! + ^a',D, + E, (6)

where all variables are as defined ahove. In addition to the expected posi-
tive sign for Dp the rolling over of positions by traders implies that ^3, < 0
and ^, > 0.

The tbeorized behavior of traders also implies tbat the pressure on
mispricing in the near and deferred contracts are likely to be in opposite
directions prior to maturity. This observation leads to a second testable
proposition—that the mispricing of the near and deferred futures con-
tracts are more negatively related, the closer to expiration is the near
eontraet. That is to say, as the near contract approaches maturity, the
mispricing in the near and deferred eontraet are more likely to be in
opposite directions. I his may be tested using the following model:

AMr - «„ + 5, AM;' + 2, ^l ^^^U^i + e, (7)

wbere M" is the mispricing of the near contract and M', the deferred con-
tract. The implication of the second testable proposition is that
S\ < 5; tori = 2 to 7, and 5; < 0.

^We do not suggest that the decline in open interest in ihc near contract as it approaches maturity is
solely caused hy traders rolling o\cr their positions, lo the extent that the trades undertaken as a
part of a roll-over strategy coincide vvith those trades initiated to close out a position in a maturing
conlract, the pressure on misprieing should he consistent.
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3. INSTITUTIONAL SETTING AND DATA

The All Ordinaries Index (Allords) is a broad-based equity index compris-
ing approximately 250 of tbe largest stocks traded on the Australian
Stock Exchange (ASX) and represents around 90% ofthe total capitaliza-
tion of the market. The stocks comprising the index are traded
on the electronic trading system of the ASX called the Stock
Exchange Automated Trading System (SEATS). The level of the Allords
is calculated by the ASX and is reported to the market every 30 seconds.

Prior to 1999, trading of the Allords Share Price Index (SPI) futures
contract on the SFE was conducted on a trading Hoor through continu-
ous open outcry and was analogous to trading on the Chicago Mercantile
Exchange, which has been analyzed in previous research (Chung, 1991;
D\̂ yer et al., 1996; Figlewski, 1984). Trading in the SPI was conducted
at a designated place on the floor of the SFE called a "pit." Each pit is
occupied by a "Price Reporter," an exchange official. Price Reporters use
microphones to communicate with Price Report System Operators locat-
ed on a catwalk above the trading floor. Price Reporters communicate
trade information to the Operator including trade prices and volumes as
well as bid and ask quotes. The Operators then enter the trade informa-
tion onto computer terminals, which automatically assign a time stamp
to each trade. This data collection system is referred to as the Price
Reporting System, and the data is sold online in real time to quote ven-
dors. The format of the data sold to quote vendors conforms to Inter-
exchange Technical Committee (ITC) standards, and is frequently
referred to as ITC data. ITC data is comparable to U.S. data more com-
monly referred to as "time and sales" data. However, "time and sales"
data reports the prices of price changing trades only. Hence the SFE's
ITC data provides a unique opportunity to directly measure quoted bid
ask spreads. Floor trading ofthe Share Price Index (SPI) futures com-
mences at 9:50 a.m. and ends at 4:10 p.m. on the SFE. In contrast, the
stocks from which the index is constructed are traded on the ASX from
10:00 a.m. to 4:00 p.m.^ Unlike overseas exchanges and the ASX, trading
on the SFE hreaks for lunch between 12:30 p.m. and 2:00 p.m.

Since that time, a number of changes have taken place that have
impacted on the trading of the Australian stock market share index
futures contraet. Most notably, in October 1999 the SFE joined the

"Slocks (»n the ASX do nol open sinuilliineotisly. Ralher. they art- grouped according to their
alphiibeiiciil ranking, and each griiup is opfiit-d randomly nl diffcrcnl limes hetwft-n 9:59 a.m. ;ind
10:09 a.m.
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growing list oi exchanges that have abandoned (or plan to aband{)n) floor
trading in favor of electronic screen trading (such as the French futures
market and the Hong Kong Futures Exchange). In the following month.
the trading hours of the day session were extended to begin at 9:30 and
conclude at 4:30. Another significant change occLirred in 2000, with tbe
ASX passing responsibility for the construction of Australian share mar-
ket indices to Standard and Poor's. As a result, a number of new indices
were introduced and the Allords was modified to a much broader market
index encompassing approximately SOO stocks representing 989f of the
Australian market capitalization. Ihe SPI v\as subsequently changed to
reference the S&P ASX 200 index (which captures 88% of the market)
beginning with the June 2000 contract.

3.1. Data

This study uses end-of-day transactions data for the AH Ordinaries Share
Price Index (SPI) futures contract traded on the floor of the SFE. The
sample period for this data was deliberately chosen so as to avoid any
structural shifts such as the institutional changes discussed above.' Ihe
transactions data covers the period January 28. 1994 to September
30. 1997. which provides a structural break free data set of 15 SPI expi-
rations tor analysis.

I be data describes the time (to the nearest second), price and vol-
LiTiie underlying each trade, and the price associated with hids and offers.
This data was provided by the SFE and captured hy Price Reporters
located on the floor of the exchange. End-of-day open-interest figures
were also provided by the SFE. A minute-by-minute snapshot of the
Allords and a daily dividend series was provided by the ASX. Ihe divi-
dend series contains the market capitalization and total actual dividends
paid each day by stocks in the Allords. Finally, daily series for the
overnight cash, 30-, 60-, 90-. I 20-. and 180-day bank bill swap rates
were provided by the Treasury Division of the Commonwealth Bank of
Australia. The data is assembled for both near and deferred contracts
35 trading days prior to maturity for each contract. This is well within
the first day in which each deferred contract commences trading contin-
uously. While this limits the analysis, it avoids possible biases associated
with conducting cross-sectional analysis across less than 15 contracts.

"As there are only four SI'I contratt expirations per yt-iir, Liny mcaninglul ;iniilysis of iht- impact
ol'lhcse changt's on the rt'l.ilionship bclvvt'cn C PI contract cxpiralion and spread mispricing is
precluded.
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3.2. Variable Measurement

Equations (I) to (3) may be used to develop estimates of minute-by-
minutc theoretical prices for tbe near and deferred contracts as well as
spreads. The computation of the theoretical futures price is based on
realized dividends, which Harvey and Whaley (1992) argue reduces pric-
ing errors introduced when future dividends are estimated. Thus, the
dividend yield used in this study is the sum of dividends paid out by
stocks over the remaining iife of the contract divided by the market cap-
italization of stocks underlying the Allords at the beginning of each day.
The relevant interest rate for the period representing the near and
deferred contracts were interpolated from a yield curve hased on the
bank bill swap rates.'"

The difference between the theoretical and actual index futures
contract price, or level of mispricing, (M') may be calculated as:

M> = Pl - l\ (8)

where P{ is the aetuai futures price. Pjj, is the theoretical futures price,
andj — H (near eontraet) or d (deferred contract). Mispricing of the cal-
endar spread (M") represents the difference between the actual futures
spread and theoretical futures spread, and is equivalent to:

M' = M" - M'^ (9)

As all analysis in this paper is to be conducted at a daily frequency, which
is the finest observation interval common to the data, the average daily
mispricing for the near contract, deferred contract, and spread was cal-
culated for each day and will be used in the empirical testing of each
hypothesis.

4. RESULTS

Panel A of lable 1 provides some descriptive statistics for each of the mis-
pricing series. The mean mispricing over the sample period is 4.4 points
for the near contract, and 8.9 points for the deferred contract where
each index point is valued at A$25. The average of the absolute value of
mispricing for the near and deferred contracts is 10.3 and 14.9 points,

'"An arilhmftif iiUcTpnlaliiiii protCLlLirf "as used, iii\ul\ing the IHO interest rates uhieh straddle
llif lik' of ihc Lontrutt (or spread) heinfj priecd.
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TABLE I

Time-to-Expiration Patterns in Futures Contract Mispricing

Panel 4:

yean
Median
St. dev-
N

Panel B:

Oi

Dz

Da

Ds

De

Dy

F

Mi

Descriptive Statistics

4.4
4.9

11.7
433

ih}ie-ta-t\piniti()u

2.2'
(2.6)

-2.9*
(2.4)

-2.6*
(2.2)

-2.5*
(2.2)

-3.9*
(3.1)

-2.0
(1.5)

-1.3
(0.6)

0.03
1.9

8.9
9.8

15.5
433

Put terns

2.2-
(2.4)

-3 .2 '
(2.5)

-2.7 '
(2.2)

-2.6 '
(2.1)

-3.8"
(2.5)

-1.6
(1.1)

-1.4
(0.7)

0.03
1.8

M;

4.6
5-1
6.8

433

0.01
(0.0)
0.26
(0.7)

-0.16
(0-4)
0.02

(0.0)
0.07

(0.1)
0.36
(0.7)

-0.16
(0.3)

0.01
0.4

|Mr

10-3
15.0

7.1
433

0.2
(0.2)

-1.3
(1.4)
0.01
(0.0)
0.4

(0.5)
-0.5
(0.6)
1.0

(0.9)
0.4
(0.3)

0.01
1.0

14.9
13.7
10.1
433

0.4
(0.5)

-0.5
(0.5)
0.3
(0.2)

-0.8
(0.7)

-1.4
(1.2)
1.4

(1.1)
0.0
(0.0)

0.02
1.4

\M]

6.8
6.0
4.7
433

-0.01
(0.1)
1.3'

(3.7)
0.32

(0.8)
-0.1
(0.3)
0.1

(0.1)
0.3
(0.7)
0.2
(0.7)

0-05
3.7-

Notes. Panel A presents some summary statistics for the average daily mispricing of the near i Mf) and deferred
liUf) index fulures contracts as well as the spread iMf). Summary data lor the absolute daily mispricing of the
near (| M"\ i and deferred 11 Mf\ i index futures contracts as well as the spread (I ft^l ) are also presented. Pane)
B presents the results of the regression equation IM, - d^ + i(i,D, \ t-., where D, is a time-to-expiration dummy
variable 11M,' is the dependent variable in the tinal three columns).
Absolute values ot f-statistics in parentheses. 'Denotes significance at the 5% leveL

respectively. I he.se fifjurcs iire all higher than similar estimates provided
by Brailsford and Hodgson (1997) in which an average mispricing
of 3 points and average absolute mispricing of 6.7 points is documented
for the near SPI contract in 1993. The difference in results is attributa-
ble to the higher level of the Allords in more recent periods, which has
the effect of making a given level of mispricing smaller in percentage
terms. This implies that futures mispricing (in points) must be higher to
be profitable and attract arbitragers into the market.

Panel B of lable I documents the relationship between eaeh mis-
pricing series and the time to expiration. I he leit half of Panel B reports
the results of regressing the time to expiration dummy variables against
the change in the daily average mispricing for the near, deferred and
spread. Eaeb of the estimated coefficients for lags 1-3. 5 is significant at
the 5% level where the average misprieing of the near and deferred
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FIGURE 1
Timc-lO'expiration pntttTns in |JVIJ of near nnd dLTcrrcd fLituffs conlriicts.

contract is the dependent variable." Where the average daily mispricing
oF the spread is the dependent variable, none of the estimated coeffi-
cients are significant. However, the F-statisties for each of these three
estimated models are not significant at conventional levels, which is sup-
port for the joint hypothesis that all of the estimated coefficients are near
zero. This is consistent with previous work examining the relationship
between mispricing and time to expiration (e.g., Yadav & Pope, 1990).

Insights as to the nature of the relationship between time to
maturity and the average daily absolute mispricing series may he gained
hy eonsidering a plot of the data which is presented in Figure 1. While
the mispricing of the near and deferred are closely related, they do not
appear to track each other exactly. Further, whiie the mispricing of the
spread is somewhat constant up until the last week prior to expiration, it
inereases notably in the last 5 days of trading. The right-hand side of
Panel B in Table I empirically tests this relationship, and the estimated
results suggest that there is little evidence of a time to maturity pattern
in the average ahsolute value of misprieing for the near and deferred
contracts in the 35 trading days prior to expiration of the near eontraet.

'1(1 a^oid the dumnn variiihlf trap, D^ is Lvvckidcd rri}m ii in uhith case thf syslemalif piiltcrn ior
each variable in (he period oi I 1 K) I S days prior to tniitiiril\ is impimndcd in the constant term.
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This is in contrast Lo previous research that documents a strong and
statistically significant time to expiration pattern in the ahsolute value of
mispricing (e.g., Brailsford & Hodgson, 1997; MacKinlay & Ramaswamy,
1988; Yadav & Pope, 1990). The conflicting findings hetween the current
study and pri()r research is attrihutahle to differences in the research
method. Prior research has typically regressed the level of ahsolute mis-
prieing on a variahle representing the numher of days to maturity using a
sample period extending well heyond 35 trading days prior to
expiration.'" The final column of Panel B in Tahle I reports the estima-
tion results where the time to expiration dummy xariahles are regressed
against the change in the average ahsolute level of spread mispricing.
The coefficient on D, is positive and statistically significant at the O.OS
level, implying that calendar spread mispricing increases significantly in
the S trading days prior to expiration. This is consistent with the first
testahle proposition which predicts that the ahsolute value of calendar
spread mispricing will increase prior to maturity.

It is interesting to consider whether there are time to expiration
patterns in open interest, trading volume, and priee volatility for the
near and deferred contracts. Further, the theorv' discussed in Section 2
also implies that hid ask spreads are likely to narrow as a eontraet
approaches maturity, which provides the motivation for delaying rollover
of contracts until immediately before the near contract expires. To pro-
vide some evidence on this issue, time weighted average hid ask spreads
(see Mclnish & Wood. 1992) are also calculated. Figure 2 presents a plot
of the mean of each of these variahles against the time to maturity of the
near contract. Panel A of Table II presents some summary statistics for
each of these variables and the estimated results of equation (4) applied
to each of these variahles are presented in I'anel B. The theory outlined
in Section 2, suggests that the time to expiration patterns in spread mis-
pricing are driven hy roll-over activity from the near lo deferred contract,
and hence should be associated with a decline in open interest in the
near contract and increase in open interest for the deferred contract.
Consistent with this theory. Panel A of Figure 2 illustrates tbat open
interest for the near contract is relatively stable, and then declines
monotonically as the near contract approaches maturity. Further, the

"Following IVtiicKmlii\ and Jiamaswamy 119SS), llic tlailv avtTuge absolute mispricinfi \v;is rt-grossod
against ihc numluT ol d;iys tn inaliirity aitfr slatkirifj observations related to ibf nt'ar and delerred
contract. Ihc coflfiLifnt un the niimbfr ot days to tnatiirit\ was [>»isili\e and statistically sijinifitanl
at the .(101 level tiinlirniinu that tin- dilTerenci' in reMilK reported in Table I and |)re\ioiiN research
is dri\en bv the method used.



464 Frino and McKenzie

Panel A: Open Interest and Trading Volume
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FIGURE 2
Tinif-to-cxpiralion pjllfrns in trjtliii^ activity, priff vohitility. and hiti-jisk spri'iids.

figure documents a steady increase in the open interest in the deferred
contract, as the near contract approaches maturity.

Panel B ot lable II documents that the coeif'icient on the D, vari-
able is negative and statistically significant for the change in daily open
interest variahle for the near eontract, confirming that open interest in
the near contraet declines significantly in the 5 trading days prior to



Pricing of Stock Index Futures Spreads 465

TABLE II

Tinie-to-Expiration Patterns in Tradhiji Atiix iiy. Price Volatility, and Bid-Ask Spreads

Open Inli'rt'st Volume Volatility Bid Ask Spreads
(contracts) (contracts) (XlOO) (points)

Near Deferred Near Deferred Near Deferred Near Deferred

Punfl A: Descriptive Stiitistics

Mean 91.527 18,875 8,956
Median 90.350 11,717 8,546
std, dev, 20,252 17,167 3,220
N 433 433 433

fi: linie-tii-Expiratioyi Putteriis

809.0
(0,9)

-3802.3'
(3.1)

-1334.3
(1,1)

-262.8
(0.2)

-673.8
(0.5)

421.6
(0.3)

345.7
(0.2)

0.04
2.4'

754.7*
(3.6)

5219.5'
(18.2)

2337.7*
(8,1)

860.5*
(3.0)

-338.9
(1.1)

479.4
(15)

695
(1.5)

0.59

95.3
(0.2)

-438.6
(0.7)

222.3
(0,4)

37
(0.1)

15.3
(0.0)

-291,6
(0,4)

660.8
(0,6)

0.01
0.3

2,808
1,383
3,411

433

108.5
(0.5)

932.3'
(3.2)

530.5
(1.8)

167
(0.5)

-89.9
(0.2)

-67.7
(0.2)

-90.8
(0-1)

0.05
3.19*

1.18
0,99
0.89
433

0.11
(0.7)

-0.09
(0.4)

-0.14
(0.7)
0.17

(0.8)

-0.19
(0.8)

-0.01
(0.0)

-0,12
(0.3)

0.00
0.2

0.89
0.8
0.64
433

-0.01
(0.1)

0.05
(0.4)

0.02
(0.1)
0.01

(0.0)

0.02
(0.1)

0.09
(0.5)

0,03
(0.1)

0,00
0.2

1.2
1,1
0,1

433

0.01
(0.7)

0.01
(0.1)

-0.01
(0.4)

0.03
(1.2)

-0.02
(0.7)

-0.01
(0.0)

-0.05
(1-3)

0.01
0.7

2-2
2.1
0.7

433

-0.1
(1.4)

0,02
(0-1)
0.04

(0.3)
0.04

(0.4)
0.02

(0-1)

-0.03
(0.2)

-0.01
(0,0)

0.00
0.0

Notes, Panel A presents some summary statistics for the daily trading activity, price volatility, and bid-ask spreads. Panel
B present the results of the regression equation IV,-= (IQ + ^ir,D, + f, where V, is open interesi, volume, volatility or bid-ask
spread and 0, is a time-to-expiration dummy variable.
Absolute values of (-statistics in parentheses, "Denotes significance at the 5% level.

maturity. The coefficients on D,, D,, D,. and the eonstant term, are all
positive and signifieant for the change in daily open interest variable for
the deferred contract. Further, while Pane! A of Table II provides some
evidence of a time to expiration pattern in trading volume (D, is positive
and signifieant for the deferred eontract), there is littie evidence of a pal-
tern in price volatility. This is consistent with prior researeh by
Grammatikos and Saunders (1986), which e,\amined time to maturity
patterns in trading volume and price variability for a wide variety of
financial futures traded on the CME. Surprisingly, while bid ask
spreads for the deferred contract appear to decline in Panel B of
f igure 2, Table I suggests that the pattern is not statistieally significant.
In all, these results suggest that the time to e.xpiration patterns in spread
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TABLE III

Relationship Retween Mispricing of Calendar Spreads and Open Interest

Variable

«o
A/n/eresff

Mnterestf

A Volatility

A Volume"

A Volume'^

D,

D,

D,
D5

Ds

D7

adjfl̂
F

N

Model I

AIM;

-0.1204(0.5)

-0.0001 (2.3)*

0.0001 (2.6)'
—

—

—

0.3568 (0.7)

-0.1106 (0.3)

-0.2718(0.8)

0.0570(0.1)

0.3679 (0.9)
0.3539 (0.6)

0.08

3.9*
412

Model 2

A\M\

-0.1510(0.6)

0.0001 (2.3)*

0.0002(2.8)*

10.9228(1.2)

0.0001 (1.0)

-0.0001 (1.4)

0.2296 (0.4)

-0.1559(0.4)

-0.2757(0.8)

0.0768 (0.2)

0.3896 (0.9)
0.3647 (0.6)

0.09
3.3-
412

Notes. The table presents the results of the regression equation:

i lMf l = a;, + ̂ ^Mnteresf; + li.Mnterestf + 13, ̂  Volatility'; + ^
I-1

where A^ is the mispricing ol the calendar spread, Interest"'-"^ is open interest in the near (deferred) contact.
Voiume"^"* is trading volume in the near (deferred) contract and D, is a time-to-expiration dummy variable.
Absolute vaiues of (-statistics in parentheses. "Denotes significance at the 5% level.

mispricing documented in Table I may be influenced by factors related
to open interest and trading volume, but not price volatility or bid ask
spreads.

Table III provides the estimated results from a regression of the
change in the magnitude of spread mispricing on the time to expiration
dummy variables after controlling for changes in open interest (Model 1),
as well as changes in volume and price volatihty (Model 2). Three impor-
tant results emerge from the table. First, the coefficient on the
change in open interest for the near contract {^Interest") is negative and
significant, the coefficient on the change in open interest for the
deferred contract {^Interest,) is positive and significant, and the
F-statistics for both models are all significant at the 0.05 level. Second,
the resuits for Model 1 imply that after controlling for changes in open
interest, the time-to-e.xpiration dummy variables are no longer signifi-
cant, indicating that the time to expiration patterns in mispricing
are explained by the changes in open interest. Finally, the results for
Model 2 indicate that trading volume and price volatility provide little
incremental explanatory' power and are not significantly related to spread
mispricing. These results imply that the increase in the magnitude of
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TABLE IV
Relationship Between Mispricing of Near and Deferred Contracts

AM?

Notes. This table presents the results of the regression equation:

Model I
AM;'

0.004 (0.03)
0.892(61.7)'

—

—

—

—

—

—

0.9
3809.4'

412

Modei 2

—
0.972 (40.3)'

-0.400 (8.8)*
-0.132 (2.7)*
-0.061 (1.4)
-0.027 (0.6)
-0.117 (2.2)*

0,078 (0.9)

0.91
585.4*
412

where M',"'' is the mispricing of the near (deferred) contract and D, is a time to expiry dummy variable.
Absolute values of f-statistics in parentheses/Denotes significance at the 5% level.

spread mispricing as the near contract approaches maturity is related to
the fall in open interest of the near contract and increase in open inter-
est of the deferred contract.

The first model presented in Table IV, provides the results of
regressing the change in mispricing in the near contract (AM") on the
change in mispricing of the deferred contract (A/V];'). The second
model extends the first to also include a number of interactive dummy
variables designed to capture the change in this relationship as the
near contract approaches maturity. Model I indicates that there is a
very strong positive relationship in changes in near contract and
deferred contract mispricing and the equivalent coefficient reported in
Model 2 indicates that the relationship is near unity. Hence an increase
in mispricing of the near contract is associated with a similar increase in
mispricing of the deferred contract. Further, and most importantly, the
coefficients on tbe interactive dummy variables AM;'D, and AiVif D^,
are both negative and significant at the 0.05 level. This implies that the
positive relationship between mispricing of near and deferred contracts
falls significantly in the 10 days prior to maturity, which is evidence in
favor of the second testable proposition. These results also explain why
the increase in the absolute value of mispricing observed in spreads
prior to maturity is not also documented in tbe near and deferred
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contracts separately. These results imply that while mispricing remains
roughly the same in magnitude for the near and deferred contracts as
the near contract approaches expiration, they are more likely to he in
opposite directions, therehy resulting in an increase in misprieing of the
spread.

5. CONCLUSION

This article documents a sharp increase in the magnitude of spread mis-
pricing immediately prior to maturity of the near contract. This mispric-
ing is related to a sharp decline in open interest in the near contract and
an increase in open interest in the deferred contract, after controlling for
other possihie determinants of spread mispricing. Further, while there is
little evidence of an increase in the magnitude of mispricing ol the near
and deferred contracts as the near contract approaches maturity, the
direction of mispricing of the near and deferred contracts are more likely
to he in opposite directions. These findings are consistent with the
hypothesis that traders seeking to roll-over their positions from near to
deferred futures contracts increase the magnitude of spread mispricing
prior to maturity
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