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An analytical relationship between basis change autoeorrelations and thin
trading effects together w ith partial adjustment factors is developed. Less
than lull priee adjustments are demonstrated to lead to negative autoeor-
relations in basis innovation series in addition to those induced by thin
trading eUccts. Numerieal and empirieal analyses explore the interrela-
tionships between ibese elTeets and provide exidence lor the presence ol
hoth effects in intradaily cash and futures data. © 2001 John Wiley ik
Sons. Ine.Jrl Tut Mark 21: 797-818.2001

INTRODUCTION

The mean reversion in stock index futures basis changes has been empir-
ically confirmed in a number of studies (e.g., MacKinlay & Ramasuamy.
1988. in the United States; Yadav & Pope, 1990, in the United
Kingdom). A commonly accepted rationale for this mean reversion has
been arbitrage activities in the stock inde.v futures markets when the
hasis moves out of the no-arbitrage bounds. Miller, Mutbusvvamy. and
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Whaley (1994), however, argued that the mean reversion derives from
statistical artifacts, in the sense that thin trading in the stock market
index can lead to the documented negative autocorrelations.

Miller et al. (1994) analytically demonstrated how thin trading can
induce negative autocorrelations in the hasis change series and then
empirically verified that the negative autocorrelations are reduced in
degree when thin trading is controlled for. However, they did find that
some negative autocorrelations remained in the hasis change time
series.

In this article, we introduce another phenomenon into the price
process, namely, the dynamics of the stock index futures and cash mar-
kets. The interrelationships in a temporal sense between these markets
have been analyzed in a numher of articles (e.g., Kawaller. Koch, &
Koch, 1987; Stoll & Whaley, 1990; Iheohald & Yallup, 1998). The
dynamics have generally been investigated within a lead-lag time series
framework. We introduce the dynamics into the price processes via par-
tial (or speed of) adjustment coefficients, as suggested and analyzed in
Amihud and Mendelson (1987); the equivalence hetween partial adjust-
ment coefficients and the lead-lag relationships mentioned previously is
demonstrated in the next section. The impact of the introduction of
partial adjustment coefficients is, inter alia, the induction of negative
autocorrelations in hasis changes. Numerical and empirical analyses are
conducted that are indicative of the presence of partial adjustment
effects. Because part of the negative autocorrelation is induced hy a phe-
nomenon that can ho exploited hy market participants (i.e., the differen-
tial speeds of adjustment across the cash and futures markets), arbitrage
activities can still he associated with hasis mean reversion. Arhitrage
profits will he proportional to the differences in the partial adjustment
coefficients in the cash and futures markets (see Theobald & Yallup,
1998),

BASIS MEAN-REVERSION ANAEYTICS

The purpose of this section is to analytically demonstrate how the intro-
duction of cash-futures dynamics, in the form of speeds of adjustment
coefficients, impact on the mean reversion in the basis, 1 he equivalence
of the speeds of adjustment approach (Amihud & Mendelson. 1987;
Theobald & Yallup, 1998) to the lead-lag approach to dynamics (Stoll &
Whaley, 1990) is first demonstrated, and then the analytics of basis
mean reversion in the presence of both thin trading and partial adjust-
ments of prices are developed.
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Articulation Between Partial Adjustments
and Lead-Lag Specifications

The lead-lag relationship between cash and futures markets is generally
investigated within a time series regression framework with leading and
lagged regressor variables (e.g., Kawaller et al., 1987; Stoll & Whaley,
1990). Perhaps the simplest specification would be a regression of the
form

R { s , t ) = a + h R { f , t ) + c R ( f , t ~ ]) + u{t) {])

where H{s, t) [R{f, t)] is the observed (i.e., potentially non-fully adjust-
ing) return on the cash (futures) market and n{t) is the stochastic distur-
bance term. Then, if the cash market prices only partially adjust to infor-
mation,' with a partial adjustment of ;J (to be defined in the next section;
essentially, p ^ 1 for full adjustment and p < I for less than full adjust-
ment), the ordinary least-squares estimators of model coefficients can be
shown to be given by

= p cov[R'(.s, 0 , H(/, 0]{var[R(/, 0 ] } " ' (2a)

= p{] - p) cov[R'(s, 0 , R(/, f)]{var[R(/, / ) ]}" ' (2b)

where cov and var are the covariance and variance operators, respectively,
and R'(.s, () is the fully adjusting cash market return. Clearly, when p ^ I,
corresponding to full adjustment, c = 0. However, when p < 1, that is,
when adjustment is less than full, c ^ 0, and the inference would be that
the fully adjusting futures market leads the partially adjusting cash
market.

Price Series IVIodeling

The stock index series is assumed to incorporate both partial adjustment
and infrequent trading effects. Ihe partial adjustment of the series is
defined by the following Formulation:

S(0 - S{t - l) = p{V(t) - S{t ~ I)} (3)

where V(() is the full information index level in period t, S{t) is the par-
tially adjusting index level (without any infrequent trading effects), and p
is the partial adjustment coefficient defined over the range" 0 < p < 2

' I t i s a s s u m e d for a n a l y t i c a l s i m p l i c i t y th^it i h c i i m r f l i t jui i l l u t i i r c s mijrkt- t IL I IK a d j u s i s in i h i s

e x p o s i t i o n .

" l o e n s u r e t h a t i h f Mock i n d e x p r o c f s s d o c s not l u - i n m c e x p l o s i v e .
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(when p — 1, the index series fully adjusts, whereas when p < !, the
index series only partially adjusts). The formulation at Equation 3 is sim-
ilar to the Amihud and Mendelson (1987) specification. However, a
noise-spread variable is not included because the bid-ask effects are
largely canceled out in wbat is, effectively, a large portfolio^ (Miller et al.,
1994, made a similar assumption in their work).

Defining5(0 - S(t) - S{t - I), v(f) = V{t) - V{t - 1), and s(o, t) as
the observed innovation series, which are subject to both less than full
adjustment and infrequent trading problems,"* following Miller et al.
(1994), we have

s-(o, 0 - 0 . s ( o , i - 1) + (1 -0)s{t) (4)

where 0 is the thin trading parameter defined for the range 0 < 0 < 1.
As 0 approaches 0. the trading approaches the continuous, whereas as 0
approaches I, the trading approaches the discontinuous. Combining
Equations 3 and 4 yields

s(o, 0 - p ( l - 0 ) i'(() + (1 - p + 0)s{o,t - 1)

- 0 ( 1 - p)s(o,t - 2) (5)

Equation 5 can be alternatively expressed in terms of lag operators (L) as

s{o,t) = (I - 0 ) ( l - 0 L ) - ' 1 I - {1 - p ) L ] " ' p i ' ( O (6)

The partial adjustment process for the futures series can be similarly
defined as

Fit) - F(( - 1) =q[Z{t) - f(t - 1)] (7)

where F{t) is the partially adjusting futures price with no noise-spread
effects'' (a spread variable is introduced in Equation 8), Z(() is the fully
adjusting futures price, and q is the partial adjustment coefficient, again
defined within the range {0, 2}. Defining f{i) = F{t) - F(t - 1) and z{t)
= Z(f) — Z(( — 1) and introducing a spread variable 6 (see Miller et al..
1994; Roll, 1984) defined within the range {-1, 0}, we have

f(o,t) =f(t) +6 fit- 1) (8)

M urlhcrmiirc, \\c define model t in terms of prices tu correspond wiih Milk-r fl LII."S (1994} analy-
sis rather than in terms of logs of prices, as used in Amihud and MtMulelsnn (I9H7).
•"As in Amihud and Mendelson (1987), V{t) is assumed to follow a random walk with drift.
''Although spread eflccts are avt-ragcd or diversified away in a portfolio or index, they will be present
in a sin^lf security such as a futures conlratt. I'hin trading will not be u problem in highly liquid
futures markets. I he modeling ol the lutures (and index) series spocilically fnlJnus Miller cl al.'s
(1994) with the addition ofparlial atljustmenls in both markets.
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where/(o, () is the ohserved futures series suhjeet to spread and partial
adjustment effects. Comhining Equations 7 and 8 yields

/(o, 0 - qz{t) + eqzd - 1) + (I - ci)f{o,t - 1) (9)

or, in terms of lag operators,

/(o, f) = (1 + ^/.) |] - (I - ii)L]-^ qz{t) (10)

when p ^ 1 and cj ̂  I, the expressions at Equations 6 and 10 eorre-
spond to those used in Miller et al. (1994).

Futures-Variance/Index-Variance Ratio

In their Proposition 1, Miller et al. (1994) proved that the ratio of the
variance of ohserved futures price changes to the variance of ohserved
index changes, R(o), is greater than 1 when innovations in the true
futures and index series are equal. In Miller et al., R(o) is calculated as

We can compute the variance of the observed index innovation
series with hoth thin trading and partial adjustment effects as

( p 1 - 0
var[s(o, 0] = [Y^— ' T T 0

by applying the variance operator lo Equation 6 and rearranging and
summing the geometric progression. When p < I (ie., with less than full
adjustment), the observed variance will be pushed further downward rel-
ative to the downward bias induced by infrequent trading.

Similarly, applying tbe variance operator to Equation 10, we can
derive the variance of the ohserved futures price changes as

var[/(o,t)] - — ^ -(1 + e-) var[2(0] (12)
2 - cf

Again, the variance is hiased downward when adjustments are less than
full. The first proposition in Miller et al. (1994) can then be extended as
Proposition I.

Proposition 1

If the bid-ask spread in the futures market is economieally significant
(6 < 0), if the stocks within the index portfolio trade infrequently



802 Theobald and Yallup

(0 > 0), if the index speed of adjustment is less than the futures speed
of adjustment'' (cj > p), and if the true innovations of the futures and
index have the same variance {var[z(O] = var[i'(O]}. the variance ratio of
observed futures price changes to observed index level changes is greater
than 1.

Proof of Proposition 1: For 0 > 0 and q > p,

^ ,> ^ v a r [ / ( o , t ) ] ^ {2~q) ^ ^

var[.s(o, ( ) ] ( r ) (1 - 0 )
(2 - q) [I + 0 )

When the futures market adjusts more fully than the index, the vari-
ance ratio R(o). becomes larger than for infrequent trading-spread effects
alone. When p — (j (i.e., there is no differential speed of adjustment
between the cash and futures markets), R{o) depends on -{0, 6*} only.

Autocorrelations in Basis Changes

Miller et al. (1994) demonstrated that the negative first-order autocorre-
lation that has been observed in basis change time series can be induced
by infrequent trading and spread effects. In this section, less than full
adjustments in futures and index innovation series are analytically
demonstrated to further impact on first-order autocorrelations.

The first-order autocorrelation coefficient for observed basis changes
is contained in Miller et al.'s (1994) Proposition 2. In the presence of less
than full partial adjustments, this proposition becomes the following.

Proposition 2

The first-order autocorrelation of observed basis changes in terms of true
underlying parameters is

(14)

var[v(f)] + — ^ (I + d-) var[::(t)] - 2e
2-p \ +0} ' ' " 2-q

Ibis is likely to be tbe case lorlhc more litjuid futures contriict; I'bcobald and Yallup (1998), using
Kingdom stock index fiitiirt's tlala, pro\idfd some empirical support lor tbis rfliitiimship.
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\vhere

a - ^-(I - q + B) var[z(O]j 1 +

= pqi\ - 0) c o v [ i ' ( 0 , z[t)\

X
q)

1 - 0 ( 1 - 6 ]

A - p q ( l - 0)eov

- (1 -q)0

1 -

I - (I q)\

1 - w + 0 )

0(1 -
1 -

(1 -p)H\

and

e - -0)

0) var[r(()l
I -

- p + 0 )

(I -
+

1 - q + 0)(1 - p + 0 )

1 - 0 { l -q)

(1 -p)H\ -q)i\ -

1 - 0 ( 1 - - (I - p)i\ -
cov[z(0,i '(0]

The outline of the derivation of Equation 14 is contained in the appen-
dix. As anticipated, Equation 14 reduces to the expression for the first-
order autocorrelation in Miller et al. (1994) when p — q= 1. In the
ahsence of spread effects iB = 0), infrequent trading effects ( 0 — 0).
and full adjustments in hoth futures and cash markets ip — q — I), the
first-order autocorrelation in hasis changes will he 0.

Equation 14 is a somewhat complicated formulation: however,
insights into its properties can he gleaned if we make strong assumptions
regarding futures and cash markets. If, as in Miller et al. (1994), the vari-
ances of the true innovations in hoth series are assumed to he equal to
{var[2(t)] — var|i'(O]} and to he perfectly and positively correlated,
insights into the nature of Equation 14 can he developed. In the presence
of partial adjustments in the cash market onK (i.e., p i^ \,q — 1) and with
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an absence of spread effects assumed (i.e., }, the corresponding ver-
sion of Miller et al.'s (1994) Proposition 3 can be developed as follows.

Proposition 3

If the bid-ask spread in the futures market is economically insignificant
{9 = 0), if the futures market fully adjusts (^ — 1), if the stocks within
the index portfolio trade infrequently ( 0 > 0), if the index prices do not
fully adjust (p ^ 1), and if the innovations of the true futures and the true
index have the same variance {var[2(f)] = varfv(()]} and are perfectly posi-
tively correlated, the first-order correlation of observed basis changes is

-p{\ - 0 ) ( l - p + 0 ) 1 - ; . ( I - 0 ) X

15)

The relationship between the first-order correlation of the basis and the
infrequent trading and speeds of adjustment parameters is graphically
presented in Figure I and is discussed in the Numerical Analyses section.

The expression at Equation 15 ean be further simplified if we
assume that there is no infrequent trading in index stocks (i.e., 0 — 0).
This then leads to a modified Proposition 3.

Proposition 3'

If the same conditions in Proposition 3 are assumed to hold and, addi-
tionally, the stocks in the index trade continuously ( 0 — 0), the first-
order autocorrelation of observed basis changes is

1

[1

+ p

(1

1

2 -

- p

V

^] -p
2

- 2

= 0 for p = 1 and p = 0
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Observed Basis
Autocorrelation

FIGURE 1
Equation I 5; Observed basis autocorreUitiun v\iiun imk'X stocks traclt' intrcqucnlly and index

stock prices do not fully adjust Ui new intormalion.

Equation 16 clearly demonstrates that when the stock index does not
fully adjust, the observed basis will be negatively autocorrelated at lag I
for speeds of adjustment less than 1. Eigure 1 demonstrates that with
0 — 0, the degree of first-order basis autocorrelation becomes more
negative as p increases; intuitively, when p = 0, there will be no adjust-
ment and, hence, zero autocorrelation. Autocorrelation then becomes
more negative until adjustment beeomes full (i.e.. p = \). Altbotigh the
partial adjustment factor, p, in our analysis plays a role similar to that of
the infrequent trading variahle, 0 , in Miller et al.'s (1994) analysis in
this very simple scenario, in the more complex settings, at Equations 14.
15, and 17 (shown later), the two effects do not jointly enter into the
analytics in a simple and symmetrical manner.

I he analysis can be extended to the case where innovations in the
index and the futures contract are not perfectly and positively correlated
and do not have the same variance. This would be the case if, for exam-
ple, the stoek index pays uncertain amounts of dividends before the
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futures expire or the interest rate is stochastic. Proposition 4 can then be
developed as follows.

Proposition 4

If the bid-ask spread in the futures tnarket is economically insignificant
{6 — 0), if the futures market fully adjusts {i.e., q = 1), if the stocks
within the index portfolio trade infrequently ( 0 > 0), and if the index
prices do not fully adjust (i.e., p i^ ]) the first-order autocorrelation of
ohserved basis changes is

-p{\ - 0 ) (1 - p + 0 ) X

(1 - p ) ^ ( l + 0') (1f 1 /

(2 -

where p is the contemporaneous correlation between innovations in the
index and futures contract and R is the ratio of the standard deviations of
the true innovations of the futures contract to those of the index.

The expression at Equation 17 can be further simplified if we
assutne that there is no infrequent trading in index stocks (i.e., 0 — 0).
This leads to a modified Proposition 4.

Proposition 4'

If the same conditions in Proposition 4 are assumed to hold and, addi-
tionally, the stocks in the index trade continuously ( 0 ^ 0), (he first-
order autocorrelation of observed basis changes is

\U( , ^ I F ( l - P ) [ * - { 2 - p ) R p \

p + (2 - p){R~ - 2pRp)

The numerator of Equation 18 is negative forO < p < 1 if Rp > (2 — p)~'.
The relationship between basis autocorrelations, the ratio of the standard
deviations of the true innovations in the futures contract to those in the
index and the contemporaneous correlation between index and futures
innovations, is graphically presented in Figure 2 fora speed of adjustment
of 0.9. This diagram is discussed in the Numerical Analyses section. With
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Observed Basis
Autocorrelation

FIGURE 2
LqLiation IS: Ohsentd hasis aiilocorrekition ulit-n index prices do not ILIIK ;idjiist (p - 0.9).

the denominator, a variance that will he strictly positive, basis changes will
again be negatively autocorrelated" when Rp > i2 - p ) " ' .

Effectively, within this framework negative first-order autocorrela-
tions arc introduced into the basis change series hy at least two factors:
(a) thin trading in the stock index and (h) partial adjustments in the
stock index (where futures contracts are mispriced relative to the cost of
carry model, the reversion toward the cost of carry price will be a further
cause of negative autocorrelation; see Figlewski. 1984). Controlling for
one of these factors only, as Miller etal . (1994), who controlled for infre-
quent trading only, will not completely remove negative autocorrelations.

Thin trading in the index derives from a measurement error or sta-
tistical prohlem, and as such, mean reversion deriving from thin trading

With full iidjustmcnt (i.e.. p = \) ;tnd iiilVequcni inidinj; (i.e., 0 > o). thf corrrspimding condi-
tion is

Rp > (1 (1 +0)
1 - 0 ^
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will not be e.xploitahle as argued by Miller et al. (1994). However, the
negative autocorrelations induced by lags in adjustment toward intrinsic
values will he exploitable. That is, if the futures market speed of adjust-
ment is greater than that of the cash market (i.e., q > p), when signifi-
cant positive (negative) innovations are incorporated into the futures
price, the delay in the cash market price reaction may be exploited with
the positive (negative) futures price movement as a signal to go long
(short) in the cash market. (Stoll & Whaley, 1990. made a similar argu-
ment). Theobald and Yallup (1998) indicated that the incremental arbi-
trage potential deriving from this effect is approximately equal to qzit) —
pv{t). For example, when the futures market fully adjusts and the cash
market completely fails to adjust toward intrinsic values (i.e., t/ = \,p =
0), the exploitable arbitrage potential will approximate the innovation in
the futures market. z(t) (Theohald & Yallup, 1997, also demonstrated the
differential impacts of thin trading and speeds of adjustment on the esti-
mation of minimum-variance futures hedging ratios).

NUMERICAL ANALYSES

The analytics developed In the Basis Mean-Reversion Analytics section
indicated that when the speeds of adjustment were complete in the cash
and futures markets (i.e., p ^ q ^ D, the autocorrelation results were
identical to those of Miller et al. (1994). At the extremes of completely dis-
eontinuous trading (i.e., 0 = 1 ) and no adjustment toward intrinsic val-
ues (i.e., p = 0), basis change autocorrelations will be 0. The approaches
toward these limits are clearly visihie in Figure 1, where Equation 1 5 is
plotted in three dimensions as p,[fo(o, t)] against 0 and p. The surface
edge corresponding to 0 ^ 0 (i.e., continuous trading) demonstrates the
results derived from Equation 16; that is, P|[f7(o,/)] = -p/2U)Tp ^ {1.0}.
This result demonstrates an important feature ofthe impact of partial
adjustments on basis change mean reversion. That is, sluggish speeds ol
adjustment bave their greatest impacts when adjustments are close to, but
not, complete.^ This result is important hecause in close-to-efficient mar-
kets, the partial adjustment factor is not likely to he far from I.

Figure 2 presents a plot of pJ/H", 0] against p and R for a partial
adjustment factor of 0.9 in the stock index (this plot corresponds to

''Miller fl 111. ([^94) similiirly rcporlcd For the case of infrequent trading that "moan reversion
heciimes j;reati.T ;is ihf frci|iiency olsUiek m;irket Iradinf; increasfs" (p. 449).
"Iheoliiiid anti "laliiip ( l')'»Kl loLincI thai parlial adjustment factors for the U.K. h'TSE 100 stoek
market index were Upically greater thim 0.9 at the daily dilTereneiiig le\el (when correeted for thin
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TABLE I

Abstract of Simulated Values of {p, 0 , p, R} Generating p^\h{o, t)] = - .369

Partial Adjustment (p) Infrequent Trading (0) Correlation (p) Variance Ratio (R)

1.000 0.26 1.000 1.000
0 900 0.00 0.998 1,020
0-800 0.10 1,000 1.179
0.800 0.20 0,986 0.973

Figure 3 in Miller ct al.. 1994). that is. the space corresponding to
Equation 18. As in Miller et al., negative autocorrelations only occur in
the regions where p = 1 and /? > 1.

Further numerical analyses of the plausibility oC the analytical
results arc provided hy a simulation across values of {p,0,p, R} in
Equation 17 to generate the first-order autocorrelations of hasie changes
estimated in Miller et al, (1994) for the whole data set (sec Miller et ah,
Table V, first row). An abstract of these results is contained in Table I, As
can be seen, with complete adjustment {p = 1), perfect correlations [p -
1), and homoskedasticity (R ^ I), the degree of infrequent trading
should be 0.26 (i,e,, 26% of the index should be infrequently traded).
Plausible combinations of {p, 0 , p, R} exist, as evidenced by Table I,
which generate the observed autocorrelation. Miller et al. (1994) found
that after correction for infrequent trading. p\\b(o, t)\ declined to - .252.
Simulating across {p, p^, R}, with 0 ^ 0 again generates phiusible values
consistent with this autocorrelation. \-OT example, when p = 0.9, p =
0.991, and R - 1.069. p^\h{o, t)\ estimated from Equation 17 is - .252 .
In summary, the incorporation of partial adjustment factors with reason-
able values for the stock market index generates basis change autocorre-
lations of the order empirically estimated by Miller et al, (1994),

EMPIRICAL ANALYSES

The speeds of adjustment and thin trading effects are further analyzed
with intradaily, high-frequency data for the Financial Times Stock
Exchange (FTSE)-IOO stock index futures contracts and the FTSF-IOO
stock market index for January 28, 1999 to December 3, 1999. The data
set comprised 215 days of data and provided 19.738 observations at 5-
min intervals, 6,442 observations at I 5-niin intervals, 3,1 13 observations
at 30-min intervals, and 1.556 observations at 60-min intervals.
Summary statistics for the intradaily data are contained in Table II. As
can be seen, the basis change exhibited mean reversion at each of these
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TABLE II
Intradaily Data Summary Statistics

Differencing Interval

Slutistic 5 min /5 min ^0 min 60 miii

Basis change autocorrelation -0.32B8 -0.3858 -0.315 -0.2229
Fulures-cash variance ratio 1.1872 1.0806 1.0264 0.9924
Futures change autocorrelafion -0.0098 0.0126 -0.0142 -0.0452
Cash change autocorrelation 0.0841 0.0441 0-014 -0.04767
Futures-cash change autocorrelation 0.4906 0.7491 0.8704 0.9183

differencing intervals manifested by negative autocorrelations for each of
the intradaily differencing intervals. The magnitude of the negative basis
change autocorrelation declined with intervalling as anticipated because,
on a priori grounds, thin trading and speed-of-adjustment effects will be
reduced as the differencing inter\'al is increased. The futures-cash vari-
ance ratio was greater than I for differencing intervals up to and includ-
ing 30 min.

I h e presence of differential speeds of adjustment in relation to thin
trading effects was effectively already investigated for U.S. stock index
futures intradaily data by Stoll and Whaley (1990). That is, after the
cash market return series was purged for thin trading effects with the
residuals from an Autoregressive Moving Average (ARi\lA)(2,3) model,
statistically significant lead-lag relationships between the cash and
futures markets were still found to be present by Stoll and Whaley with-
in the context of econometric specifications based on Equation I.

The Stoll and Whaley (1990) type of analysis was extended to the
sample of U.K. intradaily cash and futures data, and the estimated coef-
ficients for Liquation I are contained in Table III. The cash return series
were purged of thin trading effects with the ARMA(2,3) specification
used in Stoll and Whaley and with an ARMA(I,O) specification (which
was generally found to be the best specification for the U.K. sample data
with the Akaike Information Criterion). The results for the two y\RMA
specifications were very similar, and so that the table may be reported in
a parsimonious fashion, only the results for the ARMA(2,3) specification
are reported.

As can be seen in Table 111, the coefficients on the lagged futures
return variable (coefficient c) are positive and always statistically signifi-
cantly different from 0 at tbe 1% level for the unadjusted cash data.
However, the futures may lead the cash market because of thin trading
effects in the cash variable and/or higher speeds of adjustment in the
futures market. Purging the cash market of thin trading effects with the
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TABLE III
Coefficient Estimates for Equation ! R{s. I) = u hR(ft) + cH{f,t - I) + u{t)

Ri'liini Ifiten'ut

5 mJn
5 min

15 min
15 min
30 min
30 min
60 min
60mJn

Ctis/( Reiunis

No adjustment
ARMA(2,3) residuals
No adjustment
ARMA(2,3) residuals
No adjustment
ARMA{2,3) residuals
No adjustment
ARMA(2,3) residuals

a

0.0000
0 0004

-0.0009
0.0020

-0,0032
0 0032
0.0061
0.0067

Coefficients

h

0.4534'
0-4522'
0-7189'
0.7180'
0-8626'
0.8606*
0.9266*
0.9218'

c

0.3717'
0.3384*
0.2048'
0.1728'
0.0859"
0.0739*
0.0335*
0.0782*

R-'

40.4%
37-5%
60-7%
59-4%
76-7%
76.3%
84.6%
84.4%

'Slatistically significantly different from 0 al Ihe 1% level.

ARMA(2,3) residuals wi!l control for the thin trading effect, and any sta-
tistically significunt coefficients on the lagged futures variahle may he
ascrihed to differential speeds of adjustments as hetween the cash and
futures markets. The results reported in Tahle IM indicate that purging
the cash return variahle of thin trading effects does not remove the sta-
tistical signiiicance ofthe lagged futures return variahle coefficient, and
as such, the futures market leads the cash market in this situation
because ol phenomena other than thin trading, such as differential
speeds of adjustment. As anticipated, the magnitude of the lagged
futures coefficient is lower for the adjusted series (i.e., one source ofthe
leading effect has heen removed), and the coefficients decline with intcr-
valling (i.e., differential speeds of adjustment decline with intervailing),
apart from the ARMA-purged 60-min cash return case.

The articulation hetween thin trading and adjustment effects was
investigated with daily data for the FTSE-100 futures and cash markets
hy Iheohald and Yallup (1998), who found that the results were depend-
ent on the model structures or estimators used. With the covariance
ratio estimator adjusted for thin trading that was developed in that arti-
cle, it was found at the daily level that although statistically significant
thin trading effects were present (around 77% of the index return corre-
sponded to the period end), speeds of adjustment were not statistically
signifieantly different from 1.'" However, purging the data of thin trading
effects with the ARMA(2,.:i) model suggested hy Stoll and Whaley (1990)

I h o spL'L'ds ol inljiislmt'nt t'stiiii;ilfs VMTC I|IMIC unsliiMe. rclloclin;; llic liitl llml ihv i«i\;iri;inc('
ralid fstiniiitor contiiiiicil covariantcs vcn.' close Io 0 in l)oih ihf numiTator and <k-nominator vvhfii
adjusted i'or ihin Iradiny.
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and with the covariance ratio estimator unadjusted for thin trading
effects led to speeds of adjustment that were statistically significantly
different from I (e-\cept when the 1987 crash data were excluded),

Ihe aforementioned analysis is extended in this article to the esti-
mation of intradaily speeds ol adjustment for the U.K. eash and futures
markets with the estimators developed hy Theohald and Yallup (1998).
The estimator for the speed of adjustment in the cash market is given hy

l-p = cov[R(/, i - I), H(s, 01 {cov[R(/, 0 , Ris, 0 ] } " ' (19)

and the estimator for the futures market is

1 - ^ - cov[R(/, 0 . R{s, t - \)] {cov[R(/, 0 , Ris, t ) ] ) - ' (20)

Because the estimators at Equations 19 and 20 may he viewed as instru-
mental variable estimators, the sampling distribution of the estimators is
readily available (see Theobald & Yallup, 1998). The cash market speed
of adjustment was estimated with hoth unadjusted cash return data and
the ARMA( 1,0) residuals of the cash return series.

The estimated speeds of adjustment are contained in Table IV. As
anticipated, the estimates increase with intervailing (see the appendix of
Theobald & Yallup, 1998, for an analytical demonstration of this proper-
ty) for hoth cash return series and lor the futures return series from the
15-min differencing inter\al onward.

The estimated speeds of adjustment are always very close to I for all
differencing intervals in the case of the futures contract. Indeed, although
the futures speeds of adjustment are statistically significantly different
from I at the I 5- and 6()-min differeneing intervals, the magnitude oi
the absolute departure from fufi adjustment is never economically signifi-
cantly large, particularly when compared with the cash market adjustment
speeds. The speeds of adjustment for the cash market are always lower

TABLE IV
tistimated Speeds of Adjustment

Cash Market Speed oj Aiijiistment

Relttnt Interval Unadjusted ARMA(2,^} Residuals Futures Market Speed of AdjustnieiU

0.9893
0.9625'
0.9919
1.0530

5 min
15 min
30 min
60 min

0.1832'
0.7048'
0.9158'
1.0097

0.2674'
0.7488*
0.9303*
0.9613

'Statistically significantly different from 1 at ttie 1% level.
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than in the iutures market, regardless of the return interval and return
definition used. When the cash returns are purged of thin trading effects,
the speed of adjustment increases, as anticipated, for the 5-. 1 5-, and 30-
min differencing intervals, although the speeds of adjustment are always
statistically significantly different from I and. for the 5-min and 1 5-min
intervals, the departures from full adjustment are economically signifi-
cant (indicating strong arbitrage potential at these differencing intervals).
At the 60-min interval, the cash speed of adjustment is not statistically sig-
nificantly different from 1 for hoth adjusted and unadjusted return series.

The impacts of the estimated speeds of adjustment were always to
scale upward the futures-cash variance ratio developed in Equation 13 rel-
ative to the ratio developed in Miller et al. (1994) hecause the futures mar-
ket adjusted more fully than the cash market. IJecausc the estimated specd-
of-adjustment coefficient of the cash market Is less than I for all
differencing intervals, this lack of Full adjustment will contrihutc to the
negative basis change autocorrelations as indicated by the analytics devel-
oped in the Basis Mean-Reversion Analytics section. For example, the con-
dition for a negative hasis change autocorrelation to occur in the absence of
thin trading and spread effects as developed in Proposition 3' (and defined
in Equation 16) requires that the cash speed-of-adjustment coefficient {p)
be contained in the range 0 < p < I. a condition that is fulfilled for all the
cash differencing intervals. However, because the cash speed of adjustment
is not statistically significantly different from I at the 60-min differencing
interval, the cash market adjustment speed will not make a statistically sig-
nificant contribution to the negative basis change autocorrelation in this
case. The speed of adjustment in the futures market is statistically signifi-
cantly greater than I (i.e.. the futures market overreacts) at this differenc-
ing interval, however. The condition fora negative basis change autocorre-
lation without spread and thin trading effects (i.e.,0 — 0 and 0 — 0) in the
presence of full adjustment in the cash market (i.e.. p ^ I) is that the
futures speed of adjustment, q, should be less than 1. Thus, at this differ-
encing interval, the statistically significant overreaction in the futures mar-
ket will lead to a reduction in the magnitude of the negative autocorrelation
in the basis change variable, and as can be seen in Table II. the magnitude
of the autocorrelation is at its minimum for this differencing interval.

The mean reversion that is present within the basis does derive from
the actual characteristics of these markets rather than statistical arti-
facts, as argued by Miller et al. (1994). The predictability associated with
basis mean reversion is then exploitable, and because the arbitrage
potential is proportional to the differences between cash and futures
market speeds of adjustments, these opportunities will be greatest at the
shorter differencing intervals of 5 and I S min.
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The arbitrage potential was evaluated with a simple trading rule that
employed significant movements in the futures market as lead indicators
of cash market movements. The highest and lowest 5% of futures price
movements over S- and 15-min intervals were identified, and the subse-
quent returns to long cash and long-cash/short-futurcs strategies deter-
mined. The results contained in Table V indicate that arbitrage potential
did exist but only when the trading rule was implemented immediately
(i.e., with a 0 lag after significant futures movement). Returns v\ere

Ri^din) Interi'al
inuii)

Patiel A: Top 5

5
10
15
30
60

5
10
15
30
60

5
10
15
30
60

Cash Purchase
Lag (iitin)

TABLE
Trading Rule

V
Returns

Cash Returns (%)

S-lit ill / S-niin
Futures Signal Futures Signal

9r of futures Returns over S- and

0
0
0
0
0
5
5
5
5
5

10
10
10
10
10

Panel B: Bottom 5% of Future:
5

10
15
30
60

5
10
15
30
60

CJ
l

10
15
30
60

0
0
0
0
0
5
5
5
5
5

10
10
10
10
10

0,08967*
0,09874*
0,10194*
0,11544*
0,10577*
0,00833
0.01151
0.01658
0.02301
0,01515
0,00305
0.00759
0.01340
0-00938
0-00398

i Reiitms over S-
-0.09230*
-0-09971'
-0.10733*
-0,11680*

0,11840*
0,00678

-0,01396
-0,01721

0,02636
0,02146
0,00751

-0,01034
-0,00824
-0,01829
-0,01877

I '•y-min

0-05626'
0,06080*
0-06771*
0,06109*
0.03915
0,00434
0,01094
0,01824
0,00099

-0.01001
0,00626
0,01355
0,01182

-0,00691
-0,00720

and I ^-luin

-0,06142'
-0,06112*
-0-06437*
-0-07676'
-0-07953*

0-00037
-0-00280

0-00400
-0,01567
-0-01264
-0,00382
-0,00480
-0.01361
-0,01236
-0-01275

Cash-Futures

S- i i / i i i

Futures Signal

0.09707*
0,10642*
0,10896'
0,10864*
0,10574*
0.00905
0,01196
0,00961*
0,01306*
0.01425
0-00220
0,00013
0-00099
0.00013
0-00139

Intervals
-0,09621*

0,09798*
-0,10429*
-0,11117*
-0,11026'

0,00064
-0,00504
-0,00791
-0,00556
-0,01055
-0,00451

0.00451
0,00414

-0.00753
-0.00971

Returns (%)

fi-miit
Futures Signal

0.07037*
0,07308*
0,07512*
0,07346*
0,08082*
0,00264
0,00447
0,00804
0,00647
0,00330
0,00163
0.00593
0-00750
0-00372
0-00092

-0,06931'
-0.06658'
-0.07000'

0,07059*
0,07685*
0,00411
0,00164
0.00242
0,00056
0,00334
0,00104
0,00104

-0,00413
0,00304

-0,00983

*Statislically significantly positive (Panel A) or negative (Panel B) returns at the 1 % level-
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larger when 5-min futures changes were used as the trading signal con-
sistent with the more sluggish cash market speeds of adjustment at this
differencing interval. A significant proportion of the strategy return
occurred in the first 5 min of the strategy. Again, this is consistent with a
speed-of-adjustment interpretation hecause the cash return that
derives from a large futures price change (A) occurring i periods
later will he p{\ - p)'A and this return component will dechne with
increasing i when 0<p< I. Of course, the subsequent return
earned hy this strategy could also derive from thin trading effects and
speed-of-adjustment effects. With the analytical structure developed in
Theohald and Yallup (1998), we found that at the 5- (1 5-) min differenc-
ing interval, 92% (95%) of the index return corresponds to the period
end. proportions that are much more comparable than the eash market
speeds of adjustment at these differencing inter\als (0.2674 and 0.7488,
respectively). Effectively, the relatively large ehanges in returns that
occur when one moves from strategies that employ a S-min futures
movement to a 15-min movement as a trading signal cannot he wholly
explained hy the relatively small change in thin trading.

The results reported in this section provide empirical support for
the underlying rationale of the analytics that were reported in the Basis
Mean-Reversion Analytics section; that is, differential speeds of adjust-
ment will occur across the futures and cash markets, with the former,
more liquid market having the higher speed of adjustment, particularly
at the shorter differeticing intervals.

CONCLUSIONS

The incremental impaets of partial adjustments on the negative autocor-
relations (mean reversion) in stoek index futures hasis changes were
analytically demonstrated. Adjusting for infrequent trading effects alone
will nol remove the negative autocorrelations in basis changes.
Numerical analyses with reasonable parameter values support the plau-
sibility of this argument. Empirical evidence that provided support for
the notion that differential speed-of-adjustment effects were present in
addition to thin trading impacts was generated with a sample of U.K.
intradaily data. The differentials were particularly apparent at the short-
er diflerencing intervals (i.e., less than I 5 min) where the negative auto-
correlations were at their highest levels. Although the negative autocor-
relations manifested hy infrequent trading are not exploitable, the
partial adjustment-induced autocorrelations can be exploitable by mar-
ket participants.
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APPENDIX

If the change in the observed basis is defined as b{o, t), the first-order

autocorrelation in the observed hasis change series, p^[b{o, t)]y is

.,^ . . i:ov{bio,t),b{o,t - I ) ]

var[»(o,()J

with stationarity assumed.

The denominator at Equation AI is

var[b(o, 01 = var[/(o, ()] + var[s(o, 01 - 2 eov[/(o, /) , s{o, t)\ (A2)

The first two terms at Equation A2 have heen already derived from

Equations I I and i2 . With Equations 6 and 10, we obtain

c o v [ / ( o , 0 . i'(o< t ) \

q{\ + dL){\ - ( 1 - g ) L ) - ' 2 ( 0 ,

- 0 ) ( 1 - 0 L ) - ' ( 1 - ( 1 - p ) L ) - ' v ( t ) ] ( A 3 )

1 - 0 ) c o v [ { ( l + 0 L ) ( \ + {] - q ) L + {\ - q ) - L - + • • • ) } z ( t ) ,

{ ( I + 0 L + 0 - L - + • • • ) ( ! + [ \ - p ) L + • • • ) v i t ) } ] (A4)

With some rearrangement and summation of geometric progressions

yields, when lagged crosscovariances hetween true futures and index

changes are assumed to he 0,

cov[/(o, 1), sip, t)]

(1 - ^ + ^)(1 -p + 0)

^ 1 -0(1 - q)

I - ^ ) ( i - q + e)

- pq{\ - 0)< 1 +

(1 - 0 ( 1 - ^/) 111 - (I - p)(\ - q)\

The numerator at Equation AI can be expressed, with Equations 6 and

10, as

cov[/(o, 0 - .s(o, ( ) , / (o , ( - 1) - sip, ( - 1 )]

= cov[g(l + 0 L ) ( 1 - (1 -q)L)-' z{t)

-p{\ - 0 ) ( 1 - 0 L ) - ' (I - (I - p ) L ) ' v ( / } ,

q { \ + 0 L ) { \ - ( 1 - q ) L ) - ' z i t - I )

- 0 ) 1 1 - 0 i ) - ' (1 - (i - p ) L ) - ' r ( ( - D] (A6)
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Equation A6 can be expanded and decomposed into four terms (if non-
contemporaneous crosscovariances between true futures and index price
changes are assumed to be 0):

cov[/(o, () - .s(o. 0 , / ( o , ( - I ) - s{a, t - \

- ^ - v a r [ z ( O J { ( l -ci + 6) + {] - ^ ) ( l ~

+ (1 -q)H\ - q + eV-+ • • •}

- pq{\ - 0 ) cov[r ( / ) .z ( i ) |{ ( l - q + B)

+ ( I - q){\ - q + e){\ - ^ + 0 ) + • •

0 ) -

+ 0- | + • • -}

Evaluating each ot" the lour terms in turn yields

co\[h{o,t)J)[o,t - I ) ]

(A7)

q{2 - q)

-pq{\ - e)i:ox[v(t),z{t)\
I -q)

1 - 0 ( 1 - q

- p + )
1 - q)

I - ( 1 - p ) ( \ - q ) ]

pqi\ - 0) cov[r(/),r(()l -̂  (1 - p + 0) +
I -q + 9)

- (I •~q)0

0{\ - p + 0) +
(1 -

- (1

- p ) - ( l + 0 - )

- (1 - [I - (1 - F ) 0 ( I - (I -

0)

(AS)
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