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INTRODUCTION

The S&P 300 index Tutures market and the underlying cash market
Muctuated widely during the week of October 12190 1987, dropping
nearly 0% i the davs following the crash. The Brady Commission
CHO8S reported that under normal circomstances strong intradiy relu-
Iinnship evists between the indes Tutures prrices and the und(‘rhing cash
narhet prices. Fhat is, the cash and futures markets, with the cxeeption
of October 19 and 26, were essentiadly highly integrated e operated
as one markett, Other studies [Kleidon and AWhaley 119925 Stoll and
Whaley (199050 Flarris 019893 Hlerbst, MceCormack, and West (19877
Rawaltler, Koch, and Koch (1987, 19937 aimony others| show too that

there s a strong intraday price relationship in which the indes futures
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C s generalhy

and the underlying cash marker move closely together.
befieved, that mtraday arbiteage hedging and speculative activity should
heep the two mnarkets tied together thronghout w typical trading dan
[eee, Yor example, Harris 019890 and havaller, koch, and Koch (19933,
among others’. However, cash and Tatares prices ooy diverae over
Jhort intervals of tinie as the arrivisl of new information in the market
place is expected to have a differential impact on market participants’
expectations which, in turn, influence their actions. Nonsynchronous
trading [see Harris 1 19x%9 2 Mackinhin and Ramuaswann (19883 mun also
cause the Tatures indes o be ess volatile than the underbving aggregate
stock indes. Harris (19595 however, shows that even alter the effect of
nonsynchronous trading s removed the cash market follows the futures
market, These considerations stranghy suggest that thiv relationship
between cash and futeres prices Gien the basist may be evidence of
informution shovks being disseminated first (o the Tutures, and then to
the cash marken Pguivalendy, this sould imphy that while the cash aind
futures indey series iy have thnevaning volatilios stractures they dao
not share common volatility process, This study addresses the issue of
ihe common volatility process hetween indes Tutares and the anderlving
cash nirhet prices. Stedving the mature of the volatility process in cach
of these two murhets and the extent 1o which they Ny share o common
timevarving yalatling Lector permits one to measure how well integrated
the cash and tutures markets are through their second moments rather
than through their st moments,

v Fogle and Susmel 119930 show, two markets might be uneor-
reluted teorvelated s theouah their fivst moments but related tunrelateds
theough their volatilities. Furthermore, conventional hedge ratios as-
sumie that the rish i cash and futares markets is tme-invariunt, bnplving
thut the minimum rish hedge ratio will be the same regardless when
the hedging s andertiben, The issumption of intertemporal constant
variance is in sharp contrast with the fact that imlormation Hows i to
the mrarket continuoush which, in tur, is ikely to change the riskiness
of cash and Futares indes contracts, Pherefore, this assamiption implics
that hoth cash oand Totares markets st exhibit tme-varving volatilin
which abso mmplios thot the rish-mimmzing hedge ratio must be time-

varving fseel tor instance, hronor and Saltan (199310 A more interesting
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issue, perhups, is to inestigate whether the risk-minimizing hedae rano
is o tunction of o common time-varving volatility factor, This would
require the presence of a common- ARCH feature between the cash and
lutures index series. On the other hand. il no common-ARCH feature
is discovered it woald imply that the hedge ratio should be a function
of two independent time-varving volatilitv Lactors.

Phis article uses a recent test developed by Tagle and Kosicks
(19930 which exploits the time-varving structure of Tinancial time series’
viriunces 1o test whether the cash and futures markets share a time-
varying common volatility process (feature). The objcctive of this article
is two-fold. First, o test Tor the presence of a time-varying volatiliny
process in intraday futures and stock market index series during the
month of October, 1987 which was characterized by high and low
volatility trading days. Second, to investigate the issue of common
volatility in the index stock and futures markets. This is expected 10
provide evidence about the degree of integration between these two
markets through their second moments and shed light on the number
of time-varving risk factors required to model the risk-minimizing hedge
ratio between cash and futures index stock markets,

The article consists ol three sections. The first presents the common
autoregressive conditional heteroskedasticity (ARCH) feature methodol-
ogy and a description of the dita emploved. The results are presented
and discussed in the second section. The article closes with a briel
summary and conclusions.

COMMON ARCH-FEATURE METHODOLOGY

The common ARCH features testing procedure is o foivhy new stutistical
method enuncinted in Foagle and Kozicki 119935, with a comprehensive
financial warkets application gnen in nule and Susmel (1993, The
mtustion of this test builds on the sttistical ides of cointegration
[hranger 119830 bngle and Granger (198700 H two time series oxhibit
autoregressive conditionad beteroshedasticitny (ARCHEL and i o lincar
caombination between theny does not display o timevaning variance toe.,
a tinear combination ol the series that eliminates the ARCTE ¢ffectss
then these two series should have o common featare. Specitivally | the
common feature methodology is vsed 1o examine swhether the cash and
futures index series share o common volatilinn process. The volatiling
feature is said o be common i o lincar combination of the series
docs not bave the volatilin feature even though cach of the series

individually bas the feature fhngle and Rosichi (129300 Therefore, the
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null hypothesis to be tested s that a linear combination ol the two series
does not have the volatility featare (e no ARCED. While analvsis of
first moments has frequently been used to test for linkages between the
futures and the underlving cash market its statistical limitations are well
documented [Fngle and Susmel (19931 aimaong others | The two markets,
For instanve, might he correlated in returns which can be i;ll('rpr'vl_cd ds
evidence of integration. They mizht be independent. however, through
their second maments.

[ ollowing Eagle and Susmel's 119935 definition of common feature,
a bricl description follows of how the linear combination of two series
man ot luve the featire dies no ARCH o constant variance s
obtainedt. ?'mp;)()k;v that the A and V,oserles can bhe weitten sithout

foss o wenerality as
v, Sty 1)

Vi ooy 11h

where ) represents the intraday observed returm, wiip s the
time-varving risk premivm and o e ) s the unevpected component

ol returns with
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where 1, s the informaton set on which auents comddition their

decisions at time £ that includes all past information while o7t 1 is con-
stant varianee, fz},‘-{fzw,! is trme-varving variance that folloss ARCH (1
PrOCesses, andd P2eas By an arbitran distribution with mean o« and vari
ance b

Fhe vartance of oand v are equal o

Vi o g, o It !

which are hoth time varnving. A featnre that is present in cach of the
two series is said to be common Lo those series il there exists a non-sero
linear combination ol the series G, oy 1, ) that does not hinve the

leature, This result is obtained when wy pooand 7= 8 sinee wy has
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i consstant \;Jré;m(‘v3 (f.e., '\'En,) rJ‘jJ — T“rr!')). -\hcmuii\‘cl_\\ the null
hypothesis tiie no ARCTH in the lincar combination between cash and
futures prices) of 4 common Tactor can be designed by setting v, = p,
and 7 o= F,

Testing lor common volatility across the futures and cash markets
amounts to testing first for ARCH effects in cach market. This study s
interested in testing for common ARCH features in the S&P 500 index
Tutures and the S&P 300 index series. W ARCH effects are discovered
i both series, the neat step is to test for common ARCH ifactor
ARCTD, thereby identifving o combination of hoth series that displays
no ARCHL The ARCH testis based on the T 2 B trom the regression
of the squared series OF defines the sample sized against own and Ligged
squared series. That is, minimize over the parameter 7 the test statistic
T % 120 The T o< 1Y is obtamed from the regression of « -+ 7y, on
Fagged v, and fagged +, o and the Legged cross product ol y, and v e gen-

eral terms, the scarch is for o vector 7 that minimizes a test of this form

min. V() I = Hi7) {3}
+

Vil e = (o Ty b i3l

» [N I I ! LI ] P
- ujlor) /40, 7)) ]/II(:{r3)_.’(T' (3¢

: . : - :
where /7, is the larger information set compased of v o4 .

2 2 3 3

L O P PR and  lagged  crosseproducts v iy

VooV 2oy ey pove s D0 o is a T K ovector, Tois KX
K s the number of sariables and o= i o consistent estimator ol the
variance of 1. This test is a general method-of-moments-type test. The
objective s to dentily a portfolio that is not correlated in the squares
with anv information included in 7. 1o other words, il the cash and
lutares index series are individually charactericed by ARCH effects,
there might be a portfolio Gue., a lincar combination) between them lor
which there s no evidence against the null hvpothesis of no common

volatiliy Teature (e, no ARCHG This, then would clearly imply that

“Substituting e and 1B nto g v 1 ol Ghitains
ITTSR A O ST T
Fopiricaliv, a vabire of 5 s sought such that s 7 umd po we which vields.
Ty o Teg
Fhe vuriance of o thene will be viugr = o7 rr sinee coviey e b 0 s, crror tetms are

madependent.
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the cash and fatures markets hive 2 common volatilitn process, Fogle
and kozicki 11993 have shewn that. under the assumptions of Hansen
(19821 min. A G follows a chissquured distribution with the degrees of
Frecdont given by the number of overidentifving restrictions e number
of mstruments included in the information set 7, minus h ~ i o
minimize (35 non-lincar simpley grid search methaod s used.

Fhe stock price sample consists of all priniary market® trades of
cach S&P 300 stock from open of trading October [0 1987 e the close
of trading October 300 1987, The data are from the Futures Industry
institute Washineton DO and include the date, time, and price
traded for cach tronsaction on cach exchange in the United States. The
transaction tme is the evact second when o trade was exccuted in the
DO system or when a record of 1 was read by an exchange card reader.
Phe Tatures sample consists of all prices recorded by the OME market
recorders iy the December 1987 S&P 300 index Tor the corresponding
sample period. Fach record meludes the exact second that the price
was entered by the recorders Since the tek data is not reported in even
intervals, the Tutures data s matehed to the carrent S&P 300 indexvadue
o a minute-bv-minute basis. However, it should be nated that futures
tracle more Trequently and the irst trading price is recorded within the
first few seconds of the minute. while the cash index is updated later in
the minute. To secount Tor this lag, the fiest futures price in the minute

is matched with the first value of the index within the minute.

EMPIRICAL EVIDENCE

ARCH Tests

Since all stocks i the S&P 300 are nat necessarily traded inoany
given minute, some will react to the information flow with o time lag
leading to the possibility ol using stale prices in the calealation of the
S&P 500 indes. This se-called probiem of nonsynchronous trading leads
to spuriots autocorrelation being incorporated in the prices and return
series. o alleviate the problems associated with the nonsynchronous

truding effects, five-minute estimated vretorns arve regressed on o constant

Yl NYSE s the primaey marker e el of the SEP 300 stackss AN for cigh and the
NASPAD Notiona! Moashot Svaten Sor the rennaining W00 The priveos markets tor all S&P 500
siocks apesied a2 30 g BST and closad s 000 oacept oo Dridas s Qorcher 2350 when they all
Closed o8 g Saene o the stoch traded Bater o the Pacifi fachange

e CMIT market opened o 530w PSTaad closed ar 413 va TS exeept on Foday, Octoher 23,
when i elosed at 200 o3t ISP O Taesdan . Ovtoher 200 the exclunpe clined o abant o bowr

near idday



Common Volatility 921

and four own lags. The errors obtained from these regressions (e, ) are
used then o test Tor ARCTH and the common-ARCH feature.

o test for commaon volatility in the intraday S&P 500 index futures
and the S&P 300 stock index series, it should be established tirst that
cach series displavs an ARCH effeet tiie, time-vanving volatility ). To test

for ARCH. the following fourth ovder ARCH models are estimated

3
> .
[,\‘ ST Z”‘!E:f Y (3
[
3
2 :
Iy o=y, = TN T VI SRy i4h!
;o

where iyt represent g constant parameter, € (€} are residuals
obtained from the autoregressive repression and vy (v,,) are crror terms.
The null hypothesis tested is that the series exhibit no ARCIHL The test
statistic is obtained by mudtiplving the regression 87 o the sample size
(T4 Engle ¢1982) shows that the 1< 127 test has an asvmptotic chi-
squared distribution with degrees of freedom egual to the number of
lagged squared residuals, Table T reports the ARCH results, As can be
seen, the null hypothesis of no ARCH s rejected m both the S&P 300
cashr and {utares index series for the entire month of October 1957,
except for the dav alter the crash (October 20, 19873 The value of the
T = R7 statistic for October 20, 1957 s clearly small (2,971 compared
1o s eritical value 943 (13,31 at the 301179 Tevel

Common ARCH-Feature Tests

Sinee ARCH effects are Tound for the entire month ol October 1957,
except for October 200 4 test is conducted for common volatiline in
the cash and futures index markets. The common ARCH-Teature test
consists of ooking for a lincar combination of the two series that
climinates the ARCH effects Gueo, a lincar combination between the cash
and futures index series that s characterized §')_1 g constant variance).,

This Tinear combination is determined by estimating:
. JUN ~
min; V() [ (5

Fhe minimuny I = B is obwined from the regression of (e,
e, )7 on four lugged squared e, Tour lagged squared €,, and their four
Lagged cross-product. Engle and Rozicki (19933 show that min, V()

follows @ chissquared distribution with degrees of freedom given by the
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TABLE |
VRO Tests: October |0 34, 1087

S5 300 hadea SEP SO0 badex Foretures
Iy b B NLatisd ey Io= 1Y Statisiics
October 1 4366 101.34
Cotober 2 48,08 109.04
Cctober 5 e 11275
October 6 £3 29 11668
Octaber 7 a2 73 10486
October 8 L300 45 36

Qctober 9 28.98 11327
Qeiober 12 98,72 122 B4
October 13 76,88 89.55
October 14 59 26 91,55
October 15 S EE TOE Y2
Qciober 16 95.64 45 .64
Joloher 19 A7 48 10675
Oclober 20 295 33.10
October 21 6353 97 05
Cotober 22 G7 kb 1785
Octeher 23 3664 68 34
Octoher 26 3664 B8 12
October 27 4193 7533
Qctober 28 V300 BY .02
October 26 3256 93.00
October 30 85 01 7479

e si2e T

o lewed g THAD 133

number ol smveridentifving restrictions [number of regressors included in
the information set. 7 minus th = 11 Inothis study 12 regressors are
mcluded and two variables G that Tead to 11 degrees of freedom. To
minimize (300 non-dincar simplex search methaod is used. In Table 1 the
results are listed Tor the entire month of October. except tor Octaber 20,
which displayv no ARCHE cffect. The parameter (71 that minimizes the
lincar combination of both series is shown in the second column, The
third colimmn reports the minimum 1% I statistics. Phe oritical value
for 11 degrees of Treedom. at the 5009 Tevel s 197 (2470 The re-
sults indicate that there is no evidence of common \'u|g1li|il} Heature!
Between the stock indey Tutures and the underlving stock index during
the month of October. With the exception of Pridav, October 23, when
hoth markets closed at 200y FST, the 1 % 122 statistics decisively
reject the no-ARCH effect null hypothesis. That is. the evidence does

not support the existence of a lincar combination between index stock
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TABLE U
Commaon ARCH Feature Fstimates: October - 3¢, 1us”T

Paramieter {79 Mbgimune 1o~ B
{2 Valreess Stertisties”
October 1 0.6036 A8 74
October 2 0.63649 48,60
October 5 1 E6RE 43.92
Qctoher £ 0 8500 3935
October 7 1.0425 48 45
Oclober 8 07230 2574
QOctober 9 DHL 83 76
Qctober 12 0 8503 8878
October 13 G 7052 26 61
Oclober 14 1 0658 36 01
October 15 10617 3110
Oclober 16 25000 98 .07
Qctober 19 6 3030 7439
October 21 (7603 60.59
October 22 1.5662 46 84
Qctober 23 10162 14,894
Qctober 26 3 6464 41 45
Oclober 27 0.8374 46.88
Octoher 28 0.5294 #8530
Oclober 29 02511 3277
Oclober 30 0.4373 5279

FThe parane

UThe distrit
wied and &

2O TRAT rces tha Incar comiunaion af the mitra day BEE 860 mdex and the S&P 300 index bitures senies

of this test s chy squared with 11 degrpe DR T [ Prew s the numbier of nstrumients

e aumber o varabios ased Iy onboal ¢

Cioy TE AR o the B

and futures prices that achicves o constant varance. This result fur-
ther implies that the two markets do not share @ common feature,
@ common factor that displavs a time-varving volatility. The S&P 300
indey stock and the S&P 500 index futures series ure characterized to
possess different time-varving volatitiny structures. These results also
suggest that, while previous studies Tind the cash and futures markets
to be correlated through their first moments and share a long-term
cquilibrium relationship in returns, the two markets are not related
through their seccond moments. The most interesting implication of the
no-common lfeature results relates to the modeling ol the basis Gle,
the difference between the value of the underlving stock index price
and the futures index price). Since no support is found for a common
ARCH-featare hetween indes stock and futures price series, this implies
that a two fuctor ARCH specilication is appropriate in modeling the
S&P 500 basis. Furthermore, unlike the conventional hedging models
which tmplicith assume that risk s time invariant, the evidence of this

study suggests that the risk-minimizing hedge ratio is time varving. This



924 Arshanapalii and Doukas

is consistent with kroner and Sultan’s (119937 model which derives a
time varving rish-minimizing hedee ratio Tor forcign currency futures
contracts. However, it should be noted that the linding of two factors
iy he wssociated 1o the fact that the idiosvneratic noise terms ol cach
SCTICs afe lso tme virving. s l'ngk' and Susmel (1993 point out the
common ARCH-feature technique can not distinguish between ARCH

and idiosvneratic factors,

SUMMARY AND CONCILUSIONS

[he purpose of s article iy to studv, using intraday mimuote-by-
minute data, whether the S&DP 300 index Tutures market and the
underiving cush market indes have the same volatility process. The
sample period begins from the open of trading October 1, 19870 to
the close of trading October 30, 1987 4 peried uniquely characterized
by high and Tow volailioy trading davs. The analvsis uses the common
ARCH-feature testing procedure recenth proposed by Fngle and horsicki
(19935 to address the dssue of a4 common volatdity in these two index ‘
markets, Firsto ARCH effects are Tound in cach series Tor all trading
divs in the month of October eacept Tor the fiest trading dan after
the crash (October 200, Second, Tngle and Kosicki's 11993 common
ARCH feature test s applicd. The results indicate that the index cash
and fotures markets do not share the same volatility process. Unlike
previous studies that favor the interdependence between these two
markets in returns, these results sugeest that their second momoents are
independent. Tn bricf, a common factor that has a time-varving volatiliey
is not supported by the intraday price series of indes stock and Tatures
market, Therefore, a two factor ARCH specilication appears to he highly
attractive in modeling the S&P 500 hasis. Finallv, the resulis of this
study provide strong evidence in Bivor of time varving eish-minimizing

ll(’(l;{{‘ ralios.
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