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Dwyer and Ha{er (1988) pointed out that with the relaxation of exchange €ontrols and rapict

development in computef and commumca'ron technology' the cost of information and

cross-borderfinan€ialtransactionshavebeengfeatlylowered'subsequently'theresultisa

high degtee of economic and financial integration among the international stock markets

Recently, a number of authon have ad'lressed this key issue and through a variety of

procedues found that intemational stock markets are fully integrated The financial centers

areclose]vlinked,soadisturbanceinonemalketmaybefullytransmittedtoothermarkets

around tbe world almost hsiantaneously'

Mathur and Subrahmanyam (1990) investigated the markei efficiency of the Nordic stock

markets using the vector autoregessive (VAR) model' They found that the stock markets

of Norway, Denmark, Fintand and Sweden are fully integrated Tbe evidence suggests that

information on the groMh olone markel may be used to predrct the groMh oi otler markets

Among the Nordic markets, the Swedish market ias grealer influence on both the Norwegian

andtheFinnishmarkets.lnanotlerstudy'EunandShim(1989)'usingthesameapproach

showed that nine stock markets' namely, Australia, Canada' France' Germany' Hong Kong'

Switzertand, United Kingdom and United Siates are interdependent They also showed that

all the markets respond completely to external shocks (innovations) within two days' Earlier

studiesbySchollhammelandsand(1987)andKhourye'/'1.(1987),a[usingBoxandJenkins

rl970r ARIMA lime series approach a\o dnived al rhe same conclusion

An important conclusion that emerged from all these studies is that the United States

market can be used to predict stock prices of other national markets Taylor and Tonks

(1989) and Shafie (1993), using the cointegration approach' as suggested by Granger (1986)

and Engle and Granger (1987) foun'l that inlernational stock markets are cointegaied-

ln other words, their findings suppot the hypothesis that intemational equilv/finarcral

narkets are lrlly inigglared. Fisher and Palasvirta (1990) using cross-spectral analvsis on

annualdataShowedth6ttherewasincreasinginterdependenceofmajormarkeistiom

1986 to 1988.

Interestilgly, some of these earlier studies showe'l that larger markets (in lerms of number

of traders and choice of haded stocks) can influence the performance of other relatively

smaller markets For instance, tne empncal evi'lence provided by Eun and Shim (1989)'
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EMPIRICAL METHODOLOGY

The Ten for the Ofier oJ Inteefttion

Test for cointegration consists of lwo steps. The first step is to delermine lhe order ol

integration of the individual serles. The test will determine thc dynamic property of a tine

seies which may be described in terms of nunbcr of times to be differenced to achieve

stationaritl'. A time seies y, that requires no such dilTerencing to oblain stationarity is

denored as v/-Ifr). While a series that is not lniiially (ationarv and requires flrst-order

differencing to achieve stationarity is said 1(r be Ifl1. An integrated series such as y,-If2l

.aiJ o Frou r rr irL'-d5ing tote- Y l/lt .e-ie. to app. , l. gros Jr a cori..ant rdre

while v/-Iar) series ro appear to be lrendless. Th|ls. if two lime seies y, and )., arc

integrated of diffcrent ord€r say r,-If2) and Xr-Ifll respeciivell,. thcn they will drift apart

over llmc with no tendency of returning to some equilibri m path. ln other words, they

cannot be coinlegrated. Regressing of v, on X. will resull in a spurious regrcssion

problem. as the residuals will violate the underlying assumptions of ordinary least squares

(or$.

If on the othcr hand. lhe two series y, ard X, are both If1J, then it is genefall)' true that th€

Iinear combnration of these series $,ill also be Ifl) so tlrat a regression of y, on l., will also

produce spurious results. This is because the residualis also I/1/, and il violales the assumptions

of OlS. Ho$,e!er, in a spccial case where a linear conbinalion of ts'o Ifl) variables results

ir a variable (residual) of order lfr), then thc two series are said to be cointcgrated. Tlril

regression is permissible since the residual is lfrl or stationary. as i1 satisfiei the Gauss-

Marko! assunption.

We enployed Augmented Dickey and Fuller (1981) uni! root test to determine rhc ordcr of

integration of the lndi\,ldual series. The test js the l-stalislic on parameter (r from the

following cquation

^x, 
= 6n + etx, t * I,=,4l|r,, * a (1)

-::r.

wherc A is the first difference operator and vr is the dislurbance te|m. The rol€ of the lagged

dependent variables in the Ausmented Dickey Fuller (;1D4 regrcssion Equation (1) is to

ensure ihat the residual, v1 is white noise. The choice of the optimum lag length t is

delermine.l by using Schwertt (1S89) crilcria which is Siven by the following two
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(1)

Here ihe null hypoihesis.,,lo Xr is If2). is rejected (in tavor of Ifl)) if a is found ro be

negative and sratjstically signiiicantly difterent ftollr zero.

The Cointegrution Test

The second step in ihe cointegration analysls is io test whclher the linear combination of the

series that are non stationary in levels are cointegrated. To conduct the test. we tbllow Engle

and Gran-qer (19S7) two step procedure for testing the null hypothesis ol no coinlegralion.

I r'r. $e run .hc tolloqrng.oilLeg'dr'ng -cg'e'.ion

(5)

tt/,
sim

Equl

Caus

l:. hi

.E,

X=I)+yrYt+nl

and ther lhe unit root ies! is conducted on the residual t, as tbllows

Thc null hypolhcsis Aor p=r. that is, X, and L, are not cointeg.ated is tested bv means of

t statistic on parameter L Thc crillcal value is tabulated in MacKinnon (1991). ll r? is smaller

than the tabulared critical value. then )., and v, are said to bc coinlcgralcd. For quick and

approxirnale resull. Engle and Granger (1987) rcconmended the cointegrating regression

Durbin watson fcRrlv) statistic. The statistic h widely used and is conputed as lollows

c now - t Ll.,rn,. n,,f tttt=,ni t

The null hl'pothesis of no cointegration is rcjcctcd in favor of cointegration for values of

CRrty which are significantly different from zero. The critical lalucs tor CRrW are given

in Engle and Yoo (1987).

The Gtunget Causalitr Apprcach

lraditionallr-, the efficiency .narkcr hyporhesis js usualll, examined using Grangert (1969)

causality tesl. Crangert definirion of causalil)r is bascd on the predictability of a !ime sedes.

Formallv, the proposition can be srated a! foliows: it o'1xfx,vt.o'txfxt, .nen t is said to cause

x.-thc reffi o'(\f\,r) is the prediction error variancc ot r derived from the nrformaiior set

that includes past values of -t an{l }. The tefm o:f"f) is tle variance ot ihe prediction error

of r based on infornation contained only in ihe past values oi r. It, however,
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The E or Conection Model Approach

To estimate Equations (7) and (8), tbe series are required to be staiionary in their level form.

Conventionally, ihe yariables are iransformed in their tirst difference tbrm or using some

filter rule as suggested by Box and Jenkins (1970) lo induce siationarity- However! Cranger

and Newbold (1977) pointed out that the danger in differencing is rhat porential valuable

long-run inforrnation contained in the vadable erpressed in levels are losl. More recentlv,

Engle and Granger (1987) |ave demonstmted that if nvo non stationary variables are

cointegrated. a vector autoregression in the first-difierence is misspecified. lt was shown in

Granger (1988) that. if Xd and yr lre bolh If7l. but are coinlegrated lhen rhey will be

gencrated b]' an Error Correctio! model of the following fornr,

(e)
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AX, = ejzLt.t + IaRged[A,Yo AYJ + €],

AY,=-q7z,t + la'sc.t[^x, 
^YJ 

+ €rt

where one ofthe osJ, z7 and.2 are the error correction lerms. and €r are finite-order moving

averages. According to Equation (9) there are two possible sources of causatio! of X/ by
y, r cither through the ./.1 term, if drl. and through ,1y, lerm if tbev are preseni in lhe

equation. without.rr being explicirly used, rhe model $,i11 be misspecified and the possible

value of laggcd y/ in forecasti.g X, will be nissed.

Rewriting Equarions (7) and (8) in order ro take inro account the error corrcction term. we

have the following Erlor Corfection model suggested by Granger (1988),

rx, = oo *21=, o,rx,., *l-,F,o",, ,,,u,, * u,, (11)

(12)ty, = yn +2t, Naxt.i +ti=16jayt j 0222,t.t + p,

where .r r is the lagged residual froln csllnaling the regression between X and y in levels.

Granger (1988) poinred our thar, based on Equaiion (11). the null hypothesis thal y does

nor Grnnger,:ause X is rejecled not only iI the coefficieDts on the lagged variable y are jointly

significantly difterent fron zero, but aiso if the coetTicicnt on :/./ is significant. The Eror
Coffecllon rnodel also prolides for the finding th^r y Grunger use X. if., / is rignificant

even though the coefficients on lagged variable v are not iointlv significantly differcnl fron
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-Thercle ntteststatili,::forthePhitlipsPeftontestsareZt,Z(4')an.lZ(a2)f.tEqudtion
(2). and Zt; ond Z(oi fot Equation (1). These adjusted test statistics arc tlakslormations
of the reqrcssion t-statistic so that ther allow Jor n1e elfects of seriatly .oneLated and
herercBenously disttibuted innowtions. See Phillips and Perrcn (1988) fot the detdib on the
estimation prccedwe and tlrc distributiotl of rc test stutistits.

"The determination of the Lag Length, L, fo ows the prccedure rennmendetl in Campbell
onA Pefton (1991); stdfting at some maxinrDn ralue of I.+, the Lag letlgth h seleded as the
larqest L for Nhich the t statistic on the last intluded IaB is siBnificant at the 10 pelcenl
sigtrificatt lercl. A LaB length of L = 0 is selecled il tlone 6 si1nificant.

(2) suggest that the hypoihesis thar the series are trend-srationary in levels can be rejecred.

ln all cases, the results based on bolh ADF and PP tests, and with three variaDts oftruncation

lag paraneters, indlcate that the calculated test slatistics, t, and Z(r, are conslsrently noi

significant al the five percent level. On the olher hand, results based on Equation (i) show

thai, in all cases, the hyporhesis that ihe series are lfrl can be rejected at the five percent

level of sig.ificance. Sinilar conclusions are also derived for ihe stock prices using weekly

data. In all cases, eirher based on Equation (2) or (l). the ADF and PP tesrs suggest that

the hypothesis thar ihe three stock prjce series are Ifr) can be rejected at rhe five percent

level. Therefore. we conclude thal the srock price indexes, either using nonlhly or weekly

data, are nonstationary in levels.

Resulrs of firstdifferencing tbe stock series for both monthly and weekly data are presented

in Table 3. We can clearly see that, both ADF and PP test results suggest thar the hypothesls

ihat the series are If2) can be rejected. ln aU cases (excepr for ADF,lr:=1, or 71). resulls

in Table 3 indicate that the lest slatisiics rd and Z(tA are sigr,if;car,t at the five percent

level. Therefore, we conclude that the three stock plice indices are integrated series, ihat

is, Ia-I). Furthermore, the significance of Za@r) su-sgest the presence of drifi term in

Equation (1).

The Cointeg.ation Test Results

Since all the stock series are of lhe same order of integration. that is. Ifl), we can then

delermine whethcr thet linear conbination will result in an If-l) residual. The results of

the cointegration tests arc presenled in Table 4. For CRDW. the results indicate that the

null hypothesis of no cointegration cannot be rejected at the five percenr levet. In ali cases,

the calculated CRDW stalislics for borh monihly and weckly data are smaller than the

critical value tabulaied in Engle and Yoo (1987).
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smallcr market and subsequentl)', market participants who use this intbrmarion as lheir

lrading rule wlll reap abnornal rate of returns.

The objective of our paper is ro detcrnine the degrec of market integ.alion io lhe KLSE

markel bclween the Main Board and Second Board srock nrdices. In ihis sludl w.
enployed a recently developed econometric rechnique on the cointegration of iime seriet

to examine the issue of markcr integraLiolr. The cmpirical evldencc we obtained using

both monthl]' and $,eekly daia suggest that the Emas and Conposite indlccs and tlre

Second Board index are not coinlegraled. This inplics that lhere is no long run relarionshjp

between Nlain and Second Board stock indices- In other words. tlre Main and Second

Board siock price indices are not integrated. Since prices derennined in joinrll' efficienl

markets cannot be cointegralcd. this is co.sistent wilh the efticient narket hyporhesis.

Neverlheless, in the short run. our weekly dala suggesr that there is unidirectlonal causality

runn'ng tiom Main to the Second Board srock price lndiccs. This will lmptt that. in lhe short

run, markct participants can use the Emas and/or Composite slock price indices to prcdicl

the movement oflhe Second Board index. In lerms of benefil ro invesrols. our resulls suggest

that it pays for lnvestors to divcrsi\' into Second Board counters sincc the two sectors of

the market are less than fulli, inregraled in thc long run.
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Thble 2 : R€sults of Int€gr.tion T€sts for Sedes in L€vels for w€€klv DotA

Stock Series Results based on Equation (2) Results based on Equation (1)
to @t

z(t) z(@)

S

z(tp)
4@tz(d,r) z(q)

l. Auqmenl€d Di(ley'fuller {ADF) Test R€s'rlts

A. L;s ba:ed on Aurccoftelaion fundion ! AC Fl

Emas -2.49(8\ 2.40

Composite -1 65(0) 192

Seconag -2 28(11) 1 90

B. Lag based on Schwe 's, La = 4

3.17

2.61

1.92
1.45

,0.7s(8)
-0.8s(0)

-1.1101)

,0.46
-0.4'7

-1.06

-0.63
-0.66
-1.00

0.70
1.81
0.86

0.99
1.09
1.09

1.08
1.15
0.94

1.59
1.13
1;tI

1.74
2.14
1.78

1.16
1.57
1.26

t.32
7.64
1.41

L}
A.

ILI

Emas
Composite
S€condB

C. Lag bssed on Schv')e's, L, = 14

Emas
Composite
SecondB

-1.86 1.76

-2.06 2.06

-1.88 1.48

tr. PhiliDs-Pellon (PP) Test R$ults
A. Lac iased on Autocorrelation function (ACF)

Emas -l s2(1) 164
Composite -1.76(1\ 193

seco;dB -1.47(1, 1.43

B. Lag based on SchwertS' La = I

Emas '1.62 165

Composite _1.80 l'94
seco;dB -1.s8 r'47

C. LaE based on Schwettl, Lt2= 14

Emas -1.80 1'71

Composite -2 01 2 04

secondB -186 1 b4

-1.82 1;75

-1.9L 1.94
-1.69 1.32

-0.76(1)
-0.90(1)
,1.28(1)

l

:

-0.80
-0.90
-1.30

-0.87
-0.96
-1.38

1.62
2.03
1.86

1.49
1.12
1.66

1.36
1.58
1.59

cl

Not6: rot Eauotion d): Cnticaltalue\ lot tpdMl Ztt aI lite paeat kvls J4ltMatKinrch loal)

Oiti.;! \alu." fut a,. Zta'tand a, ond ZtOt d ltvc Percent tc\ct ate b 31 ant 4'D 
'e'p?(rvetv

(Dkket and Fllle.1981)
f.7 iii)ii ttl, c,iti"i'r -tues for ta and z(t) at five pmdt tevd is '2 87 (M@-Kinnon' teel )

C,iih "an^ii, a' ."a zto) at Jive petc%t levet is 1 63 (Dicker and Futtet' 1e81)'
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of Coint€gration TeslsTable

Cointegrating Regressions CRDW
Z(t,!,)

ACF

Z(tq) z0,p)
L tz=t a
L tz=11

I. Results Using Monfhly Data

4. Aulnp,erl Dt. A?) fulDt tADrt Tpn R.!tt,'

SecondB=r(Elnas)
Emas=f(sccondB)

SecondB=f(Conposite)
Composite=f(SecondB)

B. Phi ips Perrcn (PP)Test Resuhs

SecondB=f(Emas)
Enas=f(secondB)

SecondB=l(Composire)
Conposite=f(SecondB)

II. Results Using Weekb Datt

A. Augnentcd Dicke):-FuUet (ADF)

SecondB=l(Emas)
Emas=f(secondB)

SecondB=f(Composile)
Composile=f(SecondB)

B. Phillips Pelran (PP)Test Results

SecondB=f(Emas)
Enas=t(secondB)

SecondB=f (Cornposite)
Conposite=f(SecondB)

0.,13

0.43

0.38
0.39

-2.73

2.72
-2.4',7

3.12
2.95

-2.64

-2.E5

-2.42
-2.1'7

-1.86
r.68

-1.66

3.00
-2.81

0.43
0.43

0.38
0.39

0.15
0.15

0.12
0.12

-2.8r(0)
-2.63(0)

2.29(O)
-2. r,1(0)

-3.03(1)
2.85(l)

-2.s7(1)
2.41(1)

-21s(12)
2.51(12)

-2.s6(12)
-2.31(t2)

-3.r8(12)
-3.00( l2)

,2.16(12)
-2.60(12)

2.80
-2.55

-2.61

0.15
0.15

0.12
0.12

-2.93

2.11
-2.31

3.21
3.04

-2.',]9

-2.63

5"ates: Fat nanllt), data:Ctui.dttdhzs fot tpdlrl z(ta) nL liw perc.nt te,ctL 3.15
ctun dl taltre Iat CRDw at fi* percat lerctis 078 ( u.ngle dnd yaa, 1987).
For ||eekl! datu Oiticol rdlrcs fu rq dad Z(t,t) ar fitu perco1t tewt is 3 36
Crni.dlvaluefot CRDW.!fite par.rt ktt^020 (Etlste dh.t yoo, I9E7).
Figutes in the parehthe\es are nt kkdullastengLh.



6LZ-

r0 €-
tz t-

wz-
L9 Z-

s9 z'
08 z-

ttl?^lpadsal 0 t puo Lt-? .ro l? 21 ]uar.d aqli tb a! pn It toJ saryo prsvC
'tt.N.oadsar s3q uaa@o! P@ no! ot blal (I4Ltr )o) d W (IIz 

"r 
1o) H :wtp qlaaa lo!

'tpqDads, zt zpuo t8 z o p^al &axQd a^!!lo zI puo H rolsa lo^lbr!t!))
t12 ltrade; ssbl wt Puo e,ry ot lalat (' atr )o) u pw (' rt 10) It :blbp 

'twuoe lot :etoN

gPuoras 2snv) 902=24
ra&mtj a\so.huo) €t, = It

gpuoras asnt r l0z=z4
rasu,r)nug 08,=H

erlsodutc'J

seuIa

srEO dHaanA tl|Isn srlnseu 'f,

eqsodruo)

serug

980=Zl
zs0=Ill

9r'0 = a
Ir'0 = Il

tnI=a
I9'O = TJ

$I=A
980=H

910=a
U I= Itl

690=U
z8r=L4

szz-

L8 Z'
00 9-

€s t-
99 t'

89 I-
98 I-

r$d ,{Ir{|uo Bu|sn qnsau 'V

gPuoxes asno' la8uott
suoFqruoc rou soop Pr?og qtEl,\l

socpq p.Ieog qsl l affr,
/r8rag lou saop Spuotessarpq pIPo{ ulslt

,I=zI7
0I=zt7
(6rz

$setr,.{rllssnal Ietuar' Jo qlnseu : s 3IqBJ,

nu.pt^a p4ldwa auos zpelol?'tul gslx .tl uo qooa Puo"S Puo UDN aqt uV LA



88

Box. G.E.P and J.M. Jenkins. 1970. Ii,re Sericr Andusd Foremstiig &nd Co toL San

Franciscoi Holden'Dav.

Campbell. J.Y and P Perron. 1991. Pitialls and Opporlunities: What Macroeconomisrs

Should Know About Unjl Roots. Ir O.J. Blanchard and S. Fischer (cds.). XBER

Md.toecanatnics Annuul-1991. Cambridgc: The MII Press.

3. Cha. B. and YL. Cheung. 1993. The Inpact ofthe U.S. and theJapancsc Equity Market!

on the Emerging AsiaD Pacilic Equil) Ifarkets. ln K.A WoDg, ltrrancis Koh and K.c.

Lim (edt. Proceednrgs ofthe t hird lnternational Conference on Asian-Pacitic Financial

Markcls. Singaporc: National Unllersil) of Singapore.

Cheung, YL. and S.C. Mak. 1992. 'lhe lnternational Transnrission of Slock Markei

FlrLcluetion b.Lwecn Lhc Dcvclopcd Markets and ihe Asian Pacitic Markers. .lptlled

]:inan.ial ,L:cano,Lict. 43 4'7

Dicke),. D.A. and WA. F|rlle. 1979. Diqhibutior of the Eslimftor! f(n. Auroregressive

limeSerleswithaUnitRoot. lout]1ulol An(tnnn Stati icaL Associo ti.ri '7 4: 121 -131.

Dickey D.A. and WA. ]]ullcl 1981. Likelihood Ralio Slati,jtics for Autoregressive

Tinc Scics wirh a Unil Root. E.onontetti.d 491 )051 .1012.

REFtrRENCES

7. Englc.R.F. ard C.$iJ. Granger 1987. CointcgrrtioD and E|ror Corrcction: Represen Lalion.

E!!imalion and tisting. Lcononl.bicd 5:\ 251 .2'76.

Cdpital Mdrkca lr.\)tw V.l JNa.2,l99i

S. Engle. R.F and B.S. %o 1987. Forccasting and Tesiing ln ConrL.gfated Sylreml.

Jo tnol ol Econanettics 35: 143 159.

9. Fisher, K.P. and A.P. Palaslirta. 1990. High Road to a Cilolral N,larkciplace: The

hrLernalionll T.dnsnissx)n oi SLock l\4arket Fluciuatlons. Tlrc Finl"lcia! Reri<.r 25:

i71 - 393.



68

:sz 
^4r1^aa

aql :arqd
r,rr.1rp

69I' Lm tQ)L s,tsllots xlulouorg puo ssansns

lo punot uotlui4lse[rl otr?3 aluotr I v :srood lFn roJ slsal 686I nd c 'ua'rq'S

'9n€ ' s|t t|L 
'1!1121uolg

'uorsso$ad seuas erurJ ul loou llun e roJ 8uls3J 886r 'uouad a pu€ gJa'sd{Iqd

'Z9i - 6€l :0I slluouorg {loQuow lo l"rtol so'res eru[

rrurouo3€orcsl l ut ${l"lA utopueu pu? sPua{ z86I i3ssold IJ pu? xJ uoslaN

'ssela {r$re^Iun ploJxo :Irol ^{3N
-uouDdatuloJ u1 SnpraY :sdlllsuou\p{ )llaouorg unY'8uo'I '( sp3} re8lr"rO lid )
pue olSug uu q slse.l uoqEfaluloJ IoJ sonlg^ I?tp!3 166I I uouuryrel^{

169 189,(n)26 sllwouoq lo toutnot ua^oulpl"'S srall"'\I ]tors

'Sn pu?.proN eqr Suoru€ etueprcdoprarul 066t ruE^u?nqBrqns APut I inqlsl,}ll

-6t

'Ll

'sI

'suiars^S p:

'8I

'9I

r* - Lzn .n

lellElr'\t )iro

IeDuEurd rg
.c) pue qc

slalrel I dlln

vssN 1 sp

'sanssl snouB^ TsrSlo srors,n4 a8uEq'xg Irols rndurn'I el"n>I tI

'ssold rluap€iv

:Irol ^!aN 
91.115'2rriJ rlutouug 3u11sDr21o!l LL6I ploq^{aN a pu? tlAl'ratuurD eI

'112 - 661 :9t sll4awouorz lo

punot il|lusftJ lo ldecrroJ e uI rueutdola^ac lu3t3d olros 886t 'tlAJ leSuEro -zI

'8zZ ' €IZ:G)Bi srttslols puD s'lutouoxE lo utal\s plolxo

'setq?w^ rtluouoia p3lsl8elurol Jo fpnN 3q1 uI sluarudole^'c 986t lla :l !33u"ro lt

'}fi ' Wr :Lt ox1tlzutouo,g spoqret{ IBl'eds-ssorJ

pu? qspol I .llauoro.a ,(q suotplad lesneJ ?uqe84sa^ul 696I I?1A',J :reSuerc 0l

a.rap1^A tbtuldug atuas l\2lttSaiul AS'L aU uo Pltog puor'S PUD utw aq V

ues 1o4uo)


