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ABSTRACT

TheauthorsstudythepersistencephenomenonintheJapanesestockmarketbyusinganovelmapping
ofthetimeevolutionofthevaluesofsharesquotedontheNikkeiIndexontoIsingspins.Themethod
isappliedtohistoricalendofdaydatafromtheJapanesefinancialmarket.Bystudyingthetime
dependenceofthespins,theyfindclearevidenceforadouble-powerlawdecayoftheproportionof
sharesthatremaineitheraboveorbelow‘starting’valueschosenatrandom.Theresultsareconsistent
witharecentanalysisofthedatafromtheLondonFTSE100market.Theslopesofthepower-laws
arealso inagreement.Theauthorsestimatea long timepersistenceexponent for theunderlying
Japanesefinancialmarkettobe0.5.Furthermore,theyarguethatthepresenceofadoublepowerlaw
inthedecayofthepersistenceprobabilitycouldbethesignatureofthepresenceofbothspeculative
(short-term)andlong-termtradersinthemarket.
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1. INTRoDUCTIoN

Theunderstandingoftheunderlyingbehaviouroffinancialmarketsisoffundamentalimportance.
Although financial markets are very diverse, they share many similarities to complex models
traditionallystudiedbyphysicists.Manyphenomena foundandstudied instatisticalphysicscan
befoundtoalsooccurinvariousfinancialmarkets(equities,currenciesorcommodities).Whereas
modelsystemshavebeenextensivelystudiedoverthecenturiesinphysics,it’sonlyoverthepast
twodecadesthattheideasandtoolsusedinphysicshavebeenappliedtofinancialmarkets.The
objectiveistotryandunderstandtheunderlyingbehaviouroffinancialmarkets.Theapplicationof
physicstothefieldsoffinanceandeconomichasledtothenewdisciplineof“Econophysics.”The
mainmotivationofthepresentworkistostudydataresultingfromtheJapanesestockmarketusing
arecentlydiscoveredresultinstatisticalphysics,namelythatof“persistence”.

Initsmostgenericform,theso-called“persistence”probleminphysicsisconcernedwiththe
fractionofspacewhichliterallypersistsinitsinitial(t=0)stateuptosomelatertimet.Itisaclassic
problemwhichfallsintothegeneralclassofso-called“firstpassage”problems(Redner,2001)and
hasbeenextensivelystudiedoverthepasttwodecadesorsoformodelspinsystemsbyphysicists
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(Bray,Derrida,&Godreche,1994;Derrida,Bray,&Godreche,1994;Stauffer,1994;Derrida,Hakim,
&Pasquier,1995,1996;Majumdar,Bray,Cornell,&Sire,1996).Persistencehasbeeninvestigated
atbothzero(Brayetal.,1994;Derridaetal.,1994;Stauffer,1994;Derrida,etal.,1995,1996)and
non-zero(Majumdaretal.,1996)temperatures.

Typically,inthenon-equilibriumdynamicsofspinsystemsatzero-temperature(Brayetal.,1994;
Derridaetal.,1994;Stauffer,1994;Derrida,etal.,1995,1996),thesystemispreparedinitiallyin
arandomstateandthefractionofspins,P(t),thatpersistsinthesamestateasatt=0uptosome
latertimetismonitored.Atafinitetemperature,ontheotherhand,oneisinterestedintheglobal
persistencebehaviourandonemonitorsthechangeinthesignofthemagnetizationinacollection
ofnon-interactingsystems(Majumdaretal.,1996).Itisnowwellestablishedthatthepersistence
probabilitydecaysalgebraically(Brayetal.,1994;Derridaetal.,1994;Stauffer,1994;Derrida,et
al.,1995,1996;Majumdaretal.,1996):

P t t
d q( ) − ( )~
,θ  (1)

whereθ(d,q)isanewnon-trivialpersistenceexponent.Notethatthevalueofθdependsnotonlyonthe
spatial(Stauffer,1994)(d)andthespin(Derrida,deOliveira,&Stauffer,1996)(q)dimensionalities,
butalsoonwhetherthetemperature,T,iszeroorfinite.ItisonlyforT=0andd=1thatθ(1,q)is
knownexactly(Derridaetal.,1995,1996);seeRay(2004)forareview.Wemerelymentionherethat
atcriticality,T=Tc,θ(2,2)∼0.5forthepuretwo-dimensionalIsingmodel(Majumdaretal.,1996).

Morerecentlyithasbeendiscoveredthatdisorder(Jain1999a,1999b;Sen&Dasgupta,2004)
alsoaltersthepersistencebehaviour.Akeyfinding(Jain1999a,1999b;Jain&Flynn,2006)isthe
appearanceof ‘blocking’ in systemscontainingdisorder. ‘Blocked’ spinsareeffectively isolated
fromthebehaviouroftherestofthesysteminthesensethattheyneverflip.Asaresult,P(∞)>0.

Thepersistenceexponenthasalsobeenobtainedfromawiderangeofexperimentalsystemsand
thevaluesrangefrom0.19-1.02,dependingonthesystem(Marcos-Martin,Beysens,Bouchaud,
Godreche,&Yekutieli,1995;Yurke,Pargellis,Majumdar,&Sire,1997;Tam,Zeitak,Szeto,&
Stavans,1997).Aconsiderableamountof timeandefforthasbeen takenup in trying toobtain
estimatesofθ(d,q)fordifferentmodelsandsystemsasitisanewcriticalexponentunrelatedto
theclassicalexponents.Thevalueofthepersistenceexponentispresentlyknownforaverylimited
numberoffinancialmarkets.

Theprimaryaimofthepresentstudyistoapplythemethodologyusedintheinvestigationof
persistencetofinancialdatafromtheJapanesestockmarket.Theintentionistoextractapersistence
exponent,compareandcontrastitwiththeoneobtainedearlierfortheLondonmarketinorderto
deduceknowledgeabouttheunderlyingbehaviour.

Inthiswork,wepresentoneofthefirstestimatesofthepersistenceexponentfromfinancialdata
fromtheJapanesestockmarket.Akeymotivationbehindthepresentstudyistocompareandcontrast
thebehaviouroftheJapaneseandUKstockmarkets.Itwasrecently(Jain&Buckley,2006;Jain,
2007)foundthatthepersistencebehaviouroftheLondonstockmarketdisplaysaninterestingdouble
powerlawbehaviour.Asweshallsee,wefindverysimilarfeaturesintheJapanesestockmarket.

Weobserveaninterestingdoublepowerlawdecayofthepersistenceprobabilitywithtime.On
comparingourresultswiththeearlierwork(Jain&Buckley,2006;Jain,2007),itappearsthatthe
doublepowerlawbehaviourisnotuniquetotheJapanesemarketandis,infact,alsopresentintheUK
market.Indeed,doublepowerhavebeendiscoveredinnumerousdifferentscenariosinnature(Pinto,
Lopes,&Machado,2014).Theserangefromstudiesofincomeandwealthdistributions(Coelho,
Richmond,Barry,&Hutzler,2008)toinvestigationsofurbanroadnetworks(Jiangetal.,2011).

Inthenextsectionwegiveabriefoutlineofthemethodologyused.Section3presentsourresults
andwefinishwithabriefconclusioninSection4.
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