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1 WItrod uton

INnrecert years the ux ofpareld ata techriquesto ted macroecoresmt hypothess
hash ecome inreagrglycommon. Tw o examp ksofthe mos popubr ussto w hch
the= techrigqueshave b eenpu are tesirg Br corvergene ingow th rateso® DP !
an teds Br puchadryg power parity - £ ach oFthes hypothess is Hrmubted
eserib By astesirg Or a urit root iNthe edimated resl Ltakbofa Srgk-equationN
regessonan the argumert preriel iINEvour ofpareld ata method sisthat they
have geater power thangartari urit root tets by virtue ofthe ref utioNnin
e cauxl by the averagirg or poo lrg acrossthe uritsofthe parel Anad( ef
al vartacg ofenproposd isthat the agmptotr (¢ ikrbutonN(uder the rul of
me ofthe=x tegs eveninthe preene ofinegatel ( ata, isrermal INErene
iIsthereby iNnme =re made \gardari **. T he emphags inthis kterature has
thereBre primarily takenthe Brm ofordl erirgthe agmptoti propertiesofparel
i ata edimatorsani teg datigcsasT ari N @ to iNnrity, possb I at ratesoF
d ivergerue that are cortrol appropriatel/. Techriguesd evebpel byl ¢K odey
ari Kao (1998), Kao (1999) ard Ped rori (1999) irter alla have exteriel E rgk
(1987) type gfatr argk equatbnregessorsto poo k! pareldatr regesorsan
prod el teg gatidrsan critcalvalesto teg Br coirtegationinpareld ata .-
Inp kit inthex aral/®sisthe a|amptonofugue coirtegatirg vectors abett
heterogereous acrossthe urts.

Several iIsmes are worth rotirg w ithinthe cortext ofthisdu y Br the uz
ofparebk inmacro-ecorometrc rearch. k isimportart rgly to make a ¢ kar
( itintonbetw eentheir ux here art their ux INM cro-ecorometre reswarch-T he
macroecorosmk ( ata ®ts(re htirgto gow th,d igrb ubnterm sru ture ofirteres

ratesor PPP) typrally coras ofsmp ksofup to 9 courtriesw ith ob ®rvatiors

'Seeeg. Bvars and Kanras (996) and L e, P esaran, and Smith (997)
20 n parel studies of P P P, see Frankel and R ase (996) and P gpell (997).



Tr thirty or Brty yearsquarterly or armua /- T husthe ¢ mersgonofthe runber
oftrosssctonNnuritsN , akthough smetmesquite krgg, iIsvery ofend om irate(
by the time d mersonNT . T he uesofpareld ata methol siNnmErro-ecorometrcs
onthe other hard hasa muh breer higory ari irvobe bokirgat sttirgsw here
the time d mersonNT isgg cartly snalkr thanN - T hus w hik animpresave
amourt ofFrearch has Htusl onmod e lirg the heterocereity acrossthe urts
by mearsoftommontime ePects or >el- art rardom-e®ects ari onmethod s
ofovercomirg w hat iscommorly krew nasthe \int ertalparametersprob km**
(usa /by mearsoftrarsbrmatiorsofthe mod elor by irgrunertallvariab ksor
6 Il I method9, the iIsae 1Isieak with by cordl erirg hrge-T, rehtive by bhrge-N
smp Esinthe ca ofmacro-ecorometrr d ata ts. T hisisrot to sy that int ertal
parameter prob Emsd o rot have aryre Bvarnie Br our ara bgs 9ne the assmption
that we have st ¢ iert § ata to etimate a Mthe parametersofour mod e lisfr fom
ocwusan we hallviat thisisse bebw -

Secort by, inthe cortext ofaralasofmulvarite & 2) l ata stsit isratual
to Bcusonmethod sthat rebx the assmptionofa uguLe coirtegatirg vector.
¢ roernani K Eberggn(1999), Larsmnmart Lyhagen(1999) ari (2000),ar Larssn
Lyhacen arn LAthgen (1998) have there®re d evebpel techriguesarabgusto
(oharen1995) maxanun HkeBhool method sto albw Br mukip k coirtegatirg
vectors iNthe crosssctoNurits. Sine the asmsmptionofurigLe coirtegatiry
vectorsmayhb e thought ofash eirgurTecesmrilyredrrtive anit urealidr , s/dems
method sBr parekhave represriel a rotab E al vare.

How ever, third B, ari mog mportartly, rore ofthe method scited above takes
ary accourt ofthe possb ility oFbrgrund eperi erne amoryg the variab ksacross
the uritscomprigrgthe parel(exept through short-rune®ectsor through corre k-

torsamorgthe errorsacrossthe uritg - Aswe show bebw , partc ulbrly inmacro-



ecoromc gul esw ith iregatel varib ks thisisa frousregrctiont W hik 6 LS
method sarh asthos usl by 0 Corre M (1998) gp ©me way tow ard salbw irgthe
uritsto be rehtel by mearsofa rond egralvarene-covariarne matrex ofthe
g/gem, thes d 0 rot accourt Br the exagerne oFbrgrunor coirtegatirgre htion
shipsacrossvarab ksinthe urtsofthe pare L Nor isthe inorporationofhort-run
d eperd erne sk ¢ ert Br the aral/gasofmacroecoromr pareld ata sts.

T hishg ob ®rvationkal sonto mportart comp katiors®r the rearch ageria
irvo Virgthe us ofmacroecoromt pareld ata . W ithinthe compassofthiscritigue
ke althe pre-exagirgtedsr unit rootsan coinegationinpare i to the exten
ofvitiatirgertirely their u=._. Two Sgi cant Fatuesirhb it their app kab ikty -
the asamptorsofthe sime maxanum coinegatirg rark acrossthe uritsan ro
brgrund eperiene acrossthe unts.

0 ur paper takesLarssnan Lyhagen(1999) (henebrth LL) asits<gartirg
poirt, dnie it provil esore ofthe mog gereraltreatmerisofparelcoirtegation
(ab ject to the regrtiorshichichted above) . T he motivation®r ani b ac kgrourt
to our U y isthe corsl erationofsnall to med iun-kel macro-ecoromi parelg
w ith the time ¢ mersontypcally rargirg fom 100 to 200 - O ur method o bgy Is
bal ongamubtibrs. INSectiboN?, we bre°y preert the maxanum ke khood
Famew ork Br arabzirgpareld ata asexemp i el by LL who ab d erive the rull
i ikrbubrsofthe teg fatidrs. INSectioN3, we ux anempircalexamp kB w ith
tw o uritsinthe parelto ilLgrate the cordl erab b ¢ i cukies®r the d irect ux oF
thismethod _By exterson ary ofthe argk-equationmethod scited above mayhbe
show nto be iNnamihr trowb BE.By mearsofamp k su esofbrg arl short-run
inereg ratesina sna@parelw here the crosscourtry coirtegatonNnpossb ilities
are = lfevil ert, we motivate drorgly the reed to mod iy pre-exasirg method soF

bokirgat coirtegatel parek.



Inorier to bernh-mark or amuktoNgdu y, INSectionN4 we Imukte ( ata
urier the LL speci catibrsofthe d ata cererationprocessart show that us ofthe
agmptotr d ikrbutbrsan critcallvallesd erivel by LL Bad sto tegsw ith correct
eart gpold power.0 ur poirt ot eparture fom thisFamew orkisthento amuhte
d ataw ith crossurit coirtegatirgre ht orsor uritswy ith d Berent coirtegatirgrark
art to show the propertiesofthe LL tedsintheir prere. Notab I, inSectiors
5arl 6we prexn reaultsiemordratirg i irgsofinorrect rark urder smp b
chargesofthe processgereratirgthe d ata -

We alb sgpd ari evalate mod i catibrsofthe tetirg famework to albw
Tr crossurit coirtegationart to mprove inErerne . ANohvibusroute w e exp bre
iIsto pre-teg the utsofthe parel Br coirtegatirg rehtiorsw ithineach urit
ugrgthe Joharenl L method - T he LL method isappkab kB ifari orly ifore is
ertitkl to albw Br the sme maxamun coirtegatirg rark acrossthe untsofthe
smp kB ard , moreover, coirtegationoccursorly w ithinurtsan rot acrossuits.
E gimatirgthe s/dem urit by urit ugrgl oharenll L isa wayofverifirgthe rg
assmption Hthisisveri el , ore may thenexract the commontreri simp ked by
the coirtegatirgvectorsan tes Br coirtegatonamorgthe commontrerisa kh
6 oraab ari ¢ rarger (1995) to ruk ou the exaderne oftrossurit rebhtors. 0 nly
thenisthe LL approach (ari the ec e lkcasofthisapproach, sch ask ao (1999)
ari Pel rori (1999)) juti el ,ari Bad sto quirsinet ¢ enyover esimatirgthe il
gsgem (coragirgofallthe variab Esina lthe utsofthe pared T hisqueriial
tesirg proced ure iIsimp kmertel INSectioNn7 iNord er to arallze inmore ( etail
the irteres rate data- T he aral/asc karly ini ratesthat the parelcoirtegation
techrguesare rot suitel to thiscortext, ari cankad to orrect con Lsors.

The Imitatbrsofour curert Uy mug oftours he borre INmin . O ur

irvesicatonisiimited to bokirgat orlythe amp kg possh kE serarns.Wed o rot



asyet have st ciert evi erne Br hrger d mersorals/gems. Nor 1o we presn
here the resuks®r | ata cererationprocesesw ith d etermingc comporertissch
ascorgartsor treri sor breakd unmies comp katiorsthat are very kel to occur
iNpractre . Inthis htter case, provi el the= d etermindr varib kserter irto the
sgem urvesrrted b, we may cordl er our aral/dsasproxyirg Br asifwe were
workirgw ithd etreraed ord emear®! data.-Neverthekssbasd onthe cordl eration
ofeventhes amp kcas w e are ¢ raw Nnirexorab b/ to the corn Lsonthat imgereral
orlypareImethod sthat albw Br Tills/gtem ma>anun ke kool arab/asare likely
to Bal to the \right""arsi er .How ever,d ata Emitatiorsw ith the mp bed d egeesof
Feed om redretonw illrot albwv sch a Tills/dem to be edimatel urvesrted
iNna B¢ irrunganes. We therere con i e that, partt ukrly iNnirtegated parel
geat care mug be takeninuarg anl irterpretirg the resuksofmacroecoramt
parek. Short-cutsor regrrtiorsofthe kih mpEkit inLL, or >essarh asthos
whchwoul erab kthew ithinurit coirtegatirgrebhtiorsto be edimatel  rg an
thenimposd inord er to bokat the crossurit coirtegatirgrebtiorg coul inome

circungarneshe ustlb u prove to be proburd Iy miskal Ing iNothers.

2 The PareIComrtegationFramew ork

The LL parelcoirtegationmod elcorrepori sto a redritel coirtegatel VAR .

The mod elurd er cordl erationNis

CYe= @ G{ﬁl'l' il Ygt "t
ke 1

I:)N
Fl

where ® ari ~ have d imergonN p £ rj, N isthe rumber ofunits p isthe

i mersonofeach sb-g/em VY= (yiugyaﬁ:::,ym)o,iz 1;2;=N ,€= 1;2;:57,



an r; isthe rarkofeach sb-s/gem - T he vector Y¢ isgvenby gackirg the N

vectorsY - T he matrces® ari ~ have the Tbw irng Sruture:

0 1 0 1
®11 ®22 m®1N _11 0 m 0
®21 ®22 _ 0 _22
® = ; = :
®N1 ®N2 m®NN 0 0 m_NN

T he variane-covariane matrixoF ¢ is

0 1
8§11 81 Gk 8y,

871 85 I 8yy

8y1 8y GELS,y

T he mod elthere®re albw sBr ineractibNnamory the urtsthrough the brgrun
al ptmert coet ¢ erts® , the sort-runmatrresi k, ari the o®-0 egpralekmeris
of8;bu the regrition = 0 8i6 jruksou coirtegatirg re ktbreipsacross
the urits. A trther redrrtonisthat ofribeirgassmel to be the sme Br each
uit - T he= two regrrtiorsare the mog mportart iIssesto he irvedicptel , 9ne
there are mary examp Esw here they may be inmoradert w ith both theory ani
data3

T he eemationabprithm Br the i vl talcoirtegatirgrebhtorsisa sriesof

red wed rark regesiorsinwhih each  isedimatel by conertratirg ou the

n il remairirgores. Hene, ,; to , are eximatel at each iteratioryari the

3\ oethatinpradtice, asN  grons, the amauntofaorrelatian anang the units mustbe aatrolied
apriori by impasing restrictias an te® ; § and 8 matricss in aderto satisfy degress offieedam
restrictians implied by the data.



proced ure isrepeatel urtilcorvercerne !

T he trace teg Br coirtegatirgrarkofrij= qverasr;= p, Breach 1ari br
g=0;5p il,isderivel INLL_T he rark istegel urier the b bckd mgprality re-
drrtionon T he agmptotr ( igrb uibNofthe ted fKatitr isthe corvolltbnof
the gariard Johar®nlLR rarkted ard anirieperdert A withN (N §1)Q i 9
d egeesoffeel om T hismearsthat the ted Br r;= 0 isthe same asthe Johargn
ted, w hik Br rark brger thanzero there isanad d itioralcomporert inthe (¢ igri
buionw hh accourts®r the ad d itiorallzero resrrtiorsimposi on - Note that
teirgBrr;= gverasr;= p iNnthisFfamew orkcorrepor sto tegirg Br rarkN g
verasN p iNna Tills/sAem cortext, w hereasteg irg Br rark inthe J oharenfame-
workwoull albwv Br althe irtermel kte posh ikties. For exampk, N = p= 2,
LL tesds®r 0 verast Thwel by? verasd . Joharernwoul teg Br( verasd,
1 versust arnl ® on

Firall, rote that whenp = 1 anl jk isb bckd mgoral Br each k, the rull
hypothegsofthe LL tes isthat aMthe variah Esare K1), acpird the alerrative
that they are gatioraryw ith heterogerousgat brary roots. T hisresul istherere
the parelversonofthe ADF ted inthe Srgk urit ca<, an iNnthis<re the
LL famework redsparelurit root teds(=e eg Levinan LiN(993), In ani
I -Hard Shin(997))-

3 Emprrcallt >xamp ks

To illdrate the kiri ofprob Em ore coul enourter iNnudrgthe LL parelcoin
tegatibnmod elinempircalmod elirg, we prert two amp b examp ksirvolirg

short- ari brgterm irteres rates® We esimate the two s/gemscoragirgo® er-

‘Farstartingvales, L L prgpase tsing the ™ ;; estimated fiam astandard adntegration analysis
an eedch unitseparately W e insteed use the initial values sugoessted in @darsen 1995), p-110 ©

5T hevariablkes, teken fian the0 ECD  datiabese, are three-manth interestrates (@oe6225D Yand
Ingtam rates (@odes 62530 Tort emany, 62610 forD emark and 62690 forthell etherlands).

Ve



mary ari the Netherhri s art ¢ ermary ardi Dermark by fills/gem ma>xamum
e Bhood , ugrg the J oharenapproach. k tursou that both pairsoftourtries
exhb it a coirtegatbnpatternthat isret corggert w ith the gruture ofthe LL

mod ell®

31 6 ermaryaria The Netherhns

The smpk perind Br the 6 ermanDuch mod elgpesfom |l ay 1990 to Jarwary
1999 _ T he choneci catbnN®r the urmesritel VAR involbes Hur hgsan
anuredrrtel cordarnt- Dagoegr tessBr thisamp B mod elpoirt towar sits
corgwenie. T here isorly a margirallreectionofthe rullhypothegsofrorma ity
iNnthe s/gem, whrh isrot Bkely to a®ect the outcome ofthe coinegatibnNtess
e eg-6t oraab (1994).

T he Johargntrace ari ma>anum eigervaLe coirtegatonted fatidk sinthis
mod el irl cate that the coinegatirg rark isequallto ore, e the rg parelof
Tab B 1.Thisisanin cationthat ugargthe LL. mod elwoull be irappropriate.

T he redrrtel coirtegatiorvector correpon irgto a rarkofore irvo besshort-
term rates¥om both courtries w ith homogereouscoet ¢ ertsequalito ore. 0 Ny
the 6 ermanshort-term irteres rate al jugsto ¢ iquilbbrium _ T he LR ted corre-
on irgto thisredrrtel feci cationist ikrb uel asa AQ(G) an takesa vale ofF
4 84; correpon irgto a taillprobab ility valLe o 56:T he edimatel coet ¢ ertsare
reported iNthe scorn parelofTab B 1. k isevil ert that w ith thiscoinegation

gruture it woul be irappropriate to eimate the LL parelcoirtegationmod ell

T his partofthe analysis wes aonducted usingP d=imli9 21 D comikandH endry (997)

W e are vary gateful to Jden L yhagen Torprojiding us with thel arsson and L yhagen parel
dataprogamswittening A USS 310 T his aadewss subsequently trarsbtied by uis 100 X Q camik
(999))and mad ed and extended fTarthe usss mack in this pgperand is fieely avai Ebke fian us.



32 6 ermaryari Dermark

For the 6 ermanDaris mod el the s mp E pernd cor"l ered gpes¥om || ay 1990
to Jaruary 1999 _We ad opt the sme seci catibnasabove, w ith Bur hgsan an
uvedrrtel corgari. Inthissmp E, there isevil enne ofparameter irgab ility in
1993 inthe Daridh short-term rate ara iNthe ¢ erman brgterm rate . How ever,
the orly evil ene oFfmispeci catbnisthe repctboNnofFrormallity inthe Darish
sort- ari brgterm ratesan inthe Tills/dem - Hwe aralze thismod elonthe
smp b gartirg fom October 1993, we ri ro evil erne ofparameter irgab iky.
T he coirtegatonNnaralassgedsa rarkofore iNboth s mp ks ari we report
the resuks®r the broer smp kB ordy.

T he Johargrcoirtegationted s reported inthe r< parelofab k2, irnl £ate
that the rark isore inthish variate s/gem aswell

T he regrrted coirtegatirg vector irvobesthe short-term ratesordy, ani the
6 erman brgterm rate isweakly exocerous. The LR tes Br thisseci catbnis
i ikrbuel asa AZ(s) an takesthe valle 0 92 ,corresport irgto a taillprobab ility
o0 18: Parameter edimates ®r the redrrtel modelare reportel iNthe wconi
parelofTab k2

Inammary, inboth casesthe b bck d egprality oF  that characterzesthe
parelcoirtegatonfamew orkisvio htel -.We w illeva Late the corgquenesofthis
vo htbnonthe perbrmane ofthe LL teg iNnSection5, w hik the rexd scton
exam iresthe sze ari power ofthe ted, asmmirgthat tsurierbirgasmptiors

are sitis e -



4 Smukltorsw henthe LL. Famew ork iscorrect

For d ata cereratibnprocesesthat sitisfy the LL eci catbnresgritorg thed is
trib uuonofthe LL trace teg Br coinegatirgrarkisasgveninLL (ar desrib el
briecy above). We were ab kB to Smuhkte the critcalvalesimp el by the ¢ igri
bution Inpartt ubr, iNnthes experimentswe asame N = 2;a b bckd mgpral™
matrixari the sme coirtegatirg rark ima Bunitsofthe pare L T he homogereity
ofthe coirtegatirgvector isabl® assmel , Br anpkity- Resukls®BrN = 4 ani
N = 8 are ammareel iNSectioNnGhebw -

T he d ata cererationproceskesare asgveninTab B 3. D6 P 1 isthe amp kg
rull v ith rark zero iNboth urits. D6 P 2A hasrark 1l inboth unts w ith the
bal ilgmatrix® corgrutel srh that the equilb rium correctionterm sertersirto
orlyore equationofeach urit . IND6 P 2B ,w ith rarkl inb oth urits the rg equi
b riun correctionterm ertersore equationeach ofhoth urtsw hereasthe sconl
equib rium correctionterm ertersorly ore equatioNnofthe scorn uit. D6 P 2 A
ari DG P 2B are corgrutel inord er to have the sme amourt ofirtegatioNn(as
re°ectel iNthe ab = Lte vaLesofthe rerzero rootsofthe comparornmatrid w hik
havirgd ®erert equilb rium correctionproperties.D6 P 2C isa variart ofD6 P 2 A
with Essintegator?

INTab B4 we report the sze ofrot orly the LL tetsbu ab ofthe Joharen
procel ure urit by urit, pirtl, ari INTEilsaems. Thusthe cobmnhead el LL
avesthe repctionfequeniesofthe rulhypothegsofr; = r. = 0, 1= 1;2;
at the 3 ggi carnne Bvellw henthe LL gatigic iscablubtel Hr D6 P 1 ari LL
crittallvalesare usl - For D6 P 2A to D6 P 2C the repctonfequen esofthe

rullhypothegsofr; = r | = 1 at the B gg cane Bvelisgven agpinv ith

T hevalbes adnddewith thae inl L and, Tor the spedal Gase where the adintegrating rank is
0, with those presarted in Jdhansen (995).

80 therexparimants with d®arentan guratias T yielded quakitatively simibrresults, while
with smallerstationary roots the statistics have better size and higherponer-

10



Larsmnan Lyhacgen(1999) critrallvalles.

Thecobmrshead el \urit 1""ard \urit 2 **provil e the correponi irgrejection
fequenies Br each urit iNvil Ll at the 5 ag cane Bveludrg) oharen
(1995) critrallvales. T he repctonfequen esinthe cobmnhead ed \pirt""are
calulktel by ttirgthe sgi carne kvelofthe urit by urit tegsat 1 j 0 957,
% that the Sigri cane ofthe pirt tes (ie-the probab lyofrectirgrark( inboth
uitsinD6 P 1, ard rark1l inboth urtsiND6 P 2A t0 2C) IS5 - The cobmn
head el \J s/gem ""gwvesthe repctionNfequenes(0fry= 0 BrD6 P lar ry= 2
Br D6 Ps2A to 2C) whenthe Tl Bu-i mersgoralsem, isesimated w ithout
redrrtion Note that r | inl catesthe coirtegatirgrark inthe LL ®re, ani r;
that inthe Tills/gem

The rakobLmrofTab kB4 gvesthe rejectbrnfequen iesooirtegationamory
the commontreri sderivel fom the urit by unt coirtegationarabgs w herever
the rullhypothegsisaccepted ineach urit - Sine Br althe | ata gereratioNpro-
cesescord erel INTab kE 3there isrv crossurit coirtegation the ralcobmn
thereBre reportsthe repctionfequeniesofr = 0 w herever Bur commontreni s
(two fom each urit) are extracted iNthe s mp kscererated by D6 P 1, basd on
tesirg Br coirtegatirgrarkurit by urt, ari w hergver two commontreri s(ore
Ffom each urit) are extractel iNthe s mp kscereratel by D6 P 2A to 2C T hispro-
ced ure iIsequiva brt to that proposi by 6 oraab ani ¢ rarger (1995) Br checkirg
Pr coirtegatonamorgsb-s/gemsofoirtegatel s/tems.6 oraab arn ¢ rarger
suegel that the agmptotr ¢ idrib utibNofthe coirtegatibnted isrot aRected
by havirgegimatel the commontreri sinthe rg gace -Herne, thecrittallvales
uxl are takenfom Joharen(1995).

T he resuksons e, asreportel INTab k4 ,are enouagiry-t >xept Br the pirt

ted, ro sbdanikl e | ikortorsare eviert. T he d idortiorsofthe pirt tes
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i Isppear asthe smp kb e inreaesto 400 but, partcubrly HrD6 P 2A ani 2B,
they are prert ari mportart at ecoromcallytypralsmp b szesof100 or 200 .
T he ¢ itortbrsare geater w ith more €edback (compare D6 P 2B w ith 2A) ari
bwerw ith bwer integaton(ompare Dt P 2Awith2C).

Thet oraab ari 6 rarger proced ure isslidht Iy unier-szed w herever coirtegat-
g vectorsare edimatef ,asinNDt P 2A to 2C, evenat hrgg smp kB sesoF 00 -
Thisis kel a cormquene ofugrgcritcalvallesthat are dretly rot appkab B
with corgrutel asopposl to raw <ries. k isinprinp bk possb B to al jug the
crittallvales®r e bu dnie srh correctiorswoul be ad hoc, the sze ( idor-
tiorsare rot geat, ari the cererallpoiniscanbe mad e iNthe ab €ne ofarh e
correctiorg we d o rot purse thistrther.

Tab B 5 (uer t ertcralhead irgs provi esthe pow er ofthe tes procel uresBr
D6 P2At0o2C ThusBbrDt P 2Ato2C therepctonfequeniesofr . = 0 are gven
iNnthe cobmhead el LL,w hik the remairirgco Lm rsprovil e the sme iNbrmationN
Br the other tegs. ABthe tesdshave pow er approachirgl assmp b sze iNnreass.
Broal by peakirghow ever, the LL tes isento have the beg pow er properties®r
a majrity oftases both at bw , mel um ardi hrgg s mp kB ses. T he tes has
onedmatirg the Joharentill s/tem isthe kag powerfill (akhough inreagry
rapil B/to 1) Br allb u ore ofthe cas. T hisisto he expectel , 9re w henthe LL
rullissitis el , esimatioNofthe Joharentills/dem irvolesesimatirga hrge
runb er ofurTecessmry parameters. T his Bal sto a bssinet ¢ eny iINetimationN
ofimportart parametersari bssofpower? [ gimatirgthe s/gtem urit by urit is
partlybere c el (by cutirgd ow nonthe rumber ofparametersto he etimated )
akhoudh crossurtt correctiorsvia the ® matrxare rot takenirto accourt - T he
Jirt teg there®Bre occupiesthe ml ¢ B gount intermsofpow er perbrmarne.

Tab B 6provi esd etailbofthe biesarni gsariard d eviationofthe esimatesof

9See disaussiaon of results of T ebke 6 below.
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the coirtegatirgvectorsr each ofthe three d Rerert methol s. Intermsoh B
even®r T=100, the LL teg arn the Johargntrace gatidr urit by urit perbrm

quite welLL T he htter isslicht by better thanthe Brmer, ab iNntermsofet ¢ eny,
ie, bver garnani errors®r the edmatel coet ¢ erts. T he Tills/gem Joharen

rarksthid Br both b msan et ¢ eny.

5 Smubtorsw henthe LL. Famew ork isrwt cor-
rect

From the previbussction the LL ted appearsto have the proper sze, good power
comparel to other coirtegatiornprocel ures ari to yiell @me et ¢ eny Gairsw hen
egmatirgthe coirtegatirgcoet c erts.Y et,aswe sres®i inthe irtrod uwtionthe
LL Ffamew ork(ari the evermore resgrted mod e binthe pare lurit root Eterature),
may be irappropriate iNnapp katiorsw ith macroecoromk data. Inpartcukr, iN
thiscortext there canexd coirtegatirg rebhtorgipsacrossthe urts an the
uitscanbe drivenby a ¢ Rerert rumber oftommontreri scWe row eva Late the
corequenesofthes tw o Faturesonthe perbrmarne ofthe LL ted,ard cordl er
sme \l Bgosr teds"to ot their prexne.

We ue anubktiorsto un ertake thispart ofthe aral/as irgeal ofbokirg br
araltralexpressorsofithe ¢ iIdkrbubrsurier the akerrative. T he ( it cukiesoF
d erivirg( ergtiesinthe preene oftrossurit cointegationare rotel by P hillps
(1999) w ho commert that w henthere are grorgcorrehtnrsamorgthe uritsofa
parel(@swoul applVy iNnou caksofirtered), dardart certral Init theory ani
bw soflhrge runbersw illro breer app V- Il oreover our irterest isrot @ Bl inthe
Initd krbubrs@ ithN ar T approachirginrity)bu we w ish albo to bokat

the b ehaviour ofthes gatigscs®r snaliN arit med ium-szed T .The pred ctiors
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ofagmptotr theory are thusoFfimitel u=x here.

51 Cointegatonacrossthe urits

W henthe uritsare relbtel by coirtegatirgre htorgps the hypothegasofa b bck
i agpral isviohtel . Severalgrutues®r are row possb B, ani we fcus
onthree ofthe iINour amubtonNnexperimerts. T he d ata cereratbNproceses
aredesrbel INTab kB 7. IND6 P 3there exadsorly ore coirtegatirgre ktoreip
acrosstheutsthatr, . = 0ari ry3= 1.TheDt Ps3A,3B ari 3 { Ber Brthe
bad irgmatrix, ® ,w hik IN3D there ismore Katorarity- IND6 P 4 we cordl er the
ca rp. = 0 ard ry= 2, ramely, two coirtegatirg re htordipsacrossthe urts
art rorew ithinthe urits. IND6 P Swealo albw Brw ithinurit coinegatibnan
keep ore crossurit rebtorgip, © that rp, = 1 ani rj = 3. Severalsb-caesofF
D6 P 4 ara Sare arabzel ,w hihd Rer Br the gruture ofthe ® matrox (inl cated
by AB ,C) ari Br the magitul e ofthe roots(D).-

T he repctionfequen esofthe LL tes are reportel iNnthe LLcobmrsofTab k
8_ForDG P 3,wherer = 0;theprobabilityofrefctirgr, . = 0 qurkly inreass
tow ard sore,w hilk that ofrectirgr,,. = 1 isintherarge 02630 28w henT = 400 .
For D6 P 4 alo the probab ility ofrejectirgr, . = 1 inreaksto ore,ari the sme
iIstrie Br D6 P 5. Thes resuksinl cate a masave repctionofthe proper rull
hypothegsofthe LL tes inthe prene ofrossurit coirtegation Coirtegaton
acrossuritsisw rorgly attrib uted to coirtegationw ithinurts.

k isirteregirgto evallate w hether thisisalb a prob Bm inthe urt by urit
arallgsugargthe Joharentrace tes - Irdeel , fom the cobmrs\urit 1""ar \urit
2""ofTab E8,therearecasswy hernthe sze ofthe tes iseverel/b Bl Lpw arl 5even
rfthe highed rectiorprobab ilkitiesofr |, = 0 aremuh sna lkr thanthos fom LL,

about B Br T = 400._-Thed dortonNnisrehtel to the coirtegatirg re htiorgips
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a®ectirg<verallvariah Esofthe s/dem (tassB anl C) .Asa corgquene, the pin
proced ure had onthe comb iratioNnofthe urit by urt resuksab preerisse
( itortiorsinthes casCoLmN\pirt*) 2

Inthe Bght ofthes reauks it femspartc ubrly mportart either to uz a Tl
g/gem approach, or at Bag to evallate w hether there Iscrossurit coirtegation
T he Brmer approach thouch isret £asb E w ith a hrger runber ofurits © that
the htter becomesevernmore mportart - T he kg three coLmrsofTab B 8 report
the sze ari power ofthe ¢ oraab ari ¢ rarger proced re. T he power ofthe tes
Cobmrsrc = 0 HrallDt Psani abl rc = 1 Br D6 P 4) isingereralrather bw
BrT=120,buqurklyinreaksw th T anl isofercxb=toore BrT = 400 T he
e Cobmrsrc = 1 Br D6 Ps3an 5,ard cobmnre = 2 Br D6 P 4) isdicghtly
bw er thanthe remiralvale al® Br T = 400, asinthe prevbusscton

0 vera il the= resukssuged that the LL tes, ari to a certainexert urit by
uit aralgs can kal to over-acceptarne ofw ithinurt coirtegationw henthere
exigscrossurit coirtegation 0 Nthe other hari , the htter isd etected quite well

bythe(t oraab ard ¢ rarger tes,at kag Br hrge erough smp kB ses.

52 Dmerert colrtegatirgrarksineach urit

T he caesofi Rerert w ithinut coirtegatirgrarkswe cordl er are idel iNTab k
9. IND6P 6HItISrL =1, =0;®BrD6P 7ri=2,rn,=0;®BrD6P 8,r1 =2,
rh=1_.Foreach Dt P we alo cordl er d Rerert bal rgmatrres® (abcawsA,B,
C),art bwer gatorary roots(D)-

T he repctionfequen esofthe LL tes are reportel iNnthe LLcobmrsofTab k

10 . WhenT = 400,r., = 0 isregcted with probab ility ore inallcass anl ak®

1) ofe that, in ader 10 reduce unaertainty, the same randam numbers are used Tor alll exeri-
mets-H ence same values Torthe unitby unitanalysis are the same €g- thase Torunit2,D6 Ps
3t ,38,3D,44 ,4B,4D ).
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r. = 1 isrepctel with probability c b to ore Br Dt Ps7ari 8. WhenT iIs
snalkr, the repctioNfequen esare by er iNme casks b u overa Bthes resulks
alb incate a terieny ofthe LL ted to sbgartialy uner regect w ithinurt
coirtegaton

The urt by unit coinegatonaral/esprovil e anin catonNabou | Perenes
iNthe coirtegatirgrarksCobmrs\urit 1*'art \urit 2 *'offab B 10). Infct w hen
T = 400, the uit by urt tegsingereralhave power ¢ b= to ore,arnt e ¢ b= to
the romiral BveL T he exceptiorsare D6 P s6C ard /C, w henthe sze ofthe tes
ishreer,about 0 24 _T hisisthe cae w here the coirtegatirgvectorsfom the rg
uit al a®ect the =cori urit.

W henT issnallkr, the power ofthe tedsinome D6t P sis bw , inpartc ukr
tho= oftype A . INthesx caksthe perbrmarne ofthe pirt tex CoLmN\pin*) is
alb uwmtiskctory, w ith 2b gartialover rectionofthe correct rull

Insmmary, w henthe coirtegatirg rarks are d Rerert across urits the LL
teg terd sto over-accept the prerue ofw thinunt coirtegation INnother worl §
coirtegatoninore uit b akesthe ted towari sronrepctonoftoirtegatonin
the other urit . U it by urit arab/asisacc urate w henT is khrgg erough, ari can
provil e a u=Till Bgodr teg Br d Rerent coirtegatirg rarksacrossurits.

The sgeson®r empircalaralasthat emergegs fom thisscttonisto uxw
Tills/tem edimatiorw herever possb k. Hthisisrot fasb B, the rg gep shoul
bea urit by unit coirtegationaral/as. T he scorl gep isto teg Br the ab e
oftrossurit coirtegationby mearsofthe ¢ oraab ard ¢ rarger procel ure. I
thisisaccepted , ard the urit by unt aral/asd oesrot inl cate the prene of
i Beren rarksacrossurits the third gep isto app b/the LL gatidr , that canyel
et ¢ eny aqirsintermsofhicher power ardt bw er gariard errors®r the esimate

coirtegatirg coet c ents. Thisquertblempircalprocel ure ismp Emertel INn
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Secton7, to evallate iINnmore d etailthe prene oftoirtegationNninthe irteres

rate d ata.-

6 Summary ofresuis®Br more rts

Sine the cae o = 2 might be thought to be uri uly redrtive, iINthissctionN
we smmarke the resuksofamubtorsw henthe rumb er ofurtsinthe parelis
inread to4 or 8.Corvertoralparelsu kesoferncordl er cagsw here the rum-
ber ofuntsiseven brger, ard a Imitationofthe highly parametereed ma>amum
lle Bhood method scordl erel INthispaper isthat thiscarrot be d ore, urksT
iIsvery hrcg w ith regpect to N or the d eperiene acrossthe untsis<verely re-
grrtel - Inpogrgthes retrrtiors kal sto the fameworkcordlerel by Larssn
et aL (1998),orbyKao (1999) ara Ped rori (1999) irter ala, w here the htter pa-
persmake the frther assmptionofore coirtegatirgvector T he trad eo® b etw een
higher d mersorality ari a prori regrrtiorsisanisse that meritstrther irves
tication Neverthekss a parellof or 8 untsisa reasrab B sze w hencordl erirg
Tr examp k d ata fom the ¢ 7courtries or fom the brged ecorom esofthe E uro-
peanU ronor ecoromt gowirgssch asNAFTA T he key ecorom ind £cators
ofthe mainsctorsofanecoromy, ofgeogaphca ly d Rerertiatel regorsw ithina
courtry, or ofthe 0 Rerert gnerisofthe hbour market coul ab be irvesticate
w ithinthiscortext -

Inord er to evallate the ske ari power ofthe competirgapproaches we mad e

ue ofD6 Pswhih repkatel the grutuesus! BrN = 2 - Thus Br exampk,
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Dt P 2A BrN = 4,tookthe Hrm

0 1 0 1
il o0 0 0 1 0 0 0
0 0 0 0 il 0 0 0
0 §1 0 0 0o 1 0 0
0 0 0 0 3 0 §1 0 0
® = ; = :
0 0 §1 0 0 0 1 0
0 0 0 0 0 0 §1 0
0 0 0 §1 0 0 o0 1
0 0 0 0 0 0 0 41

T he extersorsr the other D6 P seul s ramely, 3to 8,are amihrly draigtbr-
ward -l oreover, ®r D6 Ps35we al® cordl ered casw ith more thantw o coirte-
gatirgvectorsacrossthe urits ari Br D6 P s68 ( Rerert ( egeesofoirtegationN
w hithineach urit . A ( etailkl accourt ofthes resuks(avaihb B yponreques) isrot
preriel here Br ace corgrairts. T he Tbw irg mportart faturesare how ever
worth retirg:

1) Asthe runber ofuritsininreasl , the ke ofthe LL tegshecomesd is
tortel rlagmptotr critcallvallesare uxd - For examp B, w hend ata are gererated
withryj= 1 Breach LN = 4,T = 200, ari the hrges gatorary rootsare 0 8,
the LL ted rejectsthe rullw ith fequenny o 19 at aconderne bvelof3 _This
i igortiboNnbecomesvery svere Br N = 8, w ith the repctionfequeny iNreadry
to 0 90 - T he d tortbNna INreaksw ith the magritul e ofthe hroges fatorary
roots rfithe other Faturesofthe D6 P are FE unhargel - Thugwith ry= 1 Br
each LN = 4, T = 200, ard hroges gatorary rootsof) 9, the correponi irg

repectoNfequeny st 3 .
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The imeofxed dortbrsisevil ert inthe d is ussoNiNLL oftheir amubtorg
kal irgthem to sugeg the ux oR\B art ktt correctiors” Br the tes fatigk _T he

Brm ofthe correctoNisgvenby

ECr)

S B

Ci;

where C, isthe agmptotr critcallvale ari E(Ct) ari E(C, ) are, repectively,
the expectatiorsofthe rite smp kB anl agmptotr ¢ igrb ubrsofthe teg fatis
tc . Both E(Ct) ard E(C; ) canbe approxanatel by smubtors. 0 ur resuks
e that the us o F®r iseRective iNcorrectirgthe sze ofthe tegts. INother
worl s & isc b= inmagritul e to the correport irgempircalguanik ofthe ( is
trib uibNofthe teg gatigk . T he pow er ofthe teg w henugrg & issatiskctory,
¢ b= to ore even®r T=200 .

2) Weab irvesicatel the perbrmane ofthe LL proced ure inthe prekre ofF
crossurit coirtegationani ( Berert coirtegatirg rarks. Ashefre,we i that
eventhe preene oFEv crossurit coirtegatirgrebtormipsabtanioly b ass
the LL teg toward srectionofro w ithinunt coirtegatoneg,with T = 200,
rij= 0 Breach i,ari ore coirtegatirgre htorghip amorga Burits the probab ility
ofrepctirgthe rullr;= 0 Breach 1is) 56w herN = 8_T hiscarbecomparel w ith
the guaeof 8 HrD6 P 3A INTab E8_Wecoru i e fom thisthat the mportane
oftrossunit coirtegatirgre kt oreipsi oesrwot d ecreae everw henthe rumber oF
uritsinreaks. For the cas ol Rerert rarksacrossthe urits the over-acceptarae
ofw ithinurt coirtegationreportel INTab B 10 anl disusl INSecton52 Is
conrmmel T he d egee ofover-acceptanie inNreaesw ith the rumb er ofuritsw hich
have cointegation. For examp bk, N = 4, T = 200, the repctonfequen esof
rj= 0 Breach 1are0 18,0 44 ,ard 0 & ®r,repectivel, (ri1= 1;r, = rz3=r, = 0),

ri=n=Lrzg=r,=0),ard (=n=rz= 1;r,=0).
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3 AsHr asthe varbusversorsofthe Johargented are cornerrgl (Uit by
uit, pirt,ant sy/dem), thes retainther good e ari pow er propertiesw henthe
uritsi o ret coirtegrate w ith each other - Inthe preene o rossurit coinegation
however,as®rN = 2,the urit by urit aral/gs(ani therebre the pirt teg) can
rejct the rullofro coirtegationtoo ofen. T he ke ofthet ¢ ted remairssidit iy
bw er thanthe remirallvalle,at about 0 04 - kspower isrehtively by w henthere
iIsore crossurit rehtorgip, bu qurkly inreaksw ith the amourt oftrossurit
coirtegationart the runber ofob @rvatiors.

INnmmary, it issitisirgto corn i e that orne the Bart Btt corrected critcal
vallesare u=l Brthe LL tes,the overa Bperbrmarne ofthe varbustesscordl erel

remairsqua litatively urakered fom that reported indetail®rN = 2 _

7 Empwrralt >amp EsR evigtel

The rg gep inthe qertialprocel ure we sugopsted above isurit by urit ara s
gs. Hene,we sec iy samibr mod el Br each courtry to edimate the urit-seci ¢
coirtegatirgvectors. We thencomp Ement the aral/gashy extractirgthe common
treri sfom each urit ari bokirg Br coinegatonamorgthes. Firall, we run
the LL teg to evallate w hether the outcome isinfire w ith the amuktionresuls.
Detaikl resuksare reported Hr N = 2, ari a Smmary ofthe main nrgsis
preried BrN = 8.

71 6 ermaryard The Netherbhris

T he choenweci catioN®r 6 ermary irnvoles! hgsan anurredritel corgart.
T he avaihb Esxmp kperiod gpesfom Il ay 1990 toJarwary 1999, Bra totalsmp b
sze 0FL05 ob ®rvatbre. Dagodr stedsBr thisseci catibnpoirt towari sits

corgwenie dne orly heterodel ag ity ari rorma lity ofthe resl ua lbofthe short-
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term rate are margrally rectel - Coirtegatontessr each rarkare reported IN
Tab B 11, r« parelabrgw ith the correpori irgcritcallvalles.

T he fatidr sin cate that the coirtegatirgrark inthe mod el ®r ¢ ermary is
zero - O re canthenu=x both the sort-ari the brgterm rate Br 6 ermary iNna
srcessve gdep ofthe aral/ashasi onthet oraab ard ¢ rarger method -

T he choenseci catiboN®r the Nether hri sirvoles! hgsan anuregrrted
corgart- T he avaihb B samp k perind gpesfom || ay 1990 to Jarwary 1999, Br a
totalsmp k sze 00 50b rvatbrs. Degosi stessbr thisgeci cationinl cate
v evil enne ofmispeci catibn Coirtegatibntess®r each rark are reportel iIN
Tab k11, =cord parelabrgw ith the correponi irgcritcallvales.

T he datigr sin rate that the coirtegatirg rark imthe mod elBr T he Nether-
hkrnisisab zero, w hih iscoragert w ith the fills/Aem coirtegatonaral/as.
Asa corgqLenie, the aralgasr coirtegationamorgt ermanari Duch irteres
rateswoull have to he coriutel onthe Tills/gem - From the resuksiNSectoN3,
we krow that there exadsore crosscourtry coirtegatirg re htorghip - Hene, we
expect the LL teg tobe biasd toward rejctionofthe rullhypothegsr = 0.

For the LL. mod elthe samp kB goesfom |l ay 1990 to Jaruary 1999 ,we Rave the
corgart urvedrrted ,art ue4 Bgs.The parellLR tedsare reported iNnTab k 12,
“rg parell

Infre w ith our expectatiory the tab B il catesrectionofr . = 0 at the 10% ,
though there ismargiralronregec tnnofthe hypothegsat the 5 - Notre alb that
w hatever chore the irvesicator makesonthe bagsofthe LL ted, the resukirg
mod ellw illbe mispeci el - Hr . = 0 ischosn the s/gem w illbe aralzel IN
“rg d Perenes thereby over bokirg the exagene oftoirtegationb etw eenthe tw o
courtries. Hardeal r, = 1 issktel, the wrorgcoirtegatirgrehtorgipsw ill
bembdel iNthet CI modek
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72 6 ermaryari Dermark

The ra tertative seci catibn®r Dermark irvoles4 hgsan anuresritel
corgart. T he avaibkb B smp b period gpesfom I ay 1990 to Jarwary 1999, Br
a totalsmp bk sze oFl05 ob ervatibrs. We are Bl to perbrm the ralarablgs
onthe red tel s mp k gartirg iN0 ctober 1993becaus hrge out FersinNl1993pro-
voke heterodel agk ity ari ronrorma ity inthe Darigh sort-term rate. T here is
ro evil enne ofmispeci cationinthe red wedl s mp B goirg fom O ctober 1993 to
Jaruary 1999, except Hr ronrerma ity inthe short-term rate.

T he coirtegationpropertiesd o rot charge iNthe tvo smp ks gne the rark
iNb oth isBui to be zero B oth tsofresulksare reportel NTab B 11, third an
Puth parelk. The niirgofzero cointegatirg rark inDermark imp Eesthat the
¢ oraab ari ¢ rarger arall/asr coirtegatonamorgt ermanart Dardh irteres
rateswoul albo haveto becoriutel onthe Tills/gem _From Section3,we krow
that there exadsorily ore crosscourtry coirtegatirg rebktorsp, < that the LL
ted shoull acainover-rejct the rullofro coirtegation

To avoll the trowb Bme period , we orly esimate the LL. mod elonthe -
ori sbsmpk,with4 hgsani anuredritel cordgart. T he parelLR tegsare
reported iNTab kB 12, <cori parel T histime the LL ted repctsa commonurit-
by urit rark ofzero at 5 , aswelasa commonrark ofore.- Thiswoul Ead
the Irvesicator to esimate the mod elimpogrga commonrarko® ,w ith ro cross
courtrycoirtegation. Sine the orl/coinegat nrwvec tor iNthe ills/gem irvoles

variab Esfom both courtries the resukswoul probab lybe very miskal irg-

73 I ore urits

We row inreae the rumb er ofunitsinthe parelto 8, by in i irgFrane, kaly,

UK, Spainani Augria inthe aral/gs. Asabove, we sart by aralzirg the il
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gs/gem, wheh inbldesthe sort- ard brgterm irteres rates Br each courtry,
avirga totalofl6varieb ks. 0 riyore hgwasinbiel inthe urredrrtel VAR,
both Br the ke ofparamory an becaux the resukirgmodeld i rot presn
ary major eviiene ofmispeci cationt! The Joharentrace ted sugpdsthe
prerie o coirtegatirgre htordipsacrossthe variah Es.Wed o rot attempt to
i ertrfythem ,b ut we rote that thisoutcome a keal y ugpgsthat either @me urits
have coirtegatirg rark hrger thanore or that there exad crossunit coirtegatirg
rehtorghips.

Inord er to evallate the rd possbility,we perbrmel a urit-by-urit coirtega-
tonaral/as. nlire w ith our resuls®r 6 ermary, T he Nether hri sari Dermark,
there appearsto be ro w ithinurt coirtegatoninthe other courtries w ith the
possh E exxeptionofSpain. Thusthe ra requiremenrt Br the app katibnofthe
LL tes issitisel - However, we sillreel to verify the prene or ab<ene ofF
crossurit coirtegaton

¢ enthat the rullhypothegso®zero rark ineach urit isacceptel , the 6 6
ted canbe runw ith the origral<st ofvarib ksarl isequiva krt to the trace tes
iNnthe Gills/tem aral/as. T he oucome ofarh a teg canrow be irterpretel as
IN catirg the prerne ofmary crossurit coirtegatirg rebhtorgips. From the
anubktonexperimertisinSection51 ari 6, we kow that the presrne oftross
uit coirtegationNncangsbsarte By b asthe LL ted toward srectionofthe ro
coirtegatonhypotheas(rij= 0 Breach 1,whrh isspportel by the urit-by-urit
aral/as evenw henthe rumber ofurtsis hrge- T he h asisinfct more <rious
thanthat causi by the vio htonofroRuTbrm rarkineach in vl vallunt -

Ugrgcorrectel crittallvalescabratel to our moiel(N = 8, T = 100, and
the hrogps gatorary rootsare 0 6),we i that the hypothegsr;= 0 ®r each i
iIsrepcted at the 105 Bvelard rj= 1 Br each 1isal grorgly regcted - T hus

'Aull detai b of the estimatians reported in this sectian are avai Ebke firam us upan recuest.
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we have arother examp B w here the app kationofthe parelcoirtegatontedsis
prob Bmatr becaus the mainurlerbirg hypotheasofro brg rundeperiene
acrossthe urtsisviobted , kal rg usto \urousl/ " con Ll e infvour ofthe

prere ofw ithinurt coirtegation

8 ConbL=ors

Ugrgdata Br short- ari brgterm irteres ratesina snalparelofOE CD coun
tries the resrctorsimp el by the b bckd mgprality oF  that characterie the
parelcoirtegatonfamew ork (rot orly INng/demsmethol sscth aslL bu aB
iNnthe parelarabge oft rgk-6 rarger method sasdevebpel by Kao (1999) and
Ped rori (1999) irter alia) canb e very eaglly $ow nto bhe vio kted _Sirne we Supect
that thisisvery likely to be the ca w henaralzirg macroecoramt time ries
acrosscourtries we soull be carefillinudrgthes method s

O u anmubtonresuks®r N = 2;4 ari 8 il cate that w henthe hypothess
urierlirg the LL famework are satis el , the LL ted hasgpol sze ard power
properties ari ofenyel squirsine: ¢ eny rehtive to Gl s/dem aralgsBr
egmationofthe coirtegatirgparameters.

T he corequenesofvo htorsofthe LL assmptiorscanhow ever be frous.
0 ur resuks sgpes that the LL tes can kal to sb<gartlmlover-acceptare ofF
w ithinunt coirtegationw henthere exagscrossurit coirtegationor w henthe
rarksare ( Rerert acrossurits. Sine texs®r urt rootsinparekbar other ex
idirg teds Br cointegationcanbe re-irterpreted w ithinthe cereralkel s/tem
Famework, it Tbw sthat arh tessab repct rongatorarity too ofen. T hus
the commonempircal niirginthe PPP ari corvergenie Bterature, w hentesed
iNnparelbofourtries ramelythat PPP holl sart courtry ¢ DP scorverce, maybe

a puouscorequene ofarh viohtors.We are takirga ¢ br bokat thisisse
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INoNgirgresxarch .

U it by urit ara b/ashow ever isacc urate w henl ishrge erough,an carprovil e
au=till rgodr ted Br Rerert coirtegatirgrarksac rossuritsw hik crossurit
coirtegationisi etected bythet oraab ari ¢ rarger ted, at kag Br brge erouch
smp b wes.

T he suigedonbr empircalaral/asthat therebre emergesisto ux ills/sem
egimatiorw herever possb k. Hthisisrot £asb E,the rg gep shoul beauritby
uit coinegatonaral/as. T he kcorl gep isto tes Br the prene o rossurit
coirtegationNby mearsofthe 6 oraab ari ¢ rarger proced ure. Hthisisregcted ,
anl the urt by urnt aral/gsi oesrut inl £ate the prerne ofi Berert rarksacros
urits the third gep isto app b/ the LL gatidr dne thiscanyel et ¢ eny Quirs
interm sofhigher power ark bwer gardari errors®r the esimatel coirtegatirg

coet ¢ erns.
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Appert ix

Tab B 1: Coirtegationaraly/as®r ( ermaryari the Netherbhn s

Ho: rark= r | maxeiervale | 95 | trace |95
r=20 3B16™ 071|468 | 472
r -1 1045 219 | 138 | 297
r -2 3117 1411|3127 | 154
r -3 00107 38 | 090107 38
Varmh ks %g (r)uea%d ceirergs)s - coet certs
¢ ermary short i0 28339 1

0 93418)
¢ ermary bryg 0 0
Nether ki sshort | 0 il
Netherbkrisbrg | 0 0
LR test ofrestritiors Alg = 4 81360 5610]
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Tab B2 : Coirtegatonaral/as®rt ermary arni Dermark

Ho:rarker | Il axexervale | 95 | Trace |95
r=20 4094 071 | 56777 | 472
r -1 19 66 219 |22 83 2977
r -2 7209 141 | 7288 154
r -3 097885 38 |007AB85| 38
Varmb ks ® coex cierts | coezx cierts
(garnard errorsg
6 ermary short | §09043 3 §i119
(0 1183386)
¢ ermary brg | 0 0
Dermarkshort | 302817 1
(© 11189)
Dermark brg | 09091266 0
092 7AEB)
LR test ofrestrictiors Alg = 4 9176[) 17A]




Tab B 3: Data ¢ ereratirgP roceses®r Ske ari Power: B bckd mgpral

-0

D6 P e g R oot
1 0 0 0 1 0 ai11n
01 0
0 1
00 1§10 0
A 1 B % @1p999)
0 504 00 1 jl
0] 0 0 1
01 0
0 1
00 1§10 0
B 1 2 B X @1p909)
04 304 00 1 jl
0] 0 0 1
02 0
0 1
00 1§10 0
c 1 2 B %X @1p808)
0 502 00 1 jl

r .- Cointegatirgrark Br each urt inere ofLarssnan Lyhagen

rj: Cointegatirgrark fr ills/dem in<re ofl oharen



Tab B4:Ske oftegswithb bckd mgpral matrix

DEP T LL® J urit by urit® Jsgem © (§ ©

uitl uit? pin©

1 00 006 0048 008 0056 006b 0051
200 00 0051 0051 0056 008 0045

400 0057 002 0051 002 0057 0045
A 100 0098 0048 0049 0815 0022 0021
200 0087 005 002 0142 0051 0024

400 00@® 0051 002 0091 0056 0028

2B 100 02118 0049 003 0887 0024 0038
200 0093 005 0046 034 0045 0033
400 00&® 0051 0048 0055 0055 0031

2C 100 0098 0059 009 013 0057 0027
200 0072 009 005 009 0058 0029
400 00@ 009 0053 009 0053 003

(2): R gedtion fiequendes of nulll hypothesis at5% sigi cance bvel tsingl L 999) asymp-
wticaitialvabes, whenl | statisticis alubted.-

(b): R gection frequendes, unit by unit, of null hypothesis at5% signi cancee ke, using
Jahensen (995) asymptolic aftical vales.

(O: Calubied by setling the sigi cane vel of the unitby unitJdarsan &t atl j
(0 95, sothatthe sigi cance of the jaNt testtis 5% -

(0 ): R gedtion frequendes at5% sigii cance lvel using Jdharsan (995) asympitotic aitical
vales when systam is estimated withaut risstrictian @@oartfram those necssary foridenti. catian).-

(e): R gection fiequendes of adintegratian anang the acomman trencs derived frlam the unit

by unit aintegratian analysis when the null hypothesis is acogpted in eedch unit
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Tab B 5:Power oftegsw ith b bckd agorall matrix

D6P T LI® J urit by urit® ] s/gtem ©
uitl unit? pin®©

A 100 0513 056 05K 0229 0136
200 0978 098 0985 0914 0 635
400 1000 1000 1000 1000 0999

2B 100 089 056 0367 0151 0165
200 0999 0098 022 08667 032
400 1000 1000 00998 0995 097

2C 100 00983 0985 0983 0917 0 63
200 1000 1000 1000 1000 0999
400 1000 1000 1000 1000 1000

@) 1 (@): SeerotestoTab k4



Tab B 6.t gimatesoF withb bckd agoral matrix

D6 P T L@ J unitby unit®
= [P -

11 21 11 21 11 21

2h 100 mean 1169 0961 1058 1001 1141 11005
sd. 8837 10730 276 2AB3 17150 20 564

200 mean 1014 1029 1002 1004 1011 084

sd. 1026 3020 0159 (016l 470 5605

400 mean (0999 1000 0999 11000 0 Bl 1052

sd. 0068 0074 0065 0064 20829 1863l

2B 100 mean 1052 1058 1058 137 1092 0937
sd. 2884 7068 276 3367 9922 18448

200 mean 1002 0823 1002 1036 1150 0 540

sd. 0126 18062 0160 4 810 10 389 15184

400 mean 1000 1000 0999 1045 1007 0731

sd. 0052 007/A 0065 0126 1117 1437

2C 100 mean 1004 1015 1002 1005 0772 (818
sd. 0334 0839 0153 (0173 23743 6589

200 mean 1000 0999 11000 1000 0942 (0912

sd. 0069 0112 0066 0063 327/ 3499

400 mean 1000 1000 1000 1000 1363 0 496

sd. 0032 0030 0031 0030 38 559 3752(

LI
Id |

(@): I ate Carlomean and standard deviation ofestimated namalised adirtegrating param-
eterin eedn unitusingl L method.-

(©): I ate Caro mean and stendard deviatian ofestimated normalised adirtegrating param-
eterin each unitusing Jdharsen unitby unit.

(3:) ate Carfo mean and standard deviatian of estimatted namalised cdntegrating param-
eterin each unitusing Jdhensen ill system .



Tab kB 7- DesrptionofData ¢ ergratirgP rocesses®r RepctioNnFrequenies Non

b bckd mgpral
D6P L Iy g ®° . L —0 . R o0t
34 0 1 i01 00 0 1 il 0 cll)9
H ! M 1
3B 0 1 01 §01 0 0 1 il 0 clli)9
HL ull H a1l
3C 0 1 01 0 0 §01 1 il 0 clii)9
HL all H a1l
3D 01 i02 0 0 0 1 il 0 ai1)8)
0 1 0 1
0§01 0 0 0 0 1
4 0 2 %) 2\ %) % Cl)9)9
01 0 00 1 il o0
0 1 0 1
0§01 0 0 0 0 1
4B 0 2 %) % %) % cl)99 9
a il §04 0 0 1 0 1 il 0 1
0 01 0 0 0 0 il
4C 0 2 % 2\% S\ Cl)999
niO:L 0 i0d1 o0 i 1 il 0 ;
0 i02 00 0 0 il
4D 0 2 % 2\ % S\ cl1y8p8)
02 0 00 1 il o0
Q ] Q ]
01 0 0 0 1 §10 0
54 13 % 0 0 §01 OE %0 1 ‘1§ ) 9999
a 0 0 0 01 ] nO 0 i11
i01 0 0 i01 1 §1 0 0
58 1 3 E 0 0 §021 0 E %0 1 ilg )99)999
0 0 0 01 0 0 1
Q ] Q ]
010 0§01 1 §10 0
5C 13 % 0 0 §021 0 E Eo 1 ‘12 €)9)9)9
0 0 0 §01 0:11 nO 0 i11
i02 0 0 0 1 §1 0 0
5D 1 3 % 0 0 §02 0 %0 1 ilg a)8)8)8)



Tab b 8: Repctionfequen esoftedsw ith ronb bckd agoral matrix

D6P T LL® J unitby unit® 66 ©
urit 1 urit 2 pirt
=0 rn=1(r3=0 r3=1 ry3=0 ry=1 r=0 r=1 r=12
3A 100023 0205|005 0004 005 0006 0055|0210 0020
200 081 0235|0051 0004 0053 0005 0056|085 0036
400 [ 0993 0281 (0053 0003 0051 0004 005 |0993 0041
3 00| 083 0221|0263 0026 005 0006 0219 (032 0037
200 094 0288 ({034 0026 0053 0005 02|09 003
400 | 1000 027/ |03® 0028 0051 0005 0330 | 1000 0038
3 100 | 08530 0218 {005 0004 0266 0023 0221|050 003b
200 09@ 0285 (0051 0004 031 003 0288|096 0042
400 | 1000 026 (0053 0003 038 0029 0331000 00A
D 001088 0236|005 0005 0059 0006 0067|063 003
200 | 0995 0285|008 0005 0053 0005 0090 (0994 0040
400 | 1000 0272 (00 0003 0051 0005 002 (1000 0038
1A 0010512 033 |0063 0008 005 0006 0038|0495 0115 0016
200 0977 0937|0063 0006 0053 0005 008|090 063 0033
400 | 1000 1000 [00B8 0006 0051 0005 0045|1000 1000 0033
1B 00| 0896 0416|016 0025 005 0006 0126|0663 0121 0014
200 1 0998 08al (0222 003 0053 0005 0174|0997 044 0026
400 [ 1000 1000 {026 003 0051 0005 0197|1000 0965 02020
4C 00 | 0843 0638 |0142 0023 0266 0023 0241 |02A8 0240 0020
200 | 0997 0993|018 0026 031 032 0336|0999 0837 0026
400 | 1000 1000 {0203 0026 038 0029 0338|1000 1000 0021
41D 0009 093 (0066 0006 005 0006 0057|098 063 0036
200 | 1000 1000 [00°A 0005 0053 0005 005 (1000 0999 003
400 | 1000 1000 {007 0%7 0051 0005 0047|1000 21000 0026




Cortirned )

SA 100
200
400

071
1000
1000

0 3B
0 842
1000

0584 0049
098 0056
1000 0081

035 006 0803
0986 008 013
1000 0038 0041

050
0956
1000

003
0023 -
0018

8B 100
200
400

0959
1000
1000

0424
0 896
1000

0584 0049
0984 0056
1000 0081

015 008 0.AL
0993 0083 0121
1000 02103 0068

0 A4
0905
1000

0024
0013 -
0009

5C 100
200
400

0993 0887

1000
1000

0997
1000

0584 0049
0984 0056
1000 0081

0911 017 0681
0999 0221 0204
1000 024 0199

0 88
0928
1000

0016 -
0006 -
0003 -

D 100
200
400

1000
1000
1000

0 849
1000
1000

0985 0053
1000 009
1000 0049

0991 007 0120
1000 0063 0046
1000 006G 003

095
1000
1000

0023 -
0020
0017 -

(2):R gedtion fiequendes of r | = 0 arl at5% sigi cance el usingl L (999)asymptotic

aitialhabes, wenl | statisticis alubted

(b) R glection friecuendes, unitby unit, ofrank( orl at5% sigii cance vel, usingJdnarsen

(995) asymptotic aitical vales -

(3: R gedtian fiequendes of nulll hypothesis Lsing jdnt &st, where the sigi anee kel of

the unitby unitJdasen s issetatl j (0 957 .

(@) :R gedtion fiequendes of adntegratian amang camman trends derived fram unitby unit

analysis when the rull hypothesis is acogpted in eech uni



Tab B9: DesriptionofData ¢ ereratirgP rocessesBr RepctionFrequenies B bek

i mgpral matrixbu d Perert rark ineach urit

DEP 1y L ®0 . L —0 . R oo
6A ! 04 0 0 0 1 §1 0 0 ((NIc))
H !l H .l
68 ! i02 §02 00 1 §1 0 0 [(NIc))
H ull H al
6C 1 041 0 §04 0 1 §1 0 0 [(NIc))
H ull H a1l
6D ! i02 00 0 1 §1 0 0 (NI:))
0 1 0 1
01 0 00 100 0
7 2 %) 2\ %) % cl)9)9)
0§02 00 010 0
0 1 0 1
01 041 00 100 0
7B 2 8) 2\ % S\ cl)9)9)
0§02 00 010 0
0 1 0 1
04 041 0 0 100 0
T 2 B X B U ETEIE)
0  §02 02 0 010 0
0 1 0 1
02 0 00 100 0
» 2 B X B X8
0§02 00 010 0

0] i 0 i
01 0 0 0 100 0
8A 3 E 0§01 0 og Eo 10 og C)9)9) 9
q 0 W01 0 a0 010
01 01 0 0 100 0
8B 3 % 0§04 0 og %0 10 og 999999
0 0 §0a1 0 00 10
Q ] Q ]
01 01 0 0 100 0
8&C 3 % 0 §0a1 01 og Eo 10 og 199999
0 0 0§01 01 a0 010
02 0 0 0 100 0
8D 3 E 0§02 0 oﬁ %0 10 og Cy)8)8)8)



Tab B 10: Repctonfequenesoftessw ith b bckd imgpral matrixb ut d iPerert

rark ineach urit

D6P T LL® J unitby unit®
unitl unit2 jarme

rLL:0 rLL:1 rJ:0 rJ:]. rJ:0 r_;.:1

6A 100 [ 0224 0062 (0584 0049 0443 0022 0592

20 0615 0093 (0984 005 0053 0005 0101

400 | 0994 009 | 1000 0051 04051 04004 0040831

6B 100 { 0962 0126 1000 0055 0058 (0006 0060

200 | 1000 0108 | 1000 0054 0053 0005 0059

400 | 1000 0099 | 1000 0055 0051 0005 0054

6C 100 0587 0115 [0584 0049 0131 (0017 0618

20099 0116 (0984 0056 0138 0015 0157

400 | 1000 0102 | 1000 0051 0145 0014 0127

6D 100 [ 0635 0100 (0985 0053 0054 (0006 0096

20 099 0094 | 1000 0054 0053 0005 0058

400 | 1000 009 | 1000 0049 0051 0005 04050

M 100 | 0131 0056 | 0603 0407 0054 0006 088

200 ([ 0499 0306 (0998 0987 0053 (0005 0094

400 | 0997 0981 | 1000 1000 0051 0005 0027

B 1000218 00 (06 0417 0054 0006 0 A7

200044 0328 |1000 0922 0053 (0005 0228

400 | 1000 0866 | 1000 1000 0051 0005 0026




Cortirned )

200

400

0 493

0972

1000

0 232

0 814

1000

0706 0417

1000 0922

1000 12000

0119

0137

0143

0014

0015

0014

0 769

0 259

0102

200

400

0 518

0 997

1000

0 322

0 984

1000

0997 0 985

1000 12000

1000 12000

0054

0053

0051

0006

0005

0005

0089

0031

0027

gh 100

200

400

0 225

0 849

1000

0086

0 410

0 982

0603 0407

0998 0987

1000 12000

0209

0 657

0 999

0031

0048

0053

095

0 559

0038

88 100

200

400

0 334

0 949

1000

0114

0 365

0 865

0706 0417

1000 0922

1000 12000

0209

0 657

0 999

0031

0048

0053

097

0 625

0037

g§C 100

200

400

047

0 989

1000

0227

0 810

1000

006 0417

1000 0922

1000 12000

0094

0 235

0 737

0017

0033

0081

0 985

0 892

0 452

8D 100

200

400

0 864

1000

1000

0 422

0 984

1000

0 997 0 985

1000 12000

1000 12000

067

0 999

1000

0052

0051

0052

0 545

0033

0027

@) i (O: Seenotes OTabE8
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Tab B11:U it by unt coirtegatonaralgs

| Hozrarker || axeicervale 95 Trace 95 |
| 6 ermary, 1990-1999 |
r=20 4 86 1441 4886 151
r -1 00253 38 0925 38

Horarkcr |l axeigprvale 95 Trace 95 |
| The Nether hri s 1990-1999 |
r=20 2984 1441 3987 157
r -1 01033 38 0995 38
Ho:rarker | axeiggervale 95 Trace 95 |
| Dermark, 1990-1999 |
r== 336 141 3967 153
r -1 0278 38 039 38
Ho:rarker | axeigervale 95 Trace 95
| Dermark, 19931999 |

r=20 76 141 81A 153
r-1 0 541 38 05A 38
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Tab B 12 : ParelLL teds

rark LR te€ 95 critrallvales

6 ermary- T he Netherbhri s 1990-1999

n.,=0 4637 L7149
nL,=1 11638 1821

rark LR te€ 95 critrallvales

6 ermary- Dermark, 19931999

rn.,=0 @iA8 47749

rn.=1 22888 1821
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