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A bstract
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1 Introd uc tion

Inrecent years,the use ofpaneld ata techniquesto test mac roec onomic hypotheses

hasb ecome increasinglycommon.T w o examplesofthe most popular usesto w hich

these techniqueshave b eenput are testingfor convergence ingrow th ratesofG DP 1

and testsfor purchasing pow er parity2. E ach ofthese hypothesesisformulated

essentially astestingfor a unit root inthe estimated resid ualsofa single-equation

regressionand the argument presented infavour ofpaneld ata method sisthat they

have greater pow er thanstand ard unit root tests, by virtue ofthe red uc tionin

noise c aused by the averagingor poolingacrossthe unitsofthe panel.Anad d ed

ad vantage oftenproposed isthat the asymptotic d istribution(und er the null) of

some ofthese tests, eveninthe presence ofintegrated d ata, isnormal.Inference

isthereby insome sense mad e \stand ard ". T he emphasisinthisliterature has

therefore primarilytakenthe form ofconsid eringthe asymptotic propertiesofpanel

d ata estimatorsand test statisticsasT and N go to in̄nity, possibly at ratesof

d ivergence that are c ontrolled appropriately. Techniquesd eveloped by M c K oskey

and K ao (1998), K ao (1999) and P ed roni (1999) inter alia have extend ed E ngle

(1987) type static single equationregressionsto pooled panelstatic regressionsand

prod uced test statisticsand c ritic alvaluesto test for cointegrationinpaneld ata.

Implicit inthese analysesisthe assumptionofunique cointegratingvec tors,alb eit

heterogeneous,ac rossthe units.

Severalissuesare w orth noting w ithinthe context ofthisstud y for the use

ofpanelsinmacro-ec onometric research. It isimportant ¯rstly to make a clear

d istinc tionb etw eentheir use here and their use inmic ro-ec onometric research.T he

mac roeconomic d ata sets(relatingto grow th,d istribution,term struc ture ofinterest

ratesor P P P ) typically consist ofsamplesofup to 50 c ountriesw ith observations
1 Seee.g.EvansandKarras(1 996)andL ee,Pesaran,andSmith(1 997)
2O npanelstudiesofP P P,seeFrankelandR ose(1 996)andPapell(1 997).
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for thirty or forty yearsquarterly or annually.T husthe d imensionofthe numb er

ofc ross-sec tionunitsN , although sometimesquite large, isvery oftend ominated

by the time d imensionT.T he usesofpaneld ata method sinmic ro-ec onometrics

onthe other hand hasa much longer history and involve lookingat settingsw here

the time d imensionT issignī c antly smaller thanN . T hus, w hile animpressive

amount ofresearch hasfocused onmod elling the heterogeneity ac rossthe units

by meansofcommontime e®ec ts, or ¯xed - and rand om-e®ec ts, and onmethod s

ofovercoming w hat iscommonly know nasthe \incid entalparametersproblem"

(usually bymeansoftransformationsofthe mod elor by instrumentalvariablesor

G M M method s), the issue isd ealt w ith by consid eringlarge-T, relatively-large-N

samplesinthe case ofmacro-ec onometric d ata sets.T hisisnot to saythat incid ental

parameter problemsd o not have anyrelevance for our analysis,since the assumption

that w e have su± cient d ata to estimate allthe parametersofour mod elisfar from

innocuousand w e shallvisit thisissue b elow .

Second ly,inthe c ontext ofanalysisofmultivariate (> 2 ) d ata setsit isnatural

to focusonmethod sthat relax the assumptionofa unique cointegrating vec tor.

G roenand K leib ergen(1999),Larssonand Lyhagen(1999)and (2 0 0 0 ),and Larsson,

Lyhagen, and LÄothgren(1998) have therefore d eveloped techniquesanalogousto

(J ohansen1995) maximum likelihood method sto allow for multiple c ointegrating

vec torsinthe c ross-sec tionunits. Since the assumptionofunique cointegrating

vec torsmayb e thought ofasb eingunnecessarilyrestric tive and unrealistic,systems-

method sfor panelshave represented a notable ad vance.

How ever,third ly,and most importantly,none ofthe method scited ab ove takes

any ac count ofthe possib ility oflong-rund epend ence among the variablesac ross

the unitscomprisingthe panel(except through short-rune®ec tsor through correla-

tionsamongthe errorsac rossthe units).Asw e show b elow ,particularlyinmac ro-
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economic stud iesw ith integrated variables,thisisa seriousrestric tion.W hile G LS

method ssuch asthose used by O Connell(1998) go some w ay tow ard sallow ingthe

unitsto b e related by meansofa non-d iagonalvariance-c ovariance matrixofthe

system,these d o not ac c ount for the existence oflong-runor c ointegratingrelation-

shipsac rossvariablesinthe unitsofthe panel.Nor isthe incorporationofshort-run

d epend ence su± cient for the analysisofmac roeconomic paneld ata sets.

T hislast observationlead sonto important complicationsfor the research agend a

involvingthe use ofmacroec onomic paneld ata.W ithinthe c ompassofthiscritique

lie allthe pre-existingtestsfor unit rootsand cointegrationinpanels,to the extent

ofvitiatingentirely their use.T w o signī cant featuresinhib it their applicab ility -

the assumptionsofthe same maximum cointegratingrankac rossthe unitsand no

long-rund epend ence ac rossthe units.

O ur paper takesLarssonand Lyhagen(1999) (henceforth LL) asitsstarting

point,since it provid esone ofthe most generaltreatmentsofpanelcointegration

(sub jec t to the restric tionshighlighted ab ove).T he motivationfor and b ackground

to our stud yisthe consid erationofsmall- to med ium-sized mac ro-ec onomic panels,

w ith the time d imensiontypically rangingfrom 10 0 to 2 0 0 . O ur method ology is

b ased onsimulations. InSec tion2 , w e b rie°y present the maximum likelihood

framew orkfor analyzingpaneld ata asexemplī ed by LL w ho also d erive the null

d istributionsofthe test statistics.InSec tion3,w e use anempiricalexample w ith

tw o unitsinthe panelto illustrate the consid erable d i± cultiesfor the d irec t use of

thismethod .B yextension,anyofthe single-equationmethod scited ab ove may b e

show nto b e insimilar trouble.B ymeansofsimple stud iesoflong- and short-run

interest ratesina smallpanelw here the c ross-country cointegrationpossib ilities

are self-evid ent, w e motivate strongly the need to mod ify pre-existingmethod sof

lookingat c ointegrated panels.
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Inord er to b ench-mark our simulationstud y, inSec tion4 w e simulate d ata

und er the LLspec ī c ationsofthe d ata generationprocessand show that use ofthe

asymptotic d istributionsand c ritic alvaluesd erived byLLlead sto testsw ith c orrec t

size and good pow er.O ur point ofd eparture from thisframew orkisthento simulate

d ata w ith c ross-unit cointegratingrelationsorunitsw ith d i®erent cointegratingrank

and to show the propertiesofthe LL testsintheir presence.Notably,inSec tions

5 and 6 w e present resultsd emonstrating¯nd ingsofincorrec t rankund er simple

changesofthe proc essgeneratingthe d ata.

We also suggest and evaluate mod ī c ationsofthe testingframew ork to allow

for c ross-unit cointegrationand to improve inference.Anobviousroute w e explore

isto pre-test the unitsofthe panelfor cointegrating relationsw ithineach unit

usingthe J ohansenM Lmethod .T he LLmethod isapplic able ifand onlyifone is

entitled to allow for the same maximum cointegratingrankacrossthe unitsofthe

sample and ,moreover,cointegrationoc cursonlyw ithinunitsand not ac rossunits.

E stimatingthe system unit byunit usingJ ohansenM Lisa w ayofverifyingthe ¯rst

assumption.Ifthisisverī ed ,one maythenextrac t the commontrend simplied by

the c ointegratingvec torsand test for cointegrationamongthe commontrend sµa la

G onzalo and G ranger (1995) to rule out the existence ofcross-unit relations.O nly

thenisthe LLapproach (and the specialcasesofthisapproach,such asK ao (1999)

and P ed roni(1999))justī ed ,and lead sto gainsine± ciencyover estimatingthe full

system (c onsistingofallthe variablesinallthe unitsofthe panel).T hissequential

testingproc ed ure isimplemented inSec tion7inord er to analyze inmore d etail

the interest rate d ata.T he analysisclearly ind icatesthat the panelcointegration

techniquesare not suited to thiscontext,and canlead to incorrec t c onclusions.

T he limitationsofour current stud y must ofcourse b e b orne inmind . O ur

investigationislimited to lookingat onlythe simplest possible scenarios.We d o not
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asyet have su± cient evid ence for larger d imensionalsystems.Nor d o w e present

here the resultsfor d ata generationprocessesw ith d eterministic c omponentssuch

asconstantsor trend sor b reakd ummies,complicationsthat are verylikelyto oc cur

inprac tic e.Inthislatter c ase,provid ed these d eterministic variablesenter into the

system unrestric ted ly, w e may consid er our analysisasproxyingfor asifw e w ere

w orkingw ith d etrend ed or d emeaned d ata.Nevertheless,b ased onthe consid eration

ofeventhese simple cases,w e are d raw ninexorablyto the c onclusionthat ingeneral

onlypanelmethod sthat allow forfullsystem maximum likelihood analysisare likely

to lead to the \right"answ er.How ever,d ata limitations,w ith the implied d egreesof

freed om restric tion,w illnot allow such a fullsystem to b e estimated unrestric ted ly

inallcircumstances.We therefore conclud e that,particularlyinintegrated panels,

great c are must b e takeninusingand interpreting the resultsofmacroeconomic

panels.Short-cutsor restric tionsofthe kind implicit inLL,or ¯xessuch asthose

w hich w ould enable the w ithin-unit cointegratingrelationsto b e estimated ¯rst and

thenimposed inord er to lookat the c ross-unit cointegratingrelations,could insome

circumstancesb e usefulbut prove to b e profound lymislead inginothers.

2 T he P anelCointegrationFramew ork

T he LL panelcointegrationmod elcorrespond sto a restric ted c ointegrated VAR.

T he mod elund er consid erationis

¢ Yt= ®¯0Yt¡1 +
m ¡1X

k= 1

¡k¢ Yt¡k+ "t

w here ® and ¯ have d imensionN p £P N
i= 1 ri, N isthe numb er ofunits, p isthe

d imensionofeach sub -system Yit= (yi1t;yi2t;:::;yipt)0;i= 1;2 ;:::N ,t= 1;2 ;:::;T,
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and ri isthe rank ofeach sub -system. T he vec tor Yt isgivenby stacking the N

vec torsYit.T he matrices® and ¯ have the follow ingstruc ture:

® =

0
BBBBBBBBB@

® 11 ® 2 2 ¢¢¢ ® 1N

® 2 1 ® 2 2
... ... ...

® N 1 ® N 2 ¢¢¢® N N

1
CCCCCCCCCA

; ¯ =

0
BBBBBBBBB@

¯ 11 0 ¢¢¢ 0

0 ¯ 2 2
... ... ...

0 0 ¢¢¢¯ N N

1
CCCCCCCCCA

:

T he variance-c ovariance matrixof"tis

§ =

0
BBBBBBBBB@

§ 11 § 12 ¢¢¢ § 1N

§ 2 1 § 2 2 :::: § 2 N
... ... ...

§ N 1 § N 2 ¢¢¢§ N N

1
CCCCCCCCCA

T he mod eltherefore allow sfor interac tionamong the unitsthrough the long-run

ad justment coe± c ients®,the short-runmatric es¡k,and the o®-d iagonalelements

of§ ; but the restric tion¯ij= 0 8i6= jrulesout cointegratingrelationshipsac ross

the units.A further restric tionisthat ofri b eingassumed to b e the same for each

unit.T hese tw o restric tionsare the most important issuesto b e investigated ,since

there are many examplesw here they may b e inconsistent w ith b oth theory and

d ata.3

T he estimationalgorithm for the ind ivid ualcointegratingrelationsisa seriesof

red uc ed rank regressionsinw hich each ¯ii isestimated by concentratingout the

n ¡1 remainingones.Hence,¯ 11 to ¯ N N are estimated at each iteration,and the
3N otethatinpractice,asN grows,theamountofcorrelationamongtheunitsmustbecontrolled

apriori byimposingrestrictionsonthe®;¡and§matrices inordertosatisfydegreesoffreedom
restrictions impliedbythedata.
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proc ed ure isrepeated untilconvergence.4

T he trace test for c ointegratingrankofri= q versusri= p,for each iand for

q = 0 ;:::;p¡1,isd erived inLL.T he rankistested und er the block-d iagonality re-

stric tionon¯.T he asymptotic d istributionofthe test statistic isthe c onvolutionof

thestand ard J ohansenLR ranktest and anind epend ent Â 2 w ith N (N ¡1)(p¡q)q

d egreesoffreed om.T hismeansthat the test for ri= 0 isthe same asthe J ohansen

test,w hile for ranklarger thanzero there isanad d itionalcomponent inthe d istri-

butionw hich ac c ountsfor the ad d itionalzero restric tionsimposed on¯.Note that

testingfor ri= q versusri= p inthisframew orkcorrespond sto testingfor rankN q

versusN p ina fullsystem context,w hereastestingfor rankinthe J ohansenframe-

w orkw ould allow for allthe intermed iate possib ilities.For example,ifN = p = 2 ,

LL testsfor 0 versus4 follow ed by 2 versus 4 . J ohansenw ould test for 0 versus4 ,

1 versus4 and so on.

Finally,note that w henp = 1 and ¡k isblock d iagonalfor each k, the null

hypothesisofthe LL test isthat allthe variablesare I(1), against the alternative

that theyare stationaryw ith heterogenousstationaryroots.T hisresult istherefore

the panelversionofthe ADF test inthe single unit case, and inthissense the

LL framew orknestspanelunit root tests(see e.g.Levinand Lin(1993),Im and

M .H.and Shin(1997)).

3 E mpiric alE xamples

To illustrate the kind ofproblem one could encounter inusingthe LL panelcoin-

tegrationmod elinempiricalmod elling,w e present tw o simple examplesinvolving

short- and long-term interest rates.5 We estimate the tw o systemsconsistingofG er-
4Forstartingvalues,L L proposeusingthe¯ii estimatedfromastandardcointegrationanalysis

oneachunitseparately.W einsteadusetheinitialvaluessuggestedin(Johansen1 995),p.1 1 0 .
5T hevariables,takenfromtheO ECD database,arethree-monthinterestrates(code6225D )and

longterm rates(codes 6253D forG ermany,6261 D forD enmarkand6269D fortheN etherlands).
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many and the Netherland s,and G ermany and Denmark by fullsystem maximum

likelihood ,usingthe J ohansenapproach.It turnsout that b oth pairsofcountries

exhib it a cointegrationpatternthat isnot consistent w ith the struc ture ofthe LL

mod el.6

3.1 G ermanyand T he Netherland s

T he sample period for the G erman-Dutch mod elgoesfrom M ay 1990 to J anuary

1999. T he chosenspec ī c ationfor the unrestric ted VAR involves four lagsand

anunrestric ted c onstant.Diagnostic testsfor thissimple mod elpoint tow ard sits

congruence.T here isonly a marginalrejec tionofthe nullhypothesisofnormality

inthe system,w hich isnot likely to a®ec t the outcome ofthe cointegrationtests,

see e.g.G onzalo (1994 ).

T he J ohansentrace and maximum eigenvalue cointegrationtest statisticsinthis

mod elind ic ate that the cointegrating rank isequalto one, see the ¯rst panelof

Table 1.T hisisanind icationthat usingthe LLmod elw ould b e inappropriate.

T he restric ted c ointegrationvec tor c orrespond ingto a rankofone involvesshort-

term ratesfrom b oth countries,w ith homogeneouscoe± c ientsequalto one.O nly

the G ermanshort-term interest rate ad juststo d isequilib rium.T he LR test corre-

spond ingto thisrestric ted spec ī c ationisd istributed asa Â 2(6) and takesa value of

4:84 ; c orrespond ingto a tailprob ab ilityvalue of0:56:T he estimated c oe± c ientsare

reported inthe sec ond panelofTable 1.It isevid ent that w ith thiscointegration

struc ture it w ould b e inappropriate to estimate the LL panelcointegrationmod el.

T hispartoftheanalysiswasconductedusingPcFiml9.21 D oornikandH endry(1 997)
6W eareverygratefultoJohanL yhagenforprovidinguswiththeL arssonandL yhagenpanel

dataprogramswritteninG A U SS 3.0 .T hiscodewassubsequentlytranslatedbyustoO X (D oornik
(1 999))andmodī edandextendedfortheusesmadeinthispaperandisfreelyavailablefromus.
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3.2 G ermanyand Denmark

For the G erman-Danish mod el,the sample period c onsid ered goesfrom M ay 1990

to J anuary 1999.We ad opt the same spec ī c ationasab ove,w ith four lagsand an

unrestric ted c onstant.Inthissample,there isevid ence ofparameter instab ility in

1993 inthe Danish short-term rate and inthe G ermanlong-term rate.How ever,

the only evid ence ofmisspec ī c ationisthe rejec tionofnormality inthe Danish

short- and long-term ratesand inthe fullsystem.Ifw e analyze thismod elonthe

sample startingfrom O c tob er 1993, w e ¯nd no evid ence ofparameter instab ility.

T he c ointegrationanalysissuggestsa rankofone inb oth samples,and w e report

the resultsfor the longer sample only.

T he J ohansencointegrationtests,reported inthe ¯rst panelofTable 2 ,ind icate

that the rankisone inthisb ivariate system asw ell.

T he restric ted c ointegratingvec tor involvesthe short-term ratesonly,and the

G ermanlong-term rate isw eakly exogenous.T he LR test for thisspec ī c ationis

d istributed asa Â 2(3) and takesthe value of4:92 ,c orrespond ingto a tailprob ab ility

of0:18:P arameter estimatesfor the restric ted mod elare reported inthe sec ond

panelofTable 2 .

Insummary, inb oth c asesthe block d iagonality of¯ that charac terizesthe

panelcointegrationframew orkisviolated .We w illevaluate the consequencesofthis

violationonthe performance ofthe LL test inSec tion5, w hile the next sec tion

examinesthe size and pow er ofthe test,assumingthat itsund erlyingassumptions

are satis̄ ed .
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4 Simulationsw henthe LLframew orkiscorrec t

For d ata generationproc essesthat satisfy the LLspec ī c ationrestric tions,the d is-

tributionofthe LLtrac e test for cointegratingrankisasgiveninLL(and d escrib ed

b rie°y ab ove).We w ere able to simulate the c ritic alvaluesimplied by the d istri-

bution.7Inparticular,inthese experimentsw e assume N = 2 ; a block-d iagonal¯

matrixand the same cointegratingrankinallunitsofthe panel.T he homogeneity

ofthe cointegratingvec tor isalso assumed ,for simplicity.R esultsfor N = 4 and

N = 8 are summarized inSec tion6b elow .

T he d ata generationprocessesare asgiveninTable 3.DG P 1 isthe simplest

null, w ith rank zero inb oth units. DG P 2 A hasrank 1 inb oth units, w ith the

load ingmatrix® c onstruc ted such that the equilib rium correc tiontermsentersinto

onlyone equationofeach unit.InDG P 2 B ,w ith rank1 inb oth units,the ¯rst equi-

lib rium correc tionterm entersone equationeach ofboth unitsw hereasthe sec ond

equilib rium correc tionterm entersonly one equationofthe second unit.DG P 2 A

and DG P 2 B are c onstruc ted inord er to have the same amount ofintegration(as

re°ec ted inthe absolute valuesofthenon-zero rootsofthe c ompanionmatrix) w hile

havingd i®erent equilib rium correc tionproperties.DG P 2 C isa variant ofDG P 2 A

w ith lessintegration.8

InTable 4 w e report the size ofnot only the LL testsbut also ofthe J ohansen

proc ed ure unit by unit, jointly, and infullsystems.T husthe columnhead ed LL

givesthe rejec tionfrequenciesofthe nullhypothesisofri = rLL = 0 , i = 1;2 ;

at the 5% signī cance levelw henthe LLstatistic iscalculated for DG P 1 and LL

criticalvaluesare used .For DG P 2 A to DG P 2 C the rejec tionfrequenciesofthe

nullhypothesisofri = rLL = 1 at the 5% signī c ance levelisgiven, againw ith
7T hevaluescoincidewiththoseinL L and,forthespecialcasewherethecointegratingrankis

0 ,withthosepresentedinJohansen(1 995).
8O therexperimentswithdi®erentcon̄ gurationsfor® yieldedqualitativelysimilarresults,while

withsmallerstationaryrootsthestatisticshavebettersizeandhigherpower.
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Larssonand Lyhagen(1999) c ritic alvalues.

T he c olumnshead ed \unit 1"and \unit 2 "provid e the correspond ingrejec tion

frequencies,for each unit ind ivid ually,at the 5% signī c ance levelusingJ ohansen

(1995) c ritic alvalues.T he rejec tionfrequenciesinthe c olumnhead ed \joint"are

calculated bysettingthe signī cance levelofthe unit byunit testsat 1¡(0:95)1=2 ,

so that the signī c ance ofthe joint test (i.e.the prob ablyofrejec tingrank0 inb oth

unitsinDG P 1, and rank1 inb oth unitsinDG P 2 A to 2 C) is5% .T he column

head ed \J system "givesthe rejec tionfrequencies(ofrJ = 0 for DG P 1 and rJ = 2

for DG P s2 A to 2 C) w henthe fullfour-d imensionalsystem, isestimated without

restric tion.Note that rLL ind icatesthe cointegratingrankinthe LLsense,and rJ

that inthe fullsystem.

T he ¯nalcolumnofTable 4 givesthe rejec tionfrequenciesofcointegrationamong

the commontrend sd erived from the unit byunit cointegrationanalysis,w henever

the nullhypothesisisac c epted ineach unit.Since for allthe d ata generationpro-

c essesconsid ered inTable 3 there isno c ross-unit cointegration, the ¯nalcolumn

therefore reportsthe rejec tionfrequenciesofr = 0 w henever four commontrend s

(tw o from each unit) are extrac ted inthe samplesgenerated by DG P 1, b ased on

testingfor cointegratingrankunit byunit,and w henever tw o commontrend s(one

from each unit) are extrac ted inthe samplesgenerated byDG P 2 A to 2 C.T hispro-

c ed ure isequivalent to that proposed by G onzalo and G ranger (1995) for checking

for cointegrationamongsub -systemsofcointegrated systems.G onzalo and G ranger

suggested that the asymptotic d istributionofthe cointegrationtest isnot a®ec ted

byhavingestimated the commontrend sinthe ¯rst stage.Hence,the c ritic alvalues

used are takenfrom J ohansen(1995).

T he resultsonsize,asreported inTable 4 ,are encouraging.E xcept for the joint

test,no substantialsize d istortionsare evid ent. T he d istortionsofthe joint test
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d isappear asthe sample size increasesto 4 0 0 but,particularlyfor DG P 2 A and 2 B ,

they are present and important at economic ally typicalsample sizesof10 0 or 2 0 0 .

T he d istortionsare greater w ith more feed b ack (c ompare DG P 2 B w ith 2 A) and

low er w ith low er integration(compare DG P 2 A w ith 2 C).

T he G onzalo and G ranger proced ure isslightlyund er-sized w henever cointegrat-

ingvec torsare estimated ,asinDG P 2 A to 2 C,evenat large sample sizesof4 0 0.

T hisislikely a consequence ofusingcriticalvaluesthat are stric tlynot applic able

w ith c onstruc ted asopposed to raw series.It isinprinciple possible to ad just the

c ritic alvaluesfor size but since such c orrec tionsw ould b e ad hoc, the size d istor-

tionsare not great,and the generalpointscanb e mad e inthe absence ofsuch size

correc tions,w e d o not pursue thisfurther.

Table 5(und er id enticalhead ings) provid esthe pow er ofthe test proc ed uresfor

DG P 2 A to 2 C.T husforDG P 2 A to 2 C the rejec tionfrequenciesofrLL = 0 aregiven

inthe columnhead ed LL,w hile the remainingcolumnsprovid e thesame information

for the other tests.Allthe testshave pow er approaching1 assample size increases.

B road lyspeakinghow ever,the LLtest isseento have the b est pow er propertiesfor

a majority ofcases, b oth at low ,med ium and large sample sizes.T he test b ased

onestimatingthe J ohansenfullsystem isthe least pow erful(although increasing

rapid ly to 1) for allbut one ofthe cases.T hisisto b e expec ted ,since w henthe LL

nullissatis̄ ed ,estimationofthe J ohansenfullsystem involvesestimatinga large

numb er ofunnecessary parameters.T hislead sto a lossine± ciency inestimation

ofimportant parametersand lossofpow er.9 E stimatingthe system unit byunit is

partly b ene¯c ial(by cuttingd ow nonthe numb er ofparametersto b e estimated )

although cross-unit connec tionsvia the ® matrixare not takeninto ac c ount.T he

joint test therefore oc cupiesthe mid d le ground intermsofpow er performance.

Table 6provid esd etailsofthe b iasand stand ard d eviationofthe estimatesof
9SeediscussionofresultsofTable6 below.
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the c ointegratingvec torsfor each ofthe three d i®erent method s. Intermsofb ias,

evenfor T = 10 0 ,the LL test and the J ohansentrace statistic unit byunit perform

quite w ell.T he latter isslightly b etter thanthe former,also intermsofe± c iency,

i.e.,low er stand ard errorsfor the estimated c oe± c ients.T he fullsystem J ohansen

ranksthird for b oth b iasand e± ciency.

5 Simulationsw henthe LLframew orkisnot c or-

rec t

From the previoussec tion,the LL test appearsto have the proper size,good pow er

compared to other cointegrationproced ures,and to yield some e± ciencygainsw hen

estimatingthe c ointegratingcoe± cients.Y et,asw e stressed inthe introd uc tion,the

LLframew ork(and the evenmore restric ted mod elsinthe panelunit root literature),

may b e inappropriate inapplicationsw ith mac roeconomic d ata.Inparticular, in

thiscontext there c anexist c ointegrating relationshipsac rossthe units, and the

unitscanb e d rivenbya d i®erent numb er ofcommontrend s.We now evaluate the

consequencesofthese tw o featuresonthe performance ofthe LL test,and consid er

some \d iagnostic tests"to spot their presence.

We use simulationsto und ertake thispart ofthe analysis,instead oflookingfor

analyticalexpressionsofthe d istributionsund er the alternative.T he d i± cultiesof

d erivingd ensitiesinthe presence ofcross-unit cointegrationare noted by P hillips

(1999) w ho comment that w henthere are strongcorrelationsamongthe unitsofa

panel(asw ould apply inour casesofinterest),stand ard c entrallimit theory and

law soflargenumb ersw illno longer apply. M oreover our interest isnot solelyinthe

limit d istributions(w ith N and T approachingin̄nity) but w e w ish also to lookat

the b ehaviour ofthese statisticsfor smallN and med ium-sized T.T he pred ic tions
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ofasymptotic theoryare thusoflimited use here.

5.1 Cointegrationac rossthe units

W henthe unitsare related by cointegratingrelationships,the hypothesisofa block

d iagonal¯ isviolated . Severalstruc turesfor ¯ are now possible, and w e focus

onthree ofthese inour simulationexperiments. T he d ata generationproc esses

are d escrib ed inTable 7.InDG P 3there existsonlyone cointegratingrelationship

ac rossthe units,so that rLL = 0 and rJ = 1.T he DG P s3A,3B and 3C d i®er for the

load ingmatrix,®,w hile in3D there ismore stationarity.InDG P 4 w e consid er the

case rLL = 0 and rJ = 2 ,namely,tw o cointegratingrelationshipsac rossthe units,

and none w ithintheunits.InDG P 5w e also allow for w ithin-unit c ointegration,and

keep one cross-unit relationship,so that rLL = 1 and rJ = 3.Severalsub -c asesof

DG P 4 and 5are analyzed ,w hich d i®er for the struc ture ofthe ® matrix(ind ic ated

byA,B ,C) and for the magnitud e ofthe roots(D).

T he rejec tionfrequenciesofthe LLtest are reported inthe LLcolumnsofTable

8.For DG P 3,w here rLL = 0 ; the prob ab ilityofrejec tingrLL = 0 quicklyincreases

tow ard sone,w hile that ofrejec tingrLL = 1 isinthe range 0:2 6¡0:2 8 w henT = 4 0 0.

For DG P 4 also the prob ab ilityofrejec tingrLL = 1 increasesto one,and the same

istrue for DG P 5. T hese resultsind icate a massive rejec tionofthe proper null

hypothesisofthe LL test inthe presence ofcross-unit c ointegration.Cointegration

ac rossunitsisw ronglyattributed to c ointegrationw ithinunits.

It isinterestingto evaluate w hether thisisalso a problem inthe unit by unit

analysisusingthe J ohansentrac e test.Ind eed ,from the columns\unit 1"and \unit

2 "ofTable 8,there are casesw henthesize ofthe test isseverelyb iased upw ard s,even

ifthe highest rejec tionprob ab ilitiesofrLL = 0 are muchsmaller thanthosefrom LL,

ab out :38 for T = 4 0 0.T he d istortionisrelated to the cointegratingrelationships
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a®ec tingseveralvariablesofthe system (casesB and C).Asa consequence,the joint

proc ed ure b ased onthe c omb inationofthe unit by unit resultsalso presentssize

d istortionsinthese cases(column\joint").10

Inthe light ofthese results,it seemsparticularly important either to use a full

system approach,or at least to evaluate w hether there iscross-unit c ointegration.

T he former approach though isnot feasible w ith a larger numb er ofunits,so that

the latter b ec omesevenmore important.T he last three c olumnsofTable 8 report

the size and pow er ofthe G onzalo and G ranger proc ed ure.T he pow er ofthe test

(columnsrC = 0 for allDG P sand also rC = 1 for DG P 4 ) isingeneralrather low

for T = 10 0 ,but quicklyincreasesw ith T and isoftenclose to one for T = 4 0 0.T he

size (columnsrC = 1 for DG P s3and 5,and columnrC = 2 for DG P 4 ) isslightly

low er thanthe nominalvalue also for T = 4 0 0 ,asinthe previoussec tion.

O verall,these resultssuggest that the LL test,and to a certainextent unit by

unit analysis, canlead to over-ac c eptance ofw ithin-unit c ointegrationw henthere

existscross-unit c ointegration.O nthe other hand ,the latter isd etec ted quite w ell

by the G onzalo and G ranger test,at least for large enough sample sizes.

5.2 Di®erent cointegratingranksineach unit

T he casesofd i®erent w ithin-unit c ointegratingranksw e consid er are listed inTable

9.InDG P 6it isr1 = 1, r2 = 0 ;for DG P 7r1 = 2 , r2 = 0 ;for DG P 8, r1 = 2 ,

r2 = 1.For each DG P w e also consid er d i®erent load ingmatrices® (sub casesA,B ,

C),and low er stationary roots(D).

T he rejec tionfrequenciesofthe LLtest are reported inthe LLcolumnsofTable

10.W henT = 4 0 0 ,rLL = 0 isrejec ted w ith prob ab ility one inallcases,and also
1 0 N otethat,inordertoreduceuncertainty,thesamerandom numbers areusedforallexperi-

ments.H encesomevaluesfortheunitbyunitanalysisarethesame(e.g.thoseforunit2,D G P s
3A ,3B ,3D ,4A ,4B ,4D ).
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rLL = 1 isrejec ted w ith prob ab ility close to one for DG P s7and 8. W henT is

smaller,the rejec tionfrequenciesare low er insome cases,but overallthese results

also ind icate a tend ency ofthe LL test to substantially und er rejec t w ithin-unit

cointegration.

T he unit byunit c ointegrationanalysesprovid e anind ic ationab out d i®erences

inthe cointegratingranks(columns\unit 1"and \unit 2 "ofTable 10 ).Infac t w hen

T = 4 0 0 ,the unit byunit testsingeneralhave pow er close to one,and size close to

the nominallevel.T he exceptionsare DG P s6C and 7C,w henthe size ofthe test

islarger,ab out 0:14 .T hisisthe c ase w here the cointegratingvec torsfrom the ¯rst

unit also a®ec t the second unit.

W henT issmaller, the pow er ofthe testsinsome DG P sislow , inparticular

those oftype A.Inthese casesthe performance ofthe joint test (column\joint") is

also unsatisfac tory,w ith substantialover rejec tionofthe c orrec t null.

Insummary, w henthe c ointegrating ranksare d i®erent ac rossunits, the LL

test tend sto over-ac c ept the presence ofw ithin-unit c ointegration.Inother w ord s,

cointegrationinone unit b iasesthe test tow ard snonrejec tionofcointegrationin

the other unit.U nit byunit analysisisac curate w henT islarge enough,and can

provid e a usefuld iagnostic test for d i®erent cointegratingranksacrossunits.

T he suggestionfor empiric alanalysisthat emergesfrom thissec tionisto use

full-system estimationw henever possible.Ifthisisnot feasible,the ¯rst step should

b e a unit byunit cointegrationanalysis.T he sec ond step isto test for the absence

ofcross-unit cointegrationby meansofthe G onzalo and G ranger proced ure. If

thisisac c epted , and the unit by unit analysisd oesnot ind icate the presence of

d i®erent ranksac rossunits,the third step isto applythe LLstatistic,that c anyield

e± c iencygainsintermsofhigher pow er and low er stand ard errorsfor the estimated

c ointegrating coe± c ients. T hissequentialempiricalproced ure isimplemented in
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Sec tion7, to evaluate inmore d etailthe presence ofcointegrationinthe interest

rate d ata.

6 Summaryofresultsfor more units

Since the case ofN = 2 might b e thought to b e und uly restric tive,inthissec tion

w e summarize the resultsofsimulationsw henthe numb er ofunitsinthe panelis

increased to 4 or 8.Conventionalpanelstud iesoftenconsid er c asesw here the num-

b er ofunitsisevenlarger,and a limitationofthe highly parameterized maximum

likelihood method sc onsid ered inthispaper isthat thiscannot b e d one,unlessT

isvery large w ith respec t to N or the d epend ence ac rossthe unitsisseverely re-

stric ted .Imposingthese restric tionslead sto the framew orkconsid ered byLarsson

et al.(1998),or by K ao (1999) and P ed roni(1999) inter alia,w here the latter pa-

persmake the further assumptionofone cointegratingvec tor.T he trad eo® b etw een

higher d imensionality and a priorirestric tionsisanissue that meritsfurther inves-

tigation.Nevertheless,a panelof4 or 8 unitsisa reasonable size w henconsid ering

for example d ata from the G 7countries,or from the largest economiesofthe E uro-

peanU nion,or economic groupingssuch asNAFTA.T he key economic ind icators

ofthe mainsec torsofaneconomy,ofgeographically d i®erentiated regionsw ithina

country,or ofthe d i®erent segmentsofthe lab our market c ould also b e investigated

w ithinthiscontext.

Inord er to evaluate the size and pow er ofthe competingapproaches,w e mad e

use ofDG P sw hich replicated the struc turesused for N = 2 .T hus,for example,
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DG P 2 A for N = 4 ,tookthe form

® =

0
BBBBBBBBBBBBBBBBBBBBBBBB@

¡:1 0 0 0

0 0 0 0

0 ¡:1 0 0

0 0 0 0

0 0 ¡:1 0

0 0 0 0
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0 0 0 0

1
CCCCCCCCCCCCCCCCCCCCCCCCA

; ¯ =

0
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1 0 0 0

¡1 0 0 0

0 1 0 0

0 ¡1 0 0

0 0 1 0

0 0 ¡1 0

0 0 0 1

0 0 0 ¡1

1
CCCCCCCCCCCCCCCCCCCCCCCCA

:

T he extensionsfor the other DG P sstud ies,namely,3to 8,are similarlystraightfor-

w ard .M oreover,for DG P s3-5w e also consid ered c asesw ith more thantw o c ointe-

gratingvec torsac rossthe units,and for DG P s6-8 d i®erent d egreesofcointegration

w hithineach unit.A d etailed ac c ount ofthese results(available uponrequest) isnot

presented here for space c onstraints.T he follow ingimportant featuresare how ever

w orth noting:

1) Asthe numb er ofunitsinincreased , the size ofthe LL testsb ecomesd is-

torted ifasymptotic c ritic alvaluesare used .For example,w hend ata are generated

w ith ri = 1 for each i, N = 4 ,T = 2 0 0 , and the largest stationary rootsare 0.8,

the LL test rejec tsthe nullw ith frequencyof0.19 at a c on̄ d ence levelof5% .T his

d istortionb ecomesvery severe for N = 8, w ith the rejec tionfrequency increasing

to 0.90.T he d istortionalso increasesw ith the magnitud e ofthe largest stationary

roots,ifthe other featuresofthe DG P are left unchanged .T hus,w ith ri = 1 for

each i, N = 4 , T = 2 0 0 , and largest stationary rootsof0.9, the correspond ing

rejec tionfrequencyis0.32 .

18



T he issue ofsize d istortionsisevid ent inthe d iscussioninLLoftheir simulations,

lead ingthem to suggest the use of\B artlett c orrec tions"for the test statistic.T he

form ofthe correc tionisgivenby

eC T =
E(C T)
E(C 1 )

C 1 ;

w here C 1 isthe asymptotic c ritic alvalue and E(C T) and E(C 1 ) are,respec tively,

the expec tationsofthe ¯nite sample and asymptotic d istributionsofthe test statis-

tic. B oth E(C T) and E(C 1 ) c anb e approximated by simulations. O ur results

suggest that the use ofeC T ise®ec tive incorrec tingthe size ofthe tests.Inother

w ord s, eC T isclose inmagnitud e to the correspond ingempiricalquantile ofthe d is-

tributionofthe test statistic.T he pow er ofthe test w henusing eC T issatisfac tory,

close to one evenfor T = 2 0 0.

2 ) We also investigated the performance ofthe LLproced ure inthe presence of

cross-unit c ointegrationand d i®erent cointegratingranks.Asb efore,w e ¯nd that

eventhe presence offew c ross-unit cointegratingrelationshipssubstantially b iases

the LL test tow ard srejec tionofno w ithin-unit cointegration,e.g., w ith T = 2 0 0 ,

ri= 0 for each i,and one cointegratingrelationship amongallunits,the prob ab ility

ofrejec tingthenullri= 0 for eachiis0.56w henN = 8.T hiscanb e c ompared w ith

the ¯gure of0.62 for DG P 3A inTable 8.We conclud e from thisthat the importance

ofc ross-unit cointegratingrelationshipsd oesnot d ec rease evenw henthe numb er of

unitsincreases.For the c ase ofd i®erent ranksacrossthe units,the over-ac c eptance

ofw ithin-unit cointegrationreported inTable 10 and d iscussed inSec tion5.2 is

con̄rmed .T he d egree ofover-ac c eptance increasesw ith the numb er ofunitsw hich

have cointegration.For example, ifN = 4 ,T = 2 0 0 , the rejec tionfrequenciesof

ri= 0 for each iare 0.18,0.4 4 ,and 0.69 for,respec tively,(r1 = 1;r2 = r3 = r4 = 0 ),

(r1 = r2 = 1;r3 = r4 = 0 ),and (r1 = r2 = r3 = 1;r4 = 0 ).
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3) Asfar asthe variousversionsofthe J ohansentest are c oncerned (unit by

unit,joint,and system),these retaintheir good size and pow er propertiesw henthe

unitsd o not cointegrate w ith each other.Inthe presence ofcross-unit c ointegration,

how ever,asfor N = 2 ,the unit byunit analysis(and therefore the joint test) can

rejec t thenullofno cointegrationtoo often.T he size ofthe G G test remainsslightly

low er thanthe nominalvalue,at ab out 0.0 4 .Itspow er isrelativelylow w henthere

isone cross-unit relationship, but quickly increasesw ith the amount ofcross-unit

cointegrationand the numb er ofobservations.

Insummary,it issatisfyingto c onclud e that once the B artlett c orrec ted c ritic al

valuesareused for theLLtest,the overallperformance ofthe varioustestsconsid ered

remainsqualitativelyunaltered from that reported ind etailfor N = 2 .

7 E mpiric alE xamplesR evisited

T he ¯rst step inthe sequentialproced ure w e suggested ab ove isunit byunit analy-

sis.Hence,w e specifysimilar mod elsfor each country to estimate the unit-spec ī c

c ointegratingvec tors.We thencomplement the analysisbyextrac tingthe c ommon

trend sfrom each unit and lookingfor c ointegrationamongthese.Finally,w e run

the LL test to evaluate w hether the outc ome isinline w ith the simulationresults.

Detailed resultsare reported for N = 2 , and a summary ofthe main¯nd ingsis

presented for N = 8.

7.1 G ermanyand T he Netherland s

T he chosenspec ī c ationfor G ermanyinvolves4 lagsand anunrestric ted c onstant.

T he available sample period goesfrom M ay1990 to J anuary1999,for a totalsample

size of105 observations.Diagnosticstestsfor thisspec ī c ationpoint tow ard sits

congruence since onlyheterosked asticityand normalityofthe resid ualsofthe short-
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term rate are marginallyrejec ted .Cointegrationtestsfor each rankare reported in

Table 11,¯rst panel,alongw ith the correspond ingcriticalvalues.

T he statisticsind ic ate that the cointegratingrankinthe mod elfor G ermanyis

zero. O ne canthenuse b oth the short-and the long-term rate for G ermany ina

suc cessive step ofthe analysisb ased onthe G onzalo and G ranger method .

T he chosenspec ī c ationfor the Netherland sinvolves4 lagsand anunrestric ted

c onstant.T he available sample period goesfrom M ay 1990 to J anuary 1999,for a

totalsample size of105observations.Diagnosticstestsfor thisspec ī c ationind icate

no evid ence ofmisspec ī c ation.Cointegrationtestsfor each rankare reported in

Table 11,second panel,alongw ith the correspond ingcritic alvalues.

T he statisticsind ic ate that the cointegratingrankinthe mod elfor T he Nether-

land sisalso zero, w hich isconsistent w ith the full-system cointegrationanalysis.

Asa consequence,the analysisfor cointegrationamongG ermanand Dutch interest

ratesw ould have to b e cond uc ted onthe fullsystem.From the resultsinSec tion3,

w e know that there existsone crosscountry cointegratingrelationship.Hence,w e

expec t the LL test to b e b iased tow ard rejec tionofthe nullhypothesisrLL = 0.

For the LLmod elthe sample goesfrom M ay1990 to J anuary1999,w e leave the

constant unrestric ted ,and use 4 lags.T he panelLR testsare reported inTable 12 ,

¯rst panel.

Inline w ith our expec tations,the table ind icatesrejec tionofrLL = 0 at the 10 % ,

though there ismarginalnon-rejec tionofthe hypothesisat the 5% .Notice also that

w hatever choic e the investigator makesonthe b asisofthe LL test, the resulting

mod elw illb e misspec ī ed . IfrLL = 0 ischosen, the system w illb e analyzed in

¯rst d i®erences,therebyoverlookingthe existence ofcointegrationb etw eenthe tw o

countries.Ifinstead rLL = 1 isselec ted ,the w rongcointegratingrelationshipsw ill

b e includ ed inthe E CM mod els.
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7.2 G ermanyand Denmark

T he ¯rst tentative spec ī c ationfor Denmark involves4 lagsand anunrestric ted

c onstant. T he available sample period goesfrom M ay 1990 to J anuary 1999,for

a totalsample size of105 observations.We are led to perform the ¯nalanalysis

onthe red uced sample startinginO c tob er 1993b ecause large outliersin1993pro-

voke heterosked asticity and non-normality inthe Danish short-term rate.T here is

no evid ence ofmisspec ī c ationinthe red uced sample goingfrom O c tob er 1993 to

J anuary1999,except for non-normalityinthe short-term rate.

T he cointegrationpropertiesd o not change inthe tw o samples,since the rank

inb oth isfound to b e zero.B oth setsofresultsare reported inTable 11,third and

fourth panels.T he ¯nd ingofzero cointegratingrankinDenmarkimpliesthat the

G onzalo and G ranger analysisfor c ointegrationamongG ermanand Danish interest

ratesw ould also have to b e cond uc ted onthe fullsystem.From Sec tion3,w e know

that there existsonly one c rosscountry cointegratingrelationship,so that the LL

test should againover-rejec t the nullofno cointegration.

To avoid the troublesome period , w e only estimate the LL mod elonthe sec -

ond subsample,w ith 4 lagsand anunrestric ted c onstant.T he panelLR testsare

reported inTable 12 ,sec ond panel.T histime the LL test rejec tsa c ommonunit-

by unit rank ofzero at 5% , asw ellasa commonrank ofone. T hisw ould lead

the investigator to estimate the mod elimposinga commonrankof2 ,w ith no c ross-

countrycointegration.Since the onlycointegrationvec tor inthefullsystem involves

variablesfrom b oth countries,the resultsw ould prob ably b e verymislead ing.

7.3 M ore units

We now increase the numb er ofunitsinthe panelto 8,by includ ingFrance,Italy,

U K ,Spainand Austria inthe analysis.Asab ove, w e start by analyzingthe full
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system, w hich includ esthe short- and long-term interest ratesfor each country,

givinga totalof16variables.O nlyone lagw asinclud ed inthe unrestric ted VAR ,

b oth for the sake ofparsimony and b ecause the resultingmod eld id not present

any major evid ence ofmisspec ī c ation.11 T he J ohansentrac e test suggeststhe

presence of9 cointegratingrelationshipsac rossthe variables.We d o not attempt to

id entifythem,but w enote that thisoutcome alread ysuggeststhat either some units

have cointegratingranklarger thanone or that there exist c ross-unit c ointegrating

relationships.

Inord er to evaluate the ¯rst possib ility,w e performed a unit-by-unit cointegra-

tionanalysis.Inline w ith our resultsfor G ermany,T he Netherland sand Denmark,

there appearsto b e no w ithin-unit cointegrationinthe other countries, w ith the

possible exceptionofSpain. T husthe ¯rst requirement for the applic ationofthe

LL test issatis̄ ed . How ever, w e stillneed to verify the presence or absence of

cross-unit cointegration.

G iventhat the nullhypothesisofzero rank ineach unit isac c epted , the G G

test canb e runw ith the originalset ofvariablesand isequivalent to the trac e test

inthe full-system analysis.T he outcome ofsuch a test c annow b e interpreted as

ind ic ating the presence ofmany cross-unit cointegrating relationships. From the

simulationexperimentsinSec tion5.1 and 6, w e know that the presence ofc ross-

unit cointegrationcansubstantially b iasthe LL test tow ard srejec tionofthe no

cointegrationhypothesis(ri= 0 for each i,w hich issupported by the unit-by-unit

analysis) evenw henthe numb er ofunitsislarge.T he b iasisinfac t more serious

thanthat c aused by the violationofnon-uniform rankineach ind ivid ualunit.

U singcorrec ted c ritic alvaluescalib rated to our mod el(N = 8,T = 10 0 , and

the largest stationary rootsare 0.6),w e ¯nd that the hypothesisri= 0 for each i

isrejec ted at the 10 % level,and ri = 1 for each iisalso strongly rejec ted .T hus,
1 1Fulldetailsoftheestimationsreportedinthis sectionareavailablefrom usuponrequest.
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w e have another example w here the applicationofthe panelcointegrationtestsis

problematic b ec ause the mainund erlying hypothesisofno long rund epend ence

ac rossthe unitsisviolated , lead ingusto \spuriously" conclud e infavour ofthe

presence ofw ithin-unit cointegration.

8 Conclusions

U singd ata for short- and long-term interest ratesina smallpanelofO E CD coun-

tries, the restric tionsimplied by the block d iagonality of¯ that charac terize the

panelcointegrationframew ork (not only insystemsmethod ssuch asLL but also

inthe panelanalogue ofE ngle-G ranger method sasd eveloped by K ao (1999) and

P ed roni(1999) inter alia) c anb e veryeasilyshow nto b e violated .Since w e suspec t

that thisisvery likely to b e the case w henanalyzingmac roeconomic time series

ac rosscountries,w e should b e carefulinusingthese method s.

O ur simulationresultsfor N = 2 ;4 and 8 ind icate that w henthe hypotheses

und erlying the LL framew ork are satis̄ ed , the LL test hasgood size and pow er

properties, and oftenyield sgainsine± c iency relative to fullsystem analysisfor

estimationofthe c ointegratingparameters.

T he c onsequencesofviolationsofthe LL assumptionscanhow ever b e serious.

O ur resultssuggest that the LL test canlead to substantialover-ac c eptance of

w ithin-unit c ointegrationw henthere existsc ross-unit c ointegrationor w henthe

ranksare d i®erent ac rossunits.Since testsfor unit rootsinpanelsand other ex-

isting testsfor cointegrationcanb e re-interpreted w ithinthe generalized system

framew ork,it follow sthat such testsalso rejec t non-stationarity too often. T hus,

the c ommonempirical̄ nd inginthe P P P and convergence literature,w hentested

inpanelsofcountries,namelythat P P P hold sand country G DP sconverge,mayb e

a spuriousconsequence ofsuch violations.We are takinga closer lookat thisissue
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inon-goingresearch.

U nit byunit analysishow ever isac curate w henT islarge enough,and canprovid e

a usefuld iagnostic test for d i®erent c ointegratingranksac rossunits,w hile c ross-unit

cointegrationisd etec ted bythe G onzalo and G ranger test,at least for large enough

sample sizes.

T he suggestionfor empiricalanalysisthat therefore emergesisto use fullsystem

estimationw henever possible.Ifthisisnot feasible,the ¯rst step should b e a unit by

unit c ointegrationanalysis.T he second step isto test for the presence ofc rossunit

cointegrationbymeansofthe G onzalo and G ranger proced ure.Ifthisisrejec ted ,

and the unit byunit analysisd oesnot ind icate the presence ofd i®erent ranksacross

units,the third step isto apply the LLstatistic since thiscanyield e± ciencygains

intermsofhigher pow er and low er stand ard errorsfor the estimated c ointegrating

coe± c ients.
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Append ix

Table 1:Cointegrationanalysisfor G ermanyand the Netherland s

Ho: rank= r maxeigenvalue 95% trac e 95%

r = 0 33:16¤¤ 2 7:1 4 6:74 4 7:2

r ·1 10:4 5 2 1:0 13:58 2 9:7

r ·2 3:117 14 :1 3:12 7 15:4

r ·3 0:0 107 3:8 0:0 107 3:8

Variables ® c oe± c ients
(stand ard errors)

¯ c oe± c ients

G ermanyshort ¡0:2 8589
(0:0 52 4 18)

1

G ermanylong 0 0

Netherland sshort 0 ¡1

Netherland slong 0 0

LR test ofrestric tions: Â 2(6) = 4:84 36[0:564 0 ]
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Table 2 :Cointegrationanalysisfor G ermanyand Denmark

Ho: rank= r M axeigenvalue 95% T rac e 95%

r = 0 4 0:0 4 ¤¤ 2 7:1 56:77¤¤ 4 7:2

r ·1 19:65 2 1:0 2 2 :83 2 9:7

r ·2 7:2 0 9 14 :1 7:2 88 15:4

r ·3 0:07885 3:8 0:07885 3:8

Variables ® c oe± cients
(stand ard errors)

¯ c oe± c ients

G ermanyshort ¡0:0 4 34 39
(0:0 18386)

¡1:19

G ermanylong 0 0

Denmarkshort ¡0:4 8171
(0:11189)

1

Denmarklong ¡0:0 912 65
(0:0 2 74 68)

0

LR test ofrestric tions: Â 2(3) = 4 :9176[0:1779]
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Table 3:Data G eneratingP rocessesfor Size and P ow er: B lock-d iagonal̄

DG P rLL rJ ® ¯0 R oots

1 0 0 0 0 (1,1,1,1)

2 A 1 2

0
BBBBBBBBB@

¡0:1 0

0 0

0 ¡0:1

0 0

1
CCCCCCCCCA

0
B@
1 ¡1 0 0

0 0 1 ¡1

1
CA (1,1,0.9,0.9)

2 B 1 2

0
BBBBBBBBB@

¡0:1 0

0 0

0:1 ¡0:1

0 0

1
CCCCCCCCCA

0
B@
1 ¡1 0 0

0 0 1 ¡1

1
CA (1,1,0.9,0.9)

2 C 1 2

0
BBBBBBBBB@

¡0:2 0

0 0

0 ¡0:2

0 0

1
CCCCCCCCCA

0
B@
1 ¡1 0 0

0 0 1 ¡1

1
CA (1,1,0.8,0.8)

rLL: Cointegratingrankfor each unit insense ofLarssonand Lyhagen

rJ: Cointegratingrankfor fullsystem insense ofJ ohansen
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Table 4 : Size oftestsw ith blockd iagonal̄ matrix

DG P T LL(a) J unit byunit(b) J system (d ) G G (e)

unit 1 unit 2 joint(c)

1 10 0 0.064 0.0 4 8 0.058 0.056 0.065 0.051

2 0 0 0 .059 0.051 0.051 0.056 0.060 0.0 4 5

4 0 0 0 .057 0.052 0.051 0.052 0.057 0.0 4 5

2 A 10 0 0.0 98 0.0 4 8 0.0 4 9 0.815 0.0 2 2 0.0 2 1

2 0 0 0 .0 87 0.055 0.052 0.14 2 0.051 0.0 2 4

4 0 0 0 .069 0.051 0.052 0.051 0.056 0.0 2 8

2 B 10 0 0 .118 0.0 4 9 0.035 0.887 0.0 2 4 0.038

2 0 0 0 .0 93 0.055 0.0 4 6 0.384 0.0 4 5 0.033

4 0 0 0.069 0.051 0.0 4 8 0.055 0.055 0.031

2 C 10 0 0.0 98 0.054 0.054 0.136 0.057 0.0 2 7

2 0 0 0 .072 0.054 0.050 0.054 0.058 0.0 2 9

4 0 0 0 .060 0.050 0.053 0.050 0.053 0.031

(a): R ejectionfrequenciesofnullhypothesisat5% signī cancelevelusingL L (1 999)asymp-

toticcriticalvalues,whenL L statisticiscalculated.

(b): R ejection frequencies,unitby unit,ofnullhypothesis at5% signī cancelevel,using

Johansen(1 995)asymptoticcriticalvalues.

(c): Calculatedby settingthesignī canceleveloftheunitbyunitJohansen tests at1¡

(0:95)1=2 ,sothatthesignī canceofthejointtestis 5%.

(d ): R ejectionfrequenciesat5% signī cancelevelusingJohansen(1 995)asymptoticcritical

valueswhensystem isestimatedwithoutrestriction(apartfromthosenecessaryforidentī cation).

(e): R ejectionfrequenciesofcointegrationamongthecommontrendsderivedfrom theunit

byunitcointegrationanalysiswhenthenullhypothesis isacceptedineachunit.

32



Table 5: P ow er oftestsw ith blockd iagonal̄ matrix

DG P T LL(a) J unit byunit(b) J system (d )

unit 1 unit 2 joint(c)

2 A 10 0 0.513 0.576 0.575 0.2 2 9 0.136

2 0 0 0.978 0.982 0.985 0.914 0.635

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .999

2 B 10 0 0.699 0.576 0.367 0.151 0.165

2 0 0 0.999 0.982 0.792 0.667 0.52 2

4 0 0 1.0 0 0 1.0 0 0 0 .998 0.995 0.974

2 C 10 0 0.983 0.985 0.983 0.917 0.658

2 0 0 1.0 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .999

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 1.0 0 0 1.0 0 0

(a)¡(d ): See notesto Table 4
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Table 6: E stimatesof̄ w ith blockd iagonal̄ matrix

D G P T L L (a) J unitbyunit(b) J system (c)
¯̄
¯̄d̄1 2
¯1 1

¯̄
¯̄

¯̄
¯̄d̄22
¯21

¯̄
¯̄

¯̄
¯̄d̄1 2
¯1 1

¯̄
¯̄

¯̄
¯̄d̄22
¯21

¯̄
¯̄

¯̄
¯̄d̄1 2
¯1 1

¯̄
¯̄

¯̄
¯̄d̄22
¯21

¯̄
¯̄

2A 1 0 0 mean 1.1 69 0 .961 1 .0 58 1 .0 0 1 1 .1 41 1 .0 0 5

s.d. 8.837 1 0 .730 2.71 6 2.783 1 7.1 50 20 .564

20 0 mean 1.0 1 4 1 .0 29 1 .0 0 2 1 .0 0 4 1 .0 1 1 0 .871

s.d. 1.0 26 3.0 20 0 .1 59 0 .1 61 4.779 5.60 5

40 0 mean 0 .999 1 .0 0 0 0 .999 1 .0 0 0 0 .781 1 .0 52

s.d. 0 .0 68 0 .0 70 0 .0 65 0 .0 64 20 .829 1 8.631

2B 1 0 0 mean 1.0 52 1 .0 58 1 .0 58 1 .371 1 .0 92 0 .937

s.d. 2.884 7.0 68 2.71 6 33.670 9.922 1 8.448

20 0 mean 1.0 0 2 0 .823 1 .0 0 2 1 .0 36 1 .1 50 0 .540

s.d. 0 .1 26 1 8.0 62 0 .1 60 4.81 0 1 0 .389 1 5.1 84

40 0 mean 1.0 0 0 1 .0 0 0 0 .999 1 .0 45 1 .0 0 7 0 .731

s.d. 0 .0 52 0 .0 75 0 .0 65 0 .1 26 1 .1 1 7 1 .437

2C 1 0 0 mean 1.0 0 4 1 .0 1 5 1 .0 0 2 1 .0 0 5 0 .772 0 .81 8

s.d. 0 .334 0 .839 0 .1 53 0 .1 73 23.71 3 6.589

20 0 mean 1.0 0 0 0 .999 1 .0 0 0 1 .0 0 0 0 .942 0 .91 2

s.d. 0 .0 69 0 .1 1 2 0 .0 66 0 .0 63 3.276 3.499

40 0 mean 1.0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .363 0 .496

s.d. 0 .0 32 0 .0 30 0 .0 31 0 .0 30 38.559 37.520

(a): M onteCarlomeanandstandarddeviationofestimatednormalisedcointegratingparam-

eterineachunitusingL L method.

(b): M onteCarlomeanandstandarddeviationofestimatednormalisedcointegratingparam-

eterineachunitusingJohansenunitbyunit.

(c):M onteCarlomeanandstandarddeviationofestimatednormalisedcointegratingparam-

eterineachunitusingJohansenfullsystem.
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Table 7:DescriptionofData G eneratingP rocessesfor R ejec tionFrequencies:Non-

block-d iagonal̄

D G P rLL rJ ®0 ¯0 R oots

3A 0 1
µ
¡0:1 0 0 0

¶ µ
1 0 ¡1 0

¶
(1 ,1 ,1 ,0 .9)

3B 0 1
µ
¡0:1 ¡0:1 0 0

¶ µ
1 0 ¡1 0

¶
(1 ,1 ,1 ,0 .9)

3C 0 1
µ
¡0:1 0 0 ¡0:1

¶ µ
1 0 ¡1 0

¶
(1 ,1 ,1 ,0 .9)

3D 0 1
µ
¡0:2 0 0 0

¶ µ
1 0 ¡1 0

¶
(1 ,1 ,1 ,0 .8)

4A 0 2

0
B@

0 ¡0:1 0 0

¡0:1 0 0 0

1
CA

0
B@
0 1 0 ¡1

1 0 ¡1 0

1
CA (1 ,1 ,0 .9,0 .9)

4B 0 2

0
B@

0 ¡0:1 0 0

¡0:1 ¡0:1 0 0

1
CA

0
B@
0 1 0 ¡1

1 0 ¡1 0

1
CA (1 ,1 ,0 .9,0 .9)

4C 0 2

0
B@

0 ¡0:1 0 0

¡0:1 0 ¡0:1 0

1
CA

0
B@
0 1 0 ¡1

1 0 ¡1 0

1
CA (1 ,1 ,0 .9,0 .9)

4D 0 2

0
B@

0 ¡0:2 0 0

¡0:2 0 0 0

1
CA

0
B@
0 1 0 ¡1

1 0 ¡1 0

1
CA (1 ,1 ,0 .8,0 .8)

5A 1 3

0
BBBBB@

¡0:1 0 0 0

0 0 ¡0:1 0

0 0 0 0:1

1
CCCCCA

0
BBBBB@

1 ¡1 0 0

0 0 1 ¡1

0 1 0 ¡1

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

5B 1 3

0
BBBBB@

¡0:1 0 0 ¡0:1

0 0 ¡0:1 0

0 0 0 0:1

1
CCCCCA

0
BBBBB@

1 ¡1 0 0

0 0 1 ¡1

0 1 0 ¡1

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

5C 1 3

0
BBBBB@

¡0:1 0 0 ¡0:1

0 0 ¡0:1 0

0 0 ¡0:1 0:1

1
CCCCCA

0
BBBBB@

1 ¡1 0 0

0 0 1 ¡1

0 1 0 ¡1

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

5D 1 3

0
BBBBB@

¡0:2 0 0 0

0 0 ¡0:2 0

1
CCCCCA

0
BBBBB@

1 ¡1 0 0

0 0 1 ¡1

1
CCCCCA

(1 ,0 .8,0 .8,0 .8)
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Table 8: R ejec tionfrequenciesoftestsw ith non-blockd iagonal̄ matrix

DG P T LL(a) J unitbyunit(b) G G (d )

unit 1 unit 2 joint

rLL= 0 rLL= 1 rJ= 0 rJ= 1 rJ= 0 rJ= 1 r= 0 r= 1 r= 2

3A 10 0 0.2 31 0.10 5 0.054 0.0 0 4 0 .054 0.0 0 6 0.055 0.2 10 0.0 2 0 -

2 0 0 0 .62 1 0.2 35 0.051 0.0 0 4 0 .053 0.0 0 5 0.056 0.605 0.036 -

4 0 0 0 .993 0.2 81 0.053 0.0 03 0.051 0.0 0 4 0 .050 0.993 0.0 4 1 -

3B 10 0 0.583 0.2 2 1 0.2 63 0.0 2 6 0.054 0.0 0 6 0.2 19 0.50 2 0.037 -

2 0 0 0 .970 0.2 88 0.32 4 0.0 2 6 0.053 0.0 0 5 0.2 76 0.960 0.039 -

4 0 0 1.0 0 0 0 .2 75 0.369 0.0 2 8 0.051 0.0 0 5 0.32 0 1.0 0 0 0.038 -

3C 10 0 0.580 0.2 18 0.054 0.0 0 4 0 .2 65 0.0 2 3 0.2 2 1 0.50 0 0.035 -

2 0 0 0 .969 0.2 85 0.051 0.0 0 4 0 .34 1 0.030 0.2 88 0.960 0.0 4 2 -

4 0 0 1.0 0 0 0 .2 64 0.053 0.0 03 0.382 0.0 2 9 0.333 1.0 0 0 0.031 -

3D 10 0 0.62 8 0.2 36 0.056 0.0 0 5 0.054 0.0 0 6 0.067 0.613 0.038 -

2 0 0 0 .995 0.2 85 0.060 0.0 0 5 0.053 0.0 0 5 0.059 0.994 0.0 4 0 -

4 0 0 1.0 0 0 0 .2 71 0.059 0.0 0 3 0.051 0.0 0 5 0.052 1.0 0 0 0.038 -

4 A 10 0 0.512 0.350 0.063 0.0 0 8 0.054 0.0 0 6 0.058 0.4 95 0.115 0.0 16

2 0 0 0 .977 0.937 0.063 0.0 06 0.053 0.0 0 5 0.058 0.976 0.632 0.038

4 0 0 1.0 0 0 1.0 0 0 0 .058 0.0 0 6 0.051 0.0 0 5 0.0 4 5 1.0 0 0 1.0 0 0 0 .033

4 B 10 0 0.696 0.4 16 0.164 0.0 2 5 0.054 0.0 0 6 0.12 6 0.663 0.12 1 0.0 14

2 0 0 0 .998 0.861 0.2 2 2 0.034 0.053 0.0 0 5 0.171 0.997 0.470 0.0 2 6

4 0 0 1.0 0 0 1.0 0 0 0 .2 64 0.034 0.051 0.0 0 5 0.197 1.0 0 0 0.966 0.0 2 0

4 C 10 0 0.84 3 0.638 0.14 2 0.0 2 3 0.2 65 0.0 2 3 0.2 4 1 0.798 0.2 4 0 0 .0 2 0

2 0 0 0 .997 0.993 0.180 0.0 2 6 0.34 1 0.30 2 0.306 0.999 0.837 0.0 2 6

4 0 0 1.0 0 0 1.0 0 0 0 .2 0 3 0.0 2 6 0.382 0.0 2 9 0.358 1.0 0 0 1.0 0 0 0 .0 2 1

4 D 10 0 0.979 0.939 0.066 0.0 06 0.054 0.0 0 6 0.057 0.978 0.630 0.036

2 0 0 1.0 0 0 1.0 0 0 0 .070 0.0 0 5 0.053 0.0 0 5 0.054 1.0 0 0 0.999 0.032

4 0 0 1.0 0 0 1.0 0 0 0 .070 0.0 07 0.051 0.0 0 5 0.0 4 7 1.0 0 0 1.0 0 0 0 .0 2 6
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(c ontinued )

5A 10 0 0.771 0.364 0.584 0.0 4 9 0.595 0.061 0.803 0.52 0 0.039 -

2 0 0 1.0 0 0 0 .84 2 0.984 0.056 0.986 0.062 0.131 0.956 0.0 2 3 -

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .051 1.0 0 0 0.058 0.0 4 1 1.0 0 0 0.0 18 -

5B 10 0 0.954 0.4 2 4 0.584 0.0 4 9 0.715 0.068 0.751 0.714 0.0 2 4 -

2 0 0 1.0 0 0 0 .896 0.984 0.056 0.993 0.0 83 0.12 1 0.905 0.0 13 -

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .051 1.0 0 0 0.103 0.068 1.0 0 0 0.0 0 9 -

5C 10 0 0.993 0.687 0.584 0.0 4 9 0.911 0.172 0.681 0.698 0.0 16 -

2 0 0 1.0 0 0 0 .997 0.984 0.056 0.999 0.2 2 1 0.2 0 4 0 .92 8 0.0 0 6 -

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .051 1.0 0 0 0.2 70 0.199 1.0 0 0 0.0 0 3 -

5D 10 0 1.0 0 0 0.84 9 0.985 0.053 0.991 0.071 0.12 0 0.956 0.0 2 3 -

2 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .054 1.0 0 0 0.063 0.0 4 6 1.0 0 0 0.0 2 0 -

4 0 0 1.0 0 0 1.0 0 0 1.0 0 0 0 .0 4 9 1.0 0 0 0 .061 0.039 1.0 0 0 0.0 17 -

(a):R ejectionfrequenciesofrLL = 0 or1 at5% signī cancelevelusingL L (1 999)asymptotic

criticalvalues,whenL L statisticiscalculated

(b):R ejectionfrequencies,unitbyunit,ofrank0 or1 at5% signī cancelevel,usingJohansen

(1 995)asymptoticcriticalvalues.

(c):R ejection frequencies ofnullhypothesis usingjointtest,wherethesignī cancelevelof

theunitbyunitJohansentests is setat1¡(0:95)1=2.

(d ) :R ejectionfrequenciesofcointegrationamongcommontrendsderivedfrom unitbyunit

analysiswhenthenullhypothesis isacceptedineachunit.
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Table 9:DescriptionofData G eneratingP rocessesfor R ejec tionFrequencies:B lock

d iagonal̄ matrixbut d i®erent rankineach unit

D G P rJ ®0 ¯0 R oots

6A 1
µ
¡0:1 0 0 0

¶ µ
1 ¡1 0 0

¶
(1 ,1 ,1 ,0 .9)

6B 1
µ
¡0:2 ¡0:1 0 0

¶ µ
1 ¡1 0 0

¶
(1 ,1 ,1 ,0 .9)

6C 1
µ
¡0:1 0 ¡0:1 0

¶ µ
1 ¡1 0 0

¶
(1 ,1 ,1 ,0 .9)

6D 1
µ
¡0:2 0 0 0

¶ µ
1 ¡1 0 0

¶
(1 ,1 ,1 ,0 .8)

7A 2

0
B@
¡0:1 0 0 0

0 ¡0:1 0 0

1
CA

0
B@
1 0 0 0

0 1 0 0

1
CA (1 ,1 ,0 .9,0 .9)

7B 2

0
B@
¡0:1 0:1 0 0

0 ¡0:1 0 0

1
CA

0
B@
1 0 0 0

0 1 0 0

1
CA (1 ,1 ,0 .9,0 .9)

7C 2

0
B@
¡0:1 0:1 0 0

0 ¡0:1 0:1 0

1
CA

0
B@
1 0 0 0

0 1 0 0

1
CA (1 ,1 ,0 .9,0 .9)

7D 2

0
B@
¡0:2 0 0 0

0 ¡0:2 0 0

1
CA

0
B@
1 0 0 0

0 1 0 0

1
CA (1 ,1 ,0 .8,0 .8)

8A 3

0
BBBBB@

¡0:1 0 0 0

0 ¡0:1 0 0

0 0 ¡0:1 0

1
CCCCCA

0
BBBBB@

1 0 0 0

0 1 0 0

0 0 1 0

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

8B 3

0
BBBBB@

¡0:1 0:1 0 0

0 ¡0:1 0 0

0 0 ¡0:1 0

1
CCCCCA

0
BBBBB@

1 0 0 0

0 1 0 0

0 0 1 0

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

8C 3

0
BBBBB@

¡0:1 0:1 0 0

0 ¡0:1 0:1 0

0 0 ¡0:1 0:1

1
CCCCCA

0
BBBBB@

1 0 0 0

0 1 0 0

0 0 1 0

1
CCCCCA

(1 ,0 .9,0 .9,0 .9)

8D 3

0
BBBBB@

¡0:2 0 0 0

0 ¡0:2 0 0

1
CCCCCA

0
BBBBB@

1 0 0 0

0 1 0 0

1
CCCCCA

(1 ,0 .8,0 .8,0 .8)
38



Table 10 : R ejec tionfrequenciesoftestsw ith blockd iagonal̄ matrixbut d i®erent

rankineach unit

D G P T L L (a) J unitbyunit(b)

unit1 unit2 joint(c)

rLL= 0 rLL= 1 rJ= 0 rJ= 1 rJ= 0 rJ= 1

6A 1 0 0 0 .224 0 .0 62 0 .584 0 .0 49 0 .443 0 .0 22 0 .592

20 0 0 .61 5 0 .0 93 0 .984 0 .0 56 0 .0 53 0 .0 0 5 0 .1 0 1

40 0 0 .994 0 .0 96 1 .0 0 0 0 .0 51 0 .0 51 0 .0 0 4 0 .0 51

6B 1 0 0 0 .962 0 .1 26 1 .0 0 0 0 .0 55 0 .0 58 0 .0 0 6 0 .0 60

20 0 1 .0 0 0 0 .1 0 8 1 .0 0 0 0 .0 54 0 .0 53 0 .0 0 5 0 .0 59

40 0 1 .0 0 0 0 .0 99 1 .0 0 0 0 .0 55 0 .0 51 0 .0 0 5 0 .0 54

6C 1 0 0 0 .587 0 .1 1 5 0 .584 0 .0 49 0 .1 31 0 .0 1 7 0 .61 8

20 0 0 .969 0 .1 1 6 0 .984 0 .0 56 0 .1 38 0 .0 1 5 0 .1 57

40 0 1 .0 0 0 0 .1 0 2 1 .0 0 0 0 .0 51 0 .1 45 0 .0 1 4 0 .1 27

6D 1 0 0 0 .635 0 .1 0 0 0 .985 0 .0 53 0 .0 54 0 .0 0 6 0 .0 96

20 0 0 .995 0 .0 94 1 .0 0 0 0 .0 54 0 .0 53 0 .0 0 5 0 .0 58

40 0 1 .0 0 0 0 .0 90 1 .0 0 0 0 .0 49 0 .0 51 0 .0 0 5 0 .0 50

7A 1 0 0 0 .1 31 0 .0 56 0 .60 3 0 .40 7 0 .0 54 0 .0 0 6 0 .788

20 0 0 .499 0 .30 6 0 .998 0 .987 0 .0 53 0 .0 0 5 0 .0 94

40 0 0 .997 0 .981 1 .0 0 0 1 .0 0 0 0 .0 51 0 .0 0 5 0 .0 27

7B 1 0 0 0 .21 8 0 .0 79 0 .796 0 .41 7 0 .0 54 0 .0 0 6 0 .767

20 0 0 .744 0 .328 1 .0 0 0 0 .922 0 .0 53 0 .0 0 5 0 .228

40 0 1 .0 0 0 0 .866 1 .0 0 0 1 .0 0 0 0 .0 51 0 .0 0 5 0 .0 26
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(c ontinued )

7C 1 0 0 0 .493 0 .232 0 .796 0 .41 7 0 .1 1 9 0 .0 1 4 0 .769

20 0 0 .972 0 .81 4 1 .0 0 0 0 .922 0 .1 37 0 .0 1 5 0 .259

40 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 0 .1 43 0 .0 1 4 0 .1 0 2

7D 1 0 0 0 .51 8 0 .322 0 .997 0 .985 0 .0 54 0 .0 0 6 0 .0 89

20 0 0 .997 0 .984 1 .0 0 0 1 .0 0 0 0 .0 53 0 .0 0 5 0 .0 31

40 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 0 .0 51 0 .0 0 5 0 .0 27

8A 1 0 0 0 .225 0 .0 86 0 .60 3 0 .40 7 0 .20 9 0 .0 31 0 .975

20 0 0 .849 0 .41 0 0 .998 0 .987 0 .657 0 .0 48 0 .559

40 0 1 .0 0 0 0 .982 1 .0 0 0 1 .0 0 0 0 .999 0 .0 53 0 .0 38

8B 1 0 0 0 .334 0 .1 1 4 0 .796 0 .41 7 0 .20 9 0 .0 31 0 .970

20 0 0 .949 0 .365 1 .0 0 0 0 .922 0 .657 0 .0 48 0 .625

40 0 1 .0 0 0 0 .865 1 .0 0 0 1 .0 0 0 0 .999 0 .0 53 0 .0 37

8C 1 0 0 0 .475 0 .227 0 .796 0 .41 7 0 .0 94 0 .0 1 7 0 .985

20 0 0 .989 0 .81 0 1 .0 0 0 0 .922 0 .235 0 .0 33 0 .892

40 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 0 .737 0 .0 51 0 .452

8D 1 0 0 0 .864 0 .422 0 .997 0 .985 0 .670 0 .0 52 0 .545

20 0 1 .0 0 0 0 .984 1 .0 0 0 1 .0 0 0 0 .999 0 .0 51 0 .0 33

40 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 0 .0 52 0 .0 27

(a)¡(c): SeenotestoTable8
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Table 11: U nit byunit cointegrationanalysis

Ho: rank= r M axeigenvalue 95% T rac e 95%
G ermany,1990 -1999
r = 0 4 :86 14:1 4 :886 15:4
r ·1 0:0 2 539 3:8 0:0 2 5 3:8
Ho:rank= r M axeigenvalue 95% Trace 95%
T he Netherland s,1990 -1999
r = 0 2 :984 14 :1 3:0 87 15:4
r ·1 0:1033 3:8 0:0 95 3:8
Ho: rank= r M ax.eigenvalue 95% Trace 95%
Denmark,1990 -1999
r = = 0 3:306 14 :1 3:967 15:4
r ·1 0:2 798 3:8 0:30 9 3:8
Ho: rank= r M ax.eigenvalue 95% Trace 95%
Denmark,1993-1999
r = 0 7:596 14 :1 8:175 15:4
r ·1 0:5791 3:8 0:579 3:8
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Table 12 : P anelLL tests

rank LR test 95% c ritic alvalues

G ermany - T he Netherland s,1990 -1999

rLL = 0 4 6:737 47:4 9

rLL = 1 11:658 18:2 1

rank LR test 95% c ritic alvalues

G ermany - Denmark,1993-1999

rLL = 0 62 :74 8 4 7:4 9

rLL = 1 2 2 :888 18:2 1
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