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1 Introduction

The decom position ofoutputm ovem entsinto a trend growth com ponentand a cyclical

com ponent has been a centralissue in m acroeconom ics. Considerable advances have

been m ade in m acroeconom icsatthe theoreticallevelaseconom istshave attem pted to

identify the determ inants oftrend growth,the causes ofcyclicaldeviations around the

trend,and theextenttowhich thetwoshould beconsidered independently ofeach other.1

Sim ilarly,attheem piricallevel,m easuresof t̀rend', ǹorm al'or p̀otential'output,and of

ùnderlying econom icactivity',and of òutputgaps'areregularly produced by academ ics

and policy-m akers. These m easures are obtained using a wide variety ofeconom etric

m ethodsand areattheheartofdecision m aking in m any di®erentcontexts,including the

tim ing and conductofm acroeconom icpolicy.

In thispaper,we provide threealternative m easuresoftrend outputin them anufac-

turing sectorsofsix European countriesoverthe period between thelate 1960'sand the

late1990's;the countriesare Belgium ,France,Germ any,Italy,theNetherlands,and the

United Kingdom . The m ethodsem ployed to obtain the m easuresm ake use offorecast-

based decom positionsofoutputinto perm anentand transitory com ponents.Thenovelty

ofthe m easurespresented in thispaperisthatthey m ake use ofactualoutputdata and

directm easuresofexpected outputlevelsasprovided in BusinessSurveys.In each coun-

try,thetwoseriesconstituteseparatesourcesofinform ation on currentand futureoutput

levels.Theactualand expected outputseriescan bem odelled in thecontextofam ultisec-

toralVectorAutoregressive(VAR)subjecttoinnovationswhich re°ectthearrivalofnews

aboutcurrentand (expected)futureoutputlevels.Variousforecast-based decom positions

can be obtained using the VAR m odelsestim ated foreach country.Theseprovide alter-

native m easuresoftrend outputbased on forecastsofoutputlevelsatdi®erentforecast

horizonsand m aking useofthenewsin di®erentways.

Theanalysisrelieson theavailability ofquantitativem easuresofexpected outputlev-

els.These are derived from the qualitativeinform ation on outputexpectationsprovided

by BusinessSurveysconducted in thesix countriesand published by theDirectorateGen-

1Seethediscussionsin Stock and W atson (1989),Plosser(1989)and M cCallum (1989),am ong others.
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eralforEconom icand FinancialA®airsoftheCom m ission oftheEuropeanCom m unities.2

The derivation ofthe expected outputseriesisbased on the procedure described in Lee

(1994)in which m easurem enterrorsaretaken into accountusing survey responseson fu-

tureexpectationsand on outcom eswhich havebeen realised in thepast.Havingobtained

directobservationson expected output,itispossibletoinvestigateem pirically thenature

ofexpectationsform ation,including itsrationality.Itisalso possibleto considertherole

played by expectationsin thedynam icevolution ofoutputwithoutrecourseto any (pos-

sibly ad hoc)assum ptionson the underlying behaviouralm odelofoutputdeterm ination

and withoutuseofa (possibly contentious)structuraleconom etricm odel.

Theuseofforecast-based decom positionstoidentifythetrend and cyclicalcom ponents

ofoutputisarbitrary.3 However,when Survey data areused,forecastsofoutputlevelsat

som efuturetim ehorizon arenotonly based on them ostup-to-dateinform ation available

on the output levels. They also take into account agents'knowledge on those parts of

recentoutputm ovem entswhich areunsustainableorwhich areknown tore°ecttransitory

adjustm entsto equilibrium . The forecast-based m easuresoftrend outputconsidered in

thispaperm akeuseofthisknowledge,asre°ected in Survey responses,in di®erentways.

Theplan oftherem ainderofthepaperisasfollows.In Section 2,wepresentthem od-

elling fram ework and dē nethealternativem easuresoftrend outputwhich webelieveto

beofinterest.In Section 3,weprovidean overview ofthedata forthesix countries,con-

centrating on thederivation ofquantitativeserieson expected outputsand a description

oftheirproperties,including testsforrationality in expectation form ation.In Section 4,

wepresenttheestim ated VAR m odelsofactualand expected outputsin thesix countries

and discussthetrend outputseriesobtained.4 Section 5 concludes.

2Detailsareprovided in theData Appendix.
3Alternativeeconom etricm ethodsem ployed to separateoutputinto trend and cyclesarediscussed in

Harvey (1985),W atson (1986),Evans(1989),Stock and W atson (1989),Evansand Reichlin (1994),and

Kuttner(1994),forexam ple.

4Thederived seriesareavailable athttp://www.le.ac.uk/econom ics/kcl2/.
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2 M easuring trend outputusing a VA R m odelofexpected and actualoutputs

2.1 T he m odelling fram ew ork

Foreach country,we shallm odelthe processsim ultaneously determ ining (the logarithm

of)actualoutput,denoted yt attim et,and (thelogarithm of)m easured expected output,

where (the logarithm of)the expectation ofoutput attim e t,form ed by agents on the

basis ofinform ation available to them at tim e t¡ 1,is denoted y¤
t. W e assum e that

actualoutputis¯rst-di®erence stationary,and thatexpectationalerrorsare stationary;

the ¯rst ofthese assum ptions is supported by considerable em piricalevidence,and the

latter assum ption is consistent with a wide variety ofhypotheses on the expectations

form ation process,including the RationalExpectationshypothesis(REH).5 Underthese

assum ptions,actualand expected output growth have the following fundam entalW old

representation:
2

4
yt¡ yt¡ 1

y¤
t+ 1 ¡ yt

3

5 =

2

4
®1

®2

3

5 + A (L)

2

4
"t

»t

3

5 : (2.1)

Here,®1 ism ean outputgrowth,®2 ism ean expected outputgrowth,A (L)=
P 1

j= 0 A j(L),

where the fA jg are 2£ 2 m atricesofparam eters,assum ed to be absolutely sum m able,

and L is the lag-operator. Also,"t and »t are m ean zero,stationary innovations,with

non-singularcovariancem atrix ª = (Ãjk),j;k = 1;2.Both actualoutputgrowth attim e

tand thegrowth in outputexpected tooccurin tim et+ 1,based on inform ation attim et,

aredeterm ined attim et;theactualand expected m ean growth rateareprovided by the

determ inisticcom ponent® = (®1;®2)0,where®1 = ®2 ifthereisno biasin expectations,

and therandom innovationsattim etarerepresented by thevectorvt = ("t;»t)0.

Notethattheerrorterm "t isnaturally interpreted as\newson outputgrowth in tim e

tbecom ing availableattim et",while»t is\newson outputgrowth expected in tim et+ 1

becom ing available at tim e t". Both types ofnews are im portant in the sim ultaneous

determ ination ofactualand expected outputgrowth;interdependenciesin theirjointde-

term ination areaccom m odated directly in (2.1)through thelag ¯lterA (L)and indirectly

5Expected growth in output at tim e t+ 1,y¤
t+ 1 ¡ yt,is also stationary,therefore,since it can be

decom posed into actualoutputgrowth (yt+ 1 ¡ yt)and expectationalerror(y¤
t+ 1 ¡ yt+ 1):
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through the covariance m atrix ª. The m odeltherefore incorporatesthe directe®ectsof

newson actualand expected outputgrowth,and thein°uencesoffeedbackswhich exist

in thedeterm ination ofexpected futureoutputgrowth and actualoutputgrowth.

The generalm odelin (2.1) can be expressed in a variety ofdi®erent ways. For ex-

am ple,assum ethatA ¡ 1(L)can beapproxim ated by thelag polynom ialA ¡ 1(L)= B 0 +

B 1L + ::+ B p¡ 1Lp¡ 1,where B 0= I2 withoutlossofgenerality.In thiscase,(2.1)can be

rewritten to obtain theAR representation
2

4
yt¡ yt¡ 1

y¤
t+ 1 ¡ yt

3

5 = A ¡ 1(1)® ¡ B 1

2

4
yt¡ 1 ¡ yt¡ 2

y¤
t ¡ yt¡ 1

3

5 ¡ :::¡ B p¡ 1

2

4
yt¡ p+ 1 ¡ yt¡ p

y¤
t¡ p+ 2 ¡ yt¡ p+ 1

3

5 +

2

4
"t

»t

3

5

(2.2)

and hence
2

4
yt

y¤
t+ 1

3

5 = a + ©1

2

4
yt¡ 1

y¤
t

3

5 + ©2

2

4
yt¡ 2

y¤
t¡ 1

3

5 + :::+ ©p

2

4
yt¡ p

y¤
t¡ p+ 1

3

5 +

2

4
"t

t́

3

5 ;

(2.3)

wherea = M ¡ 1
0 A ¡ 1(1)®;©j= M ¡ 1

0 M j,j= 1;:::::;p;and

M 0 =

2

4
1 0

¡1 1

3

5 ;M p = B p¡ 1

2

4
1 0

0 0

3

5 ;and M j = B j¡ 1

2

4
1 0

0 0

3

5 ¡ B j

2

4
1 0

¡ 1 1

3

5 ;

forj= 1;:::;p¡ 1.Theerrorterm sut = ("t;́ t)
0 aredē ned by

2

4
"t

t́

3

5 = M ¡ 1
0

2

4
"t

»t

3

5 =

2

4
"t

"t+ »t

3

5 ;

and the covariance m atrix ofthe ut isdenoted - = (¾jk);j;k = 1;2;where ¾11 = Ã11;

¾21 = Ã11 + Ã12;and ¾22 = Ã11 + 2Ã12 + Ã22:Notethat"t hastheinterpretation of\news

on outputlevelin tim e tbecom ing available attim e t",which isequivalentto newson

outputgrowth given thatyt¡ 1 isknown. On the otherhand, t́ isinterpreted as\news

on thelevelofoutputexpected in tim et+ 1 becom ing available attim et" which causes

expectations ofoutput in tim e t+ 1 to be revised. Thistype ofnews encom passes the

newson outputlevelsattim etand thenewson growth expected to beexperienced over

the com ing period (́ t = "t + »t). In thissense,the newsconveyed by t́ dom inatesthat

conveyed by "t.
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M anipulation of(2.3)also providestheVECM representation

2

4
¢ yt

¢ y¤
t+ 1

3

5 = a+ ¦

2

4
yt¡ 1

y¤
t

3

5 +
p¡ 1X

j= 1

¡j

2

4
¢ yt¡ j

¢ y¤
t¡ j+ 1

3

5 +

2

4
"t

t́

3

5 ; (2.4)

where ¢ = (1 ¡ L) is the di®erence operator,©1 = I2 + ¦ + ¡1;©i = ¡i¡¡i¡ 1;i =

2;3;::;p¡ 1,and ©p = ¡ ¡p¡ 1. Given the form ofthe ©i described in (2.3),itiseasily

shown that¦ takestheform

¦ =

2

4
¡k1 k1

¡k2 k2

3

5 =

2

4
¡ k1

¡ k2

3

5
h

1 ¡ 1
i
;

wherek1 and k2 arescalarsdependenton theelem entsoftheB j,j= 0;1;::;p¡ 1.Hence,

the m odelat(2.1)can be written in a VECM form where ¦ = ®¯0 and ® 0= [¡ k1;¡ k2]

contains the param eters determ ining the speed ofadjustm ent to equilibrium and ¯0 =

[1;¡1]isthecointegrating vector.Theform ofthecointegrating vectorcapturesthefact

thatactualand expected outputcannotdivergeindē nitely and isincorporated through

the inclusion ofthe errorcorrection term ¯0[yt¡ 1;y¤
t]

0 = yt¡ 1 ¡ y¤
t. Thisproperty holds

becauseexpectationalerrorsaretaken to bestationary in thism odel,so thatactualand

expected outputlevelsarecointegrated by assum ption.

A ¯nalalternativefordescribingthem odelistheM A representation obtained through

recursivesubstitution of(2.3):
2

4
¢ yt

¢ y¤
t+ 1

3

5 = b + C (L)

2

4
"t

t́

3

5 ; (2.5)

where b = C (1)a,C (L)=
P 1

j= 0 C j(L),C 0 = I2;C 1 = ©1 ¡ I2 and C i =
P p

j= 0 C i¡ j©j,

i> 1,C i = 0,i< 0:Asiswellknown,followingEngleand Granger(1987),thepresenceof

a cointegrating relationship between theyt and y¤
t im posesrestrictionson theparam eters

ofC (L);nam ely,¯0C (1)=0:Further,given that¯0= [1;¡ 1],thisensuresthatC (1)takes

theform

C (1)=

2

4
k3 k4

k3 k4

3

5 (2.6)

forscalarsk3 and k4.
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Although the error term s "t and t́ have a naturalinterpretation in term s ofnews

becom ing available attim e t,the M A representation given in (2.5)isnotunique.G iven

the dom inance ofthe newsincorporated in t́;we m ightbe interested in identifying the

entiree®ectofthisshock,taking into accounttheinterdependencieswhich areknown to

existbetween the two typesofnewsarriving attim e t. Ifwe assum e that"t and t́ are

jointnorm allydistributed,with covariancem atrix- = (¾jk);j;k = 1;2;then wecan write

"t = ½́ t+ Àt where½ = ¾21

¾22
and Àt isorthogonalto t́:An alternativeM A representation

which isofinterestisthen given by
2

4
¢ yt

¢ y¤
t+ 1

3

5 = b + C (L)

2

4
1 ½

0 1

3

5

2

4
Àt

t́

3

5

= b + eC (L)

2

4
Àt

t́

3

5 ; (2.7)

where eC (L)= C (L)P and P =

2

4
1 ½

0 1

3

5 and the covariance m atrix ofeut = [Àt;́ t]
0 is

diagonal.

The m odelat(2.1),and the equivalentform sin (2.2),(2.3),(2.4),(2.5)and (2.7),is

quite generaland hasno im plicationsforthe expectationsform ation process. However,

the assum ption that expectations are form ed rationally can be accom m odated in the

m odelthrough the im position ofrestrictions. Ifexpectations are form ed rationally,the

expression for y¤
t given in (the second row of) the lagged version of(2.3) is equalto

the m athem aticalexpectation ofthe expression for yt given in (the ¯rst row of) (2.3).

Equating coe± cientson thecorresponding term sprovidestheREH restrictions:

¯rstrow of©1 =
³

0 1
´

; ¯rstrow of©j =
³

0 0
´

, j= 2;:::;p;

(2.8)

or,equivalently,im posing theserestrictionsin (2.3),6

yt = y¤
t + "t: (2.9)

6Equivalently,in the errorcorrection form of(2.4),the ¯rstrow of¦ =
³

¡1 1
´
,so thatk1 = 1,

and ¡ j =
³

0 0
´
,j= 1;::;p¡ 1:A sim ilarapproach to the rationality in expectationsisexplored in

Engsted (1991).
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Hence,the deviation ofactualoutputattim e tfrom the levelexpected in the previous

period is equalto the news on the output levelbecom ing available at that tim e. This

newsis,by dē nition,orthogonalto inform ation availableattim et¡ 1.

2.2 M easuring trend output

Having discussed the variousalternative form softhe m odelofactualand expected out-

putsthatareavailable,threealternativem easuresoftrend outputfollow relatively natu-

rally. The ¯rstisbased around (a m ultivariate version of)the decom position procedure

introduced by Beveridge and Nelson (1981),hereafter denoted BN.Thisdecom position

isapplicable to m odelsof(vectorsof)variableswhich need to be di®erenced in orderto

achievestationarityand presentsthevariable(s)asthesum ofastochastictrend,captured

by a random walk with drift,and astationary com ponent.Thereisconsiderableevidence

to support the view that output is di®erence stationary so that this decom position is

applicable here. The trend here is the expectation ofthe lim iting value ofthe forecast

ofyt conditionalon tim e tinform ation,orthe \long forecast";i.e. lim s! 1 E [yt+ s jIt];

whereIt = f"t;́ t;"t¡ 1;́ t¡ 1;:::g isthe inform ation setattim e t.The trend considersthe

e®ectofa (system -wide)shock to the two variablesin the m odelatthe in¯nite horizon;

e®ectively,it abstracts from the cyclicale®ects ofthe shocks by concentrating on the

in¯nitehorizon only.D ē ning C ¤
0 = C 0 ¡ C (1)and C ¤

j= C j + C ¤
j¡ 1,j> 0;wecan write

C (L)=
P 1

j= 0 C jLj = C (1)+ (1¡ L)C ¤(L).Them odelgiven in (2.5)can then bewritten

2

4
yt

y¤
t+ 1

3

5 = ¹t+ ¿t; (2.10)

where¹t and ¿t are,respectively,thestochastictrend and cyclicalcom ponentsobtained

through theBN decom position,dē ned by

¹t = ¹t¡ 1 + b + C (1)ut and ¿t =
1X

i= 0

C ¤
iut¡ i:
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Em pirically,havingobtained estim atesoftheparam etersofC (L)and m easuresoftheut;

the l̀ong run trend in output'isdē ned by

yL
t =

h
0 1

i
¹t

=
h

0 1
i
0

@

2

4
yt

y¤
t+ 1

3

5 ¡
1X

i= 0

C ¤
iut¡ i

1

A : (2.11)

In (2.11), we have chosen to look at the long forecast ofy¤
t+ 1,as opposed to that of

yt. However,given the cointegrating relation thatexists between the variables,there is

a single,com m on stochastic trend which evolves over tim e depending on the value of

C (1)ut;i.e.,from (2.6),

C (1)ut =

2

4
k3 k4

k3 k4

3

5

2

4
"t

t́

3

5 =

2

4
k3"t+ k4 t́

k3"t+ k4 t́

3

5 :

Hence,itisclearthatthelong forecastofy¤
t+ 1 and yt areequivalentin thiscase.

The m eaning ofthe l̀ong forecast'is quite straightforward,and its advantages as a

m easure ofthe trend outputlevelarise from the way in which itabstractsfrom cyclical

m ovem entsbyfocusingon thelongrun only.Recognisingtheadvantagesofusingforecasts

offutureoutputlevelsin dē ning trend output,and given that,undertheREH,wehave

yt+ 1 = y¤
t+ 1 + "t+ 1 and E [yt+ 1 jIt]= y¤

t+ 1;

so thatan obviousalternativem easureisprovided by

yS
t = y¤

t+ 1: (2.12)

Thism easure considerstheforecastofoutputoneperiod ahead based on inform ation at

tim e t;the \shortforecast". The m easure hasthe advantage overthe long forecastthat

itism oredirectly focused on underlying econom icactivity atthecurrenttim e.Perhaps

m oreim portantly,however,them odelat(2.3)showsthatthism easuredependson t́ but

not(directly)on "t:W e have already noted thatthe newscontentof t́ dom inatesthat

of"t in the sense that the form er contains inform ation on output levels at tim e t+ 1;

and therefore subsum esinform ation on outputattim e t. In expressing theiropinion on

outputlevelsin t+ 1,respondentsareexplicitly taking into accountm ovem entsin "t and,
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in particular,anyknowledgethattheyhaveon the ùnsustainable'com ponentof"t (which

in°uences their view on output growth in t+ 1). The trend series yS
t sm ooths out the

e®ectsofshocksto theactualand expected outputseriesto theextentthatsom epartof

currentoutputm ovem entsareconsidered unsustainable.

A third,interm ediatem easureoftrend outputattem ptstoincorporatetheadvantages

ofthem easuresbased on theshortand longforecasts.Thism easurefocuseson thein¯nite

horizon e®ectofshocks,butitattem ptstoabstractfrom thee®ectsofshockswhich survey

respondents considerto be unsustainable. To m otivate the m easure,we note ¯rst from

(2.7)that

C (1)ut = eC (1)eut =

2

4
k3 k4

k3 k4

3

5

2

4
1 ½

0 1

3

5

2

4
Àt

t́

3

5 =

2

4
k3Àt+ (k4 + ½k3)́ t

k3Àt+ (k4 + ½k3)́ t

3

5 ;

sothatthelongrun trend in outputunderlyingyL
t in (2.11)can beexpressed equivalently

in term s ofthe elem ents ofut or eut. The innovations Àt have been constructed to be

orthogonalto the t́ and are associated with the unsustainablepartofnewson yt which

respondentsdiscountinform ingtheirexpectationsonoutputlevelsin tim et+1.Ofcourse,

contem poraneousm ovem entsin outputare notentirely unsustainable,and thatpartof

newson yt which isassociated with a sustained e®ect(and correlated with t́ therefore)is

acknowledged to havean e®ecton yt and y¤
t+ 1 through the ½́ t term .Thecom pletee®ect

ofthe innovations t́ on the long run forecast ofactualand expected output levels are

captured in the com posite term (k4 + ½k3)́ t:Theproposed third m easure allowsforthe

feedbacksbetween actualand expected outputsoverthe (in¯nite)forecasthorizon,but

allocatesthedynam ice®ectsoftheunsustainableinnovationsÀttothecyclicalcom ponent.

Hence,wehave

¢ yM
t = ¢ yL

t ¡ k3Àt: (2.13)

Thism easurecorrespondstotheuniquedecom position ofy¤
t+ 1 intoorthogonalperm anent

and transitory com ponentsdiscussed in Quah (1992),where òrthogonality'here m eans

that ¢ ¹t is uncorrelated with ¿t at allleads and lags.7. Such a decom position was

7Clearly,neither¢ y¤
t+ 1 nor¢ yt areG rangercausally priorto the other;underREH,forexam ple,it
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em ployed in Blanchard and Quah (1989) and has been widely used since that paper.8

Theorthogonality restrictionsused in these decom positionsaretypically m otivated by a

behaviouraleconom ic m odel. However,while these behaviouralm odels are usually not

uncontentious,the discussion above indicates that the orthogonality restriction used in

this paperhasa relatively ¯rm basis;here the transitory com ponentisassociated with

thatpartofnewson yt arriving attim e twhich isrevealed to be discounted by survey

respondentsashaving an unsustainablee®ecton output.

Discussion in the literature ofthe choice between alternative decom positionshasfo-

cused on thesizeofthetrend and cycle.Forexam ple,Quah (1992)noted thatthereare

an in¯nitenum berofdecom positionsavailableand that,in general,a decom position can

bechosen such thatthetrend isarbitrarily sm ooth (i.e.thevarianceofincrem entsin the

perm anent com ponentcan be in¯nitely close to zero). Ifattention is restricted to M A

representations,however,then thereisa m inim um bound forthisvarianceand thism in-

im um fallstowardszero asthe orderofthe M A processincreases.In thissense,the BN

decom position (which dē nestheperm anentcom ponentasarandom walk)willm axim ise

the variance ofthe perm anent com ponent. Evans and Reichlin (1994) establish that a

m ultivariate version ofthe BN decom position generates a sm oother perm anent com po-

nentcom pared to theperm anentcom ponentobtained applying theBN decom position to

a univariatem odel.9 Thisresultm atchesthatofQuah (1992)sincetheextra inform ation

provided by the m ultivariate VAR e®ectively provides fora m ore com plicated dynam ic

specī cation and this is equivalent to extending the order ofthe M A representation in

a univariate m odel.Here,in thispaper,com parison ofthe decom positionsbased on the

m ultivariatem odelshowsthatgrowth in yM
t m usthavelowervariancethan growth in yL

t

isapparentfrom (2.8)that¢ y¤
t helpsin theforecastof¢ yt,and itisunlikely thatlagged valuesof¢ yt

providenoexplanatory powerin forecasting¢ y¤
t+ 1 beyond thatprovided by lagsof¢ y¤

t+ 1 itself.Theorem

4.1 ofQuah (1992)establishesthatin these circum stances,there existsan orthogonaldecom position of

eitheroftheintegrated seriesand thatthisdecom position isunique.
8Recentexam plesofstudiesapplying theBlanchard and Quah decom postion includeEndersand Lee

(1997)and Keating and Nye(1998,1999).
9In whatfollows,we shalldenote the perm anentcom ponentofoutputobtained by applying the BN

decom position to a univariatem odelofactualoutputgrowth seriesby yt and thatobtained by applying

theBN decom position to a univariate m odelofourexpected outputgrowth seriesby y¤
t.
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asthe form erabstractsfrom the e®ectsof(orthogonal)Àt:Underthe REH,actualout-

putgrowth isdecom posed into an anticipated elem entand an (orthogonal)unanticipated

elem ent,so thatvar(¢ yt)>var(¢ y¤
t).However,wecannotrank according tosizethevari-

ance ofgrowth in the corresponding trend m easures,yt and y¤
t (i.e.thoseobtained from

univariatem odelsofthetwo variablesconsidered individually).Hence,weknow that

fvar(¢ yt)and var(¢ y¤
t)g> var(¢ yL

t)> var(¢ yM
t )

butwecannotentervar(¢ yS
t)in therank ordering.

W hiletherelativesm oothnessofa trend outputseriesisclearly ofinterest,thechoice

ofthe m easure oftrend output should depend on the use to which it willbe put and

them easureshould bejudged according to itsrelevanceto itspurposeratherthan on its

size orstatisticalproperties.Theuseofa trend outputm easure issom etim esm otivated

by the desire to abstract from the noisy,uninform ative part ofoutput m ovem ents and

som etim esfrom thecom plex adjustm entdynam icsgenerated asdecision-m akerscontinue

toreacttoinnovationsoveran extended period (sothattheire®ectsaccum ulateoriterate

overtim e).Frequently,itisnotpossible to distinguish between the p̀ure noise'elem ent

and the àdjustm entdynam ics'although here,in thispaper,wedohavesom einform ation

ifweinterprettheÀt asthepurenoiseelem ent.Thedi®erentforecast-based m easuresof

trendsdiscussed abovecan beviewed asplacingdi®erentem phaseson thesetwodesirable

features.Hence,thetrend m easureyS
t,obtained usingcontem poraneoussurvey dataonly,

placesem phasison elim inating the pure ǹoise'elem entofoutputgrowth and m akesno

accom m odation foradjustm entdynam ics.Them easurey¤
t providesalongforecast,based

on the BN ofa univariate representation ofthe survey data,which abstractsfrom pure

noise(byusingonlythesurveydata)butwhich alsoattem ptstoabstractfrom thecyclical

adjustm entby focusingon thein¯nitehorizon e®ectsofinnovations.Them easureyM
t has

sim ilaradvantagesbut,being based on a bivariatem odelofactualand expected outputs,

itisable to capture som e partofthe adjustm entdelaysdirectly by accom m odating the

e®ectsofnewsofa (sustainable)shock both attim et(nam ely,½ t́)and attim et+ 1 (a

further t́). The m easure yL
t focusesentirely on abstracting from the adjustm entcycles,

m aking useoftheinform ation on theunsustainableelem entofoutputinnovationsonly to
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the extentthatthiscan help to obtain a m ore com plicated dynam ic m odelspecī cation

for output growth. Allofthe trend output m easures based on the BN decom position

provide a m easure oftrend outputwith the interpretation ofa \norm al" outputlevelto

which theeconom ywillconvergein theabsenceofany furtherinnovations.Theassociated

cyclicalelem entrepresentsthe outputgrowth in excessofnorm alratesobserved asthe

econom y returnsto norm al.

3 A nalysing qualitative survey data in six European countries

In thissection,we ¯rstdiscussthe generalm ethod by which directly observed m easures

ofexpectationsofvariablesareobtained from survey data.Then,in Section 3.2,weapply

them ethodsto Survey data foroursix European countriesand describethepropertiesof

theexpectationsseriesthatarederived.

3.1 D eriving series on output expectations from Surveys

Them easurem entofexpectationsbased on surveysiscom plicated bythefactthatsurveys

typically provideonly qualitativedata on expected eventswhich haveto beconverted to

a quantitative series. For exam ple,in the Surveys that we em ploy here,inform ation is

provided on theproportion ofrespondentsin theSurvey who reportthatthey expectthe

volum eoftheiroutputto\rise",\stay thesam e",or\fall"overagiven futureperiod.The

Survey alsoprovidestheequivalentinform ation on whatrespondentsreportactually hap-

pened to outputvolum esovera given period in the past.Variousconversion procedures

have been proposed in the literature for converting the qualitative data to quantitative

series,10 butallproceduressu®erfrom theproblem thatseriesderived from thequalitative

data provide im perfectm easuresofthe true series,and thatthe form ofthe conversion

errorcontained in thederived seriesisunknown.

Lee (1994) describes a procedure to obtain a quantitative expectations series from

the Survey responseswhich takesinto accountthe presence ofconversion errorby using

theforward-lookingresponsesand thebackward-lookingresponsesobtained in theSurvey

10Pesaran (1987)and M cAleerand Sm ith (1995)provide discussionsofvariousalternative conversion

proceduresand theirrelative m erits.
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in a particularway. Brie°y,the procedure focuses¯rston the backward-looking survey

responsesand derivesa m easure of r̀ealised'outputgrowth overthe previousperiod by

applying any one oftheavailableconversion proceduresto thequalitativedata.Conver-

sion errorism easured by the gap between thisderived r̀ealised'outputgrowth m easure

and the output growth which was actually observed. Any system atic patterns in the

conversion errorare identī ed through a regression m odelin which the conversion error

at tim e tis regressed on a vector ofspecī ed variables dated attim e t¡ 1 and before,

denoted ht¡ 1. Next,the conversion procedure thatwasapplied to the backward-looking

survey responsesisapplied to theforward-looking survey responsesto producea quanti-

tativeserieson expected output;thisisdenoted ye
t and di®ersfrom thetrueexpectations

series,y¤
t,ifconversion erroris present. The procedure ofLee (1994)assum esthatthe

conversion error contained in the m easure ye
t is ofthe sam e form as that contained in

thebackward-looking seriesand,on thisassum ption,thederived expectationsseriescan

be p̀urged'ofconversion error using the regression results. The discrepancy between

thispurged m easureofexpected growth and observed growth can beinterpreted aspure

èxpectational'errorand theexpectation form ation processcan be exam ined directly by

analysing theseexpectationalerrors.11

3.2 Expected output series for six European countries

The em piricalwork ofthe paper investigates the survey responses given by sam ples of

¯rm sin them anufacturing sectorsofsix European countries.ThecountriesareBelgium ,

France, Germ any,Italy, the Netherlands and the UK and these were selected on the

basisofdata availability. The survey questionsin every country referto the respondent

¯rm 'sown pastand future,seasonally-adjusted outputlevels,12 although thetim ehorizon

specī ed in the survey questions di®er across countries. Hence,for Belgium ,Germ any,

Italy and the Netherlands,the backward-looking part ofthe question refers to output

11Forexam ple,rationality requiresthese expectationalerrorsto beorthogonalto known inform ation.
12Forexam ple,fortheUK,theresponsesrelatetothequestion \Excludingseasonalvariation,whathas

been the trend overthepastfourm onths,and whataretheexpected trendsoverthenextfourm onths,

with regard to thevolum eofoutput?".
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trendsoverthepastm onth,whilethequestion considersthelastthreem onthsforFrance

and the lastfourm onths for the UK.For allcountries exceptUK,the forward-looking

question refers to the next three m onths;for the UK,the specī ed tim e horizon is the

next four m onths. Allthe surveys are conducted m onthly,but the em piricalwork is

conducted using quarterly data to m atch thetim ehorizon overwhich survey respondents

aretypically asked to form theirexpectations.13 Thesam pleperiod m ainly runsfrom the

late1960'stothelate1990's,although thesealsodi®eracrosscountries:dataforBelgium ,

Germ any,and Italy are available over1968q1-1998q1;France covers1969q1-1998q1;the

Netherlandscovers1972q1-1998q1;and theUK data period is1975q3-1998q2.

The m ethod chosen forconverting the qualitative survey responsesinto quantitative

series is the widely-used P̀robability M ethod'; the application of this m ethod to the

backward-looking and forward-looking survey responses provided the r̀ealised'output

growth seriesand the(unpurged)expected outputgrowth series,ye
t ¡ yt¡ 1;respectively:14

W here the backward-looking survey responsesrelate to a one m onth period,a m onthly

realised serieswasderived,usingallofthem onthlysurveys,and m onthlyconversion errors

were obtained by com paring the realised series with actualm onthly data. A quarterly

conversion errorserieswasthen obtained by averaging them onthly erroroversuccessive

threem onthintervals.Thevectorofspecī ed variables(datedatquarterlyintervals),ht¡ 1,

which is assum ed to be known to agents attim e t,and which is used in the regression

explaining thebackward-looking conversion error,includes:a lagged dependentvariable;

up tofourlagsofm anufacturingoutputgrowth;twolagsoftheinterestrate;and twolags

13Hence,for the forward-looking expectations series,the analysis considers only the survey reponses

published in January,April,July and O ctoberofeach year.
14TheProbability M ethod isdescribed in detailin Pesaran (1987),forexam ple.The m ethod requires

an assum ption to be m ade on the form ofthe underlying subjective probability distribution of¯rm s'

future output change and the construction ofa scaling param eter. In this work, the distribution is

assum ed to benorm aland thescaling param eterisgiven by theratio ofthesum oftheabsolutechanges

in actualoutputto the sum ofthe absolute valuesofthe unscaled expected outputseriesderived from

the survey data. Thisform forthe scaling param eterisappropriate because growth ratesare observed

which arepositive,negative and close to zero (although the subsequentanalysisisuna®ected by the use

ofalternative scaling param eters).
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ofthe exchangerateofeach respectivecountry.15 A specī cation search wasundertaken

to obtain a well-specī ed m odelofthe conversion error for each country,16 and these

werethen used to constructexpected outputgrowth series,y¤
t ¡ yt¡ 1 which arepurged of

conversion errorundertheassum ptions,and em ploying them ethod,described in Section

3.1 above.

Table1presentssum m arystatisticsofthepropertiesoftheactualand expected output

growth seriesderived from theSurvey dataand Figures1a-1fshow plotsoftheseseriesfor

each country.The¯rsttwo colum nsofTable1 presentAugm ented Dickey-Fuller(ADF)

statistics calculated to investigate the order ofintegration ofthe actualoutput data.17

The unitroothypothesiscannotbe rejected when applied to the (log)outputdata (yt),

but is com prehensively rejected when applied to the output growth data (¢ yt). These

resultscon¯rm thatM anufacturing Sectoroutputcan be considered an I(1)process,as

assum ed in the analysis ofSection 2. The third colum n provides the m ean (quarterly)

growth ratesofM anufacturing Sectoroutputin the six countriesduring theirrespective

sam pleperiodsand showsthewidevariety ofratesexperienced acrossthecountriesover

thelasttwo decades.

There followstwo setsofstatisticsin Table 1 relating to the (unpurged)derived ex-

pectations series, ye
t ¡ yt¡ 1, and the purged series, y¤

t ¡ yt¡ 1. In these, we ¯nd ¯rst

thatcontem poraneouscorrelationsbetween actualoutputgrowth and the unpurged ex-

pected outputgrowth seriesarepositivein allcountries,butsm allin m ostcases,averaging

0.2437.In com parison,contem poraneouscorrelationsbetween theactualand the p̀urged'

expected outputgrowth seriesarepositiveand largerforeach ofthecountries,averaging

0.4136.Second,thereported ADF statisticsindicatethata hypothesised unitrootin the

expectationalerrors can be rejected for both expectation series in allofthe countries.

Given thattheactualoutputgrowth serieshavebeen shown to beI(0),thisresultim plies

15Theinterestrateused isthediscountrate,and theexchangerateistheaverageexchangerateofthe

country currency to theUS Dollaroverthequarter.
16Hence,weensured thatthe b̀ackward-looking'regression m odelexhibited no serialcorrelation,par-

sim ony,stability in theparam eters,and satis̄ ed optim alinform ation criteria.
17Theordersofaugm entation wereselectedonthebasisoftheAkaikeand Schwarz-Bayesianinform ation

criteria.No m orethan two lagswererequired forany ofthe countries.
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that the actualand expected output series are both I(1) and cointegrated with cointe-

grating vector(1 ¡1).Third,theskewnessstatisticprovidesno evidenceofasym m etries

in the responsiveness ofexpectation form ation to increases and decreases in output in

either ofthe expectation series for any country. Fourth,the S̀C'statistics show that

thereisevidenceof(̄ rst-order)autocorrelation presentin theunexpected outputgrowth

seriesbased on ye
t in theUK,butthereisno such evidencein the p̀urged'expectational

errors in any country. Finally,the H̀'statistics show that the expectationalerrors are

strongly related to actualoutputgrowth in both series,with large errorsm ade attim es

when outputgrowth,in absoluteterm s,isrelatively large.Thisre°ectsa c̀onservatism '

in expectation form ation whereby theexpected outputgrowth seriesarelessvolatile,and

havea lowervariance,than theactualoutputgrowth series(aspredicted by REH).This

featureofthedata isalso clearin Figures1a-fwhich illustratethesubstantialvariability

in the countries'actualoutput growth series and the considerably less volatile purged

expected outputgrowth series.18

Finallyin Table1,statisticsd1-d3arepresented totesttheorthogonalityofthevarious

typesoferrorto inform ation which isknown to agentsin theindustry when expectations

areform ed,ht¡ 1:In each case,thestatisticsareto becom pared with theÂ2 distribution

with six degrees offreedom .19 The statistics denoted d̀1'test the orthogonality ofthe

expectationalerrorsbased on ye
t and e®ectively testtherationality ofexpectation form a-

tion underthe assum ption thatexpectationalconversion errorsare orthogonalto known

inform ation. Thishypothesisisstrongly rejected in allsix EU econom ies. The statistic

d̀2'providesthecorresponding testofthehypothesisthatthebackward-looking conver-

sion errorisorthogonalto known inform ation. These also provide strong evidence with

which to rejectthehypothesised orthogonality in allbutoneeconom y (theNetherlands).

This indicates that an adequate treatm entofthe conversion errors is required before a

testofrationality can becarried out,and certainly suggeststhatthe d̀1'statisticsshould

18Thisobservation isconsistentwith theconservatism in expectation form ation described in Lee(1994)

and Leeand Shields(1999)'sanalysisofprice,costand outputexpectationsin theindustrieswithin UK

m anufacturing.

19Thereaderisreferred toLee(1994)and Leeand Shields(1999)forfurtherdetailsoftheteststatistics.

[16]



be interpreted with caution. Finally,the statistics denoted d̀3'test the orthogonality

ofthe expectationalerrors based on the p̀urged'expectations series y¤
t,and therefore

providea testoftherationality ofexpectationsform ation undertheassum ption thatthe

expectationalconversion errorisofthesam eform astherealisation conversion error.In

thiscasethereisno evidencewith which to rejectthe hypothesised orthogonality in any

country.Given thattheassum ptionsunderlying this¯naltestofrationality arerelatively

weak,theseresultsprovidesom esupportfortheview thatexpectationson m anufacturing

outputgrowth areform ed rationally in oursix countries.

4 Trend output m easures in six European countries

In this section,we consider the various m easures oftrend output in conjunction with

the estim ated m odelsthatunderlie the m easures. Table 2 reportsthe estim ated m odels

of¢ yt = yt ¡ yt¡ 1 which are used in the construction ofthe trend m easures yt in each

country. For the purpose ofcom parison,Table 3 reports the corresponding m odels of

¢ y¤
t = y¤

t ¡ y¤
t¡ 1:Table4 presentsparam eterestim atesofthesecond row ofthebivariate

VAR m odelgiven in (2.2)and thism odelisused in theconstruction ofthetrend m easures

yS
t;yM

t ;and yL
t:20 W eshallarguethatthisbivariatem odelprovidesam orereliablebasison

whichtoconstructm easuresoftrendoutputthantheunivariatem odelusingactualoutput

alone.Figures2a-2fillustratetheroleoftheSurvey data by presenting thetrend output

m easuresresultingfrom theunivariatem odelofactualoutput(yt)and thebivariateVAR

m odelofactualand expected output (yL
t ),and com pares these with the actualoutput

series. Figures3a-3fillustrate the alternative use ofinform ation contained in the actual

and expected seriesand plotthree ofthe alternative m easuresoftrend output(yS
t;yM

t

and yL
t)againsttheactualoutputseriesforeach ofthesix countries.

Table 2 reportstheregression resultswhich underlie thetrend outputm easure yt for

the univariate m odelofactualoutput. The table shows thatthere are som e im portant

di®erencesin thepropertiesoftheoutputgrowth seriesacrosstheeconom iesconsidered.

W hiletheshort-run dynam icsin outputgrowth can beadequately captured by theinclu-

20Notethat,in view ofthesupportprovided forREH in Table1,therestricted param etersofthe¯rst

row oftheVAR expression (2.2)areprovided by the REH restriction in (2.8).
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sion ofone ortwo lagged valuesof¢ yt in allcountries,the di®erencesin the param eter

estim atesshow thatthesedynam icsdi®erconsiderably acrosscountries.21 M oreover,the

long run e®ectsofshocksalso vary acrossthe six econom ies.Py m easuresthesizeofthe

long run im pacton actualoutputofa positive unitshock to actualoutputbased on the

estim ated univariatem odel.22 Thism easurerangesfrom 0.76 in Belgium and theNether-

landsto1.75in theUK.23 Thedi®erencesin them easuresofPy acrossthecountriesm eans

thatthetrend seriesyt also havedi®erentproperties.Specī cally,asisclearfrom (2.10),

any m easure ofthe trend based on the BN decom position is given by an accum ulation

ofscaled estim ated innovations,wherethescaling dependson Py:Hence,estim atesofPy

which are lessthan unity,indicating thatan innovation causing outputto rise by 1% on

im pact causesoutputto rise by less than 1% atthe in¯nite horizon,willbe associated

with trended seriesyt which are sm ootherthan the actualseries. Conversely,countries

forwhich Py exceedsunity willhavea m orevolatileyt series.Given therelatively sim ple

univariatespecī cation obtained to explain outputgrowth in thesix countries,thePy are

generally quite precisely determ ined. Despite this,however,it is clear that even quite

sm allchanges in param eter estim ates m ight have a substantiale®ecton Py,and hence

m easured yt.
24

Table 3 reportsthe corresponding param eterestim atesfrom the univariate m odelof

expected outputgrowth,¢ y¤
t.Itisclearfrom theregression coe± cientsthatthedynam ics

underlying expected outputgrowth are quite di®erentto those ofactualoutputgrowth;

in Belgium ,for exam ple,the m odelof¢ y¤
t im plies a relatively prolonged adjustm ent

21Forparsim ony,thereported regressionsofTable2 aretheoutcom eofa specī cation search in which

variablesareexcluded ifthey exhibitt-ratioslessthan unityin absolutevalue.Thesam esearch procedure

isused in Tables3 and 4 also.
22IftheunivariateAR(2)m odelofoutputgrowth isrewritten in itsM A form ¢ yt = b+ C (L)"t;then

Py = C(1):
23Note thatthese m easuresrelate to the persistence ofshocksto the m anufacturing sectorsofthe six

countriesand aretherefore notdirectly com parableto the m easuresofCam pbelland M ankiw (1989)or

otherswho considereconom y-wideoutput.However,theestim ated ¯gurefortheUK isin linewith that

obtained forthe m anufacturing sectoroftheUK in Lee etal(1992).
24Thesensitivity ofpersistencem easuresbased on univariatem odelsofinternationaloutputgrowth to

changesin m odelspecī cation isdiscussed in Lee(1998).
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ofoutput to its new levelfollowing a positive shock when com pared to the adjustm ent

im plied by them odelof¢ yt and,in theUK,them odelof¢ yt im pliesarelatively sm ooth,

m onotonic rise in outputfollowing a shock while the m odelof¢ y¤
t im pliesa m orerapid

oscillating increase. However,in term s ofthe long run e®ects ofshocks,we note that

the rank ordering ofthe persistence m easures Py across countries is sim ilar to that of

Py¤:25 This observation is,ofcourse,com patible with the presence ofthe cointegrating

relationship between yt and y¤
t thatwehavealready established,and the absenceofthis

error correction term from the univariate m odels ofTables 2 and 3 represents a m odel

m isspecī cation. M oreover,the di®erencesin the shortrun dynam icsofthe two setsof

resultsrelating to ¢ yt and ¢ y¤
t also providesa priorisupportfortheuseofthebivariate

m odelofyt and y¤
t discussed in Section 2 and itsm ore°exibledynam icspecī cation.

Table 4 providesthe param eterestim atesforthe bivariate VAR m odelgiven in (2.2)

which can be used to derive the m easures oftrend outputyL
t and yM

t :W hen com bined

with the REH restriction of(2.8),the m odels ofTable 4 provide a substantially m ore

com plicated dynam ic specī cation than was,or could be, provided by any univariate

m odelof(actualor expected)output. First,we know that,in com bination with (2.8),

them odelsofexpected outputgrowth,y¤
t+ 1 ¡ yt,in Table4,providetheestim ated Vector

ErrorCorrection M odelof(2.4)foreach country,so thatthey incorporate the e®ectsof

the cointegrating relationships between yt and y¤
t by construction. Second,up to two

lagged values ofexpected output growth are found to be statistically signī cant in all

countries'm odels,with additionalactualoutput growth term s also contributing to the

¯t ofthe regressions in Belgium ,Germ any and Italy. And third,the estim ated value

ofthe ½,re°ecting the contem poraneous correlation between innovations in actualand

expected future output included in each country's m odel,averages 0.75,signifying the

im portance oftaking into account the sim ultaneity ofthe determ ination ofactualand

expected outputs. Taken together,these three argum entsprovide em piricalsupportfor

the use ofthe bivariate m odelin preference to any univariate m odelboth in term s of

potentialm odelm isspecī cationandinterm sofrestricteddynam ics.26 Itseem sreasonable

25The Py¤ m easurescannot be directly com pared to Py since Py¤ now relatesto the size ofthe long

run im pacton expected outputofa onepercentshock to expected output.
26No attem pt has been m ade to adjust the m odels for the e®ect ofonce-and-for-allevents (such as
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toarguethat,on thesegrounds,thetrend m easuresofoutputbased on them odelofactual

and expected outputarealso to bepreferred to thosebased on analysesofactualoutput

considered alone.27

Having argued thatthe m odelsofTable 4 provide a m ore reliable basisforthe m ea-

sure oftrend outputthan those ofTable 2,we now considerthe di®erencesbetween the

m easuresyt and yL
t derived from thesem odels.Figures2a-2fshow thatthetwo m easured

series di®er quite substantially in m ostcountries. Given that both m easures are based

on the BN decom position,a largepartofthese di®erencesre°ectdi®erencesin the m ea-

suresofthe persistence ofshocks to outputobtained from the m odels. In Table 4,PyL

representsthesizeofthein¯nitehorizon im pacton actualoutputofa system -wide shock

to actualand expected outputthatcauses actualoutputto increase by one percenton

im pact,wherethesystem isthatofSection 2.Them easurerepresentsam ultivariatever-

sion oftheunivariatepersistencem easuresfound in theliteratureand them easuresofPy

from theunivariatem odelsofTable2 aredirectly com parablewith thePyL :28 Com paring

Py and PyL ,we¯nd that,forallsix countries,them easured persistente®ectofshocksto

trend outputresulting from the bivariate m odelishigher(and considerably so forsom e

countries) relative to the persistent e®ects ofshocks to trend output derived from the

univariatespecī cation.Forinstance,in Belgium ,France,Italy and theNetherlands,Py

islessthan unity whereasin thebivariatem odel,thelong run im pacton actualoutputis

estim ated to begreaterthan one.Persistencein them odelsforG erm any exceed unity in

both Tables2 and 4,although the estim ate ofPy isconsiderably lowerthan PyL :W hile

price shocksornationalstrikes)which resultin outliersand which help explain som e ofthestatistically

signī cantdiagnostic statisticsin Tables2 and 4.However,diagnosticstatisticsin Table 4 are generally

acceptable and providefurthersupportforthism odelovertheunivariatem odelofTable 2.
27Itis worth stressing thatthis em piricalargum ent m atches that ofEvans and Reichlin (1994) who

prom ote the use ofadditionalm acroeconom ic variablesin conjunction with actualoutputin m odelling

trend output. However,because it relates to essentially the sam e econom ic m agnitude,the use ofex-

pected outputwith actualoutputin a VAR m odelhasthe advantage thatitprovidesthe m odelwith a

parsim oniousstructureand itavoidstheneed to choosetherelevantadditionalm acroeconom icvariables

(on thebasisofa possibly contentiousstructuralm odel).
28Forfurtherdetailsofm easuresofpersistencein thecontextofam ultivariatefram ework,seePesaran,

Pierseand Lee(1993).
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theestim atesofPyL arerelatively im precisein som ecases,itappearsthattheadditional

dynam ic sophistication ofthe bivariate m odel(including the e®ectofthe feedbacksbe-

tween actualand expected outputs captured by the error correction term ) allows for a

m ore prolonged e®ect ofshocks and one in which the e®ects accum ulate over tim e. In

term softhe m easuresofoutputtrends,thisisre°ected by m ore volatile trend seriesin

fourofthesix countriesthan areobserved using theunivariatem odelsofTable2 (France

and theUK being theexceptions).

Figures 3a-3fexam ine the alternative trend m easures yS
t;yM

t and yL
t;plotting these

againsttheactualoutputseriesforeach ofthesix countries.RecallthatyS
t isthe s̀hort

forecast',given by y¤
t+ 1;which focuseson the underlying activity in the econom y atthe

currenttim e.Figures3a-3fshow thatthisseries°uctuatesrelatively closely around actual

output in allcountries,although the series highlights som e im portant occasions during

which actualand expected outputdiverge overprotracted periodsin m ostcountries. In

contrast,the m easures yL
t and yM

t are both based on the BN decom position applied to

thebivariatem odelsofTable4 and show considerably m orevolatility than actualoutput

levelsin m ostcases.Recallthat,from (2.13),yM
t di®ersfrom yL

t by them agnitude¡ k3Àt;

where Àt is the ùnsustainable'part ofinnovations to output (in the sense that their

e®ectisuncorrelated with innovationsto theexpected outputleveloneperiod ahead).In

Table 4,we provide estim atesofk3 and k4 dē ned in expression (2.5)and based on the

estim ated param etersofthebivariateVAR m odel.Asisclearfrom theTable,valuesofk3

vary considerablyacrosscountriesand thisgivesrisetothecontrastingvariationsbetween

yL
t and yM

t foreach country.Indeed,in som ecountriesand oversom eperiods,theÀt are

ofcom parable size to the t́;so thattheir accum ulated e®ect (re°ected by the value of

k3)isquite substantialin som e cases,and thereareconsiderabledi®erencesbetween the

m easured trendsgiven by yM
t and yL

t:

Finally, in view of the interest expressed in the literature on the size of changes

in the trend and cyclical com ponents of output, Table 5 provides the statistic R =

var(¢ cycle)=var(¢ trend)foreach ofthe m easuresoftrend outputin the six countries:

Thism easurestheratio ofthesam plevariancein thechangein cycleto thesam plevari-

ance in the change in trend output,and providesan indication ofthe sm oothnessofthe

[21]



di®erenttrend m easures.According to the discussion in Section 2.2,weexpectvar(¢ yt)

to exceed var(¢ yL
t)and,in turn,weexpectvar(¢ yL

t)to begreaterthan var(¢ yM
t ).Asit

turnsout,thelowestvalueofR isindeed thatbased on theyt m easurein allsix countries

re°ecting the factthatm ost volatility is observed in the growth in this trend m easure.

Thecalculated R statisticsbased on yM
t and yL

ttarebroadly com parable,both being sub-

stantiallylargerthan thosebased on yt;and re°ectingtherelativesm oothnessofthetrend

m easuresobtained from thebivariatem odel.In allcases,thehighestvalueofR;and the

leastsm ooth trend,isthatbased on oneperiod ahead forecastsyS
t:

5 D iscussion

Theprim ary purposeofthispaperistosuggestsom ealternativem easuresoftrend output

based on a VAR m odelofactualand expected outputseries,where the latterisderived

from Business Surveys. The VAR m odelling fram ework that is described provides an

econom ically-m eaningfulstructure within which outputgrowth can be analysed without

relying on any (possibly contentious)behaviouraleconom ic assum ptions. The structure

helps identify innovations in the m odelwith news of di®erent types and provides an

econom icm otivation forthealternativetrend m easuresthatareobtained on thebasisof

theVAR m odel.

The statisticalanalysis ofthe previous sections provides som e im portant em pirical

insightsinitsownright,however.Inparticular,we¯ndthattherationalityofexpectations

form ed on futureoutputgrowth cannotberejected in anyofthesixcountriesinvestigated.

Further,although cointegrated with the actualoutput series,each country's expected

outputseriesdem onstratesverydi®erenttim eseriespropertiestothecorrespondingactual

output series,and m akes a signī cantand econom ically-substantive contribution to the

estim ated bivariatem odelsofoutputgrowth in every country.

The VAR m odelofthejointdeterm ination ofactualand expected outputlevelscap-

tureslong-run and short-run dynam icfeaturesofthedata which arenot,and cannotbe,

captured through a tim eseriesanalysisoftheactualoutputseriesdata considered alone.

These di®erences show in the m easures oftrend output form ulated using a univariate

m odelofthe actualoutputseries taken alone or using the bivariate VAR m odelofthe
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jointdeterm ination ofactualand expectation series. In particular,m easuresofthe per-

sistente®ectsofshocksbased on the bivariate m odelarelargerthan those based on the

univariate m odelin allsix countriesconsidered in thepaper.Thism eansthatthe trend

m easuresofoutputbased on thebivariate m odelare farm ore responsiveto shocksthan

thetrend m easuresbased on aunivariateanalysis.Thisistrueboth forthetrend m easure

constructed using the t̀ypical'shocksim pacting on actualand expected output,yL
t,and

for the trend m easure based on the orthogonalised, s̀ustainable'shocks,yM
t ,although

thesetwo m easuresalso possessvery di®erenttim eseriespropertiesin m ostcountries.

The alternative m easures oftrend output suggested in the paper have a num ber of

desirable features. They are sim ple to construct, update readily to new inform ation,

and adjuststochastically in response to localvariations. However,thisistrue form any

decom positions.The particularadvantage ofthe m easurespresented here isin theiruse

ofnewson actualcurrentand futureexpected outputlevelsasitbecom esavailable.The

econom icsignī canceofthesedi®erenttypesofnewswillvaryaccordingtocircum stances,

and the alternative m easures ofthe trend proposed in the paper re°ectthis by placing

di®erent weight on the di®erent types ofnews. Trend output m easures are used in a

widevariety ofcontextsand,generally speaking therefore,theproposed m easuresprovide

alternativeswhich willbe relevantin di®erentcircum stances,depending on the purpose

to which they willbeput.

Ofcourse,oneim portantuseoftrend outputm easuresisin structuralm acroeconom et-

ric m odels(e.g. m acroeconom ic m odelsincorporating a Phillipscurve type relationship

in which in°ation risesoffallsaccordingtothevalueofactualoutputlevelsrelativetothe

trend level).Thereisconsiderablescope,therefore,in using them easured outputtrends,

and associated output gaps,in conjunction with in°ation m easures or other m acroeco-

nom icm agnitudes.M oreover,such an analysiscan provideafurthercriterion forchoosing

between thealternativem easuresoftrend outputunderthe im plicitly assum ed structural

m odel.Thisrem ainsthesubjectofourown futureresearch.However,itishoped thatthe

workofthispaperinform sand form alisestheroleofexpectationsin thedynam icevolution

ofoutputin thesix econom iesconsidered,and willalso providem easuresoftrend output

which can be readily used and evaluated in otherresearchers'm acroeconom ic m odelling
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work.

[24]



6 D ata A ppendix

Theexpectationsdata forBelgium ,France,Germ any,Italy and theNetherland hasbeen

obtained from two consecutivepublicationsoftheDirectorateGeneralforEconom icand

FinancialA®airsoftheCom m ission oftheEuropean Com m unities;nam ely,theR eport

ofthe R esults ofthe B usiness Survey carried outam ong H eads ofEnterprises

in the C om m unity,1967-1975,and R esults of the B usiness Survey carried out

am ong M anagem ents in the C om m unity,1976-1998. The survey question on pro-

duction expectationshasbeen published since1967;therealised outputsurvey data prior

to 1980 was provided directly by the Com m ission ofthe European Com m unities. The

expectations data for the UK has been taken from successive issues ofthe CBI's Sur-

vey ofIndustrialTrends.ThisSurvey hasbeen carried outsince1958,and published

quarterly since 1972. However,the responsesto the outputvolum e question have been

published since 1975q3;priorto thatdate,the question wasphrased in term sofoutput

valuesasopposed to outputvolum es.

Theindexofproduction fortheTotalM anufacturingindustryforeach country (except

the UK) has been taken from successive issues oftwo consecutive OECD publications;

IndustrialP roduction, Q uarterly Supplem ent to M ain Econom ic Indicators,

1967-1978,and Indicators ofIndustrialA ctivity,1979-1998.Theoutputdata forthe

UK has been taken from various issues ofthe CSO's M onthly D igest of Statistics.

Seasonally-adjusted m onthly output indices are used to calculate output growth rates,

m easured asthepercentagechangein theoutputindex from itslevelin an earlierm onth

wheretheperiod ischosen so thatthetim ehorizon m atchesthatofthequestion posed in

the corresponding Survey. An adjustm enthasbeen m ade to the data pointin Germ any

forM ay 1984 when industrialdisputesin Heavy M anufacturing sectorlead to a largeand

unprecedented fallin the levelofoutput. To adjust for this,we replaced the original

observation by an averageoftheindex ofproduction forApriland June.

Finally,the discountratesand exchange rates(dē ned asthe average exchange rate

ofthecountry currency to theUS Dollar)areobtained from DATASTREAM atm onthly

intervals,with growth ratesbeing calculated asabove.
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