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A bstract

W epresentempiricalevidenceontheforces drivingrealexchangerates in
thelongrun. U singdatafromthreeindustrialisedcountries, we…ndsupport
forthehypothesis thatproductivityand…scalshocksmatter. T hereisalso
evidence, however, thattheimpactof…scalshocksonlymatters intheshort
andmedium-run. Insomecases …scalshocks causedepreciations, andthis
is probablyexplainedbythemonetaryaccomodationof…scalshocks. T he
traditionalH arrod-B alassa-Samuelsone¤ectofproductivityonrealexchange
rates is alsofound tobe reversed in some cases, which demonstrates the
importanceofthedistributivesectorindrivingproductivitygains.

JEL Codes: F31, E44, C32



1 Introduction
T hedeterminationofrealexchangeratesinthelongrunhasbeenthesubject
ofavasttheoreticalandempiricalliterature. R ecentlythishasbeendriven
byresearchonPurchasingPowerParity(PP P ), whichshowsthatwehave
onlyapartialpictureofwhydeviations from PPP are sopersistentover
time1.

Clearly, monetary (nominal) shocks cannotprovidean explanation for
this persistence, unless oneassumes anunrealisticdegreeofnominalrigid-
ity(seeR ogo¤, 19 9 5). Fiscalandproductivityshocksareseenasthemain
drivingforces behindtherealexchangeinthemedium andlongrun. H ar-
rod (19 33) originallyused internationalproductivitydi¤erences toexplain
thepattern ofdeviations from PPP, and this explanation was formalised
by Balassa(1964) and Samuelson (1964) intowhathas becomeknownas
theH arrod-B alassa-Samuelsonhypothesis. T he impactof…scalshocks on
realexchangerateshasbeenanalysedbothinthecontextofKeynesianag-
gregativemodels (D ornbusch, 19 7 6), andintertemporalmodels oftheopen
economy(O bstfeldandR ogo¤, 19 9 7 ).

O urapproach is touseastructuralVA R (SVA R ) modelingframework
toevaluatethe importanceofdi¤erentshocks on the realexchangerates
overvarious timehorizons. T heSVA R approachtotheopeneconomyhas
been employed byClaridaand G ali (19 9 4), andmorerecentlyby Prasad
andKumar(19 9 7 ) andR ogers(19 9 9 ). O urcontributionextendsthecurrent
literatureinanumberofways.

First, weuselongrunsofyearlydata(approximately120 years)forthree
countries. T hisenablesustofocusmoree¤ectivelyonmediumandlong-run
e¤ectscomparedtostudieswhichfocusonpost-W orldW arII data2. Second,
itiswellknownthatthenatureandimpactofrealandnominalshockson

1Forrecentsurveys, seeFrootandR ogo¤ (19 9 5)andR ogo¤ (19 9 5, 19 9 6). A numberof
papershaveshownthattheredoesnotseem tobeasigni…cantdegreeofmeanreversion
inrealexchangerates(e.g. M acD onald, 19 9 6). H owever, morerecentevidenceusinglong
runsofdata(e.g. forexampleA buafandJorion, 19 9 0, D ieboldetal., 19 9 1)orpaneldata
sets(e.g. FrankelandR ose19 9 5, M acD onald19 9 5) showsomesigni…cantdegreeofmean
reversion, butwithaslowdegreeofconvergencetothemean.O neoftheproblemswith
unitroottests ishighlightedbyEngel(2000), whoshowsthatthesetestscansu¤erfrom
signi…cancesizebiases. Inarecentpaper, M acD onaldandR icci (2001) provideevidence
forapanelof10 O ECD countries thatthedistributionsectorhasanimpactonthereal
exchangerate.

2R ogers(19 9 9 ) usesaV A R tomodeltherealdollar-poundexchangeratefromthelate
1880s. O urdatasetcontains alargersetofcountries andawiderrangeofresults. For
ahistoricalanalysisoftheimpactofdi¤erent…scalinstrumentsduringtheclassicalgold
standard, seeKaminskyandKlein(19 9 4).
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therealexchangeratehasvariedovertime3. T hisisduebothtoshiftsinthe
underlyingproductionstructureoftheindustrialeconomies(forinstancethe
di¤erentrelativegrowthofthedistributivesectorandothernon-tradedser-
vices), andtothedi¤erentregimeswhichhavecharacterisedtheinternational
…nancialsystem. Toallowforthesestructuralandregimeshifts, weallowfor
time-varyingparameters inourVA R models. O urresults demonstratethe
muchgreaterpersistenceofbothnominalandrealshocksinthepost-W orld
W arII era, notonlycomparedtotheinterwaryears, butalsocomparedto
theclassicalgoldstandardperiod. T hird, incontrasttopreviousstudies, we
donot…nduniformsupportfortheH arrod-B alassa-Samuelson(H B S)e¤ect.
Insomeinstanceswe…ndthatproductivityshockscancausearealexchange
ratedepreciation, andweshowthatthis isconsistentwithcertainintertem-
poralmodels ofconsumptionandproduction. Finally, insteadofimposing
certainrestrictionsonthelong-runpropertiesofourVA R model, weanalyse
therelativepersistenceof…scalandproductivityshocksand…ndsupportfor
thehypothesis, whichderivesfrom intertemporalmodels, that…scalshocks,
likeallpuredemand-sideshocks, shouldonlyhavetemporarye¤ectsonthe
realexchangerate.

T herestofthepaperisorganisedasfollows. InSection2, weoutlinesome
ofthebasictheoreticalresults inthisarea, whicharenowpartofstandard
openeconomymacroeconomictheory. T hesemotivateourVA R analysis. In
Section3, wesetoutourVA R modelingapproachandwedescribeourdata
set. InSection4wepresentanddiscussourresults. Section5 concludes.

2 D eterminantsoftheR ealExchangeR ate
2.1 Trends in the R ealExchange R ate: Theoretical

U nderpinnings
In ourempiricalmodels wedistinguish betweenmonetary, …scal, andpro-
ductivityshockstotherealexchangerate. T heimpactofmonetaryshocks
on realexchangerates is relativelywellunderstood in theory. M onetary
shocksgenerateatemporarydepreciationoftherealexchangerate, butin
thelong-runmoney is neutralinallKeynesianaggregativeandmonetary-
approachmodels. T hepersistenceoftherealdepreciationdepends onthe
degreeofnominalrigidity inwageand price-setting. Some intertemporal
models (seeO bstfeldandR ogo¤, 19 9 7 ) displaylong-runnon-neutrality, as

3Forinstance, R ogo¤ (19 9 5, 19 9 6) and M uscatelli and Spinelli (19 9 9 ) showthatthe
persistenceofdeviationsfrom PPP seemstobemoremarkedpost-19 46.
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monetaryshocks inducework-leisure substitution throughawealth e¤ect.
But, asnotedbyO bstfeldandR ogo¤, thisresultisnotrobusttothespec-
i…cationoftheconsumers’optimisationproblemandwoulddisappearinan
overlappinggenerations(O L G )model. A priori onewouldexpectmonetary
shockstohavenolong-runimpactontherealexchangerate.

Turningtothee¤ectofproductivitygrowth, thestandardH B S e¤ectis
bestillustratedinasimpletwo-country, two-goodmodel, whereonegoodis
tradeable(T ), andisthenumeraire, andtheotherisnon-tradable(N T ).For
simplicity, supposethattheproductiontechnologiesinthetwocountriesare
similar, butthecountrieshavedi¤eringfactorproductivities:

Y T = ATFT(K T ;LT);Y N = AN F N (K N ;LN ) (1)
Y T¤ = AT¤F T(K T¤;LT¤);Y N ¤= AN ¤F N (K N ¤;LN ¤)

wheretheproductiontechnologyisassumedtodisplayconstantreturnsto
scale, andthetwosectorsarecharacterisedbyperfectcompetition. T hetwo
factorsofproduction, capital(K)andlabour(L )aremobilebetweensectors.
W hilstlabourisimmobileinternationally, capitalisperfectlymobile, sothat
therealinterestrate is equalized across theworld. D e…nethehomeand
foreignpriceindicesas4:

P= (1)̄ (p)1¡¯;P¤= (1)̄ (p¤)1¡¯ (2)

where p and p¤ are the prices ofthe non-tradable good athomeand
abroad. Inatwo-goodworld, therelativepricelevel(realexchangerate)be-
tweenthetwocountriesdependssolelyontherelativepriceofnon-tradables:

P=P¤= (p=p¤)1¡¯ (3)

Shiftsinfactorproductivitydi¤erentialswilla¤ectrelativeprices. Tosee
this, wecanusethe…rms’…rst-orderconditions forpro…tmaximisation in
bothsectors, usingtheproductiontechnologies in (1). L og-di¤erentiating,
we…ndthat:

:
P
P
¡

:
P¤

P¤
= (1¡¯)

"
' LN

' LT
(gT ¡gT¤)¡(gN ¡gN ¤)

#
(4)

4T hispriceindexassumesautilityfunctionforconsumerswhichdependsonanindex
oftotalconsumptionwhichinturnisaCobb-D ouglasfunctionoftheconsumptionoftrad-
ables (share¯) andnon-tradables (share1 ¡¯). U singanalternativelinear-homogenous
functionfortheconsumptionindexwouldcomplicatetheformulationoftheprice index
butnotchangetheresults.
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where' LN and ' LT are, respectively, thesharesoflaborincomeinthe
non-tradedandnon-tradedsectors5, andgx´

³ :
Ax =Ax

´
. Equation(4) illus-

trates theB H S e¤ect: afasterproductivitygrowth intradables relativeto
non-tradableswillgeneratearealexchangerateappreciation. A corollaryof
this is thatacountrywhich experiences fasterproductivitygrowthshould
experienceanappreciationofitsrealexchangeraterelativetoslower-growing
countries, as productivitygrowth intradables is likelytobefasterthan in
non-tradables.

A lthoughtheH B S resultis quiterobust, alternativetheoreticalmodels
canreversethepositivelinkbetweenproductivitygrowthandtherealex-
changerate. Increasingthenumberoffactorsofproductionorgoodsmakes
thebasictrademodelmorecomplicated. Inordertoobtainsomeclearre-
sults, restrictionshavetobeimposedontherelativefactorintensitiesofthe
di¤erentsectorsand/oronthestructureofdemandifmorethantwogoods
areproducedortherearemorethantwofactorsofproduction. A counterex-
ampletothestandardH B S resultisprovidedbyD evereux(19 9 9 )6.

D evereuxnotes that, in contrasttoJapan overthe period 19 50-19 86,
manyoftheEastA sianeconomiessincethe19 7 0shavecombinedrapideco-
nomicgrowth with non-appreciating, ordepreciatingrealexchange rates.
D evereuxdevelops amodelinwhichthreegoodsorservices areproduced.
A s abovetherearetradables, non-tradablegoods (usedonlyfordomestic
…nalconsumption), butinadditiontherearenon-tradeddistributionalser-
vices. T heseservicesareusedforthedistributionandconsumptionoftraded
goods7 . T heproductiontechnologiesofthetradableandnon-tradablesgoods
areas in(1), butdistributionservicesareproduced(usingbothcapitaland
labour) byacontinuum ofmonopolistically competitive …rms. T hereare
thereforeincreasingreturnstospecialisationinthedistributionservicessec-
tor.

T hereasonwhythismodelcanproduceadepreciatingrealexchangerate
in afast-growingeconomy is that, as theeconomygrows thedistribution
networksinthecountryexperienceproductivitydeepeningwhichlowersthe
(domestic) price oftraded goods8. A gain, takingthewholesale prices of

5i.e.' L T =wL T =Y T and' L N =wL N =pY N , wherewisthewagerate. R ecallthatthe
twocountrieshaveidenticaltechnologiesapartfromtheproductivityshiftterms.

6T he role ofthe distribution sectorhas generally been ignored in adjustingforthe
impactofproductivityontehrealexchangerate. Itonlyreceivesabriefmentioninrecent
contributions (see B urstein etal, 2000, and O bstfeld and R ogo¤, 2000). A s faras we
areawaretheonlydirecttestofthe impactofthedistribution sectorcan befound in
M acD onaldandR icci (2001).

7 T hemodelcanbegeneralisedsothatdistributionalservicesareusedintheconsump-
tionandproductionofnon-tradedgoodswithoutchangingthekeyresults.

8 R ecallthatwhilstthewholesalepriceoftradedgoods is setin internationalmarkets
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tradablegoodsasthenumeraire, wecanwritetheaggregatepriceindexfor
theeconomyasfollows, insteadof(2):

P= (pT)¯(pN )1¡¯ (5)

wherepT is theretailpriceoftradablesand pN asbeforeisthepriceof
non-tradables. T heretailpriceoftradables isapricesub-indexgivenbythe
(world)wholesalepriceoftradables, whichisthenumeraire, andthepriceof
distributionservices, pD:

pT = (1)°(pD)1¡° (6)

Substituting(6) into(5) andthen, as before, computingthe impactof
productivitygrowthinthevarioussectorsonrelativegoodspricesgiventhe
productionstructure, wecancomputetheimpactontherealexchangerate.
Forsimplicity, wecanfocusonlyonproductivitygrowthinthehomecountry,
keepingproductivitylevelsintheforeigncountryconstant, whichmeansthat
theevolutionofrealexchangerateisgivenby

³ :
P=P

´
:Considerthespecial

casewheregD, theproductivitygrowthindistributionservicesisatthesame
rateas intradableproductivity9 : gD = gT. Inthiscasewehave:

³ :
P=P

´
=

h
(1¡(1=½))(1¡°)̄ + ' LN (1¡¯)

i
gT ¡

h
' LT(1¡¯)

i
gN (7 )

where ½ is ameasureoftheelasticityofsubstitution betweendi¤erent
varieties ofdistributionalservices10, and 0 < ½ < 1. G iven thatthe…rst
term inthesquarebracketin(7 ) isnegative, itis apparentthatifgN < gT
thenH B S e¤ectmightbereversedandtheremightbeatrenddepreciation.
T he mechanism, as explained above, is the greatere¢ciency in tradable
consumptionpromotedbyproductivitygrowthinthedistributionnetwork.

andobeysthelawofoneprice, thedomesticretailpriceoftradedgoodsdependsonthe
priceofdistributionservices.

9 T hisrestrictionisnotnecessaryinordertoreversetheH B S e¤ect. Itcanbereversed
evenifgD < gT , buttheconditionsunderwhichatrenddepreciationwillbeobservedare
morecomplicated.

10T heconsumptionofdistributionalservices isgivenby

D =

0
@

NZ

0

x(j)½dj

1
A
1 =½

wherex(j)is theoutputofeachdistributionalservices …rm, and N is thenumberof
…rms. SeeD evereux(19 9 9 ).
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Finally, let’s considertheimpactofa…scalshockontherealexchange
rate. InstandardKeynesianaggregativemodels underperfectcapitalmo-
bility(e.g. modelsbasedonFleming-M undellandD ornbusch, 19 7 6), a…scal
expansionwillgenerateapermanentrealappreciationandadeteriorationin
thetradebalance. H owever, intertemporalmodels produceratherdi¤erent
resultsbecausetheytakefullaccountoftheimpactofinternationalborrow-
ingandlendingonwealth. A ddinggovernmentspending(…nancedthrough
lump-sumtaxes)tothedemandsideintheabovemodelswillessentiallydis-
torttheconsumersdecisionbywithdrawingresourcesfromconsumption. A s
showninO bstfeldandR ogo¤ (19 9 7 ), agovernmentspendingshockbiased
towardsnon-tradables (whichistheusualcaseconsidered)willincreasethe
relativepriceofnon-tradables(arealexchangerateappreciation)intheshort
run11. T hee¤ectis short-lived, however, inthepresenceofcapitalmobility,
as aprocess ofinvestmentin thenon-traded sectorwilleventuallyreduce
themarginalproductofcapitalinthenon-tradedsector12. T heshort-run
realappreciation resultingfrom agovernmentspendingshock is arobust
result. A …scalshockcangenerateashort-rundepreciationonlyinmodels
withalargedegreeofprice-stickiness(e.g. O bstfeldandR ogo¤, 19 9 7 )where
outputis essentiallydemanddetermined. Finally, itshouldbenotedthat
intertemporalmodelsconsidertheimpactof…scalshocksinacontextofin-
ternationalcapitalmobility: duringperiodsofimperfectcapitalmobilitythe
impactofa…scalshockmightdi¤ermarkedlyfrom thatdescribedinO bst-
feldandR ogo¤ (19 9 7 ): theimmediateimpactofa…scalexpansionislikely
tobeacurrentaccountde…citwhichmusteitherbe…nancedorwhichwill
generateanominaldepreciation, andhenceashort-runrealexchangerate
depreciation.

2.2 ImplicationsforEmpiricalM odeling
T hediscussioninSection2.1 canbesummarisedasfollows. W ewouldexpect
to…ndthefollowingpatternofresponsesofthebilateralrealexchangerate,

11T hemodelconsideredassumesthatinvestmentanddisinvestmentincapitaldoesnot
occurinstantaneously becauseofcosts ofadjustment, henceallowingus todistinguish
betweentheshort-rune¤ectsof…scalshocksontherealexchangerateandthelongrun,
wherethepriceofnon-tradables isdeterminedsolelybysupplyfactors(seeO bstfeldand
Rogo¤, 19 9 6, A ppendix4B , andChinn, 19 9 7 ).

12Itis conceivablethatifgovernmentspendingis directedtowards publicinvestment
(infrastructure), thenitmightincreasethemarginalproductofcapitalinboththetradable
and non-tradable sectors and increase outputand consumption. In this case a …scal
expansionmighthaveapermanente¤ectontherealexchangerate. T his possibility is
generally ignored in intertemporalopeneconomymodels. T herealsowould seem tobe
littleempiricalsupportforalong-rune¤ect, asweshallseebelow.

6



q, toarelativemoneysupplyshock(m ¡m ¤), agovernmentspendingshock
(g¡g¤) andaproductivityshock(a¡a¤):

Table2.1: Impactonq
Shock: (m ¡m ¤) (g¡g¤) (a¡a¤)

Shortrun + + (mobile/immobilecapital) ?
L ongrun 0 0 - (H B S)/+ D evereux(19 9 9 )

T hequestionmarkontheshort-rune¤ectofaproductivityshockisbe-
causetheanalysis in Section2.1 highlightedtheimpactofproductivityon
therealexchangerateinthepresenceoffactormobilityacrosssectors. T hese
arelong-rune¤ects, andwewouldnotanticipateaclearshort-run impact
ofaproductivityshock. Certainlytheremightbesomeshortrunresponse,
butits signisdi¢culttopredict, apriori. Forward-lookingexpectations in
foreignexchangemarketsmightcausethenominalexchangeratetoappre-
ciateinresponsetoanunanticipatedproductivityshockifeconomicagents
expectanH B S e¤ecttoprevail. H owever, anincreaseinproductivitymight
alsotriggeranincreaseinconsumptionasconsumersanticipatethepositive
impactonwealth;thisincreaseinconsumptionmightcauseatemporarycur-
rentaccountde…citifitanticipatestheinvestment(seeFrenkelandR azin,
19 9 5).

T heotherkeypointswhichemergefromourdiscussioninSection2.1 are
thefollowing. First, theimpactofboth…scalandproductivityshocksmight
di¤erdependingontheunderlyingproductivestructureandtheprevailing
regimeintheinternational…nancialsystem13. Forinstance, weknowthatin
aregimeofimmobilecapital, the…scalshockmightcauseadi¤erentshort-
runresponseintherealexchangeratecomparedtoaregimeofhighlymobile
capital. A lso, weknowthatanindustrialeconomywhichisstilldevelopingits
distributivenetworksmightreactdi¤erentlytoaproductivityshock. M ore
generally, as the impactofthe …scaland productivity shocks tothe real
exchangerateoccurs throughthesupply-sideoftheeconomy, itis entirely
possiblethat, astheproductivestructurechanges(as islikelytobethecase
overourlongsampleperiod), thetransmissionmechanismwillchangeover
time. Boththesignandsizeofthe…scalandproductivitymultipliersmight
changethroughtime.

A secondandrelatedpointisthatwemightobserveapersistenttrendin
therealexchangerateinsomesampleperiods followedbyotherperiodsof

13A swellas slowly-changingvariablessuchasdemographicfactorsandconsumerpref-
erences, whichwedonotconsiderhere.
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mean-reversion. T hissuggestsafundamentalweakness inunitroottestson
realexchangerates: theresults arelikelytobeentirelysample-dependent.
Italsosuggestsamodelingstrategywhich(i)allowsforsometime-variation
intheresponsesoftherealexchangetotheexogenousshocks inthesystem
and(ii)avoidsimposinglong-runrestrictionsonthemodel, whichincorrectly
characterises itslong-runproperties.

3 M odelSpeci…cationandEstimation
3.1 VA R Speci…cationandIdenti…cation
W e…rstturntotheissueofhowtoidentifythestructuraldisturbances in
theVA R . Previous attempts toconductastructuralVA R analysis forthe
realexchangerate(e.g. ClaridaandG ali, 19 9 4, L eeandChinn, 19 9 8) have
tendedtoimposesomerestrictionsonthelong-runproperties ofthestruc-
turalVA R .ClaridaandG ali(19 9 4)andL eeandChinn(19 9 8)useBlanchard-
Q uah(19 8 9 )typerestrictionsonthemodeltoidentifythestructuralshocks.
R ogers (19 9 9 ) notes however, followingFaustand L eeper(19 9 7 ), thatim-
posingB lanchard-Q uahin…nite-orderrestrictionsona…nite-orderVA R can
causeproblems. T heseproblemsarecompoundedsincetypicallythenumber
ofvariables included in aVA R arelimited, sothatthe’structuraldistur-
bances’aretypicallyaggregationsofdi¤erentshocks, eachofwhichmayaf-
fectthemacroeconomicvariablesincludedintheVA R indi¤erentdirections.
R ogers addresses theproblem byestimatingareduced-form VA R onaset
ofdi¤erencedvariables, andthen imposingsomestructureonthelong-run
moving-averagecoe¢cientmatrix.

O urapproachhereis di¤erent. W edonotimposeanylong-runrestric-
tionsonthepropertiesofthemodelalongthelinesofB lanchardandQ uah
(19 8 9 ). Inadditiontotheproblemsidenti…edbyFaustandL eeper(19 9 7 ), we
wishtoavoidmakingassumptionsabouttheunderlyingeconomicstructure.
A s setoutinTable2.1, althoughtheorydoessuggestsome(veryfew)theo-
reticalrestrictions(e.g. moneyneutrality), inanumberofcasesthelong-run
impactoftheproductivityand…scalshocksontherealexchangerateisnot
knownapriori. W ealsowishtoavoidanyimpositionofrestrictions toex-
aminewhetherthedynamicpropertiesofourmodelarerobusttodi¤erent
assumptionsregardingthelong-runrelationshipsbetweenthevariables. For
thesamereasonweavoidtestingfor(andimposing) cointegratingrelation-
shipsbetweentherealexchangerateandtheexplanatoryvariables: thereis
noreasontobelievethatsuchacointegratingvectorwouldbeconstantover
thesampleperiod.
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Insteadwefocusonshort-runrestrictions. W eperformastandardCholesky
factorisationtojust-identifythestructuralshocksandcalculatetheimpulse
responsefunctions. T hatis, wemovefromthereducedformoftheVA R :

Zt= c + B 1Zt¡1 + :::+ B nZt¡n + ºt E(ºtº0t) = ­ (8)

toitsstructuralform:

A0Zt= c 0+ A1Zt¡1 + :::+ AnZt¡n + "t E("t"0t) = V (9 )

whereB i= A¡10 Ai 8i= 1::n and ­ = A¡10 V(A
0

0)
¡1;Ztisthevectorof

kvariablesincludedintheVA R , ºtisthevectorofVA R innovations, and"t
arethestructuraldisturbancesofinterest.

T hisisdonebyimposingalowertriangularstructureontheA0 matrix14:

A0 =

0
BBB@

a11 0 0 0
a2 1 a2 2 0 0
a31 a32 a33 0
a4 1 a4 2 a4 3 a4 4

1
CCCA

T hevectorofvariablesincludedinourVA R , andthecorrespondingvector
ofstructuraldisturbances, isthefollowing:

Zt=

0
BBB@

(yN )¡(
y
N )

¤

(G ¡TY )¡(G ¡TY )¤
¢ ((MP)¡(MP)¤)
qt

1
CCCA "t=

0
BBB@

"yt
"gt
"mt
"qt

1
CCCA

T hevectorofvariables includes, inthefollowingorder: thedi¤erential
inlabourproductivitybetweenthehomeandforeigncountry, measuredas
output(y)percapita(N );thedi¤erentialintheprimarybudgetde…cit, ex-
pressedasaproportionofG D P;thedi¤erentialbetweenthegrowthinreal
moneybalances inthetwocountries;and…nallytherealbilateralexchange
rate, computedusingaggregateprice indices. T hemeasureofproductivity
is theonlyoneavailableoverthelongsampleperiodsemployedinouresti-
mation. T hechosenmeasureforthe…scalvariableisacompromise: R ogers
(19 9 9 ) chooses G /Y asameasureofthe…scalstance, andwefollowedthis
approach in earlierwork(M uscatelli and Spinelli, 19 9 9 ). H owever, ignor-
ingtheroleoftaxationmaybeproblematiciftaxationchanges havehad

14T his is obtained by factorizing ­ such that­ =P P 0, where P = A 0 (V )1 =2 (the
Choleskydecomposition).

9



an importantin‡uenceontherealexchangerate independentlyofgovern-
mentspendingshocks, orifR icardianequivalencedoes nothold15, sothat
themacroeconomicresponsetoan increaseingovernmentspendingdi¤ers
dependingonhowitis …nanced. EnteringG =Y andT=Y separatelywould
haveaddressed the…rstpoint, butitwouldhave increasedthedimension
oftheVA R , which is undesirablegiventhenumberofobservations atour
disposal. T hemonetaryshockis captured in …rstdi¤erenceform, follow-
ingtheapproachinR ogers (19 9 9 ). U nlikeR ogers (19 9 9 ) however, wehave
chosennottobreakdownmonetaryshocks intomonetarybaseandmoney
multipliershocks. A lthoughitis potentiallyhelpfultounderstandwhether
monetaryshocksoriginatefrompolicydecisionsoffromthebehaviourofthe
…nancialsector, wegenerallyfoundthatdecomposingthemonetaryshock
increasedthedimensionalityoftheVA R withoutnotablya¤ectingtheshare
ofthetotalvarianceofq explainedbythemonetaryshock16.

Figures 1A -C plots therawdata17 . Itis apparentfrom this casethat
thetrend in therealexchangerate q oversome sub-samples can onlybe
explained by the productivity variable, and that…scalimpulses can only
haveplayedaminorpart18 . T hisconclusionwouldnothavechangedifG =Y
hadbeenusedasthe…scalmeasureinsteadofthebudgetde…cit. H owever,
itshouldalsobeobviousthatasimpleH B S hypothesislinkingproductivity
di¤erentialstotherealexchangeratewillnotdo. Thereareperiodsoftime
whentheproductivitydi¤erentialdoes notfullycapturemovements inthe
realexchangerate, and atime-varyingparametermodelis morelikelyto
capturethisfeatureofthedata.

T heorderingchosenforthevariables impliesthefollowingshort-runre-
15M uscatelli and Spinelli (19 9 9 ) …nd that, in thecaseofItaly, R icardianequivalence

does nothold as therelianceon debt…nancehas hadasigni…cantimpacton thereal
interestrate.

16Itiswellknownthatoverthelonghistoricalperiodunderscrutiny, thestockofreal
balances(evenexpressedasadi¤erencebetweentwocountries)isnotastationaryvariable,
andisunlikelytobeanaccuratemeasureoftherelativestanceofmonetarypolicy(unlike
G /Y ).O nealternativeistolookatthevelocityofmoney, butagainthatisnotstationary
overthe sampleperiod largelybecausetherehavebeenmajorchanges in the…nancial
structure, i.e. changesinthepaymentssystemandinthetypeofintermediationavailable.

1 7 Totakeaccountofthewaryears, wepre-regressallthevariablesonadummyvariable
fortheFirstandSecondW orldW ar. Especially inthecaseofItaly, accountingforthe
waryears is imperativegiventhedegreeofeconomicdislocationwhichoccurred.

18 W edonotpresentunitroottests fortheindividualseries. A s Engel(2000) shows,
in thecaseoftherealexchangeratethereare serious size biases when unitroottests
areemployed. Inaddition, as discussedin Section 2, wewouldarguethatthedegreeof
integrationoftheseries isunlikelytobeinvarianttothesamplechosenbecauseofregime
shifts. O verdi¤erentsub-samplesourseriesmighteitherbeI(1) orI(0) dependingonthe
policyregime.
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strictions. T herealexchangerateisassumedtoreactimmediatelytoallthe
shocks, whilstthemoneyvariablereacts instantaneouslyto"gt and"yt, and
the…scalindicatoronlyreacts toproductivitydisturbances. Productivity
isonlyassumedtoreactwithalagtotheothervariables. T heassumption
that…scalpolicydoesnotrespondtoexogenousshocksinmonetarypolicyis
defensiblegiventhatmonetarypolicygenerallyaccommodated…scalpolicy
overthis historicalperiod. Similarly, assumingthatproductivitydoes not
immediatelyreacttopolicyshocksisjusti…able. T heassumptionthatmon-
etarypolicydoesnotreacttoexogenousrealexchangerateshocksisslightly
moreproblematic, especiallyduringperiodsof…xedexchangerates, although
itmaybejusti…edinpartbynotingthatweareconsideringmovementsinthe
realexchangerate, ratherthaninthenominalexchangerate. U ltimately, as
inthecaseofallstructuralV A R models, thevalidityofthesejust-identifying
restrictions cannotbetested. H owever, wehavetriedalternativeorderings
forourvariables (in particularreversingtheorderofthemonetarypolicy
variableandtherealexchangerate, andreversingtheorderoftheproduc-
tivityandthe…scalpolicyvariable19 ), andtheconclusionsremainbasically
similar20.

3.2 EstimationM ethods
A s stressedinsection2.2, wewouldexpectsomevariationovertimeinthe
responseoftherealexchangeratetothestructuralshocks. T he impulse
responses from the…scal, monetaryandproductivityshocksaredependent
ontheproductionstructure, consumerpreferencesandthedegreeofnominal
rigidityandcapitalmobility. W ethereforeallowforsomevariationovertime
intheresponsesoftherealexchangetotheexogenousshocks inthesystem
byestimatingatime-varyingparameterVA R .T heestimationofVA R models
withtime-varyingcoe¢cientswas pioneeredbyD oan, L ittermanandSims
(19 84). Inthis paperwefollowthis BayesianapproachtoVA R estimation,
whichallowstheparametersoftheVA R toevolveasmoreobservationsare
added 21. T he intuitiveappealofthis approach is thatpolicyregimeand
structuralchangesaremodeledasagradualevolutionoftheVA R coe¢cients
(andhencetheimpulseresponses).

19 T hisisordertocapturepossiblepro-cyclicalityintheproductivityvariablegiventhat
itisde…nedaslabourproductivity.

20T hesealternativeCholeskydecompositionsarenotincludedhereforreasonsofspace,
butareavailable from the authors on request. In futurework, weplan toimplement
someoftherobustnesscheckssuggestedinFaust(19 9 8)toverifyalternativeidenti…cation
schemes.

21T hedescriptionherecloselyfollowsthenotationusedinH amilton(19 9 4), Ch. 13.
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Considerthe…rstequationofthereduced-form VA R :

z 1t= x
0
t̄ 1t+ º1t (10)

wherext= (1;Z0t¡1;Z
0
t¡2 ;:::;Z

0
t¡n)

0 is the(s£1) vector(s = kn + 1) of
regressors. T hecorrespondingcoe¢cientvectoris:

¯ 1t= (c1;¯
1
11;t;¯

1
12 ;t;:::;¯

1
1k;t;¯

2
11;t;¯

2
12 ;t;:::;¯

2
1k;t;:::;¯

n
11;t;¯

n
12 ;t;:::;¯

n
1k;t):

IfweallowtheVA R coe¢cientstovaryovertime, weneedtospecifythe
natureofthetime-dependency. A state-spacerepresentationwouldhave(10)
asthemeasurementequation. W efollowD oanetal. (19 84) inpostulatinga
Bayesianpriordistributionforthe…rst-periodvalueofthecoe¢cientvector
¯11 »N (̄ ;P 1j0 ). Inaddition, itisassumedthattheVA R coe¢cientsfollow
anA R (1) process;thetransitionequationofthesystem istherefore:

¯ 1t= (1¡Ã 1)̄ + Ã 1¯1t¡1 + »1t (11)

In(11), theparametervectorfollowsanautoregressiveprocess, inwhich
theweightingparameterÃ 1 determines theimportanceofthesteady-state
valueforthecoe¢cientvector. T hedisturbanceterm is uncorrelatedwith
thedisturbances intheoriginalVA R :cov(»1tº1t) = 0 , whereastheexpected
value¯ consistsofavectorofzeroeswithoneaselementscorrespondingto
theownvariableatlag1 (z 1;t¡1) foreachequation. T his priordistribution
holds thatchanges in theendogenous variablemodelledaresodi¢cultto
forecastthatthecoe¢cienton its laggedvalue is likelytobenearunity,
whileallothercoe¢cientsareassumedtobenearzero. T hepriordistribution
is independentacross coe¢cients, sothattheM SEofthestatevectoris a
diagonalmatrix.

T hematrixP 1j0 isgivenby:

P 1j0 =
Ã
#b¿ 21 0 0
0 (G ­C)

!
(12)

where

G =

0
BBBBBBB@

°2 0 0 ::: 0
0 °2 =2 0 ::: 0
0 0 °2 =3 ::: 0
...

...
... :::

...
0 0 0 ::: °2 =n

1
CCCCCCCA

(13)
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C =

0
BBBBBBB@

1 0 0 ::: 0
0 w 2 b¿ 21=b¿ 22 0 ::: 0
0 0 w 2 b¿21=b¿23 ::: 0
...

...
... :::

...
0 0 0 ::: w 2 b¿ 21=b¿

2
k

1
CCCCCCCA

(14)

A lsoQ thevariance-covariancematrixof»1t, isgivenby: Q = Ã 2 P 1j0 .
D oanetal. (19 84)suggesttheuseofprede…nedvaluesfortheparameters

in(12), (13)and(14). T hefollowingassumptionsaremade: °2 = 0:0 7;w 2 =
1=74 ;# = 630 ;Ã 1 = 0:9 99;Ã 2 = 10 ¡7;inadditionb¿2i istheestimatedvariance
oftheresidualsforaunivariateA R (n)regressionestimatedforseries i. N ote
thattheassumptionisthatthecoe¢cientvector̄ convergesonlyveryslowly
towardsthemean. T hefactor°de…nestheanalyst’scon…dencethatthe…rst-
orderautoregressivecoe¢cients ¯ 1iirelating z itto z it¡1; is nearunityforall
i;# is setsu¢ciently largetoensurethatthepriorexpectation thatthe
constantterm iszeroisgivenlittleweight;w 2 is setlowtoensurethatlags
ofothervariables z jt(j6= i) arelessusefulinforecasting z itthanown-lags.
D oanetal. …ndthatthesevaluesworkwellfortypicaltimeseries22.

T his generaltime-varyingformulation involves forecastingtheoptimal
statevectorineachperiod, basedoninformationavailableuptotheprevious
period. U nderthenormalityandindependenceassumptionsaboutthedis-
turbances, thecomputationofthestatevectorissimplyobtainedbyapplying
theKalman…lter(seeH amilton, 19 9 4). T hisallowsustoobtain…lteredesti-
matesoftheVA R parameters¯ andtheresidualvariance-covariancematrix,
V, foreachobservationinthesample. O rthogonalisedimpulseresponsesare
…nallycomputedaccordingtothestandardCholeskydecomposition, produc-
ingasetofdi¤erentimpulseresponsesforeachperiodofoursample. T hus,
foranytimeperiodinoursample, wewillhaveadi¤erentsetofresponses
oftherealexchangeratetoeachoftheshocks(…scal, productivityandmon-
etary) includedinourmodel. T heresponsetoeachshockwillbebasedon
estimatesoftheV A R whichtakeaccountofthepotentialvariationovertime
oftheunderlyingstructuralparameters intheeconomy. This allows us to
capturemajorregimeshifts.

3.3 D ataEmployed
W eemploythefollowingdataseries. T hepriceseriesusedtoconstructthe
realexchangeratesareconsumerpriceindices. T heproductivityvariableis

22W ehaveexperimentedwithalternativespeci…cations, especiallywithregardtoÃ 1 ,
but…ndthatourestimatesarerobusttovaluesofÃ 1 between0.3and0.9 9 9 .
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calculatedas G D P atconstantpricespercapita. T hebudgetde…citasthe
primaryde…citasaproportionofG D P.T hemoneystockseriesemployedis
abroadmoney(M 2 equivalent) series foreachcountry. T hesampleperiod
used is 1868-19 9 8 , exceptin thecaseofthe U K, wherethesamplestarts
in18 7 2. T hepre-19 50 G D P, populationandpricedatawereobtainedfrom
Flora (19 83, 19 8 7 ), M itchell(19 9 2, 19 9 3), whilstdataon exchangerates,
…scalvariablesandthemoneysupplyarecompiledbyFratianni andSpinelli
(2000)usingavarietyofhistoricalsources. T hedataforthepost-19 50 period
wascheckedforconsistencyusingstandardsources(IFS, O ECD ).

4 EstimationR esults
4.1 U S-U K
W e…rstexaminetheimpulseresponsefunctions fortherealexchangerate
betweenthe U K andtheU S. Figures 2A -C showthe impulseresponseof
therealexchangeratefollowingaproductivityshock, a…scalshockanda
relativemonetaryshockintheU K foranumberofperiods aftertheshock
(t+ 1, t+ 2, t+ 4, t+ 7 andt+ 10). R ecallthat, givenourestimationmethod,
wehaveasetofimpulseresponsesforeachsampleperiod. T hus, Figures2-4
show, foreachtimeperiod, asetofimpulseresponses atdi¤erenthorizons
whentheVA R isestimatedusingdatauntilthatperiod. Standarderrorsare
notshowninthese…guresasthiswouldmakethe…guresunclear. Infactfor
eachperiodonecancomputestandarderrors, usingM onteCarlobootstrap
iterationsofthebaselinemodel(seeL utkepohl, 19 9 1)23. W eshallcomment
onthesigni…canceoftheimpulseresponsesasappropriateinourdiscussion.

Turning…rsttomonetarypolicy (Figure 2C), we seethatamonetary
shockhasthepredictedresponse(atemporarydepreciation), followedbya
weakerresponseafter2-3 years. H owever, themonetaryshocks areessen-
tiallyinsigni…cant, exceptfortheinter-war‡oat, andthemid-19 80s. T his
is notsurprising, giventhatinthewholeofthepost-19 45 period, untilthe
breakdownofBretton W oods in 19 7 2, the Poundwas devalued justtwice
againstthe U S D ollar. H encemonetaryshockswerecontained. H owever,
perhapssurprisingly, evenafter19 7 2, monetaryshocksarestillnotverysig-
ni…cant, exceptforthemid-19 80s. Itappears thatafterthebreakdownof
BrettonW oodsamonetaryexpansiongeneratedaslim andverytemporary
realdepreciation, onethatonlylasted1-2 years.

T he…scalshock(seeFigure2B ), aspredicted, onimpactappreciatesthe
23Standarderrorbandsfor§2 standarderrorsoftheimpulseresponsesforanysingle

timeperiodareavailablefromtheauthorsonrequest.
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realexchangerate, andthee¤ectappears tobequitepersistentpost-19 50.
T hestandarderrorsfortheimpulseresponsesshowtheappreciationfollowing
a…scalshocktobesigni…cantforaperiodofabout3-4years. A spredictedby
standardintertemporalopeneconomymodels (O bstfeldandR ogo¤, 19 9 7 ),
…scalshocks donothavepermanente¤ects ontherealexchangerate.T he
otherinterestingpointtonoteisthattheimpactof…scalpolicyseemedtobe
muchlesspersistentinthepre-19 45 years. A lthougha…scalshockstilltended
toappreciatetherealexchangerateintheperiod1880-19 40, theimpactwas
less signi…cantandmore short-lived (2 years atmost). Interestingly, the
dichotomy does notseem tobe between …xed and ‡exible-exchange rate
regimesorbetweenperiodsofhighandlowcapitalmobility: evenduringthe
classicalgoldstandardtheimpactof…scalshockswasshort-lived. T hemain
explanationforthis seemstobethat, withtheexceptionofthetwoW orld
W ars, thecurrentaccountin the industrialeconomies weremainlydriven
byprivateconsumptionandsavingbehaviourandnotby…scalshocks. N ote
thatthetwoW orldW arsandtheperiodofincreased…scalspendingfromthe
mid-19 30smarktheonlyphaseswhen…scalpolicyshocksimpactsigni…cantly
andpersistentlyontherealexchangerate. T heimpulseresponsesjustbefore
and afterthebreakdown in Bretton W oods are similar, suggesting, quite
surprisinglythattheresponseofthenominalexchangeratepost-19 7 2 and
relativeprices pre-19 7 2 in drivingtherealexchangeratefollowinga…scal
shockwasverysimilar.

P roductivity shocks alsoseem nottohaveasigni…cantimpacton the
realexchangerateuntiltheaccelerationineconomicgrowthpost-19 50 (see
Figure2A ).A fter19 50, therearesignsofasigni…cantH B S e¤ect: theimpulse
responses showaprogressiverealappreciation, andevenafter10 years the
impactontherealexchangerateis sustained. T his suggests thattheH B S
e¤ectisapost-19 45 phenomenonbetweentheU S andU K. Byconstructing
standarderrorswe…ndthatthee¤ectis signi…cantforhorizons beyond4
years, forthepostW orldW arII sample. T he…nalpointtonoteisthatthere
seemstobenoevidencefrom U S-U K datathattheimportanceoftheH B S
e¤ecthasdiminishedovertime.

4.2 U S-Italy
InthecaseoftherealexchangeratebetweentheU S andItaly, theimpact
ofamonetary shock is again seen tobe short-lived (seeFigure3C). T he
standarderrorsshowthat, infacttheimpulseresponsesarenotsigni…cantly
di¤erentfrom zeroforthepost-B retton W oods ‡oat. D uringthe Bretton
W oods period, thedepreciations aremarginally signi…cantbecauseofthe
impactoftherealignments. T heimpulseresponsesuntil19 13areessentially
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insigni…cant. T his is notsuprising. T hemonetaryshocks duringthegold
standardwererelatively contained, and even though Italyabandoned the
gold standard repeatedlyduringthe period 1861-19 13, between theyears
189 6-19 13itpursuedapolicyofmonetarystability. T heexplanationforthe
factthat, duringtheinter-waryearsamonetaryexpansionledtoatempo-
raryappreciationis simple: Followingthestabilisationof19 21, therewasa
periodofgradualmonetarycontractionandtheL irareturnedtotheG old
Standardin19 27 . D uringtheseinter-waryears, anymonetaryexpansionfed
throughtodomesticprices butnotonthenominalexchangerate, thereby
leadingtoadeteriorationincompetitiveness. T heintroductionofadminis-
teredpricespost-19 35 exacerbatedtheposition. O nlywiththeabandonment
ofadministeredprices in19 43-46didhyperin‡ationinItalyrestorethereal
exchangeratetoitsequilibrium level. T helowsigni…canceofthepost-19 7 2
impulseresponses ismoredi¢culttoexplain, exceptthattheinstabilityof
themoneydemandrelationships duringthis periodmayaccountforthis:
monetary growth was perhaps notavery goodmeasure ofthemonetary
stanceatleastuntilthemid-19 80s inthecaseofItaly.

Turningnowtothe …scalshock, in thecaseofthe U S-Italy exchange
rate(seeFigure3B ), a…scalexpansion is seentoleadtoatemporaryreal
depreciation in thepost-19 45 era. H owcanthis beexplained? T hereare
twopossible explanations. First, theapproachwefollowdoes notenable
us topickup a’pure…scalshock’. IntheItaliancasethereis averyclear
andunambiguous correlationbetween…scalandmonetaryexpansions. A s
demonstratedbyFratianni and Spinelli (19 9 7 , 2000), there is considerable
evidence infavourofthe’…scaldominance’hypothesis, wherebytheBank
ofItaly …nanced …scalde…cits throughthecreationofmonetarybase. In
addition, muchofItaly’s investmentin infrastructure inthepost-19 45 era
waspubliclyfunded, andhencewemightbe…ndingitdi¢culttodisentangle
the…scalshockfromapositiveproductivityshockduetopublicinvestment.
Indeed, giventhelimitedextenttowhichmonetaryshockswereimportant
before1965, themixingof…scalandproductivityshocks is themostlikely
explanationfortheseresults. H enceitisdi¢cult, inthesenseofFaustand
L eeper(19 9 7 ) todisentanglea’pure…scalshock’intheItaliancase. A lso,
theBankofItalyonlygradually increased its e¤ective independencefrom
the …scalauthorities from 19 81 onwards, and arguablyonlybecamefully
independentintherun-uptoentrytoEM U inthe19 9 0s. Second, inItaly’s
case themajor…scalexpansion occurs post-1965, and hence the impulse
responsesarenotverysigni…cantuntilthatdate. T hestandarderrorsforour
impulseresponsesshowthattheresultsaremoresigni…cantfortheBretton
W oods periodthanpost-19 80. Ifonere-estimates theBayesian VA R only
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onpost-19 45 data24, oneseesamajorbreakbetweenthepre- andpost-19 7 2
years, withlatterlyamoremarkedtendencyfora…scalshocktogeneratea
temporaryappreciation, as inthecaseoftheU S-U K realexchangerate.

T heresponseoftherealexchangeratetoaproductivity shockin the
Italy-U S caseisofparticularinterest(seeFigure3A ). N otethatthereisno
evidence in favouroftheH B S hypothesis, and indeedthataproductivity
shockgenerates atemporarydepreciationforaperiodofup to4years (of
which the …rst2-3 years are signi…cant, onceonecomputes the standard
errors). T his is probablybestexplained in terms ofthe D evereux (19 9 9 )
model: duringthepost-warera, Italymoderniseditsdistributiveandtrans-
portsectoratthesametimeas its economyopenedup, leadingtoalower
priceoftradables. Inessenceweseem toobserveintheItaliancaseanef-
fectsimilartothatoftheEastA sianeconomies25 intheperiod19 7 0-19 9 5:
fasterproductivitygrowthleadingtonolong-runrealappreciation, andeven
atemporaryrealdepreciation.

4.3 U K-Italy
T hecaseoftheU K-ItalyrealexchangerateisverysimilartotheU S-Italy
case(seeFigure4A -C).T hemonetaryshockdisplaysverysimilarproperties.
T he…scalshockshows, duringthepre-19 13years, sometendencytogener-
ateatemporaryrealappreciation. B utduringthepost-19 50 periodweagain
observeapersistentdepreciation, which is probablyduetoan inability, as
above, todisentanglethe…scalshockfromtheproductivityshock, aspublic
investmentintradablesdrovedowntradableprices inItaly. H owever, again
itshouldbestressedthattheimpulseresponsesto…scalshocksarenotvery
signi…cant, exceptperhapsforaperiodinthelate1960s. T heproductivity
shockshowsagainatendencytogenerateatemporarydepreciation(signi…-
cantforthe…rsttwoyears), againprovidingsupportfortheD evereux(19 9 9 )
hypothesis.

4.4 Variance D ecompositions forthe R ealExchange
R ate

T hepreviousliteratureonmodelingtherealexchangerateusingSVA R has
producedcontrastingresultsontherelativeimportanceofmonetaryshocks.

24T his is notreportedhereforreasonsofbrevity, butis availablefrom theauthorson
request.

25H enceItalyseemstodi¤ermarkedlyfromthecaseofJapan, whichisusuallycitedas
aleadingexampleoftheH B S e¤ect(seeO bstfeldandRogo¤, 19 9 7 ).
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ClaridaandG ali(19 9 4)…ndthatfortheG 7 monetaryshocksaccountforonly
about2-10% ofthevarianceofrealexchangeratechangesoverallhorizons.
R ogers’(19 9 9 )studyusingU K-U S historicaldata…ndsthatmonetaryshocks
accountforbetween19 and60% oftherealexchangeratevariance, whilst
…scalandproductivityshocksaccountforbetween4and26% . T herangeof
resultsemergefromanumberofdi¤erentspeci…cationsforhis VA R .

InthecaseofourBayesianVA R onecancomputeforecasterrorvariance
variancedecompositions(FEV D )foranysampleperiod. Tobetterinterpret
theresultswereporttheforecasterrorvariancedecompositions forasmall
numberofyears: 19 10, 19 30, 19 60 and19 9 5. T hesearerepresentativeyears
duringtheclassicalgoldstandard, theinterwaryears, theBrettonW oodsera,
andthepost-B rettonW oodsera. T hevariancedecompositionsarereported
inTable4.1-3. Itshouldalsobenotedthatthesearepointestimatesofthe
FEV D , andthatinpracticeonecanconstructintervalestimates.

InthecaseoftheU S-U K bilateralexchangerate, Table4.1 showsthat
theproductivityshocksonlyaccountfor5-6% oftheFEV inthepost-W orld
W arII period. T hesamecannotbesaidfortherelative…scalshockand,
toalesserextent, forthemonetary shock. Indeed, forthe fourselected
years, ourindicatorofbudgetbalanceshocks accounts foras muchas 12
to30% oftheexchangerate’s M SE, somewhatin linewithR ogers’(19 9 9 )
…ndings. T heimportanceofmonetaryshocksseemstofadeawayinperiods
of‡exibleexchangerates, whichmayseemstrange, butitbasicallyillustrates
thedecouplingofmonetarygrowthandexchangeratemovementspost-19 80.
T hemostlikelyexplanation, as stressedbyR ogers (19 9 9 ), is instabilityin
moneydemand.

O urresults fortheU S-Italycase(Table4.2) portrayaratherdi¤erent
picture: here, productivityshocks seem tolargelycontribute(15% in19 9 5,
45% in 19 10) totheforecasterrorvarianceofthebilateralexchangerate,
particularly so in the G old Standard years. H owever, the importanceof
productivityshockshasdeclinedsince19 45, andthis con…rms theabsence
ofanH B S e¤ectinthecaseoftheU S-Italyrealbilateralrate.

Finally, Table4.3showsthedecompositioncomputedfortheU K Sterling-
ItalianL iraexchangerate. A s intheU S-U K case, the…scalshocksseemto
contributesigni…cantly(28% ) totheFEV , butonlyinthe G old Standard
years. M onetaryshocks, as notedinthecaseoftheimpulseresponses, are
less important, whileproductivityshocksexplainabout3-4% oftheFEV in
thelatterpartofthesample.
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4.5 D iscussion
O urempiricalresults maybe summarised as follows. First, we …nd that
theevidenceinfavouroftheH B S hypothesis is limitedtooneofthebilat-
eralexchangerates inourstudy(theU S-U K) case, andtothepost-B retton
W oods era. T hefailureoftheH B S priorto19 45 maybeexplainedinvar-
iousways. First, aswenotedinsection2, theH B S hypothesis is basedon
theassumptionofinternationalcapitalmobility. Second, themostdramatic
accelerationinproductivitygrowthcameinthepost-19 45 era. A lthoughthe
U SA enjoyedconsiderableproductivitygains duringtheperiod 1880-19 40,
the H B S e¤ectmighthavebeen o¤seteitherby fastproductivitygrowth
inthedistributionsector, orbythepresenceofconsiderabletari¤ barriers,
whichwereonly slowlydismantledafter19 45. D e facto the international
tradingsystem untilthepost-W orldW arII erawasdominatedbyregional
preferentialtari¤ schemes, whichwouldhaveledtoconsiderabledistortions
inrelativeprices.

Second, we…ndthattheH B S e¤ectisnotpresentinthebilateralexchange
rates between ItalyandtheU S and U K. T heabsenceofan H B S e¤ectis
probablyattributabletothemassiveimprovementinthedistributivenetwork
in Italyduringthepost-W orldW arII era. Inthis sense, Italy’sexperience
seemstobesimilartothatofEastA siainthepost-19 7 0 period.

T hird, ourevidence shows strongsupportforthe description of…scal
policyinstandardintertemporalopeneconomymodels. Fiscalexpansionsin
theU S-U K casetendtogeneratetemporaryrealappreciations, butthereis
nolong-runimpactontherealexchangerate. InthecaseoftheU S-U K and
Italy-U K, thetemporaryloss incompetitiveness followinga…scalshockis
alsodetectedduringtheclassicalgoldstandard, buttoalesserextentthanin
thepost-19 50 period. D uringthe…xedexchangerateregimesthemechanism
operatesthroughtheimpactof…scalpolicyondomesticdemandandrelative
prices. Interestingly, post-19 7 2 thereappears tohavebeenlittlechangein
thedynamicsoftheimpactof…scalpolicyonrealexchangeratescompared
totheBrettonW oodsera26.

Fourth, as predictedbystandardtheory, monetaryshocks onlyhavea
verytemporaryimpactontherealexchangerate, lasting1-3years. Perhaps
surprisingly, asimilartrend is observedduring…xed-rateregimes. D uring
theBrettonW oodsyears this is probablybestexplainedbytheoccasional
realignments in thenominalexchangerate. T his datum is alsocon…rmed
bytheforecasterrorvariancedecompositionanalysis, whichalsoseems to

26In thecaseofItaly, itis di¢culttodisentanglethe…scalshockfrom themonetary
andproductivityshockinthepost-19 50 era. Ingeneralthe…scalshocksdonotexerta
signi…cantimpactontherealexchangerate.
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con…rmarecurrentunimportanceofsuchshockscomparedtotheotherswe
identi…edinexplainingtherealexchangerates’M SE.IntheItaliancase, the
interwaryearsshowatendencyformonetaryshockstoleadtoalossincom-
petitivenessasthenominalexchangeratewasmaintainedatanincreasingly
unsustainableparitywithgold.

5 Conclusions
Inrecentyears, thetheoreticalliteratureonopeneconomymacroeconomics
hasfocusedontheimportanceof…scalpolicyandproductivitygrowthinde-
terminingtrendsinrealexchangerates. Inpartthishasbeendrivenbythe
observationthatdeviationsfrompurchasingpowerparityareextremelyper-
sistent(seeR ogo¤, 19 9 5, 19 9 6). H owever, withnotableexceptions (Rogers,
19 9 9 ), mostempiricalstudiestendtofocusonthepostBrettonW oodsera.
T hismakes itdi¢culttodetecttheimpactofproductivitytrends, as pre-
dictedbytheH arrod-Balassa-Samuelsonhypothesis. Italsomakesitdi¢cult
toverifyif, aspredictedbystandardintertemporalopeneconomymacroeco-
nomics, …scalshocks donothavealong-run impactontherealexchange
rate.

Byusingdataforover120 years forthreeindustrialisedeconomies ina
structuralVA R model, weprovideanewperspectiveonthese issues. W e
haveshownthatthereisonlylimitedsupportfortheH B S hypothesis. H ow-
ever, as explainedbyanumberofauthors, notablyBursteinetal. (2000),
andD evereux(19 9 9 ), theH B S hypothesis isbasedonaveryparticularthe-
oreticalmodelandrapidproductivitygrowthmaynotnecessarilyleadtoa
fastergrowingdomesticpricelevelandanappreciatingrealexchangerate.
O urempiricalevidenceintheItaliancaseshowsconsiderablesupportforthis
alternativeperspectivetoH B S. O urempiricalexerciseprovidesausefulad-
juncttopaneltestsoftheimpactofproductivitygrowthonthedistributive
sectorandtheH B S hypothesis(M acD onaldandR icci, 2001).

T heotherinnovativeaspectofourstudyistheuseofatime-varyingVA R
toaccountforpolicyregimechanges, andforshifts intheunderlyingpro-
ductionstructureintheseeconomies overthelongsampleperiods studied.
O urmodelsshowveryclearlythattheimportanceof…scalandproductivity
shockshas increasedsince19 45. T heuseoftime-varyingmodelsalsoallows
ustopointoutthesimilaritiesofthedynamicsof…scalshocks in…xedand
‡exible exchangerateregimes. In addition, itclearly shows theverydif-
ferentoperationofmacroeconomicpolicy in thepost-19 45 era, with …scal
andmonetarypolicyexplainingamuchgreaterproportionofthevariability
oftherealexchangerateduringBretton W oods than duringtheclassical
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goldstandard. T his provides anexplanationfortheobservation in R ogo¤
(19 9 5, 19 9 6) thatdeviationsfrom PPP havebecomemorepersistentinthe
post-W orldW arII era.
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Tables

U S-U K horizon Y ! q G ! q M ! q q ! q

19 10 h =

1
2
3
4
5
10

0:0 4 10
0:0 4 10
0:0 4 11
0:0 4 12
0:0 4 12
0:0 4 13

0:1797
0:1797
0:1797
0:1797
0:1797
0:1797

0:0 62 0
0:0 62 1
0:0 62 2
0:0 62 2
0:0 62 2
0:0 62 2

0:7170
0:7169
0:7168
0:7167
0:7167
0:7167

19 30 h =

1
2
3
4
5
10

0:0 0 0 4
0:0 0 0 7
0:0 0 19
0:0 0 38
0:0 0 58
0:0 130

0:30 93
0:30 92
0:30 88
0:30 82
0:3076
0:3054

0:0 2 52
0:0 2 52
0:0 2 52
0:0 2 52
0:0 2 51
0:0 2 4 9

0:664 9
0:6647
0:6639
0:662 6
0:6612
0:6565

1960 h =

1
2
3
4
5
10

0:0 0 36
0:0 0 56
0:0 0 91
0:0 14 2
0:0 2 0 3
0:0 578

0:1972
0:1968
0:1961
0:1952
0:194 0
0:1866

0:0 50 8
0:0 506
0:0 503
0:0 4 99
0:0 4 96
0:0 4 77

0:74 82
0:74 68
0:74 4 3
0:74 05
0:7360
0:7078

19 9 5 h =

1
2
3
4
5
10

0:0 0 33
0:0 0 51
0:0 0 82
0:0 12 7
0:0 183
0:0 551

0:12 4 2
0:12 4 0
0:12 36
0:12 31
0:12 2 4
0:1178

0:0 073
0:0 072
0:0 070
0:0 0 69
0:0 0 69
0:0 0 66

0:8650
0:8636
0:8610
0:8571
0:852 2
0:82 0 3

Table4.1. Forecasterrorvariancedecomposition, U S-U K,
18 7 2-19 9 8.

T hecolumnheaderX ! qreferstotheproportionofforecasterrorvarianceof
thebilateralrealexchangerateq, h periodsahead, accountedforbyinnovations
invariableX , whereY = di¤erentialintheproductivitylevels;G = di¤erential
intherelative…scalstance;M = di¤erentialinrelativenominalmoneygrowth

(seemaintextfordetails).
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U S-Italy horizon Y ! q G ! q M ! q q ! q

19 10 h =

1
2
3
4
5
10

0:4 510
0:4 518
0:4 52 5
0:4 531
0:4 535
0:4 54 1

0:0 0 12
0:0 0 12
0:0 0 12
0:0 0 12
0:0 0 12
0:0 0 12

0:0 10 8
0:0 10 8
0:0 10 8
0:0 10 8
0:0 10 8
0:0 10 8

0:5368
0:5360
0:5354
0:534 7
0:534 4
0:5338

19 30 h =

1
2
3
4
5
10

0:1876
0:1860
0:1847
0:1836
0:182 7
0:180 2

0:0 0 0 2
0:0 0 0 2
0:0 0 0 2
0:0 0 0 3
0:0 0 0 3
0:0 0 0 3

0:0 0 0 0
0:0 0 0 0
0:0 0 0 0
0:0 0 0 0
0:0 0 0 1
0:0 0 0 1

0:8119
0:8136
0:814 9
0:8159
0:8168
0:8193

1960 h =

1
2
3
4
5
10

0:2 0 2 6
0:2 0 0 2
0:1974
0:19 4 9
0:19 2 9
0:19 0 4

0:0 110
0:0 111
0:0 112
0:0 113
0:0 114
0:0 115

0:0 0 4 4
0:0 0 4 5
0:0 0 4 5
0:0 0 4 6
0:0 0 4 6
0:0 0 4 7

0:7818
0:784 0
0:7866
0:7890
0:790 9
0:7932

19 9 5 h =

1
2
3
4
5
10

0:152 0
0:14 9 2
0:14 58
0:14 2 6
0:14 0 1
0:1367

0:0 0 50
0:0 0 51
0:0 0 51
0:0 0 52
0:0 0 52
0:0 0 53

0:0 0 13
0:0 0 13
0:0 0 14
0:0 0 14
0:0 0 14
0:0 0 15

0:84 14
0:84 4 2
0:8475
0:850 6
0:8531
0:8564

Table4.2. Forecasterrorvariancedecomposition, U S-Italy,
1868-19 9 8.

T hecolumnheaderX ! qreferstotheproportionofforecasterrorvarianceof
thebilateralrealexchangerateq, h periodsahead, accountedforbyinnovations
invariableX , whereY = di¤erentialintheproductivitylevels;G = di¤erential
intherelative…scalstance;M = di¤erentialinrelativenominalmoneygrowth

(seemaintextfordetails).
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U K-Italy horizon Y ! q G ! q M ! q q ! q

19 10 h =

1
2
3
4
5
10

0:0 0 2 1
0:0 0 2 1
0:0 0 2 2
0:0 0 2 2
0:0 0 2 2
0:0 0 2 2

0:2 872
0:2 871
0:2 871
0:2 871
0:2 871
0:2 871

0:0 174
0:0 174
0:0 174
0:0 174
0:0 174
0:0 174

0:6933
0:6933
0:6933
0:6933
0:6933
0:6932

19 30 h =

1
2
3
4
5
10

0:0 698
0:070 3
0:070 9
0:0716
0:072 2
0:074 2

0:0 0 0 8
0:0 0 0 8
0:0 0 0 8
0:0 0 0 7
0:0 0 0 7
0:0 0 0 7

0:0 0 0 2
0:0 0 0 2
0:0 0 0 2
0:0 0 0 2
0:0 0 0 2
0:0 0 0 2

0:9 2 9 2
0:9 2 87
0:9 2 81
0:9 2 74
0:9 2 68
0:9 2 4 8

1960 h =

1
2
3
4
5
10

0:070 1
0:0 69 0
0:0 678
0:0 665
0:0 654
0:0 62 4

0:0 0 85
0:0 0 85
0:0 0 85
0:0 0 85
0:0 0 86
0:0 0 86

0:0 72 5
0:0 72 5
0:0 72 5
0:0 72 5
0:0 72 5
0:0 72 4

0:914 1
0:9151
0:9163
0:9176
0:9186
0:9116

19 9 5 h =

1
2
3
4
5
10

0:0 4 35
0:0 4 19
0:0 399
0:0 378
0:0 358
0:0 2 91

0:0 079
0:0 079
0:0 0 80
0:0 0 80
0:0 0 80
0:0 0 81

0:0 0 90
0:0 0 90
0:0 0 90
0:0 0 90
0:0 0 90
0:0 0 91

0:9395
0:94 10
0:94 2 9
0:94 50
0:94 70
0:9535

Table4.3. Forecasterrorvariancedecomposition, U K-Italy,
18 7 2-19 9 8.

T hecolumnheaderX ! qreferstotheproportionofforecasterrorvarianceof
thebilateralrealexchangerateq, h periodsahead, accountedforbyinnovations
invariableX , whereY = di¤erentialintheproductivitylevels;G = di¤erential
intherelative…scalstance;M = di¤erentialinrelativenominalmoneygrowth

(seemaintextfordetails).
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