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Abstract

In manyeconomiesthe monetarypolicy instruments thelevel of short-termnominalinterest
rates butthemonetarypolicy stancemight be bettercharacterisedy the ex-ante realinterestrate
thatthis nominalrateimplies, relativeto some'neutral’ or ‘natural’ realrateof interest.In this
paperthenaturalrateof interestandtherealinterestrategap— the differencebetweerthe actual
andthenaturalrealrateof interest- areestimatedy applyingKalmanfiltering techniquego a
small-scalemacroeconomieodelof the UK economy.n this model,therealinterestrategap,
theoutputgapandinflation arerelatedvia IS-curveandPhillips-curverelationships The natural
rateof interestis definedasthelevel of (ex-ante) realinterestratesthatis consistentvith anoutput
gapof zero,thatis outputatits naturallevel, in the mediumterm. Basedon theseestimatesthe
paperexaminesvhetherempiricalmeasuresf therealinterestrategaparea usefultool for
policymakers- do they containadditionalinformation relativeto the estimatedutputgap,and
doestherealrategaphaveleadingindicatorpropertiedor the outputgapandinflation?Are these
gapestimatesof practicalusein apolicy setting?The paperfindsthattherealrategaphasleading
indicatorpropertiedor boththe outputgapandinflation. Importantly,thesepropertieshavevaried
considerablyovertime: breakingthe sampleinto four subsamplest appearshattheleading
indicatorpropertiedor boththe outputandrealrategapweresubstantiallystrongerfor the
subsamplehatcoversmostof the 1980s.After theintroductionof theinflationtarget,post1992,
therelationshipbetweertherealinterestrategapandthe outputgapstrengthenshut theleading
indicatorpropertieof thesegapsfor inflationdiminish,asmight be expectedinderan

inflation-targetingregime.
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Summary

Comparingshort-termnominalinterestrateswith somebenchmarkevelcanprovidea measureof

policy stanceandhencemay provide anindicationof whetherinflationwill riseor fall in the

future. Onesuchbenchmarks the naturalrateof interest.In this paperthe unobservabl@atural
realrateis edimatedandtheleadingindicatorpropertiesf therealrategap- thedifference

betweerthe estimatedactualrealrateandthe estimatecdhaturalrate- for inflationoverthe past

40 yearsareassssed. The estimdesof the naturalrateof interestin this papercanbeinterpreted

as being like an intercept in a policy rule: so a real rate gap of zero - that is setting actual real rates
equalto thenaturalrate- is consistentvith anoutputgapof zeroandwith stableinflationin the
mediumterm,while a negative(positive)realrategapis consistentvith a positive(negative)

outputgapandwith rising (falling) inflation.

Because the natural rate of interest is unobservable there are a variety of possible approaches to
obtain estimates of it. At one end of the spectrum, one could use a fully specified dynamic
general equilibrium model. The main advantage of this approach is that the estimates of the
natural rate - and other elements in the model - could be given full structural interpretation.
However, where such models have been logditised around a non-stochastic steady state they
cannot be used to make inferences about low-frequency movements in the natural rate of interest,
because the long-run natural rate, by construction, is constant. At the opposite end of the
spectrum of possible approaches one could use long-maturity index-linked bond yields or simple
filtering. This approach has the advantage that it does not require any estimation or modelling.
However,suchanapproactwould not allow a structuralinterpretatiorof the estimatesandthey

could not be construed as a direct guide to monetary policy. The approach taken in this paper lies

somewhere in between these two extremes.

Here, the natural rate of interest is estiethtising Kalman filtering techniques in a small
semi-structural model of the UK economy. Because these estimates are obtained using a
semi-structural approach, they can be interpreted as economically meaningful, so they are
preferable to estimates obtained from bonddsebdr simple filtering. On the other hand, the
combination of a relatively sparse theoreticalisture with a data-driven filtering approach allows

for low-frequency movements in the natural rate of interest and means that the estimated levels of

the natural rate are not tied to some calibrated long-run value.



The paperprovidesestimate®f expectednflationalongwith estimate®f realrategaps,output
gapsandunemploymengapswhich all appeaibroadly plausible. Theestimate®f therealrate
gaparefoundto havehadleadingindicatorpropertiedor boththe estimatecdutputgapand
inflationoverthe sanpleasawhole. Howeve, the paperalsofinds evidenceof substantial
variationin theindicatorpropertiesovertime. Breakingthe sampleinto four subsampleg
appearshattheleadingindicatorpropetiesfor boththe outputandrealrategapwere
substantiallystrongerfor the subsampleéhatcoversmostof the 1980s.After theintroductionof
theinflationtarget,post1992,therelationshipbetweertherealinterestrategapandthe output
gapstrengthensyutthe leadingindicatorpropertiesof the estimatedyapsfor inflationdiminish,

asmight be expectedinderaninflation-targeng regime.



1 Introduction

Thenaturalrateof interestis anobjectof interestto monetarypolicy makers:dependingnthe
exactdefinitionof the conceptthe naturalratemaytell the policy makerexactly whatthe policy
rateshouldbe (Woodford(2003)in his interpretdion of Wicksell (1898)),or, combinedwith the
currentpolicy rateanda measuref inflationexpectationsindicatethe currentpolicy stanceln
this paperwe pursuethe secondinterpretatio by applyingKalmanfiltering techniquego UK
macroeconomidatato estimatgointly unemploymentputputandrealrategaps.alongwith
expectednflation. The baselinemodelis a simplemacromodelwherea positiverealrategap,the
differencebetweerthe expectedshort-ternrealinterestrateandthe naturalrate,causes negative
outputgap,thedifferencebetweerthe actualand the naturallevel of output,whichin turnis
relatedto theunemploymengap,thedifferencebetweerthe actualandthe naturalrateof
unemploymentyia avariantof Okun’slaw. Inflationexpectationsireformedaccordingo a
generalisedPhillips curve. Thenaturalrealrateof interestaccordingo this definition, is thereal

interestrateconsistentvith anoutputgapof zeroin themediumterm @

We follow a simplemethodologyfirst estimatinghe modelparameter# blocks,andthenjointly

filtering the datato obtainestimategor the gaps.

Armedwith theseparameteestimatesye canidentify thetime-varying naturallevel of output,
the naturalrateof unemploymenandthe naturalrateof interest.We canthen,in a straightforward
empiricalexerciseassesthe extentto which thesemeasuresreusdul in a practicalpolicy
setting.We first askwhetherthe estimatedygps areconsistentvith our priorsabouteconomic
historyandpolicy developments—thas, do the estimatepassthe ‘plausibility test'? To what
extentdo the estimateprovidemeaningfulinsightson the developments output,inflationand
interestrates?Secondwe addressheissueof which measures mostusefulasanindicatorof
futureinflation or of ‘inflationarypressure’ While a policymakemwill alwayswantto consicer
morethanoneindicator,it is nonethelessensibleo askwhich gaphasthe strongestndicator
propertiedor futureinflation. Third, we askwhatwe havegainedby imposinga modelstructure

and using a maximum likelihood estimation technique. Would we be equally well off using simple

(1) We use the terminology ‘natural’ and ‘gaps’ for output, real interest rates and unemployment. In principle, we
should always use inverted commas: there is nothing natural about the natural rate of interest, and, perhaps more
importantly, there is a range of different definitions of what constitutes ‘natural’ and a ‘gap’. It is not suggested that
the UK monetary authorities either did, or indeed should have, identified or responded to the particular concepts as
defined and estimated here.



univariatefiltering techniquesA key point of the exercises to demonstrat¢hatjoint estimation

of amodelof this natureresultsin aninformationalgain.

We find thatthe samplewe studyis characerisedby substantialariationin the behaviourof all
thevariables.In summarytheestimate®f thereal interestrate,the outputandthe unemployment
gaplook plausible andaccordwith our prior beliefson theimpactof economiceventsovertime.
We find the estimatechaturalrateof interestto be negativetowardsthe endof the 1970s,in line
with our ex-ante realinterestrateestimates.But sincethe mid-1980s both ex-ante andnatural
realratesof interesthavebeenpositive.In line with our interpretatiorof our naturalrateestimates
asbeinglike aninterceptin apolicy rule, we describgheseestimatessbeingconsistentvith the
propositionthatpolicy in thefirst periodwasrelatively unresponsivéo inflation, while policy in
thelatter periodhasbeenmoredirectly focusedon controllinginflation. In termsof indicator
propertieswe find thatwhile boththe outputgapandtherealinterestrategaphavedesirable
indicatorpropertiedor inflationoverthe sampleasawhole,in line with thefinding by Neissand
Nelson(2001),this relationshiphaschangedsulbstantiallyovertime. Breakingour sampleinto
four subsamplesye find the leadingindicatorpropertiedor boththe outputandrealrategapto

be substantiallystrongerfor the subsampleéhatcomprisesnostof the 1980s.After the
introductionof theinflationtarget,post1992, therelationshipbetweertherealinterestrategap
andthe outputgapstrengthengyut theleadingindicatorpropertiesof bothfor inflation
diminishes We arguethatthis is consistentvith the notionthatnominalinterestratesaffectthe
outputgapvia therealrategap,andthatpolicy is conductedwvith the aim of keepingexpected
inflationconstaneandactualinflationcloseto target:in thelanguageof policy rules,if policy were
implementedy changingtherealinterestrategap,usingshorttermnominalratesasthe
instrumentjn responséo changesn the outputgapanddifferencedetweerexpectednflation
andthetargetrate,thenthe deviationbetweerthe actual inflationrateandtargetratewill beclose
to white noise:and,with a constantargetrate,therewill beno correlationbetveenthereal

interestrateandoutputgapson the onehand,andinflation on the othe®

The theoretical structure we impose on the datieigberately relatively sparse. The reasoning
behind this choice is essentially one of simplicity and empirical robustness. Essentially, our model
consists of generalised IS and Phillips curves, with additional, largely statistical, assumptions

about the behaviour of the natural rate of interest, the natural level of output, and the natural rate

(2) Pleaseotefootnote(1). Thereis nosuggestiorin thisline of argumenthat UK monetarypolicy canbe
described by or has followed such a rule.
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of unemploymentwe imposerelativelylittle structure and‘let thedataspeak’.

LaubachandWilliams (2003)addfurtherstructureby assuminghatthe naturalrateof interestis
relatedto trendgrowthof output,by referenceo the ‘standard’consumptiorEulerequationfrom
anoptimalgrowthmodel. Svenssor§2002),in his discussiorof LaubachandWilliams (2003)at
the AEA AnnualMeetings pointsoutthatevenwith suchanadditionalassumptionthe model
structureis still insufficientrelativeto the ‘minimum necesary modelstructure’thatis neededo
identify the naturalrateof interest.Svenssormrgueghatafully specifieddynamicgeneral
equilibriummodel,with sufficientstructureto identify therealinterestratein aflexible-price
economyijs theminimumnecessargetof assumptionseededo producea measuref the

naturalrateof interestthatcanbegivena structuralinterpretation.

Svensson'interpretatiorof the conceptof the naturalrateof interestessentiallycoincideswith
thatof Woodford(2003)andNeissandNelson(2001).On this view, the naturalrateof interestis
therealinterestratein aneconomycharacterise8y fully flexible prices,or, equivalentlythereal
interestratethatequatesctualoutputwith potentialoutputin a sticky-priceeconomy.By this
precisedefinition,it immediatelyfollows thata dynamicgeneralkequilibriumstructureis
necessanhut alsosufficient:if aprecisemodelhasbeenspecifiedthenthereis no needto usea
statisticattechnique suchasthe Kalmanfilter, to uncoveratentvariables pecause¢hesecanbe
computedirectly from themodel. And theresultingestimatesanbe treatedasprescriptiongor
monetarypolicy: if optimalmonetarypolicy entals settingactualoutputequalto potential,then
the naturalrateof interestcalculatedrom this modelprovidesa directreadon theright level of

realinterestrates.

At theotherendof themodellingspectrumwherelessor no structurels imposedthe ‘naturalrate

of interest’couldbe estimatedy applyingsimplefiltering techniquessuchaslineardetrending,
movingaverage®r Hodrick-Prescotfiltering, of measuresf therealinterestrates,or simply as
long-term real interest rates on real assetsh stsc(forward) real interest rates implied by
index-linkedgilts in the United Kingdomor Treasuryinflation Proteced Securitiesn the United

States. This latter approach has been used to measure ‘equilibrium real interest rates’ in the United
States by Bomfim (2001). Using such an approach, no structural interpretations of the estimates

are possible, and the estimates cannotdrstued as a direct guide to monetary policy.
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We arguethata modellingapproachn betweertheseextremesshouldprovidea usefultool for
monetarypolicy makers.Conceptuallythe dynamicgeneralkequilibriumapproachs desirable,
becausét providesadirectreadon optimalpolicy andaframeworkin which the movementsn
thenaturalrateof interestcanbe givena structuralinterpretation But in practice constructingand
estimatinga modelthatwould be consideredcredible’ by policymakershy virtue of desirable
featuresor somemeasuref fit with thedata,is not a straightforwardask. And solution
techniquesndcalibrationtechniquegprovideanadditionalobstacle:asLaubachandWilliams
(2003)point out, modelsthatrely on log-linearapproximationgrounda non-stochastisteady
statecannotbe usedto makeinferencesboutlow-frequencymovementsn the naturalrateof
interestbecaus¢helong-runnaturalrate,by constructionjs constant.The stateof dynamic
generakequilibriummodellingin thefield of mondary economicss clearly progressingtarapid
rate,with modelssuchasChristiano EichenbaumandEvans(2001)andSmetsandWouters
(2002)providing clearimprovement®verthe simplestbaselinenodels,suchasCooleyand
Hansen(1989),andpolicy models suchasthosedevelopedy somecentralbanks seeegHunt,
RoseandScott(2000),relying increasinglyon structuraffeatures On the otherhand,a statistical
approachwith no economianodelatall, is lessusefulin a policy context,becaus®f thelack of
structuralinterpretationlf the naturalratemeasuralerivedfrom sucha modelhasleading
indicator properties, are these permanent/structural features, or functions of the shocks hitting the

economy in a particular period?

An approachhatincludessomestructurebut allowsfor moreempiricalflexibility is usefulwhen
assessing the real interest rate and the output gap in the United Kingdom. Over the sample we are
considering, the UK economy is characterisedabyjumber of large shocks and structural changes,

so it is unlikely that a model without some allowaor changes in structural variables, such as

the level of the natural rate of interest, willgside an adequate tool when making an assessment
over time. By pursuing an approach that entails less structure than a dynamic general equilibrium
model, we, loosely speaking, lose the ability to provide a structural interpretation of the data, but
gain a better fitting explanation. The main focus of the paper is to provide a useful tool for
interpreting the data, and provide a feel for the extent to which the estimates of the output and real

rate gaps are useful, in the sense of having informational content, in a policy context.

With this approach, we are clearly not in a position to identify the estimated natural rate of interest

as the ‘optimal interest rate’ in the sensemosed by Woodford (2003). We follow Laubach and
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Williams (2003)by interpretingthe naturalrateestimatesasbroadlymeasuringheinterceptterm
in apolicy rule, but, in line with Woodford’sdefinition, doingsofrom therealside.We do not, at
this stagemodelpolicy: thatis nominalinterest ratesaretakenasexogenouslgiven,and,unlike
PlantierandScrimgeour(2002),we do not attemptto characteris@olicy in theform of a policy

rule.

We havealsoestimatedhe naturalrateof unemploymentBut the naturalrateof unemployment
playsonly asmallrole in our analysis—wedo not claim thattheseestimatesreparticularly
accurateor interestingn themselvesThe estimatedunemploymengapprovidesa useful

cross-checlontheestimate®f therealrateandthe outputgap.

Theremaindeof the papers organisedasfollows. In Section2, we outlinethe model,while
Section3 discusseshe estimationprocedureandthe parameteestimatesSectiond discusseghe

propertiesof our estimateandassessheir usefunessin a practicalsetting.Section5 concludes.
2 Themode

Thekey componentn our modellingstrategyis arelationshipbetweertherealrateandthe output
gap,whichwe describeasa ‘generalisedS curve’.
Yo = ¢(L)YE — (L) ((it = meqan) — 1) + &€ (D)
Theoutputgap,or thecyclical componenbf output,is the differencebetweenlog) outputandthe
naturallevel of output,y,", whichin turnis assumedo follow arandomwalk with drift J:
ytN = yt,\i1+5+8tyN (2
We haveassumedhatthedrift term,d, is constanbvertime—effectivelyassuminghattrend

growthin the UnitedKingdomis constanbverthe sample We discusghis assumptiorater.

The real rate gap is the difference between the expected real rate in pe(ﬂoel m+1|t) and the
natural rate of interest,N. Herei, is the policy rate, that is a nominal risk-free rate for petipd
while 7, ,is inflation in period tje fromt tot + 1. The subscript |tindicatesexpectatiorof 7,

conditional on information at time

A key assumption of our model is that the parameters in the IS c#iraadx, are constant over

time. The error terms and the addition of lagged values of the output gap will account for

13



transitoryshocksandfor short-rundynamicsputlow-frequencychangesareassumedo be
accountedor by movementsn the naturalrateof interest.The naturalrateof interestis assumed

to evolveaccordingto arandomwalk: ©

rtN = rt’\ll + ‘9tN (3)

So,asmentionedn theintroduction,unlike LaubachandWilliams (2003)we do notimposeany

theoreticabpriorson movenentsin the naturalratein generalandin particularpostulateno

relationshipbetweerthedrift term¢ andthe naturalrateof interest.

Inflation expectations are modelled as a ‘generalised Phillips camgeHamilton (1985). Actual
inflation in period is equalto expectednflationplusarandomerror,andwe modelexpected
inflationasa functionof expectedandactualpastoutputgaps,of pastinflation,andof past

expectednflation:

Ty = Wy—1+&f (4
Ty = Bot D BiYoiat D7 iTiniat D vimi e ©)
j=1 j=1 j>1

Our measuref inflationis aconsumepriceindex, theretail priceindex. We havenot excluded
anycomponent®f theindexto arriveata ‘core’ measureandequallyhavenotincludedany
exogenousariablessuchasoil or commodityprices,asexplanatorywariables.The functional
form we haveadapteds sufficientlyflexible, in our view, to dealevenwith largeshocks provided
thesearesimultaneousr near-simultaneoushocksto inflation and inflation expectatiof$. To
give thePhillips curveasensibldong-runinterpretatiorwe haveimposedherestrictionthatthe
coefficientson thelagsof actualandexpectednflationsumto 1—thatis >, y ; + >, w; = 1.
This ensuregqualitybetweertheinflationtermson theleft andtheright-handsideof (5) sothat

in thelong run, thereis norelationbetweercyclical outputandinflation.

As thefinal componentf themodel,we assumehatthe cyclical componenbf unemployment,

(3) Wehavealsoexperimentedavith an AR(2) specification.

(4) Wehaveexperimentedvith analternativeinflation seies which has been adjusted to take aototia number of
largepricelevel shockswhich occurredn the UK overour sanpleperiod- for exampletheintroductionof price
controlsandtheir subsequermemoval(1972Q4-1974Q2); theintroductionof VAT in 1973Q2; theoil and
commoditypriceexplosionsof 1972-74 the VAT increasen 1979Q3; andthe communitychargeintroductionin
1990Q2. Wefind thatusingthis alterrativeinflationseriesmakedittle differenceto theresultspresentedh this
paper. To constructhealternativeinflationserieswe followed the approacttakenby NelsonandNikolov (2002).

14



uf is relatedto to the outputgap,in whatwe labela ‘generaliseddkun’slaw’, thatis
ud = a(L)yy +e° (6)

Our modelof the naturalrateof unemploymentu, is particularlysimple,assuminghatthe

naturalrateevolvesaccordingto arandomwalk:

u = u4uf

U = UtN—l"'EtUN (7)

As mentionedn theintroduction,the naturalrateof unemploymenplaysasmallrole in our
analysis. We acknowledgehefact thatestimationof the naturalrateof unemploymenis a
difficult taskin its own right anddo not claim thattheseestimatesrepatticularly accurateor
interestingn themselvesWe emphasis¢hatthis minimalistapproacho modelling
unemploymenteflectshatwe wish to exploit potentialinformationin unemploymentatafor
estimationof outputandrealinterestrategapswhile notimposingexcessiveonstraintonthe

estimationproblem.

We allow boththe naturalrateof interestandthe naturalrateof unemploymento evolve

accordingo arandomwalk. For the unemploymentate, this clearlyimplies misspecificationas
therateis boundedoelowat zeroandaboveat 1. And arguablythe naturalrateof interestcannot
permanenthbe negative andis henceboundedelow. In eithercase py makingthe randomwalk
assumptionwe cancapturevery persistentnear-unitroot behavwour in a convenientvay, butthe
issueshouldobviouslybe keptin mind wheninterpretingthe resultingestimates.However,given

the persistenbehaviourof unemploymenandinflationoverour sample specifyingthe natural

rates of interest and unemployment as random walks allows us to model the gaps as stationary
processes. That all the gaps in the model are stationary is clearly a desirable property for our

model.
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3 Estimating the model parameters

Our empirical implementation of the model discussed in the previous section is summarised by the

following set of equations:

2
Yo = Z¢5j yfi,- = ((ic1 — wyemn) — 1) + el (8)
=1 4 4 4
Ti-1 = ﬁo-f-zlﬁjytc_m_l-l-jzlyjnt_j|t_j_l+jzly,jnt_j +ere ©)
ur = 05th_1]+ &c (10)
Ty = Ty—1+ &l (12)
rtN = rt’\il + 8tN (12)
u = u+uf (13)
u' = uY,+e™ (14)
Yo = Wy (15)
Y = Yato+ & (16)

Here, we assume that an AR(2) is sufficient to characterise the dynamics of the output gap,
conditional on just one lag of the real rate gap. N#we assumed that only one lag of the real rate
gap enters the IS curyeve have experimented with two and more lags, but, as discussed in further
detail below, estimating proves difficult, and more lags would increase the dimensionality of

these problems.

Under the assumption that the error terms are normally distributed, the estimation problem can be
described as determining estimates of the param@;ﬁqrs;ﬁz, K, Bo BV > Vi 5} ,

j =1, 2,3, 4, and the seven series of shocks with their associated standard errors,

{oyc. oyn. Ouc, OuN, O, 0z, orn} . The model can be cast in state-space form, with

{rN, yN, uY, ¢} constitutingthe unobservedtatevariables®

(5) Thestatevectoralsoincludeslagsof thesevariables.
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3.1 Theblock approach

In principle, this model can be estimated by maximum likelihood using standard Kalman filtering,
yielding parameter estimates and, by subsedfilegring, estimates of the unobserved variables.

In practice, this approach has proved unsuccessful on UK data: we cannot estimate the parameters
of the model by a system approach and get ‘sensible’ and interpretable estimates of the parameters
of the unobserved state variables. Ouriiptetation of this problem is partly one of

dimensionality, and partly one of the relatively poor fit of the IS curve to UK data, in particular a
problem of determining the parameter estimate.dfVe discuss this issue in detail below. We

have tried to reduce the problem of dimensionality by reducing the number of parameters in the
Phillips curve: while this substantially improves the significance and precision of the parameter
estimates in the Phillips curve, it does not materially improve our ability to provide significant

estimates ok.

Having failed to obtain reasonable systensdxmaximum likelihood estimates, we proceed
instead by applying maximum likelihood techniques to blocks of the models. Having obtained
parameter estimates from this, we filter the modedlbtain joint estimates of the natural rates and
levels and the standard errors of the associatedkshdn the following, we first discuss this block

approach before turning our attention to the joint filtering stage.

Because the model is a set of simultaneous equations with unobserved variables, we cannot
straightforwardly apply single-equation techniques. We proceed by first obtaining initial estimates
of the output and unemployment gap, and thse these gaps to estimate the remaining model
parameters, conditional on these initial gap estimates. In practice, we do this by exploiting the
state-space representation of the Hodrick-Pri¢§itter, see eg Stock and Watson (1999), to obtain
initial estimates of the output and unemploymgaps. We replace the equations characterising
the natural rate of unemploymefid) and natural level of outpfl6) with the following set of
equations:

up =20y — gy + e (17

v =2y -y, + 8tyN
while maintaining the assumption th#t = ayC. Furthermore, we assume that the signal to noise

ratio—that is, the ratio between the standard errors of the shocks to the natural and cyclical

components of output and unemployment—can be characterised by two corggtants,, so

17



that:

OyN Z\/mﬂyc; O uN :«/@UUC (18)
Thisin turnimpliesthat
Ouc = Q0 yCc; OuN :a«/@‘fyc (19)

sothatfor afixed (0, 02), theproblemreducego estimatingx ando ,c. In calibratinga,, the ratio
betweerthe shockto naturalandcyclical output,we follow StockandWatson(1999)andset

0. = 0.675/1000.Basedon experimentationvith variousvalueswe calibratethe secondatio as
02 = 01/10.0)

Fromthis first stage we obtaina preliminaryestimateof the outputgap,which we label §¢. We
thenproceedo estimatethe parametersf the Phillips curve(9), that is{ﬁj, Vs WjsOuns a,,e},
treatingthe outputgapasanexogenouwvariableby replacing{ytc_jlt_l} with ytc_j. From this
estimationprocedureye alsoobtaina seiesfor expectednflation, 7z, whichwe usein the

subsequergstimationof thelS curve,(8).

TableA present@ summary of all the parameteestimate®btainedusingour block estimation
approach Startingwith the outputandunemploymenblock, we find thatwe obtaina negative
valuefor the Okun’slaw coefficient,significantlylessthanzeroandalsogreaterthan-1, according
reasonablyvith whatwe would expectfor this relationship.The estimateof the standarcderrorof
shockso the outputgapis 1.8%andstatisticallysignificant. This valueis quitelarge,butthisis
unsurprsing giventhe natureof the multivariateHP filter. The estimate®f the Phillips curve
parameterareall insignificant,apartfrom the estimateof 5, the secondag of the outputgap,

ando ., thestandarcderrorof the shocksto actualinflation.

The insignificance of the parameter estimates is, at least in part, down to the number of lags we
have allowed: testing down for significance, we can obtain a specification where all the parameters
are significant. A likelihood ratio test indicates that this reduced model is superior to the full

model. We report these estimates in the third and fourth column of Table A. With this

specification we find that the constant term is insignificantly different from zero, which accords

with our rational expectations specification. Reassuringly we also find that the output gap has a

(6) Whetherthesevaluesareplausibleis, lackinganyfirm metric,a matterof taste.But we notethatthe choiceof g,
only affects the natural level of unemployment and the estimated Okun’s coefficievitere the first gets more
volatile while the second increases in absolute sizp @ecreases. In the subsequent stages of the block approach,
only the output gap plays a role, so the choice of the valup dbes not affect these results substantially.

18



positiveimpacton inflation,at onelag, aswe expectfrom economicdheoryandalsoaswe require
for thelogic underlyingour model. We usethis reducedspecificatiorfor the Phillips curvein
estimating(8).

As mentionedgestimating(8) conditionalon y© andz provesdifficult. Unlike typical resultsfor
the United StatesseeegWatson(1986)or Kuttner(1994),the coefficienton the secondag of the
outputgap,¢,, is insignificantandpoorly determinedandwe cannotobtainsignificantestimates
of x, the parametethatgovernsthe sensitivity of the outputgapwith respecto therealinterest
rategap. Thefactthate, is insignificantandwith largestandarcerrors,is lessworrying and
accordswith findingsthatUK GDP growthis lesspersistenthanis foundfor the United States,
seeegHollandandScott(1998).But aninsignificantestimatefor x constitutesa problemin the
senseéhatit suggesno significantrelationshipbetweerthe outputandrealinterestrategap.As
mentioneda morecomprehensivéag structue providesno solutionto the problem:we have
experimenteavith furtherlags,andhavefoundthatwhile we getmoresizableestimatesthe
parametersemaininsignificant,andtendto be off-settingnumerically. The parametersnay be
poorly determinedor awhole hostof reasonsevenif thereis a significantrelationshipbetween
the output and real rate gap, it may, for instance, be difficult to estimate if parameters are varying
overtime. Ourinterpretatiorof the estimaton resultsis thatthelikelihood functionis soflatthat
this key parameter is difficult to estimate, and instead we proceed by calibkatagfully, and

subjecting the resulting series to sensitivity analysis.

The variability of the real interest rate is, at this stage of the estimation procedure, intimately
linked tox: we plot the relationship betweanand the estimated standard deviation of the natural
rate of interest in Chart 1 (a). Conditional on an output gap sejjesa lower value of implies
less variability in the estimated natural rate of interest. Or, put in terms of the way we are
modelling the conditionality, if N is highly time-varying, the real rate gap will tend to be smaller
and less persistent. This implies that a largevill be required to match the (at this stage given)
variation iny<. A natural lower bound fok is hence théighest value that implies an
(approximately) constant natural rate ofdarest. There is no natural upper bound#oin

principle, the variability of the natural rate of interest could exceed that cb¢agate real interest
rate, see eg Rotemberg and Woodford (1997). However, we restrict our attention to vatues of
which imply a natural rate that is less volatile than ékente real interest rate because we find

these estimates most plausible. So we focus on values=00.35 or less, as shown in Chart1 (a) .
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As for thechoiceof abenchmarkalue,awell-determinedestimateof o, n, the standarderror of
theshockgo the naturalrateof interestijmposedight limits on theappropriatechoiceof «: it is
only for valuesof x of 0.350r greaterthatthe standarderroris significantatthe 10%level. Chart
1 (b) plotsthet-statisticsfor the estimate®f v asafunctionof x, andfrom the chartwe infer
thatit is only for valuesof x of 0.350r greaterthato v is significant.We settleonx = 0.35as
benchmarkyhichin practiceimpliessubstantialariationin the naturalrateof interestoverthe
sample pecausehis value meetshothour criteria: the naturalrateis lessvolatile thanthe ex-ante
realinterestrateando v canbe estimatedassignificantatthe 10%Ilevel. For valuesof x
significantlygreaterthan0.35,the naturalrateof interestbecomewery volatile, sofor the
purpose®f the sensitivityanalysiswe alsoconsiderc = 0.35anupperbound,andanalysehe

implicationsof lower valuesof .

We reportthe parameteestimatedor threecalibrationsof x; x = 0.2, 0.275and0.35in TableB
andshowthe correspondingstimategor the naturalrealinterestratein panel(c) of Chartl. In
eachof thethreespecificationsve find a significantlypositivevaluefor thefirst lag of the output
gapandfor thestandarcderrorof shockgo thelS curve. We areunableto estimatethe secondag
of the outputgapassignificantlydifferentfrom zero. The standarderrorof shockso thelS curve
is estimaedasabout0.9in all threespecificationsAs discusse@bovethe choiceof « is crucial
for our beingableto estimatethe standarderrorsof the shocksto the naturalreal rateasbeing
significantlydifferentfrom zero.With x = 0.35we estimatehe standarderrorof theshockso the
naturalrealinterestrateas0.33,slightly smallerthanour estimatefor the standarderrorof shocks

to thelS curveandto actualandexpectednflation.

Our preferredvaluefor « is similarto valuesestimaedin otherpapers. For example Nelsonand
Nikolov (2002)presentanestimatdor the IS slopecoefficientof 0.36 for the UnitedKingdom,
obtainedrom aninstrumentalariableestimationof a similarly specfied IS curve.Therearea
numberof estimate®f the slopeof thelS curvefrom US andeuro-areatudies seeeg Smetsand
Wouters(2002)andRudebusclandSvenssor§1999). Notaly estimategor theUS andeuroarea
aretypically lower thanour estimatesseeegthe comparisorin NelsonandNikolov (2002). This
is consistentvith the notionthatin arelatively small,openeconomysuchasthe United
Kingdom, thelS curvemaybeflatterdueto nettradebeingmoreinterestelasticthandomestic

demand® But, atthis stagewe haveno further substantiakvidenceto underpinthis estimate.

(7) SeeNeissandNelson(2001)for a detaileddiscussiorof this matter.
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3.2 Jointly estimating the gaps

While estimation of thethreeblocksprovidesestimagesof therealrategap,theseareconditional
onthepreliminaryestimateof expectednflation, 7, obtainedvhenestimatingthe Phillips curve
block of the model,andmoreimportantly,conditionalon the preliminaryestimateof the output
gap,y<, obtainedn theinitial stagewhereu andyN arejointly estimatedisinga multivariate
HP filter. Theinterdependencef the outputandtherealrategapis a keyissuefor this papersoto
investigatethis further, we treatthe estimationof {yN, u™, r¥, #&} andtheassociatedhockswith
standarcbrrors{ayN, OuN,OrN> a,,e} asapurefiltering problem,takingthe parameers estimated
in theblock stageasgiven. Putdifferently, we filter output,unemploymentinterestratesand
inflation, usingthe system(8)—(16), calibrating the parametewaluesat the valuesobtainedn the
block stage Theonly additionalparametethatwe estimatds thedrift in (16).® Theseadditional

parameteestimatesarereportedn TableA.

4 Interpreting the gaps

In this sectionwe characteriseur estimategor the outputandrealrategapto gaugethe
informationalcontentof theseestimates We startwith afairly generakharaterisationof inflation
andnominalinterestrateswith aninterpretatiorof our estimate®f expectednflationandreal
interestrates— beforeturning our discussiorto the behaviourof thetwo mainestimationobjects,
theoutputandtherealrategap.Initially, the contextis economicandpolicy developmentswhile

a historicdescriptionof the edimatesis not the key componenbf theexerciseijt is nonethelesan
importantingredientbecausét providesanideaof the extentto which the estimatedit our prior
expectationsndthe consensumterpretatiorof economicevents-thatis, do the estimategpass

the plausibility test?Suchadescriptions also helpful for the subsequendiscussiorof the
statisticalpropertiesof the variousgaps:in this discussionye focuson the extentto which the
realinterestrategapandoutputgapareusefulleadingindicatorsfor inflation, andwhetherthese
properties vary over time. We also discuss the extent to which our model approach implies an
informational gain relative to techniques, such as HP filtering, that rely less on assumptions about

the structure of the economy.

(8) At this stagewe alsotakethe standardieviationof theshocksto thelS curve,
value obtained in the block stage.

oyc as given, and calibrate to the
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41 Thedata

Chart2 showsannualisedJK RPIinflation,nominalinterestrateson three-monthTreasurybills
andreal GDP growthfrom 1966Q3to 2002Q3, with TableC providingtheinformationon mean
andstandardieviationof the samevariables.We havedividedthe sampleinto four subsamplesf
roughly equallength— eightyears— but haveadjustedhe sampleto fit our priorsaboutthe dates
atwhichthe seriesbreak.As is well known,the behaviourof UK inflationandnominalinterest
rateshaschangedsubstantiallyover this period:in particular,the periodfrom 1973Q4to 1982Q1
standsut asa periodof high andvolatile inflationandnominalinterestrates with peaksin
inflationin mid-1975andlate 1979,following thetwo sharpincreases oil prices.In this partof
thesample averageanflationis morethandoublethe full-sampleaverageandmorethandouble
theaveragen anyof thethreeothersamplesve study,with the standarddeviationof inflation
following a similar pattern.Nominalinterestrates while alsohigh, did not pick up to the same
extent— soex-post realinterestratesoverthe periodaresubstantiallynegative And outputgrowth

in this periodis substantiallybelowthe full-samplemean.

Thesubsequemeriods from 1982Q2to 1992Q3 andfrom 1992Q4to 2002Q3 arecharacterised
by falling inflationandnominalinterestrates,andsubstantiallyhigherandlessvolatile output
growth. Thefirst periodis characterisetdy inflaton ratesfalling substantiallynorethannominal
interestrates,comparedo the previousperiod. In this period,the standardieviationof inflation
falls substantiallybackto levelslower thanthoseobservedn the periodfrom 1966Q3 to

1973Q3, prior to the pickupin inflation. Theinflation-targetingperiod,from 1992Q4 to 2000
Q3,is characterisetdy bothlow andstableinflation,with meaninflationof 2.5%with a standard
deviationof 1.48%,andlow andstablenominalinterestrates.Averageoutputgrowthin this

periodwashigherthanthe level observedn the precedingperiod,andsubstantialljessvolatile.

4.2 Evaluating the estimates

Havingcharacterisethe data,we nextturnto a discussiorof our estimate®f inflation

expectationsndrealinterestrates,andsubsequentlpf the naturalratesandgaps.

Givenourassumptionghatlink inflationexpectationgloselyto actualinflation,it is unsurprising

to observethatexpectednflation,whetherthe seriesestimatedn the block approactor theseries
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from the subsequerjbint filtering exercisecloselymapsthe behaviourof actualinflation. We
havereporedthestatistcs of the estimaed seresin TableD, togethemwith the statisticsfor actual
inflationandplottedthe seriesfor expectednflationfrom thejoint filtering stageagainstactual
inflation in Chart 3 (a) and compared it to the block estimate in Chart 3 (b). Both series pick out
the peaksn actualinflationin 1975and1979,andinflation expectationgxhibita sustained
increasein line with actual towardsthe endof the 1980sandthe early 1990s correspondingo
largepeaksin aggregatelemandrapidrisesin housepricesandcreditgrowth. And inflation

expectationfavefollowed the subsequerdisinflaion andstability.

In termsof modelpropertiesye notethat,aswe would expect.expectednflationis lessvolatile
thanactualinflation in all subsamples, and expected inflatess|'spiky’ than actual. The
estimatedorecasterrorsfrom the block andjoint filtering stagearecloselyrelated with the
jointly filtered estimatesbeingslightly lessvolatile thanthe block estimatesBoth arestationary,
andtheautocorrelatioriunction,not shownhere,indicateshatthe errorsarewhite noise,as

implied by themodelassumptionembeddedh (11).

The ex-ante realinterestrateestimatesmplied by theseinflation expecationsareshownin
Charts4 (a) and(b) andcomparedo ex-post rates.TableE givesfurtherdetails.Giventhe
propertiesof our estimate®f expectednflation, it is unsurprisinghatex-ante andex-post real
ratesexhibit similar behaviour.In termsof first momentsrealinterestratesarenegativeoverthe
periodfrom 1973 Q4 to 1982Q1, but positivefor all subsequerperiods.In this period,real
interestratesweresubstantiallynorevolatile thanin subsequerperiods reflectingboththerise
in inflationexpectationshut alsothe fact thatthe nominalratesusedhere thethree-month
Treasunyill rate,failed to respondstronglyto the changesn expectednflation. Ex-ante real
ratesincreasedtronglyin the periodfrom 1982to 1992 reflectingtheincreasedesponsiveness
of nominalratesandthefall in expectednflation. Sincetheintroductionof inflationtargeting real
interest rates have fallen from the high level observed in the 1980s, and are substantially less

volatile than observed in the previous periods.

We characterise the estimated natural levedutput and associated output gaps in Table F and
Chart 5. Because of the non-stationarity of output, we have characterised the natural level in terms
of growth rates. Both estimates of the natural lewe less volatile than actual output growth, with

the estimate from the block stage being the least volatile. Given the nature of the model and the

23



techniquesisedfor filtering outthe unobservd level, thisis, of course unsurprising the block
estimatas theleastvolatile, asthisis, in essace,anHP trend. Theoreticallythereis noreason
why a smoothedneasuref naturaloutputshouldbe preferred:indeed the motivationfor the
literatureon estimationof New KeynesiarPhillips curvesis motivatedby thefact thatsmoothed
or detrendeautputis a poorproxy for the naturallevel of output,seeegMcCallumandNelson
(1999)andNeissandNelson(2001).

In outputgapspacethedifferencebetweerthetwo estimatess lessstriking: thereis some
discrepancyn levels,but excludingthe lastfive yearsof the sample the correlationis substantial
at0.68. Thetwo seriespeakatthe sametimesandat the samdevel, correspondingo thethree
peaksn inflationdiscussegbreviously. Thetroughsoccurat timesof weakgrowthin real
aggregatelemandfollowing the oil priceshocksn 1973and1979,andthe periodimmediately
afterthe Gulf Warin 1991. And negativeoutputgapsareassociateavith falling inflation. These

observabns, essentiallyareconsistentvith our Phillips curvespecificaion.

Thedivergenceébetweerthetwo gapestimateprovidesadditionalinsights.Giventhe natureof
theblock estimatesthe outputgapestimatedrom this stageareessentiallyindependenof
inflationandinterestrates.In thefirst partof the sampleuptill thefirst spikein inflation,the
continuedncreasen inflationgivesriseto a positiveoutputgapwhenwe allow for inflation
dependencayhile thefall in inflation post1981hasa negativeimpacton the estimateof the
outputgapfrom thejoint filtering stage Neitherof theseeffectsarepickedup by the block
estimatesthe multivariateHP filter smoothsout theseeffectson the outputgap,becaus¢he
pickupin outputgrowthin this periodwasrelatively gradual.Unemploymenshouldaffectboth
estimate®f the outputgap— recallthatthe block stageincludesajoint filtering of outputand
unemployment-this doesnot provideany substatial helpin explainingthe difference because

unemploymentvasincreasingat the sametime asinflation.

But from 1995andonwardsthe gapshavedivergedwhile inflationhasremainedow andstable:

the natural level of output in the jointly estimated stage is consistently lower than estimates from
the block stage. Part of this is down to the well-known problems with using HP filters towards the
end of the sample — the fact that we have used multivariate filtering does not change this issue, so
some divergence towards the end of the sample is expected. But it is possible that the constant

drift assumption plays a major part: in the joint filtering stage, we have prevented low-frequency
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movement in the drift term, ¢, while such moves will clearly be picked up by the HP filter.
Laubach and Williams (2003) take account of such movements by modelling low-frequency

movements in drift.

Our estimates of the natural rate of interest and the associate real rate gaps are plotted in Charts 6
(a) and (c) and the associated standard statistics reported in Table G. The divergence between the
natural ratesis substantial, and though both natural rates are negative for sustained periods of
time, the period over which they are negative differs. And we note that as we observed with the
output gap, there is divergence towards the end of the sample — the higher output gap estimate for
the joint filtered estimates trangdlate into an increase in the natural rate of interest. The level
implied by the joint stage towards the end of the sample seems, a priori, too high. However, given
the substantial time variation in our estimates of the natural real rate a better way to assess the
plausibility of the level of these estimates may be to look at the average level over a number of
years rather than at the level in any one period. Furthermore, we may wish to compare our
estimates to some alternative. Aswe mentioned at the start of the paper one such alternative can
be found using long-term real interest rates from index-linked gilt markets. Taking averages over
the inflation-targeting period we find that our jointly filtered estimates of the natural real rate have
averaged 3.7%, while the yield on 20-year index-linked gilts has averaged 3.2%. This comparison
suggests the level of our estimates is broadly plausible.

Unsurprisingly, the natural rate estimate from the block stage follows the ex-ante real interest rate
more closely than the natural rate estimate at the joint filtering stage — the real rate gap from the
joint filtering stage is more volatile. But for most of the sample, the correlation between the gaps

isreasonable: for the whole sample the correlation is .65.

In Chart 6 (b), we have plotted the jointly filtered estimate of r,N with 90% confidence bands:
unsurprisingly, the standard error bands are large with the clear implication that relatively little

weight should be given to point estimates of the natural rate at any particular point in time.

Our estimates of the natural rate of unemployment and the associated unemployment gap are
shown in Chart 7. The estimates of the natural rate of unemployment that we obtain from the
block approach are fairly similar to those obtained in other studies such as Greendade et al

(2003), while the jointly filtered estimates differ by not showing such substantial peaksin 1985-86
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and in 1994. The block estimates stage closely follow the actual unemployment rate — as we
would expect, given the nature of the filtering process. But even at the joint filtering stage, the
simple relationship we have imposed on the link between the output and unemployment gap

produces reasonabl e estimates.

A key finding in this exercise is the fact that our ex-ante measures of real interest rates, and
subsequently our estimates of the natural rate of interest, are negative for a substantial period in
the mid-to-late seventies. Without modelling and estimating the behaviour of nominal interest
rates, it isimpossible, on the basis of the preceding discussion, to draw firm conclusions about the
behaviour of monetary policy. We nonetheless try to relate our findings by appealing to the
interpretation of the natural rate in this framework as ‘intercept in apolicy rule’. For ease of
reference, take a simple policy rule such as that given below, where real interest rates will depend
on the natural rate of interest; the output gap; the difference between inflation and any inflation
target the monetary authority may be pursuing, given by z * and shocks ¢:

I —z8=r"+ B, (Y)+ ., (x —7") +¢ (20)

In the simplest version of thisrule, the parameters are constant — but in principle, and in practice,
for thisrule to be a useful description of the data, time-varying parameters are needed. We assume
that shocks are not (strongly) serially correlated, consistent with the interpretation low-frequency
movements should be picked up by the natural rate of interest.

How can we interpret the persistently negative estimates of ther N? Actual ex-ante real interest
rates over this period were persistently negative, and to explain this using (20), we could appeal to
either changes in the response parameters 3, or ., achangein the target rate z * or policy
shocks. If the response parameters were constant, then persistently negative real interest rates
would require that the target rate would need to be increasing faster than arapidly rising inflation
rate, or that policy shocks would need to be very persistent. So if policy in the 1970s were to be
characterised by arule that allowed for changes in the natural rate of interest, then given the
negative ex-ante real interest rates, then it is unsurprising that the estimates of the natural rate of
interest are negative. But, as documented by Nelson and Nikolov (2002), policy in the 1970s was
not directed towards managing inflation — other policies, such as income policies and price
controls were used. Only in the 1980s was policy re-directed towards controlling inflation: in this
period, our estimates of the natural and ex-ante real interest rates turn positive. Even asinflation
peaked in 1990, the natural rate of interest remained positive. This broad characterisation is
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consi stent with the characterisation of ‘monetary policy neglect’ in Nelson and Nikolov (2002),
which suggests that policymakersin the 1970s did not regard monetary policy as a suitable tool
for controlling inflation: a policymaker that followed a policy rule, with a positive and constant
natural rate of interest in our interpretation, would have responded to the inflation shocks with
higher nominal interest rates. Nelson and Nikolov (2002) also present evidence on the ‘real-time
output gap mismeasurement’ hypothesis, advanced in a US context by Orphanides, see eg
Orphanides (2000, 2001). Based on this hypothesis both sets of authors suggest that revisionsto
official data and estimates of the output gap played a substantial role in explaining the lack of
response of monetary policy makers. While we can provide no additional evidence on the
real-time data issue, we recognise this as an important issue to bear in mind when interpreting past

monetary policy.

4.3 Indicator propertiesinformational gain

Having discussed the properties of the estimated time series, we now turn our attention to
assessing the use of the real interest rate and output gaps as forward-looking indicators for
inflation. In Chart 8, we consider the cross-correlation functions for the real interest rate gap, the
output gap and ex-ante real interest rates, together with the cross-correlation between the real rate
gap and output. In the left column are the cross-correlations from the jointly filtered stage, while
the right column shows the cross-correlations from the block stage. The chart is constructed so
that high correlations to the left of zero indicate leading indicator properties. The dotted lines

indicate 90% confidence bands.

Looking at the entire sample, the model, whether estimated in blocks or by joint filtering, has
desirable indicator properties. both the real rate gap and the output gap lead inflation, with the
expected sign on the correlation being correct, and the real rate gap leads the output gap
significantly. The results from the jointly filtering stage, where we alow for more interaction
between the real interest rate and the output gap, are stronger. These results accord with the
DGE-based findingsin Neiss and Nelson (2001).

That said, there are, of course, some less desirable properties. First, the cross-correlation functions
for thereal rate gap and inflation are virtually flat, with contemporaneous correlation being as high
as leads of the gap. And the ex-ante real interest rate itself isastronger leading indicator than the
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real rate gap: if we had assumed that the natural rate of interest were constant over the entire

sample, the real rate gap would have had stronger leading indicator properties.

But this performance over the entire sample masks substantial differences over subsamples.

Chart 9 provides the same cross-correlations as Chart 8, but broken into the subsamples
previoudy discussed;(in these charts, we have left out standard error bands to preserve clarity.
Notice that the number of observations in each subsampleisfairly small —round 40 — so athough
we offer fairly clear-cut interpretations, it is clear that a (further) degree of caution should be

exercised when interpreting these statistics.

Broadly characterised, we observe that

¢ Inall subsamples, we estimate the expected negative (or insignificant) relationship between the
real interest rate gap and inflation. Similarly, the relationships between the output gap and
inflation, and between the output gap and the real rate gap, have the expected correlation.

e The contemporaneous cross-correlation between the real interest rate gap and inflation is
strongest in the early subsamples, running up to 1982, but the leading indicator properties are
strongest for the 1980s. The cross-correlation for the inflation-targeting period is weaker than
for the 1980s, particularly at longer lags and isinsignificant at al leads and lags. We observe a
similar picture using the estimates from the block stage.

e The picture for the output gap is similar in the sense that the correlations are stronger in the
1980s than in both the later and earlier part of the sample.

e But notably, for the joint filtering estimates, the relationship between the real interest rate gap
and the output gap is strong both in the 1980s and the 1990s.

We interpret these results as follows. The relatively strong model performance in the 1982 to 1992
sampl e coincides with a period we have characterised as one where inflation and interest rates are
more stable, and where ex-ante real interest rates are consistently positive: following the Nelson
and Nikolov interpretation, which we cannot substantiate further without modelling policy
behaviour explicitly, thisis a period where monetary policy was directed towards controlling

inflation, and the links that we emphasise in this model more clearly understood.
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But why do the relationships between the gaps and inflation weaken post 1992? We have
previously identified our assumption that the drift term ¢ in (16) is assumed constant as a factor
that could change the dynamics of both the output gap and the real interest rate gap. Another is
that the ‘mix of shocks' may have changed —thisis an explanation on which we can offer limited
evidence given the relative sparse formulation of the model. A third is that a monetary policy
where interest rates respond strongly to predictions about future output gaps in order to stabilise
inflation would lead to inflation becoming less persistent and closer to white noise. If interest rates
affect inflation as suggested by this model, then such a policy would maintain or strengthen the
link between the real rate gap and the expected output gap — thisis the means by which policy
affects inflation — and weaken the ex-post link between the gaps and inflation. Put another way,

consider the following manipulation of (20):

1 ..
wort =[xt =t = )] e (21)

Assume that the target rate remains unchanged. If inflation persistently deviates from target, then
the difference between actual inflation and the target rate would be correlated with the real interest
rate and output gaps. But under a credible inflation target expected inflation will be equal to the
target, and the deviation between actual inflation and the target will be close to white noise. In this
case, there will be no link between inflation and the gaps ex post — but the output and real rate gaps
will continue to be correlated, if the real rate gap responds to (expected) changesin the output gap.
Put differently, if the policymaker has used al the information contained in the real rate gap for
futureinflation in setting interest rates, then ex post the real rate gap should not appear to have
contained any information about inflation — the ex-post correlation should be zero — although ex
ante the correlation would remain. The autocorrelation function for inflation, shown in Chart 10,
is consistent with thisinterpretation: inflation has become less persistent since 1992 than over the

rest of the sample.©

Clearly, any of the conclusions we have drawn on the basis of these estimates should be treated
with caution: for the latter comparisons, the samples are fairly small, and the standard errors large.

And, as stressed previously, we cannot draw firm conclusions about policy without modelling

policy explicitly.

Finally, in Chart 11, we compare the one-sided estimates with a ssmple (two-sided) HP-filtered

version of the real rate gap to assess the extent to which our modelling approach provides

(9) Benati (2004) provides a much more comprehensive analysis of thisissue.
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additional information compared to an approach with no structure. We compare the one-sided
estimates with gap measures based on HP filtering of both the estimated ex-ante real interest and a
simple ex-post redl rate.9 In either case, the HP-filtered gaps have weaker indicator properties
than the model-based estimates.

5 Conclusion

In this paper, we have assessed the usefulness of empirical estimates of the natural rate of interest
and the real rate gap, estimated in amodel that allows for interaction between the real rate and the
output gap. We find that, despite empirical difficulties, these estimates are broadly plausiblein
terms of accounting for the development of inflation, output growth and real interest ratesin the
United Kingdom. Both output and real rate gaps have desirable indicator properties but that these

change substantially over time, in close relation to the dynamics of inflation.

While we think our estimates are useful in a policy context, we stress that we cannot interpret
these measures as an indication of the ‘correct’ level of the policy rate or of a definitive output gap.
The lack of model structure prevents such an interpretation — and as with any such estimates, there

is sufficient uncertainty around any point estimates to shy away from focusing on point estimates.

Our analysis identifies that in periods with substantial structural change, an econometric structure
with constant parameters may struggle to provide interpretable estimates. An obvious, but
substantial, extension to our work is to consider time-varying parameters, particularly in the
relationship between the real interest rate and the output gap. Such an extension may substantially
change the estimates of the natural rate of interest, particularly in periods, such as the 1970s, that

were characterised by aless coherent policy framework than the current one.

Given that we have focused on interpreting the estimated natural rate of interest as an ‘intercept in
apolicy rule’, anatural next step isto estimate policy rules, as done by Laubach and Williams
(2003) for the United States and Plantier and Scrimgeour (2002) for New Zealand. Evenif, asis
the case for both these countries and for the United Kingdom, policy is not conducted according to
arule, aflexible rule —that allows for substantial variation in response to gaps, and which allows

for changes in targets guiding policy —may be a useful way of describing policy.

(10) Of coursethelatter isonly available with a one-period lag.
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Data

Thedatausedin the paperareasfollows. Theoutputseriess the quarterlygrowthrateof
seasonalhadjustedJK GDP at constantnarketprices. Theinflationdataare seasonallyadjusted
guarterlychangesn UK RPIlinflation. From1992andonwardstheunemploymentataareLFS
unemployment. From 1979 to 1992, the annual LFS unemployment numbers have been
interpolated using the quarterly pattern in thai@ant Count and prior to this the annual numbers
from the OECDLabour Force Satistics book have also been interpolated using the quarterly
pattern in the Claimant Count. The interest rate data are ONS data on three-month Treasury bill

rates, de-annualised to correspond to the return over three months.
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Table A: Parameter estimates*

Block Parameter Block model Reduced model Joint model
0 R - 0.0059
Output and (0.0006)
unemployment a -0.7056 - -
(0.0578)
o’ 0.0174 - -
(0.0010)
b5 0.0000 0.0000 -
(0.0000) (0.0006)
,81 -0.0201 0.1112 -
(0.0896) (0.0424)
0.1420 - -
A (0.2018)
-0.1579 - -
A (0.1912)
0.0277 - -
A (0.0818)
Y 2.0407 0.7946 -
(0.2373) (0.0781)
Phillips curve (8 5991712)
0.0083 - -
(0.5178)
-0.1412 - -
Vi (0.1879)
-0.2413 - -
9. (0.1089)
-0.0238 - -
9. (0.2046)
@s 0.3946 0.1426 -
(0.1601) (0.0614)
@ -0.1302 0.0628 -
o 0.0000 0.0063 0.0052
(0.0109) (0.0009) (0.0008)
o’ 0.0067 0.0052 0.0076
Standard (0.0004) (0.0007) (0.0008)
deviations of o’ 0.0049
shocks (0.0007)
g 0.0029
(0.0011)
o 0.0015
(0.0008)
TableB: ThelScurve
Block model
K =0.35 K =0.275 K=0.2
@ 0.7838 0.8102 0.8072
(0.0935) (0.0763) (0.0732)
73 -0.0111 -0.0157 -0.0085
(0.0774) (0.0674) (0.0653)
o 0.0033 0.0016 0.0009
w (0.0019) (0.0015) (0.0021)
o. 0.0091 0.0093 0.0092
s (0.0004) (0.0003) (0.0003)

* Standard errorsin parentheses.
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TableC: UK inflation, nominal interest ratesand GDP growth

Actual inflation  [Nominal interest rate Output growth

mean st. dev mean st. dev mean st. dev
1966-2002 6.81 5.81 8.62 3.08 0.57 0.99
1966:3-1973:3 6.01 3.10 6.63 1.30 0.78 1.25
1973:4-1982:1 14.45 6.92 11.31 2.68 0.17 1.38
1982:2-1992:3 5.08 2.90 10.34 2.42 0.62 0.70
1992:4-2002:3 2.50 1.48 5.60 0.92 0.71 0.33

TableD: Actual and expected inflation
Actual Expected (joint) Expected (block)

mean st. dev mean st. dev mean st. dev
1966-2002 6.81 5.81 6.81 4,99 6.86 5.28
1966:3-1973:3 6.01 3.10 6.34 2.49 6.18 251
1973:4-1982:1 14.45 6.92 14.31 4.90 14.42 5.65
1982:2-1992:3 5.08 2.90 4.98 2.34 5.12 2.40
1992:4-2002:3 2.50 1.48 2.48 0.60 2.50 0.91

Table E: Real interest rates: ex-post and ex-ante

Real rate (ex-post)

Real rate (joint)

Real rate (block)

1966-2002

1966:3-1973:3
1973:4-1982:1
1982:2-1992:3
1992:4-2002:3

mean st. dev
1.81 4.84
0.63 2.99
-3.13 6.59
5.26 2.00
3.10 1.32

mean
181
0.29
-3.00
5.36
3.13

st. dev
4.03
2.35
4.97
1.26
0.63

mean
1.80
0.52
-3.11
523
3.11

st. dev
4.24
2.46
5.07
1.37
0.75
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TableF: Natural output growth and the output gap

Natural (joint) Natural (block) Gap (joint) Gap (block)
mean st. dev mean st. dev mean st. dev mean st. dev
1966-2002 0.58 0.28 0.58 0.20 0.02 2.02 -0.01 1.49
1966:3-1973:3 0.70 0.33 0.68 0.04 1.58 133 0.10 171
1973:4-1982:1 0.43 0.36 0.34 0.11 0.59 219 -0.08 192
1982:2-1992:3 0.60 0.24 0.61 0.24 -1.46 1.89 -0.16 1.60
1992:4-2002:3 0.61 0.11 0.68 0.06 0.03 0.90 0.15 0.49
TableG: Thenatural rateof interest and thereal rate gap
Natural (joint) Natural (block) Gap (joint) Gap (block)
mean st. dev mean st dev mean st. dev mean st. dev
1966-2002 1.77 187 1.77 311 0.04 3.65 0.04 243
1966:3-1973:3 253 0.67 -0.15 1.05 -2.24 1.82 0.68 1.75
1973:4-1982:1 -0.89 0.61 -2.10 2.09 -2.10 4.69 -1.00 3.71
1982:2-1992:3 171 0.90 454 1.60 3.65 173 0.68 213
1992:4-2002:3 3.73 0.61 3.43 0.47 -0.60 1.03 -0.32 0.78
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Chart 2: UK inflation, interest rates and GDP
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Chart 3: Inflation
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Chart 4: Real interest rates
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Chart 5: Output

cent

Per
a) UK natural output growth 1966: 2002 ~2

1966 1970 1974 1978 1982 1986 1990 1994 1998 2002

b) UK output gap 1966: 2002 Per cent

block filtering

joint filtering r -4

1966 1970 1974 1978 1982 1986 1990 1994 1998 2002

39



Chart 6: Natural real interest rates
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Chart 7. Unemployment
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Chart 8: Cross correlations*
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Chart 9: Crosscorrelations. Subsamples
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Chart 10: ACFsfor inflation
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Chart 11: Crosscorrelations. One-sided estimates
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