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paperestimatespotentialoutputfor sevencountriesusing a multivariateversion

of the Hodrick-l?rescottfilter in whichobservationson inflationare used to help separate

trend from cyclicalmovementsin output. The potentialseriesare estimatedfwston an

aggregatebasis,and thenby disaggregatingoutputinto threemajor components: labor

productivity,the employment-populationratio, and population. Potentiallevelsof

productivityand the employment-populationratiosare calculatedusing the multivariatefilter

and combinedwithactualpopulationto derive an alternative,“disaggregated”estimateof

potential. The methodis then appIiedto forecastingpotentialgrowth.



Inflation-AdjustedPotentiaIOutput

Jane Haltmaier~

I. Introduction

Measuresof potentialoutput, both Ieve{sand grow&rates, are quite importantas

guides for macroeconomicpolicymakers. This is especiallythe case for monetaryauthorities

trying to determinethe appropriate stance of monetarypolicy. At Ieast in theory, inflation

should deceleratewhenoutput is below potentialand vice versa. Thus, expansionary

monetarypolicyshouIdnot mn the risk of resulting

output is belowpotential. Similariy, a

the inflationrate will need to pursue a

Thus, knowledgeof the cumentoutput

centrai bank

inan increasein inflationas Iongas

that is trying to engineer a reductionin

contractiomry

gap is critical,

policyif output is at or abovepotential.

Given the sizablelags with which monetarypolicyaffectsthe economy, it is also

importantto have an estimateof the rate at whichpotentialoutput is growing. For instance,

the BritishChancellorrecently suggested that monetarypolicycould afford to be a little

looser becauseof his belief that the rate of potentialoutputgrowthhad increased, suggesting

that a higher rate of growthof actual output than in the recentpast would not be infiatiomry.

Estimatedpotentialoutputgrowth is also a key eIementin the determination

‘ The author is an Economistin the Divisionof InternationalFinance,Board of

of monetary

Governorsof the
Federal ReserveSystem. This paper represents the viewsof the authorand should not be interpreted
as reflectingthe viewsof the Boardof Governorsof the FederalResene Systemor othermembersof
its staff.
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targets in thosecountriesin whichmonetaryaggregatesare used as principalpolicyguides.

IIIa monetaryruIe regime, a constantrate of inflationcan theoreticallybe achievedby setting

the rate of moneysupplygrowth equal

outputgrowth, minusthe expectedrate

to the targeted inflationrate, plus the rate of potential

of changeof veiocity. This is in fact the methodused

by the GermanBundesbankin setting its money

moneysupplyrules are not the primary guide to

growth targets. In other countrieswhere

policy, the rate of growth of potentialoutput

is still taken into considerationh determiningthe non-inflationaryrate of actual output

grOVAL However,despite its importance,potentialoutput is probablyeven more difilcuitto

estimateaccuratelythan the related conceptof the NAIRLJ.

There are basicallytSVOtypesof approachesto estimatingpotentialoutput.2 One is t.

use some type of filter to separatetrend tiom cyclicalcomponentsin the aggregateoutput

data. An ahernativemethod is the so-caIIed“production-tictionwapproach, which

decomposespotentialoutput into its technology,labor, and capitalcomponents,and estimates

MI-employmentlevelsof each. Each approachhas both advantagesand disadvantages.

A commonly-usedfiltering techniqueis that introducedby Hodrickand Prescott

(1980). The Hodrick-Prescott(HP) filter smoothsactual outputso that potentialoutput is a

weightedaverageof past and future actual values. Althoughthis techniquecan be very

usefid, it also has severaldrawbacks. For instance, it suffershorn an “endpoint”problem

that occurs because, althoughthe smoothedseries is calculatedas a centered weighted

averageof actualobservationstioughout most of the period analyzed, it dependsoniy on

2Laxtona T ( p a comprehensivesummary ofmuchof the literaturein t
area.
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past values at the end (and on fi~re vaiues at the beginning). In addition, this methodwill

u p a p OUtpUtsefies hat a t a l of actual output

over time, that is, the estfiated output g w g h a v c to

zero. T t thUSdoes not allow f t p t o m a

potential

W filter

more often than it is below or vice versa. In addition,output gaps derived from the

will not necessarilybe consistent with the concurrentbehaviorof inflation.

Kuttner (1994)addressesthe

estimatesof potentiaIoutputfor the

latter problem by

United States that

using a Kahnan filter to derive

are consistentwith observed inflation

rates. However, this approachassumes

random walk, whichmay be true for the

most of the foreign industrialcountries.

that the potentialoutputgrowth rate followsa

United States, but does not appear to be the case for

An alternativemethod,developedby Laxtonand

Tetlow (1992) uses an expandedversion of the HP filter, whichdoes allow mean growth

rates to vary over time, to adjustgaps for inflation. This techniqueis termed a muItivariate

(

output

can be

filter.

The productionfimctionmethod should in theory producean estimateof potential

that is related to the actual behavior of inflation,sinceemployment,a k component,

adjusted to its fill-employmentlevel using estimatesof the NAIRUthat are compatible

with inflationdata. This methodgeneralIy also requires informationon capital stock and

labor force participation,as well as some techniquefor adjustingthe latter to its ‘M-

employment”leveL (Thecapital stock is generaiIyassumedto be either fiJIIyutilized or

utilized at its “average”level at p ) Totai factor productivitymust also be adjustedf

cyclical variation. The OECDp p o estimatesfor most of its member



countriesusing a productionfinc~im approach in whichthe HP filter is used to adjusttotal

factorproductivity,with tie s~e advantagesand disadvantagesthat apply to adjustingtotal

output. However,one adv~~ge to tie productionfinction approachis tit, beca~e it has a

structuralas well as a time series eiement, it is somewhatmore usefhl for extrapolating

potentialgrowth rates than the aggregatefiltering techniques.

In fact, the ability to project potential outputgrowth, at least over a forecasthorizon

of a coupleof years, wouldappear to be critical for suchmeasuresto really be usefulfor

poiicymakers. Althoughit may be importantfor somepurposesto lmowthe size of historical

outputgaps, it is clearly much more importantto how the size of the current gap as weilas

how it is Iikelyto changeover the relevant forecastperiod. Simplyadjustingthe outputgap

so that it is consistentwith the current behaviorof inflationdoes not really give us much

more informationthan simp~ylookingat inflationitself. o if our estimatesof

potentialoutput can give us some insightinto how the gap is Iikeiyto change given the

current and projectedbehaviorof actual output that h r gainedanything.

This paper combineselementsof the MV filter and the productionfhnctionmethodsin

an attempt to produceestimatesof potentiaioutput

adjustedfor inflationand able to be extrapolated.3

GDP, and then to a decompositionof GDP into its

for the G-7 countriesthat are both

The methodis f~st applied to aggregate

labor productivityand labor components

(a pafiial production%mctionapproach). The latter is representedby the employment-

populationratio, as working-agepopulationis assumednot to have a cyclical component.

3 W Germanywas used in placeof unifiedGermanybecauseof the lackof unifieddata
b 1
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then be extrapolatedby using actualprojections

whichwe do have fairly accurateforecasts),as

of working-age

well as

assumptionsabout trend productivitygrowth and the fhI1+mpIoymentIeveIof the

employment-populationratio. The disaggrega~d methodthus allowsus to make use of a

much larger informationset in forecastingthan does the

SectionII describesthe technique in more detail,

aggregateapproach

SectionIII presentst estimation

resul~, and Section~ uses the estimates to project potentialoutput growth over the next two

years. SectionV concludes

IL The MuitivariateFilter

with some suggestionsfor fkther analysis.

The Hodrick-Prescott(HP) filter calculatesa smoothedseries by minimizingthe

expression:

(1) [(q -

where Y is actual outputand Y is the smoothed

calculatedby trading off deviationsbetween the

outputseries. The smoothedseries is thus

actualand smoothedseries (the frostterm)

for variations in the growthmte of the smoothedseries fkomone period to the next (the

second term). The parameterk determineshow closelythe smoothedseries followsthe

actual; a higher value of Z will

one that is closer to the actual.

somewhatarbitrary, althoughit

producea smootherseries, whilea lower value will produce

The choice of A, althoughimportantto the fmI result, is

has been suggestedthat it shouIdrepresent the ratio of the

variance of the cycIe to the varianceof the trend.

data is 1600, as done by the originalresearchers,

The valuemost ofien used for quarterly

and this value was also used here.
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the aboveThe multivariatefilter augments expressionwith an output-inflation

a Dotentialoutput series that

inflationrate dependsprimarilyon past inflationand the

equation,and then calculates the entire expression. Inminimizes

the equationused here, the current

laggedoutputgap. Changesin the exchangerate and, whereapplicable,the value-addedtax,

are includedas additionalexplanatoryvariables for inflation. The inflationequationis:

.

I = A + B + C(L)(Yt-l ‘yt-l)+~t(

whereH is the quarterlychange in the log of the price level, and Z

that affect the current inflationrate. The weightsin

represents the vectorof

A(L) are assumedto sumother

to 1.

(

variables

The expressionto be minimizedis:

x=
pi f-z

factor for the inflation

t+z

expression. Rearranging(2) andwhere a is the weighting substituting

to be minimized

r-l

into (3), the expression becomes:

T T
(4)

●

where ~ is the accelerationin Mation relative to its past valuesthat is not due to changesin

other variablessuch as the exchangerate or taxes. The resultingpotentialoutput series will

thus differ from that ob~ined from m applicationof the simpleHP filter to the extent that it

explainsmore of the change in inflation. It will, however, still be subjectto a smoothness



-

con,straint,meaningthat suddenchangeshorn accelerationto decelerationh inflationwill not

be allowed to produceoverly sharp swings in the rate of growthof potential output.

There are two problemswith this techniquethat need to be addressedbefore it can be

appiied empirically. T hfust k that estimatesof the parametersof (2) are required to

calcuiate the potentiaioutput series,

needed to calculatethe parameters.

practice, this is very difficult.4 The

but estimatesof the potentiaioutputseries are also

In theory, they could ail be estimatedjointly, but in

solutionused here was a two-stepprocedure. First, an

initial potentialoutputseries was obtainedusing the traditionalHP filter, and this serieswas

used to estimateequation(2). The resultingparameterswere then used to minimize(4). AS

a check, the new estimateswere then used to reestimatedthe inflationequation, but the

changes were so trivial that no fimher iterationswere done.

The secondproblemis the choice of a, the weightpiacedon

Intuitively, it shouldbe apparentwhy such a weight is needed. The

the inflationcomponent.

inflationacceleration

texm, measuredas the unexplainedpart of the quarteriy

is of an order of magnitudesimilar to the change in the

changein the log of the price level,

trend, which is weightedby a factor

of 1600. Unweighed, the inflationterm will have no impacton

H t e less theory to guide the choice of a than

the minimizationproblem.

there is in choosingL

S different valueswere tried, ranging fkom200 to 800. Altiough the resulting

differences were not large, 400 seemedto produce the most sensibleresults, and so that was

the value used for the main results. Some further discussionof this

obtainedusing a’s of 2 and 800 are containedin the Appendix.

4 I w h t s t i i i mb i i c b

issue, along with results

thescopeo t paper.



-

The disaggregate Mation equationdecomposesthe differencebetweenactualand

potentialoutputintoW components:the gap betweenactualand trend laborproductivityand

the gap betweenthe actualand trend employment-to-working-agepopulationratio.

(Working-agepopulationis assumedto be invariantto the cycle.) Variationsin the

unemploymentrate and the participationrate, bothof whichare cyclical,are thus

consolidatedinto the employment-populationratio. While it wouldprobablybe more

satisfactoryto treat theseW elementsseparately,that wouldproducean expressionthat

wouldbe too unwieldy. The disaggregate inflationequation,&en, is:

( I = A + B + D + E + E

whereP is laborproductivityand R is the employment-populationratio. The expressionto

be minimizedis:

T-1
(6)

t=2
r

+ @ -- E
t

III. Empirical Results

The HP filter was used to calculatepotentialoutputseriesfor westernGermany,

France, Italy, the UnitedKingdom,

1968through1995. The resulting

Camda, Japan,and the UnitedStates, for the period

serieswereused to estimateinflationequationsfkom1
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through 1993, t e t periodsfor whichthe estimatesof potentialoutputare the

most uncertain.s

ASindicatedabove, in additionto the “gap”terms, the estimatedinflationequations

includepast lags of inflation,withthe weightsconstrainedto sum to one, as well as current

and/or Iaggedchangesin t ( o the exchangerate and oil prices, and changesin the

value-addedtax.6 The Germanequationalso includeda d-y for the period of unification.

The precise lags used

exchangerate and oil

includedone and two

vary tiom one equationto another, since the t of the i of

p c a differ acrossc T e a

l of the gap terms.

The results fkom

t hfollowing

p l

the estimationof the aggregateinflationequationsare summarizedin

table. Sevenof the fourteenGAPvariableswere significantat least at the 5

and severalotherswereclose. GeneraIlythe coefficienton the fwstlag was

positiveand that on the secondwassmallerand negative,suggestinga “speedeffect”horn

changes in the outputgap. h fact, the speedeffect, measuredas the coefficienton the

secondgap term (sign reversed),is generallylarger than

coefficients). The mainexceptionis France, whereboth

are significant.

the leveleffect (the sum of the two

coefficientsare positiveand neither

ST o e w t J e w w e o t n 1
T r t t 1 p c e v h i a w a v h
o g T p e l g c t d n s r
t r t s

6T V c s w p C B a D L
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Charts 1 through7 showO g obtainedwithboth the HP filter and the

multivariatefalter. Also i t “ a t c t p

t current-periodi r t n e by either p i c t

VAT, e r o p m ( t inflationaccelerationand gap

terms are plottedas fourquarter movingaveragesto showthe trend more clearly.) As
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the HP filter gaps. For

1980’ssuggeststhat the
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output gaps followthe pattern of inflationmuch more closelythan

example, the long period of disinflationin WesternGermanyin the

output gap was more negativethan the HP filter shows, while the

period of inflationaccelerationthat fo~lowedsuggeststhat the output gap was much narrower

than the HP filter gap. ~ tie current period, the downwardtrend in inflationsuggeststhat

the output gap is wider w the w filter shows. Similar adjustmentsoccur for the 1980’s

for the other Europeancountries. For Cana&, the differencesbetweenthe two gap series

tend to be somewhatsmaller, althoughthe pattern of inflationcurrentiy suggeststhat the

output gap is

The Japanese

close to zero rather than

MV output gap series is

series. For the United Stat.M,the MV

in the positive range as the HP falterseries implies.

currentlycloser to zero now than the simpleHP filter

filter series suggeststhat the outputgap is close to

zero, rather than in the positive range as indicatedby the HP filter series.

ed &rod

One advantageto disaggregation,apart fkompossibledifferentialimpactsof inflation

on the productivityand labor components,is simplythat it ailows incorporationof trends in

working-agepopulationgrowth ~d 1aborforce participation,whichmay shift over time.

The resuhs fkomthe estimationof the equationsthat break output into its productivityand

labor componentsare shown in the followingtable. The coe!llcientson lagged inflation,the

VAT, the oil price term, and the exchangerate are similar to those obtainedusing aggregate

GDP. The coefficientson the gap terms in these equationsare less often significantthan

those in the aggregate equations. This may be due to multicollinearity,since the productivity

and employmentgaps are generally correlatedwith one another. It is interestingthat the
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II EstimationResultsfor DkaggregatedOutput Gap Equations II
Germany France Italy U.K. Canada Japan Us.r

ml .484** .656** .661** .654** .599** ●j43** .506**
(.097) (.096) (.104) (.107) (.101) (.116) (.090)

rI* .107 .173 .116 .203* .156 .138 .019
(.104) (.112) (.130) (.124) (.116) (.133) (.105)I

l’?, .227* -.115 .133 -.068 .069 .219 .475
(.100) (.118) (.124) (.121) (.118) n.a. n.a.

I-r. .182 .286 .090 .211 .176 n.a. n.a.
n.a. n.a. n.a. n.a. n.a.

AVAT .002 .)03** .Ooo .~2* n.a. ●W* n.a.
(.002) (.001) (0006) (.OO1) (.002)

AEx -.032** .009 .o~* .002 -.004 -.002 -.008
(.O1l) (.018) (.027) (.029) (.014) (.015) (.011),

Aix., n.a. -.020 n.a. -.024 -.021 n.a. -.005
(.017) (.029) (.015) (.011)r

AEX.2 n.a. n.a. n.a. -.026 -.029* n.a. -.015
(.029) (.013) (.010)

APo .Q(j5** .013** .012* n.a. -.002 .(XI5 .01I*
(.002) (.003) (.006) (.003) (.006) (.003)I

APo., n.a. n.a. .018** n.a. .O1l** .009 n.a.
(.006) (.003) (.006)I

GAPE.,‘ ●~3* .107 .X()* .142 .124 .411 .440**
(.162) (.093) (.152) (.306) (.085) (.277) (.095)

GAPE.Z -.192 -.039 .e~()* -.042 -.062 -.236 .0401**
(.158) (.084) n.a. (.300) (.080) (.261) (.091)

GAPP.,2 .073* .Ooo .158* .145 J~* .271* .049
(.040) (.070) (.092) (.104) (.063) (.116) (.046)

GAPP.Z .a)(j7* -.000 -.158* .010 -.100 ..~4* -.049
(.036) (.070) n.a. (.105) (.070) (.124) (.046),

R2 .86 .93 .90 .81 .89 .82 .91,
~mpioyment gap. 2. prductlvl~ Gap **Sigmhcantat the 1% level. *Signihcantat the5% level.



“productivitygap” tCXTXIk significantmore often than the “employmentgap”

that only adjustinglabor market data to reflect tiation, as in the production

t suggesting

filnction

approach, may not be sufficient.

Charts 8 through M show the inflation-adjustedgaps for both the

disaggregate series. Althoughmost of the differencesare fairly minor,

rather large discrepancies. Probably the most notable is for Germany in

aggregateand

there are some

the late 1980’s,

when the aggregateseries shows a slightlynegativeoutputgap, while the disaggregated

shows a fairly substantialpositive gap. As chart 15 shows, the difference is in large part

to the sizable swings in working-agepopulationgrowthexperiencedby western Gexmany

due

over this

leads the

method.

occurred

period. In particular, the very low rate of populationgrowth in the late 1980’s

disaggregatedapproach to show much slowerpotentiaigrowth than the aggregate

As shownin charts 16 through21, such swingsin populationgrowth have also

in most other countries, suggestingthat an aggregateapproach may well miss some

importantchanges in potentialgrowth. One noteworthyexample is the projected drop in

Japanese working-agepopulationfor 1996and 1997,whichmay Iimit Japanese potentiai

growth over that period.

IV. ForecastingPotentiaiGrowth

As noted earlier, estimationof the current and near-termrate of potential growth is

probably at least as importantfor policy as estimationof the current gap. Estimatedpotential

growth is an explicit componentof the Bundesbank’smoneysupply growth target, and is

taken into account, at least ixnpiicitly,in many other countries. In addition, if speede

exist, which they appear to do for several countries, changesin the gap (the difference
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betweenactualand potentialgrowth)may be as importantas the level in the detemination of

inflation.

The followingtableshowsforecastsfor potentialoutputusingboth the aggregateand

disaggregatedmethods,basedon the inflation-adjustedseries. The sameseriesare shownfor

the previousfive-yearperiodfor comparison. The forecastsfor aggregateGDPand for

productivityare derivedhorn simpletime-seriesmodelsthat relate current to past growth.

The employment-populationratiosare assumedto remainconstantover the forecastperiod.

This was donebecausetheseratios, whichare composedof the participationrate and the

NMRU, are not well-suitedto simpletime-seriesmodelling. For instance,the NAIRUis

assumedhere, as is generallythe case, to be a structuralparameterthat changesonlydue to

unforeseenshocks. The participationrate may be somewhatmore predictable,to the extent

that it is relatedto shifi in the age distributionof the population,for example. However,

less predictableshiftsin preferencesmay also play a role. It is somewhatdangerousto

simplyextenda past trend in a variableof this type, sincethere are obviouslimitsto the

extent that either an upwardor downwardtrend can continue. Althoughit maybe possibleto

use other typesof informationto refinethe forecastsof both the participationrate and the

NAIRU(for instance,a modelthat incorporateshysteresiseffects), sucheffortsare beyond

the scopeof thispaper.
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For the continentalEuropeancountries(westernGermany, France

disaggregatedmethodproducesa higherestimateof potentialgrowth than

and Italy), the

the aggregate.

This is primarily due to the fact that pan of the recent Iowrate of potentialoutputgrowth

(which is essentiallyprojectedto continueby the time-seriesmodel) appears to be attributable

to a sharp drop in

continue. For the

the employment-populationratio, and this drop is not projected to

UnitedKingdomand Canada there is little differencebetweenthe two

methods. For both Japanand the UnitedStates, the disaggregate methodproducesa lower

estimate of potentialgrowththan the aggregatemethod. The main reason is the converseof

the explamtion for the differencesfor the Europeancountries. Employment-populationratios

have risen in both of thesecountriesin recent years; unless this trend continuesor

productivitygrowthaccelerates,

the Japanese forecastis that the

horn slightIypositiveto sIightly

potentialoutput grow is likely to SIOW.Another factor~

rate of working-agepopulationgrowth is projectedto turn

negative, further depressingpotentialgrowth.

V. Conclusion

This paper has appliedan augmentedHodrick-Prescottfilter, developedby Laxtonand

Tetlow for estimatinginflation-adjustedpotentialoutput, to both aggregateGDP and a

disaggregationinto laborproductivityand employmentcomponents. The techniqueis

generally successfidin that reasonableestimatesof sensitivityof inflationto outputgapsare

calculated, althoughthey are not alwayssignificant,due most likely to multicollineari~and

the limited size of the data set. The resultingestimatesof inflation-adjustedoutputgaps

appear to at least move the estfiates of potentialoutput in the right direction for the most

part. Forecasts of potentialoutputgrowth were derivedusing the inflation-adjustedseries.
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T resultingdifferencesbetweenthe aggregateand disaggregate versionssuggest

takingaccountof the majorcomponentsof growthis importantin estimatingtrends

potentialoutput.

Probablythe most importantdifficultywith the applicationof this technique,

that

in

as with

applicationsof the simpleHP falter,is the indeterminacyof the “best”weightsin the

optimizationproblem. The resultspresentedin this paper use the traditionalweightof 1600

for the trend, or smoothness,parameter,and a weightof 400 for the inflationparameter.

Eitheror both of these couldk adjusted. In particular, for the disaggregate method, it

couldbe argued that underlyingproductivitygrowthshouldbe treatedas beingmuch

smootherthan a weightof 1600wouIdimply. Becausethe employment-populationratio is

generallymore cyclical relativeto trend than output, it couldalsobe arguedthat a weight

largerthan 1600shouldbe used for that series.

Similariy, the more closelyone wantsto tie potentialoutputto inflation,the greater

the weighton inflationshouldbe. The latter point is particularlyimportantbecausepotential

outputis akr aHa constructedseries that by deftition is supposedto be the amountthat the

economycan produce withoutcausinginflationto accelerate.

weightto the other components(the actual leveland a smooth

The only reasonwe give any

trend)must be that we think

that the inflationseries has enoughnoise in it that we shouldnot take it literallyperiod-by-

period. Future research mightprofitablybe directedat determiningmore preciselyhow we

shouldbalancethese variousobjectivesin constructingpotentialoutput.
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A

ChartsAl throughA7 comparethe outputgapsobtainedusingweightsof 200, 400,

and 800 on the inflationterm. (As noted earlier, 400 was used for the main set of results.)

The differencesare fairlysmall for most time periods,but can be substantial,particularlyfor

France and Italy in the mid-1980’s.

primarilyon how muchmore of the

One way to viewthe choiceof a is as depending

residual in the inflationequationone wishesto explain

by altering the outputgap. As shownin the top part of the followingtable, the percentageof

the inflationaccelerationterm explainedby the outputgap increasessubstantially,although

u amongcountries,as a increases. However,as

standarddeviationof the outputgap also increasesa fair

shownin the lowerpanel, the

amount,particularlyfor Italye (The

variationamongcountriesmay suggestthat the choiceof a shouldaiso vary by country.7)

The results shownin the tablesuggestthat the improvementin the “fit”of the inflation

equationis krger relativeto the increasein the standarddeviationof the gap as a increases

fkomOto 400 than it is as a increasesfrom 400 to 800. Thisprovidessomejustificationfor

the choiceof a used here, althoughcertainlya more well-grounded

preferable.

criteria wouldbe

7 T s i a t f t c a i p 1 c t b m
c ou
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f

Percent of InflationAcceleration Explained and Standard Deviationof Output Gap For Different values of a

a=(l a=200 a–=lOO a=800
4

Percent of Inflation AccelerationExplained

W. Germany 12 15 18 21

France 4 9 12 16

Italy 7 10 12 15

United Kingdom 8 13 16 18

Canada 10 13 14 16I

Japan 19 15 18 22I
United States 18 21 22 25I

Standard Deviation of the Output Gap (percent)

W. Germany 1.6 1.7 1.8 2.0

France 1.1 1.1 1.2 1.4

Italy 1.6 1.8 2.0 2.4,

United Kingdom 1.7 1.8 1.9 2.1

Canada 1.7 1.7 1.7 1.8

Japan 1.4 1.5 1.7 1.9

united States 1.8 1.8 1.9 1.9
●
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