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“Nothing breedsfailurelikesuccess.”

Thesuccessof monetarypolicy in controllinginflationin thedevelopedeconomies

over thepast20 yearshasled many to wonderhow to retainthatsuccess,or even

to improve uponit. Certainlyit is reasonableto beconcernedabouttheextentto

which favorablemonetarypolicy hasarisenbecauseof the idiosyncratictraitsof

particularcentralbankers.Goingforward,it wouldbepreferableto designmone-

tary institutionssothatsuccessfulpracticewould beincorporatedin centralbank

charters,ratherthanembodiedin individuals.

As a result,a largeliteraturehasemergedto proposeoptimalmonetarypolicy

strategies. Thework of Svensson(1999a,1999b,2000)andBernanke, Laubach,

Mishkin, andPosen(1999)hasfocuseddebateon theprimacy of inflation target-

ing asanorganizingprinciple. For many years,theideathatcentralbanksmight

directly target the price level wasdismissed.The reasoningwasroughly asfol-

lows: Becausestabilizingthepricelevel requiresmoving theinflation rateabove

andbelow its target,andbecausedoingsorequirescorrespondingmovementsin

output(accordingto mostmodels),pricelevel targetingwouldentailunacceptable

variability in output.

But morerecentwork hascalledinto questionthegeneralityof this proposi-

tion. Wolman(2000),for example,shows thatwhenthenominalinterestratehits

its zerolower bound,a price level target may help to lower ex antereal interest

rates,becauseit will imply a future rise in expectedinflation. Themoregeneral

propositionthat price-level targetingmight provide a “free lunch,” in which in-

flation andoutputvariability arereducedwithout considerationof thezerolower

bound,hasbeenadvancedby Svensson(1999b).This result,however, is model-

dependent,andasI will show below, doesnot hold up in data-consistentmacro

models.

Most of the literaturerelieson an ad hoc monetarypolicy lossfunction that

is a weightedaverageof variancesof inflation (aboutits target), output (about
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potential),andthe price level (aboutits deterministictrend).1 While Woodford

(1999)suggeststhat the weightedsumof variancesof outputandinflation pro-

vide a fairly goodsecond-orderapproximationto actualwelfare,this approxima-

tion is not likely to holdupin all specifications.In particular, thetime-inseparable

utility functionexploredin this paperwill alter theappropriatesecond-orderap-

proximation.2 In any event,this aversionto computingwelfaredirectly from the

positedutility function seemssomewhat odd, given the long-standingemphasis

onoptimization-basedmacromodels.

In this paper, I review somevariance-basedoptimalpolicy results.I demon-

stratethe model dependenceof somekey results,particularly thoserelating to

price level targeting. Next, I utilize a data-consistentoptimizing modelof con-

sumptiondevelopedin Fuhrer(2000),augmentedby inflation-inducedtax distor-

tions, to computeutility-maximizing monetarypolicy. I examinethe robustness

of my findingsto anumberof changesin specification.I thencomparetheresults

to the resultsfrom thevariance-basedlossfunction. Finally, I look at the utility

gainsto price-level targetingover inflation targeting,andto azeroinflation target

versusa low, positive inflation target.

Section?? describesthemodelsfor which I computeoptimalvariancetrade-

offs; section??presentstheminimumweightedvarianceresults;section??devel-

opsthe habit-formationmodelwith inflation-inducedtax distortions;section??

presentsutility-maximizing monetarypolicy resultsfor the baselinemodeland

alternativespecifications;andsection?? concludes.
1Oneexceptionis Rotemberg andWoodford(1997),althoughthey consideronly real interest

rate shocks. In addition, Woodford (1999) demonstratesan approximateequivalencebetween

weightedvariancesandmodel-basedsocialwelfarefor aparticularspecification.
2In the habit specificationusedbelow, for example,the varianceof the growth rateof con-

sumptionmayappearin thesecond-orderapproximation.
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1 The Models

1.1 Fuhrer-Mooremodel

The model is describedin detail in Fuhrerand Moore (1995b). Here I sketch

its essentialcomponents.Thepricespecificationmaybesummarizedin thedef-

inition of the price index, ��� , asa moving averageof currentandpastnominal

contractprices� � ��� : ���	� 
�� ���� � � � ���
wheretheweights� � areasdescribedin FuhrerandMoore.Therealcontractprice

index � � is definedastheweightedaverageof currentandpastrealcontractprices,� � ��������� ��� � � � 
�� �� � � � � � ��� ��� � ��� �
The weightsfollow the samedistribution as that for the definition of the price

index. Price-settersdeterminethecurrentrealcontractpriceasa functionof the

realcontractpricesexpectedto bein effect for thedurationof thecontract,andas

a functionof expecteddemandconditions,�� � ��� , over thedurationof thecontract� � ��� � � 
�� �� � � ��� � � � ������� �� � ��� �
Theaggregatedemandrelationmakestheoutputgapafunctionof its own lags

andtheex anterealinterestrate  ��� � �!��" �� � � " � �$# �� � � # � � % �  � � "&�(' �)�+* , �
where ' is theequilibriumrealinterestrate,and  � is definedaccordingto thepure

expectationshypothesisasa weightedaverageof future short-termreal interest

rates,- � ����� � � .�� ��� � "  �	�0/  � � " �!� 1 �+/ � � - ��� � � .�� � " �
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where2 determinestheweightsonfutureshort-termrealinterestrates.Themodel

is closedwith a monetarypolicy rule with the short-terminterestrate 3 4 as the

policy instrument.Alternativerulesarediscussedbelow.

1.2 Rudebusch-Svenssonmodel

I follow RudebuschandSvensson(1998),usingtheirmildly restrictedVAR equa-

tionsfor “I–S” andPhillipscurves.TheI–Scurvemakestheoutputgapafunction

of two of its own lagsandaweightedaverageof recentex postshort-termrealin-

terestrates.ThePhillips curve is conventionalin makinginflation a function of

its own lags(constrainedto sumto onein this model)andonelag of theoutput

gap. 56 487:9 ; 56 4 <�;	=+9 > 56 4 <�>@?+9 A$B C D$E FGH I�J B 3 4 < H ?�K�4 < H L ?NMO L =+P Q 4K 4 7 RGH I ;�S H K 4 < H = S Q 56 4 <�; =+P T 4
The coefficients for the two equationsareestimatedfrom quarterlydataasde-

scribedin thedataappendix.Themodelis closedwith a policy rule in theshort-

terminterestrate,asdescribedbelow.

1.3 Habit Formation model

Thismodelis fully describedin Fuhrer(2000).Themodelincludesanondurables

andservicesconsumptionsectorthatis characterizedbyanapproximatelog-linear

consumptionfunctionderivedfrom autility functionthatexhibitshabitformation.

Theutility functionis U 7WVGH I�J�X HZYB Y ?+[ L]\_^ H^a`H <�; b�c ; <�d e
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andthelog-linearizedconsumptionfunctionisf g$hji g	k0l�gnmop q�r$s p t u i g v p�w�x�yr t z g v p v r h z g v p {�wjx�y| t } g v p v r h } g v p { hj~ y � g v p v r�w���y
where

z g and
} g areasdefinedin Fuhrer(2000). Therestof GDP–durablegoods

consumptionplusbusinessinvestment,netexports,andgovernmentconsumption

andexpenditures–ismodeledasin the Fuhrer-Moore (1995b)model. The price

specificationis from FuhrerandMoore(1995a),andthemodelis closedwith an

interestratereactionfunction.

1.4 McCallum-Nelsonmodel

This simplemodel,dubbedan “optimizing IS–LM model” for monetarypolicy

analysisby McCallumandNelson(1999),comprisesaforward-lookingI–Scurve

of theform �i g k!l g �i g v r h+� t � g h+l g ��g v r h(�� {)w+� � g
anda forward-lookingPhillipscurve��g k0l g ��g v r w�� �i g w+� � g
Thepropertiesof thismodelarediscussedin EstrellaandFuhrer(1999).Because

it is purely forward-looking,the model impartsvery little persistenceto output

or inflation. As a result,it will imply markedly differentvariancetrade-offs from

the othermodelsconsidered.It is included,however, becausemonetarypolicy

regimesthat target the deviation of the price level abouta trendmay not yield

the inflation persistencethat characterizespost-war inflation-targetingmonetary

regimes.Themodelis closedwith aninterestratereactionfunction.

2 Minimum VarianceFrontiers

The conventionin mostrecentcontributionsto the optimal monetarypolicy lit-

eraturehasbeento assumea lossfunction that sumsthe weightedvariancesof
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key variables.3 I will discussanalternative below, but hereI adopttheminimum

varianceconvention.A numberof alternative lossfunctionsandpolicy strategies

areconsidered.

2.1 Alter nativeLossFunctionsand Policy Strategies

LossFunctions

A fairly standardperiod loss function takes the weightedaverageof output

gap,inflation,andinterestratevariances:�@�	�0�	� ��� ��� �)�+�)� ��� �� � �)�!� ���+�)�&���)� � ��� � � �
Thenthe lossfunction is thediscountedsumof expectedweightedvariances.In

what follows, I usethe unconditionalvariancefor the samesetof variables–the

limit of
� �

as �n� � . While thecomputationsaresimplifiedsomewhatby this

assumption,thissimplificationmakeslittle or nodifferencein theresultsI discuss

below.

A secondloss function that I consideraddsto the above loss function the

unconditionalvarianceof thelog pricelevel aroundits (possiblyupward-sloping)

trend.Of course,thislossfunctiononly makessenseif thepolicy strategy includes

someresponseto priceleveldeviations.If not,thedeviationof thepricearoundits

trendfollowsarandomwalk, andits variancegrowswith � . Thusthelossfunction

in this caseis:� � �!� � ��� � � �)�+� � ��� �� � �)�+��¡ ��� � � �)�!� ���+� � �+� � �+�)¡ � ��� ¢ � ��¢�£� �
wherethe

��� �
s maybeinterpretedasunconditionalvariances.

In theexercisesdescribedbelow, I assumethatthelossfunctionincludessome

weightonthepriceleveldeviation,unlessthemonetaryauthoritydoesnotrespond
3In a recentpaper, Woodford(1999)shows that sucha lossfunction may be derived from a

particularoptimizingproblem.
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explicitly to the price level (aswith pureinflation targetingor inflation forecast

targeting).

Policy Strategies

For agivenlossfunction,themonetaryauthoritymaypursueoneof many pro-

posed“policy strategies,” which heresimply meandifferentmanifestationsof a

linearinstrumentrule. Forexample,asSvenssonhaspointedout,aninflationfore-

casttargetingrulecanbeanoptimalruleevenwhenthelossfunctionincorporates

concernaboutbothinflation andoutputdeviations.Alternatively, monetarypoli-

cymakersmightchooseabackward-lookingreactionfunctionthatrespondsto all

statevariables.Theactualperformanceof thesestrategies,givena lossfunction,

will dependondetailsof theassumedmodelspecificationandthecharacterization

of shockshitting theeconomy.

Eachof the policy rules consideredis a somewhat restrictedversionof the

“optimal” rule that would arise. In eachcase,lagsof output, inflation, andthe

price deviation would appearin the optimal rule. However, the presenceof a

laggedinterestrateterm implies (infinite) lagsof eachof thesevariablesin the

policy rule. But thelagsappearin restrictedform. Otherauthorshaveshown that

the empiricaldistinctionbetween“simple” rules like thosebelow andcomplete

statevariablerulesis small(seeTetlow andvon zurMuehlen1999,andWilliams

1999,for example).

1. TheKitchenSink¤ ¥)¦!§�¤ ¥ ¨�©	ª!« ¬��§�® « ¯jª+°)±�« ¯�¥�_²¯	®)ª+°)³�´µ ¥�ª+°�¶�« ·�¥��·�¸¥ ®)ªN²§�®)ª+¹ º ¥
2. InflationTargeting¤ ¥	¦!§�¤ ¥ ¨�©	ª!« ¬�+§�® « ¯jª+°)±�« ¯�¥�_²¯	®)ª(²§�®)ª+¹ º ¥
3. InflationForecastTargeting¤ ¥ ¦!§�¤ ¥ ¨�© ª»« ¬��§�®�¼ ° ± ½¿¾ÀÁ Â�Ã « ¯ ¥ Ä Á Å²¯&®)ª+° ± « ¬� ½ ®�ÆÀÁ Â © « ¯ ¥ ¨ Á Å²¯&®)ª�¯ ¥ ª(²§$Ç�ªa¹ º ¥
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This strategy nestssimplebackward-lookinginflation targetingvia thepa-

rameterÈ . Policymakerschoosetheweighton theinflation forecastversus

thepast,aswell astheweighton inflationgenerally. With ÈÊÉÅË , monetary

policy respondsentirelyto theforecastof inflationover thenext year.

4. PriceLevel TargetingÌ Í É0Î Ì Í Ï�Ð	Ñ!Ò Ë�Ó+Î�Ô Ò Õ�Ö�Ò ×�Í Ó ×�ØÍ Ô Ñ�Ù�Í�ÑNÚÎ�Ô Ñ+Û Ü Í
Thisrulemakestheshort-termrateafunctionof deviationsof thepricelevel

from its long-termtrend, × ØÍ . The trendmay have a positive slope,so that

thetrendgrowsover timeat thetargetrateof inflation ÚÙ× ØÍ É ÚÙjÑ�× ØÍ Ï�Ð
Until recently, conventionalwisdomheld that price level targetingwould

entail an undesirableamountof inflation andoutputvariability. Inflation

variability would increasebecauseinflation would have to be broughtbe-

low targetto returnthepricelevel from above trend.Becausemostmodels

link inflationandrealoutput,anincreasein inflationvariability wouldentail

a commensurateincreasein outputvariability. However, Wolman(2000)

shows that, for somespecifications,price-level targetingcanreduceinfla-

tion andoutputvariability.

2.2 ResultsI: Price Level Targeting Is Not a FreeLunch (for

mostspecifications)

Figure1 displaysoutput/inflationvariancefrontiersfor thehabitformationmodel

with a “Kitchen Sink” policy strategy.4 Eachfrontier depictstheoutcomesfor a
4ThePDFversionof thepaper, availableon theFRBBostonResearchwebsite,displayscolor

versionsof thefigures.
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differentvalueof Ý�Þ . Theblackline depictsthefrontierfor Ý�Þ�ß!à , andincreasing

valuesof Ý�Þ imply frontiersthatshift upandto theright (thecoloredlines).As the

figureindicates,increasingemphasisonthepriceleveldeviationfrom its (upward-

sloping)trendentailsincreasingoutputandinflation variability. Thereis no free

lunch.5 This resultalsoholdsfor the Fuhrer-Moore modelandthe Rudebusch-

Svenssonmodel.

Figure2 displaysthe correspondingoutput/price level variancefrontiersfor

the samemodel. Herewe seea featurecommonto thesethreemodelsaswell:

Increasedemphasison the price level deviation (not surprisingly)reducesprice

level variability (abouttrend).For agivenlevel of pricelevel emphasis,increasing

inflationemphasiseventuallyraisesbothpricelevel andoutputvariability. This is

truefor all valuesof Ý Þ in thefigure. If price-level deviationsabouttrendarean

importantcomponentof themonetarypolicy lossfunction,toomuchemphasison

inflationwill backfirein thesemodels.

The McCallum-Nelsonmodel,with flexible inflation andoutput,producesa

differentresult.Firstof all, thefeasiblecombinationsof inflationandoutputvari-

ancelie well insidethoseattainablefor modelswith sticky inflation andoutput

(theminimuminflation standarddeviation of nearlyzerois attainedat anoutput

standarddeviation of á�â ã ; in the sticky inflation model, the minimum inflation

standarddeviation is above ä andarisesfor outputstandarddeviationsabove ã ).
Practicallyspeaking,increasingemphasison the price level deviation causesno

deteriorationin outputand inflation variability, asFigure3 shows. In fact, for

extremelyinflation-aversepreferences(theupperleft portionof thefrontier), ad-

ditionalemphasisonthepricelevel slightly improvesoutputandinflationvariabil-

ity.6 In addition,the price level/outputvariability trade-off doesnot bendback-
5Note that this exerciseabstractsfrom the possiblebenefitsto price-level emphasiswhenthe

nominalinterestrateis at thezerolowerbound.
6Macleanand Pioro (2000) find similar resultsin the Bank of Canada’s QPM models,by

varying the expectationsassumptionsemployed betweenbackward-lookingand fully forward-

looking.
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wardsin this model,asit doesin theothers.I find this resultin noneof theother

specifications.7

2.3 ResultsII: Inflation TargetingversusInflation ForecastTar-

geting

In a seriesof papers,Svensson(1998,1999,2000)hasraisedsomecritical is-

suesregardingthetheoreticaldifferencesbetweeninflation targetingandinflation

forecasttargeting.Figures4 and5 displaythebenefitsthataccrueto aninflation-

forecast-targetingcentralbank,comparedto onethattargetsobservedcurrentand

pastinflation. Recallthattheinflation forecasttargetingstrategy describedabove

allowed for endogenousestimationof the mix betweenbackward and forward

weightson inflation in thereactionfunction.

Interestingly, this exerciseyields two insightsaboutforecasttargeting. First,

for moderatevaluesof preferences,theweightonexpectedfutureinflationis gen-

erally one, while that on past inflation is zero. Second,the gains(in reduced

inflation/outputvariability) from pursuinganinflation forecaststrategy arefairly

small. The red dashedlines in Figures4 and5 show the feasiblevariancecom-

binationsundersimpleinflation targeting;thesolid linesdepictthevariancesat-

tainableunderinflation forecasttargeting.Eachpairof linesrepresentsadifferent

emphasison the price level deviation, with higheremphasisresultingin an out-

wardshift in thefrontier–i.e.,higherinflationandoutputvariances.As thefigures

indicate,thegainsfrom inflation forecasttargetingaresmall.And in somesense,

theindicatedgainsareoptimistic: In this exercise,agentsknow the“true” model

and useit to forecastinflation. If the model usedto forecastinflation is mis-

specified,thenthesegainsmaybeevensmaller.

The reasonfor the similarity of inflation targeting and inflation forecasting
7EstrellaandFuhrer(2000)documentthestronglycounterfactualimplicationsof thisandother

specificationsthatmake inflationandoutputpurelyforward-looking.
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resultsis straightforward. The rational expectationsforecastof inflation in the

modelis a particularlinearcombinationof theobservablevariablesin themodel.

Becausethetwo modelsin Figures4 and5 embodydata-consistentinflation per-

sistence,theactualinflation ratetodaywill behighly correlatedwith therational

forecastof inflation over thenext four quarters.As a result,targetingtoday’s ob-

servedinflation,ratherthanforecastedinflation,doesnotyield significantlyworse

performance.8

2.4 ResultsIII: PurePrice Level Targeting

While few arecurrentlyproposingsuchanextremepolicy, I considerpureprice

level targeting. Figure6 comparesa policy that respondsonly to the price level

deviation–whichwill, of course,control inflation–with a “kitchen sink” policy.

Theresultsfor thehabitformationmodel(echoedin theF-M andR-Smodels)are

clear: Pricelevel targeting(thesolid black lines) raisesboth inflation andoutput

variability relative to the“kitchensink” policy (thedashedredlines).

3 Explicit Inflation Distortions andUtility-Maximizing

Monetary Policy

Why doeconomicagentscareaboutinflation?In themodelsexaminedabove,the

only reasonfor agentsto careaboutinflation is thatthey know thatthemonetary

authoritycares.As a result,the monetaryauthoritywill move outputabove and

below potentialin orderto keepinflationnearits target.Theresultingrealdisrup-

tionsmightwell figureinto consumers’expectedutility calculations,for example.

But in this case,an optimalmonetarypolicy from the consumer’s point of view

is onethatsmoothesconsumptionasmuchaspossible.We don’t know why you
8Of course,theseresultsdonotaddressotherpotentiallyimportantbenefitsto explicit inflation

forecasttargeting.
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feel theneedto disinflate,theconsumermight sayto themonetaryauthority, but

if youdo it, do it gradually.

This sectionexploresa verysimplemodelin which thelevel of inflation mat-

tersexplicitly for realconsumptiondecisions.I eschew theconventionof putting

real money balancesin the utility function, or imposinga cash-in-advancecon-

straint. Instead,I focuson the distortionsthat arisefrom imperfectindexation.

I pursuethis avenuebecauseif all transactionsin theeconomy–wagedetermina-

tion, assetexchange,taxation–wereperfectlyindexed,muchif not all of thecost

of inflationwoulddisappear.

In particular, I approximatethedistortionsthatarisethroughtheinteractionof

inflationwith theU.S.taxcode.Thissourceof inflationcosthasbeenemphasized

recentlyby Feldstein(1997). In theearly part of my sample,this includedboth

“bracket creep”–thefailure of tax ratebrackets to keeppacewith inflation–and

the taxationof nominalassetreturns. In the latter part of the sample,the labor

incometaxbracketsarefairly well indexed(althoughwith a lag),but thetaxation

of nominalassetincomeremains.

Thus,thedistortionI considerentersthroughthebudgetconstraint,ratherthan

throughtheutility function.Thelog-linearizedconsumptionfunctionthatI derive

includesa termthat impliesthatthelog consumption-incomeratio will belower,

the higher is the discountedexpectedsumof future inflation rates. The param-

etersthat link expectedinflation to real consumptionarederived from effective

marginal tax ratesand their relationshipto inflation acrosstime. However, for

a suitablechangein parameters,theconsumptionfunctionmaybe thoughtof as

representingany inflation distortion(in the level of inflation) thatentersthrough

thebudgetconstraintof a forward-lookingconsumer.
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3.1 Derivation of the Model

FollowingCampbellandMankiw’s(1989)derivationof thelog-linearbudgetcon-

straintin thestandardlife-cyclemodel,assumethataggregatenominalwealthmay

berepresentedas9 å�æ	ç!è)æ�é+ê�æ
(1)

Therateatwhichnominalreturnsonwealtharetaxedis ë . Theeffectivemarginal

tax ratevarieslinearlywith therateof inflationë)ì í æ î@ç ë ï é ë ð í æ
sotheafter-tax returnon wealthisñ æ ò ð ç ì ó�ô�ë)ì í æ ò ð î î ì è	æ ò ð é+ê�æ ò ð î õ è	æ(2)

Combiningequations??and?? yieldsanonlineardifferenceequationin wealthå�æ ò ð ç ñ æ ò ð ì å�æ ô ê�æ îì ó�ôöë	ì í æ ò ð î î(3)

Dividing throughby

å æ
andlog-linearizingyields÷ æ ò ð ô ÷ æ ç!ø æ ò ð é+ù ú$û ì ó�ô+ü ý�þ	ì ÿ æ ô ÷ æ î î ô ù ú$û ì ó�ô�ë ï ô�ë ð í æ ò ð î

wherelowercaselettersdenotelogarithms.Employing CampbellandMankiw’s

linearizationfor ó&ô�ü ý�þ)ì ÿ æ ô ÷ æ î , anda log-linearizationfor thetax termsaroundí ç�� yields÷ æ ò ð&ô ÷ æ � ø æ ò ð é ��� é ì ó�ô0ó õ � î ì ÿ æ ô ÷ æ î)é ì ë ð õ ì ó�ô�ë ï î î í æ ò ð
Wecanusetheidentity � ÷ æ ò ð	� ��ÿ æ ò ð é ì ÿ æ ô ÷ æ î ô ì ÿ æ ò ð ô ÷ æ ò ð î to substitute

out for � ÷ æ ò ð to obtain�»ÿ æ ò ð é ì ÿ æ ô ÷ æ î ô�ì ÿ æ ò ð ô ÷ æ ò ð î@ç!ø æ ò ð é � � é ì ó�ô»ó õ � î ì ÿ æ ô ÷ æ î é ì ë ð õ ì ó�ôaë ï î î í æ ò ð
9As in Campbelland Mankiw, 
�� representsall wealth, including humancapital. I have

normalizedpopulationat  for convenience.
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Solvedforwardandsimplified,this yields� �����	������� ��� ����� �  ! � " � ��#$� � " �&%(' � ) � ' * + ,�� " � + %.-�/(4)

Substitutingequation?? into CampbellandMankiw’sequation3.6,weobtainthe

budgetconstraint0 ����� ������� ��� ����� �  #1� � " � ��#10 � " � � ' � ) � ' * + ,�� " � + %.-�/(5)

I combinethis budget constraint,which incorporatesthe cost of inflation-

inducedtax distortions,with the expressionfor #10 � " � from the habit formation

specificationin Fuhrer(2000)to obtainthelog-linearconsumptionfunction0 � �2� �3�4��� ��� ���5� �  #$� � " � %26 / �  7 � " � " � � 7 � " � + %26 /8  9 � " � " � � 9 � " � + �;: / ! � " � " � � ' � ) � ' * + ,�� " � + %�- / %2< = �
(6)

wherethe 6 /> , : / , 7 , and
9

areasdefinedin Fuhrer(2000).Theinterpretationof the

consumptionfunctionis asin Fuhrer(2000),with theadditionof thetax feature.

Wheninflation is expectedto behigh in thefuture,thetaxdistortionis larger, real

disposableincomeis lower, andconsumptionis lower relative to currentincome.

The amountof the distortiondependson the slopeandinterceptof the function

that relatestaxes to inflation. We provide somedata-basedestimatesof these

parametersin thenext section.

An alternative approximationfor imperfect indexation makes the tax ratea

functionof boththelevel andthechangein inflation.' �3� ' * % ' � ,�� % ' 8  ,����?,�� @ � +
Thisspecificationleadsto theapproximatelog-linearizedconsumptionfunction0 ���A� �B�C��� ��� ����� �  #1� � " �D%�6E/�  7 � " � " � � 7 � " � + %�6E/8  9 � " � " � � 9 � " � + �A: / ! � " � " �� ' � ) � ' * + ,�� " � + � ' 8 ) � ' * +  ,�� " � " � �A,�� " � + %.-�/(7)

so that now the consumption-incomeratio dropswhen the expectedchange in

inflation is positive,reflectingits distortingeffecton thetax rate.

14



3.2 Estimating the Dependenceof Tax Rateson Inflation

I usetwo methodsto estimatethedependenceof effective marginal tax rateson

inflation. Thefirst is to indirectly estimatetheeffect by estimatingthehabit for-

mationmodelwith taxdistortionsin equation??. Maximumlikelihoodestimation

of F G and F H yieldsa tax distortionparameterF H I�J K�L�F G M	NPOEQ R�S . If we allow for

thefuturechangein inflation to enteraswell, theestimatedcoefficientson thefu-

turelevelsandchangesof inflation are O�Q T5R and REQ O5U , respectively, with standard

errorsof O�Q K�K and OEQ V5W .
Alternatively, I usedataon averagemarginal tax ratesfor wage,interest,div-

idend,andpensionincomefrom the NBER’s TAXSIM programto estimatethe

effectof inflationon effectivemarginal tax rates.To correspondto theconceptof

incomeusedin theconsumptionsector, I aggregatethetax ratesusingtheshares

of thesetypesof incomein total incomein theNIPA accounts.Figure7 showsthe

relationshipbetweenthe averageaggregatemarginal tax rateandinflation from

themid-1960sto 1994,thelastyearfor which taxdataareavailable.

Of course,effectivemarginal tax rateswill varywith importantchangesin the

tax code.In estimatingtheparametersF G and F H , I control for thechangesin the

U.S.personaltax codeshown in Table1.

Usingdummiesto control for thesebreaksin thetax code,I regresseffective

marginal tax rateson inflation,thefirst differenceof inflation,realoutputgrowth,

andtheoutputgap. I find that thechangein inflation entersinsignificantly. The

estimatedratioof F H to K;LAF G is OEQ V5U , with asymptoticstandarderror OEQ K R .
3.3 The Government BudgetConstraint

In this simplemodel,governmentexpendituresaresimply acomponentof “other

GDP” (GDP excluding consumptionof nondurablegoodsandservices).Other

15



Table 1

Significantchangesin US tax code

Year Change

1969 Tax ReformAct of 1969

Increasedpersonalexemptionamountandloweredmaxrateonearnedincome.

Increasedstandarddeduction,establishednew rateschedulefor singletaxpayers,

andrepealedinvestmenttax credit.

1978 RevenueAct of 1978

Reducedindividual taxesby wideningtax bracketsandreducingnumberof tax rates.

Increasedpersonalexemption,standarddeduction,andcapitalgainsexclusion.

1981 EconomicRecoveryTaxAct of 1981

Significantlyreducedtaxesby reducingindividual tax ratesandindexing of

bracket structure(beginningin 1985).Reducedtop tax rateon capitalgains,

introduceda deductionfor two-earnermarriedcouples,andexpandedIRAs.

1986 Tax ReformAct of 1986

Completereformof taxcode.Mademajorcutsin individual tax ratesandrepealed

capitalgainsexclusion.Repealedinvestmenttax credit,increasedpersonal

exemptionamountandstandarddeduction.

1990 OmnibusBudgetReconciliationAct of 1990

Increasedexciseandsocialinsurancetaxes.Creatednew 31%tax rateandmax

capitalgainsrateat 28%.Temporarilyphasedoutpersonalexemptions.

1993 OmnibusBudgetReconciliationAct of 1993

Increasedtax ratesfor high-incometaxpayers,with new bracketsat 36

and39.6%.Limited itemizeddeductionsandextendedphase-outof

personalexemptions.Increasedexciseandsocialinsurancetaxes.
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GDPis modeledasastationaryprocessarounda log-linearsegmentedtrend.XYEZ[2\�]E^ XYEZ[ _ ^�` ]Ea XYEZ[ _ aDb ]�c5d e [ _ ^ bgfe�h `�i j Z [
The processfor the tax ratewill be mean-reverting to k l as long as inflation is

stationary. With all of GDPrevertingto its long-runtrend,tax revenueswill grow

at thesamerateasgovernmentexpenditures.As a result,thelong-runbalanceof

thegovernmentsectoris guaranteed.

3.4 Utility Maximization

For agivensetof policy parametersandsequenceof shocks,themodelwith habit

formation and tax distortionsimplies a particularpath of consumptionm n o p \q�r r r s
. I computeutility from theoriginal nonlinearutility functionast \vuwn x�l y n{zd z b�| h } m nm ~n _ ^ ��� ^ _E� �

In thefiguresthat follow, I present“utility surfaces.” Thesesurfacesplot utility

asdefinedabove asa function of policy parametersettings.For eachsettingof

thepolicy parameters,I computea stochasticsimulationof themodel,shocking

it with shocksdrawn from a multivariatenormaldistribution whosecovariance

matrix equalsthe covariancematrix estimatedfrom the data. Discountedutility

is computedfrom the simulatedvaluesfor consumption.In order to avoid any

small-sampledistortions,I averagethe resultsover 1,000simulationsof length

100,whichshouldprovideaveryaccurateestimateof thetruedistributionimplied

by themodelanderrorcovariancematrix.
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4 Utility-Maximizing Monetary Policy: The Base-

line Case

Themodelis specifiedasdescribedabove,with anerrorcovariancematrix com-

putedfor the samplefrom 1980 to the present. Only inflation-level distortions

enterthe model. The distortionparameters� � � � � aresetat their estimatesfrom

themarginal tax rateregressions,sothat � � ��� ���A� � �D����� ��� .
Theutility surfacesfor thebaselinecase,which usesthesticky inflationspec-

ification with a “smaller” covariancematrix (excludingthe1970ssupplyshocks)

andlevelseffectson tax rates,is shown in Figure8. Thefiguredisplaysvariation

in ��� and��� onthe � and� axes,with utility ontheverticalaxis.Thesurfacesdif-

fer in thevalueof the“smoothing”parameter� andin thevalueof theprice-level

targetingparameter��� .
As indicatedin thegraph,utility is maximizedfor high valuesof ��� andlow

valuesof ��� . Utility risesrapidly asthe responseto inflation, ��� , falls below � .
For theseparameters,consumersstronglypreferoutputto besmoothed.Interest

ratesmoothingthatis moreaggressive thanthesampleestimateof about�E� � does

not improveutility.

Interestingly, the“global” optimumin this grid of parametersariseswhenthe

monetaryauthorityplacessignificantweight on the deviation of the price level

from the targetedtrendpathfor prices. The utility gain from targetingtheprice

level is relatively small–compared,for example,to thegain from not responding

too aggressively to inflation. In this baselinecase,theutility level for theoptimal

policy with price level targeting is ��� ���E� � , while the utility attainedsetting ���
to zerois ��� �E����� , a differenceof about � �E� . This comparesto utility levels for

moderateversusaggressive inflation targetingof ��� � � and ����� �5� , respectively, a

differenceof �5� ��� .
Therationalefor this resultis simple: Recallthat theform that the imperfect
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indexationdistortion(call it � ) takesin theconsumptionfunctionis:� ��¡�¢2£¤¥ ¦�§�¨ ¥2© ª¬« § ® ª « ¯ ° ± ¢ ² ¥ ³
Theconsumption–incomeratio falls with thediscountedsumof expectedfuture

inflation. But this term is very closeto the expectedfuture price level at a long

horizon: ´ £ � ´ ¢�µ�¡�¢2£¤¥ ¦�§ ± ¢ ² ¥
Minimizing the distortionthat arisesfrom imperfectindexation is nearlyequiv-

alentto keepingthe price level stablein this model. The closeris the expected

(discounted)sum(or average)of future inflation ratesto zero,thecloserwill be

theexpectedpricelevel to thecurrentlevel.

How robust is this result? The following sectionexploreswhetherit canbe

overturnedby changingthestrengthof theinflation distortion,thesizeandcom-

positionof theshocksbuffeting theeconomy, or thestickinessof inflation in the

model.

4.1 Robustnessto Alter nativeSpecifications

I consideranumberof alternatives,whichmaybecategorizedas(1) specification

options,and(2) errorcovarianceoptions.

SpecificationOptions¶ Lar ger inflation distortions: I quadruplethesizeof thetax distortionpa-

rameter, settingtheratio of thetax parametersto ·E¸ ¹ .¶ Flexible inflation I substitutea simpleflexible inflation equation

± ¢ ��º3¡ ¢ ± ¢ ² § µA»�¼ ¢ µ�½ ¾ ¢
asin McCallumandNelson(1999).
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¿ MyopicConsumersI raisethediscountrateusedto discountfutureincome,

realrates,andinflation.

ErrorCovarianceOptions

1. Lar ger shocksI usean error covariancematrix estimatedfrom the sam-

ple 1966-1979. By incorporatingthe 1970soil shocks,this significantly

increasesthevarianceof the“supplyshocks”buffeting theeconomy.

The utility surfacesfor theseoptionsaredisplayedin Figures9–12. As the

figuresshow, the basicresult, that consumerscaremoreaboutmonetarypolicy

responsesto outputthaninflation, holdsfor all of thesealternatives. In addition,

in all casesexcept the flexible inflation model, price level targeting dominates

policiesthat ignoretheprice level, althoughtheutility gainsarerelatively small.

Larger shocksanda biggervaluefor À Á Â À Ã simply magnify thepenaltiesfor ex-

tremeemphasison inflation.

Figure10displaystheutility surfacesfor theflexible inflationmodel.It shares

somefeatureswith thesticky inflation cases:Utility falls rapidly as Ä�Å increases,

and consumersprefer a fairly vigorousresponseto output. But in contrastto

the sticky inflation results,the optimal policy hereentailsno responseto price

level deviations. Inflation is so flexible that a policy that targetsthe cumulative

inflation raterate(thepricelevel) doesno betterthanonethat targetsthecurrent

inflation rate.Inflation is alsoflexible enoughthatminimal responsesto inflation

yield stablecurrentandfuture inflation with minimal tax distortionsandsmooth

consumption.

Figure11 displaysutility surfacesfor shocksdrawn from acovariancematrix

that includesdatafrom the 1960sand1970s. The only differencebetweenthis

figureandthebaselineis thattherangeof utility is larger. Poorlyconducedmon-

etarypoliciesimply moredramaticlossesof utility whentheshockvariancesare

larger.
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4.2 Myopic Consumerswith Sticky Inflation

Of course,a substantialincreasein therateat which consumersdiscountthe fu-

ture might reducethe importanceof price-level targeting. In this case,the cor-

respondencebetweenthe inflation distortionandtheprice level is weakened. In

Figure12, thediscountrate Æ is setto ÇEÈ É , sothatconsumers’effectivehorizonis

only a few quarters.Now theoptimalpolicy entailsno weighton thepricelevel.

Theutility surfacesstill suggest,however, thattoomuchsingle-mindedemphasis

on inflationyieldsa tremendouslossin utility.

4.3 The Optimal Inflation Target

While thebehavioral equationsthatdeterminetheevolution of consumption,in-

come,inflation, andinterestratesin the modelarelinear, theutility function by

which we gaugealternative policies is not. Thusdifferent target inflation rates

will imply differentutilities. A key questionis how muchutility is affectedby a

shift from a low inflation targetto azeroinflation target.

Figure13 displaysrepresentative utility surfacesfor thebaselinemodelwith

a 2% inflation target andthe baselinemodelwith a zero inflation target. As is

evident from thefigure,theutility differenceis negligible. Themaximumutility

attainablewith the 2% target is Ê2ÇEÈ Ë5Ì�Í Î , versus Ê;Ç�È Ë�Ì5ÇEÏ for the zero-inflation

target case. Comparethis to the differencein utility betweenthe optimal pol-

icy underzero-inflationtargetingandthesub-optimalvigorousinflation targeting

policy. Utility declinesfrom Ê;Ç�È Ë�Ì5ÇEÏ to Ê�Ð�È Ì�É5Ñ5Ì whenthe monetaryauthority

respondsvigorouslyto inflation.
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4.4 Comparing WeightedVarianceandUtility Measuresof Op-

timality

Figure14 shows theoptimalpolicy frontiersfor thebaselinemodelwith tax dis-

tortions, for a variety of valuesof Ò�Ó . The contoursare quite similar to those

shown in Figure1 for themodelwithout thetaxdistortion,andthebasicmessage

is the same:Price level targetingdoesnot deliver a “free lunch” with regardto

outputandinflationvariability.

Figure15depictsthesamevariancefrontiersalongwith thevariancesimplied

by theutility-maximizingpointsonFigures8–11.10 Thesepointsarelabeledwith

redstarsandaretakenfrom the“Baseline,” “Large Ô ” (moreprominentinflation

distortion), “Large Õ ” (drawing shocksfrom the volatile 1970s),and“Flexible

inflation” simulations,respectively.

TheBaselinecaselies somewhatoutsidethevariancefrontiers,evenfor very

high valuesof Ò Ó . This suggeststhat, from an optimal varianceperspective, the

utility-maximizing point implies a strongpreferencefor low output variability,

andahightolerancefor inflationvariability. Thelarge Ô point lieson thefrontiers

and is naturallyconsistentwith a lower tolerancefor inflation variability, but it

still liesbelow the Ö�× slopepoint identifiedby Taylorasapoint reflectingamod-

eratetrade-off betweeninflationandoutputvariability. Theflexible inflationpoint

shows thatutility-maximizing policy impliesconsiderablysmalleroutputandin-

flationvariancewheninflation is flexible thanwhenit is sticky. Finally, the“largeÕ ” point shows how muchfurther out in variancespacethe utility-maximizing

policy is if theeconomyis buffetedby largershocks.
10Thesearecomputedas in the unconditionalvarianceplots, taking the diagonalcovariance

matrix Ø assumedin thecorrespondingfigure,thevaluesof Ù Ú andÙ Û assumed,andtheflexible or

sticky inflationspecificationsdescribedabove.
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4.5 A Noteon Finite-SampleResults

The final figure displaysutility surfacesfor two draws of length220 quarters–

about the length of the postwar sample. The shocksdrawn from the random

numbergeneratorareapproximatelynormalandhave the two samplediagonal

covariancematrices,with the“true” covariancematrixdisplayedat right:

Shock SmallSample1 SmallSample2 “True”Ü Ý 5.1e-06 5.1e-06 5.2e-06Ü Þ ß 6.0e-05 8.1e-05 7.3e-05Ü à 1.8e-04 1.9e-04 1.9e-04

Interestingly, thesevery similar covariancematrices,bothof which approximate

the varianceof the “true” processquite well, producevery different implica-

tionsfor thenatureof optimalmonetarypolicy. Onesuggeststhatoptimalpolicy

placesno emphasison thepricelevel with very little interestratesmoothing;the

otherimpliesthatmoderatepricelevel targetingis important,andsois a sample-

consistentdegreeof interestrate smoothing. Both agreethat lessattentionto

inflationandmoreto outputimprovesutility.

Thereasonfor thisdisparity(whichweavoid by averagingoverthelargenum-

berof draws in thesimulationsabove) is that theprecisetiming of shocksto the

modelmatters.Becauseconsumption,inflation, andinterestratesarepersistent,

thetiming andconfluenceof largershockscanstronglyinfluencethesubsequent

time path of thesevariablesfor a period as long as a decade. Equivalently, a

50-yearsamplereally hasonly five ten-yearepisodesthatconstituteresponsesto

significantshocksto pricesor output. Eventhoughthevariancesof thesample’s

shockswill equalthelarge-sample“true” variance,thetime pathof thevariables

canbe significantlydifferent. As a result, the optimal monetarypolicy for two

economieswith identicalstructureandessentiallyidenticalshockvariancescan

varyquitesignificantly, dependingon theexacttiming of largeshocks.
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5 Conclusions

Theprincipalconclusionsof this papermaybesummarizedasfollows:

1. TheSvenssonpropositionthatprice-level targetingmaydelivera“free lunch”–

lowerpriceandinflationvariability with noincreasein outputvariability–is

model specific. It dependson a degreeof forward-lookingbehavior that

EstrellaandI havearguedelsewhereis notdata-consistent.

2. When gaugedfrom a utility metric, price-level targeting delivers a very

small, but non-zero,improvementin utility. This improvementis likely

to arisein any model in which the inflation distortion is manifestedasa

concernfor the discountedfuture pathof inflation. In the modelexplored

here,theutility improvementis abouttwo-tenthsof 1 percent.

3. The benefitsof price-level targeting arise from the form of the inflation

distortionusedin thepaper. For forward-lookingconsumerswith standard

discountrates,concernfor the discountedpresentvalue of tax-distorting

effectsof high inflation ratesis very similar to concernfor theprice level.

An exercisethat substantiallyincreasesthe discountrate verifies that, if

consumersareonly moderatelyforward-looking,thebenefitsof pricelevel

targetingin this specificationdisappear.

4. For mostof thespecificationsstudiedhere(in particular, thosewith persis-

tentinflation),utility-maximizing monetarypoliciesinvolve relatively high

responsesto output,andquite low responsesto inflation. This resultdoes

not dependimportantlyon themagnitudeof theshocksbuffeting theecon-

omy, or on thesizeof theinflationdistortion.

5. This modelsuggeststhatthewelfareimprovementfrom reducingtheinfla-

tion targetfrom a low positivenumber( á to â percent)to ã is negligible.
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6. Fifty yearsmay be a shortsamplefrom which to gaugewhatmight be an

optimalmonetarypolicy. Small-samplesimulationssuggestthateconomies

with identicalstructuresthatarebuffetedby shockswith thesamecovari-

ancestructurewill benefitmostfrom quitedifferentmonetarypolicies.

Of course,reasonablepeoplecan andshoulddisagreeon mattersof model

specification.Perhapsthestrongestresultto takefrom thispaperis this: Giventhe

uncertaintiesaboutkey aspectsof macroeconomicstructure(sourcesof inflation

persistence,degreeof forward-lookingness,sourcesof inflation distortions),it is

hardto makeverystrongstatementsabouttheoptimalmonetarypolicy.
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