OptimalMonetaryPolicy in aModel with Habit
Formation

Jefrey C. Fuhref
FederalResere Bankof Boston
November2000

Abstract

A numberof recentpapershave exploredmonetarypolicy options,includingin-
flationtargetingandinflation forecastargeting(notablySvenssor(1999a,1999b,
2000)) and price level tageting (Wolman 2000, Batini and Yates1999, Blinder
1999). Most papersexplore “optimal” monetarypolicy in the context of a single
model. However, a numberof conclusionsnadein theliteraturedependstrongly
on the modelspecificatiorused. In addition,mostpapershave usedthe efficient
policy frontier conceptto define optimal monetarypolicy. This paperinvesti-
gatesthe behaior of a variety of small structuralmacromodelsundera variety
of targetingrules. The paperexaminesboth minimum variancepolicy frontiers
andutility-maximizing policy. In the latter case,an explicit modelof consumer
behaior with inflation-inducedtax distortionsis explored. The paperexamines
theimprovementin utility from anoptimalprice-level tagetandre-examinesthe

improvementin utility in moving from a positive to a zerotargetinflation rate.
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“Nothing breeddailurelik e success.

Thesuccessf monetarypolicy in controllinginflationin thedevelopedeconomies

overthe past20 yearshasled mary to wonderhow to retainthatsuccessor even
to improve uponit. Certainlyit is reasonabléo be concernedboutthe extentto
which favorablemonetarypolicy hasarisenbecausef theidiosyncratictraits of
particularcentralbanlers. Goingforward,it would be preferableo designmone-
tary institutionssothat successfupracticewould be incorporatedn centralbank
chartersratherthanembodiedn individuals.

As aresult,alargeliteraturehasemegedto proposeoptimalmonetarypolicy
stratgyies. Thework of Svensson(1999a,1999b,2000)andBernanle, Laubach,
Mishkin, andPosen(1999)hasfocuseddebateon the primagy of inflation target-
ing asanorganizingprinciple. For mary years theideathatcentralbanksmight
directly target the price level wasdismissed.The reasoningvasroughly asfol-
lows: Becausestabilizingthe price level requiresmoving theinflation rateabove
andbelow its target,andbecausealoing so requirescorrespondingnovementsn
output(accordingo mostmodels) pricelevel targetingwould entailunacceptable
variability in output.

But morerecentwork hascalledinto questionthe generalityof this proposi-
tion. Wolman(2000),for example,shavs thatwhenthe nominalinterestratehits
its zerolower bound,a price level target may help to lower ex antereal interest
rates,becauset will imply a futurerise in expectedinflation. The moregeneral
propositionthat price-level targeting might provide a “free lunch} in which in-
flation andoutputvariability arereducedwithout consideratiorof the zerolower
bound,hasbeenadvancedby Svenssor(1999b). This result,however, is model-
dependentandas| will shav below, doesnot hold up in data-consistermacro
models.

Most of the literaturerelieson anad hoc monetarypolicy lossfunction that
is a weightedaverageof variancesof inflation (aboutits target), output (about



potential),andthe price level (aboutits deterministictrend)! While Woodford
(1999) suggestghat the weightedsumof variancesof outputandinflation pro-
vide a fairly goodsecond-ordeapproximatiorto actualwelfare,this approxima-
tionis notlikely to holdupin all specificationsIn particular thetime-inseparable
utility function exploredin this paperwill alterthe appropriatesecond-ordeap-
proximation? In ary event,this aversionto computingwelfaredirectly from the
positedutility function seemssomeavhatodd, giventhe long-standingemphasis
on optimization-basedhacromodels.

In this paper | review somevariance-basedptimal policy results.l demon-
stratethe model dependencef somekey results,particularly thoserelating to
price level targeting. Next, | utilize a data-consistenvptimizing modelof con-
sumptiondevelopedin Fuhrer(2000),augmentedby inflation-inducedax distor
tions, to computeutility-maximizing monetarypolicy. | examinethe robustness
of my findingsto anumberof changesn specificationl thencompareheresults
to the resultsfrom the variance-basetbssfunction. Finally, | look at the utility
gainsto price-level tagetingover inflation targeting,andto a zeroinflation tamget
versusalow, positive inflation target.

Section?? describegshe modelsfor which I computeoptimal variancetrade-
offs; section?? presentsheminimumweightedvarianceresults;section?? devel-
opsthe habit-formationmodelwith inflation-inducedtax distortions;section??
presentautility-maximizing monetarypolicy resultsfor the baselinemodeland
alternatve specificationsandsection?? concludes.

10Oneexceptionis Rotembeg andWoodford (1997),althoughthey consideronly realinterest
rate shocks. In addition, Woodford (1999) demonstratesin approximateequivalencebetween

weightedvariancesandmodel-basedocialwelfarefor a particularspecification.
2In the habit specificationusedbelaw, for example,the varianceof the growth rate of con-

sumptionmayappeaiin the second-ordeapproximation.



1 The Models

1.1 Fuhrer-Moore model

The modelis describedn detail in Fuhrerand Moore (1995b). Herel sketch
its essentiatomponentsThe price specificatiormay be summarizedn the def-
inition of the price index, p;, asa moving averageof currentand pastnominal
contractpricesz;_;:

3
b= Z JiTi—i
i=0

wheretheweightsf; areasdescribedn FuhrerandMoore. Therealcontractprice
index v; is definedastheweightedaverageof currentandpastrealcontractprices,

Tt—i — Pt—i s
Uy = Z i (IEt—z‘ - pt—i)
=0
The weightsfollow the samedistribution asthat for the definition of the price
index. Price-settersleterminethe currentreal contractprice asa function of the

realcontractpricesexpectedo bein effectfor thedurationof thecontractandas
afunctionof expecteddemandconditions ;. ;, over thedurationof the contract

3
zy—pr = fiE(Veyi + Vi)
i=0

Theaggrgatedemandelationmakestheoutputgapafunctionof its own lags
andtheex anterealinterestrate p;

Ut = Y101 + Yolt—2 + Yp(Pt—1 — P) + €yt

wherep is theequilibriumrealinterestrate,andp; is definedaccordingo the pure
expectationshypothesisas a weightedaverageof future short-termreal interest

rates,’l"t_H' — Etﬂ—t—i—i—l—l
pr = dper1 + (1 — d)(re — Eympg)
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whered determinesheweightsonfutureshort-ternrealinterestrates.Themodel
is closedwith a monetarypolicy rule with the short-terminterestrater, asthe
policy instrument.Alternative rulesarediscussedbelow.

1.2 Rudebusch-Senssonmodel

| follow RudeluschandSvenssor(1998),usingtheir mildly restrictedVAR equa-
tionsfor “I-S” andPhillips curves. Thel-S curve makestheoutputgapafunction
of two of its own lagsanda weightedaverageof recentex postshort-ternrealin-

terestrates. The Phillips curwve is conventionalin makinginflation a function of

its own lags(constrainedo sumto onein this model)andonelag of the output
gap.

3

G = bife—1 + bafie—2 — bp(:25 Y (re—i — Me—i) — D) + €yt
i=0
4

Ty = Z CiTlg—i + CylYr—1 + €pt
i=1

The coeficientsfor the two equationsare estimatedirom quarterlydataas de-
scribedin the dataappendix.The modelis closedwith a policy rule in the short-
terminterestrate,asdescribedelow.

1.3 Habit Formation model

Thismodelis fully describedn Fuhrer(2000). Themodelincludesanondurables
andservicesonsumptiorsectorthatis characterizetdy anapproximatéog-linear
consumptiorfunctionderivedfrom autility functionthatexhibits habitformation.
Theutility functionis




andthelog-linearizedconsumptiorfunctionis
o0

ce—ys = By Z W (Ayt-i—j + GT (pt—l—j—l—l _pt—l—j) + a;(zt—l—j—l—l - Zt+j) - 5*7"t+j+1 +K*

j=1
wherep; andz; areasdefinedin Fuhrer(2000). Therestof GDP—durableyoods
consumptiorplusbusinessnvestmentnetexports,andgovernmeniconsumption
andexpenditures—isnodeledasin the FuhrerMoore (1995b)model. The price
specificationis from FuhrerandMoore (1995a),andthe modelis closedwith an
interestratereactionfunction.

1.4 McCallum-Nelson model

This simple model, dubbedan “optimizing IS-LM model” for monetarypolicy
analysidoy McCallumandNelson(1999),comprisesforward-lookingl-S curve
of theform

Jt = Eyfjpr — o(ry — Bymg — P) + ey

andaforward-lookingPhillips curve
T = Eymen + Y + €pt

Thepropertiesof thismodelarediscussedn EstrellaandFuhrer(1999).Because
it is purely forward-looking,the modelimpartsvery little persistenceo output
or inflation. As aresult,it will imply markedly differentvariancetrade-ofs from
the other modelsconsidered.It is included, however, becausanonetarypolicy
regimesthat target the deviation of the price level abouta trend may not yield
the inflation persistencehat characterizepost-war inflation-tagetingmonetary
regimes.Themodelis closedwith aninterestratereactionfunction.

2 Minimum Variance Frontiers

The corventionin mostrecentcontributionsto the optimal monetarypolicy lit-
eraturehasbeento assumea lossfunction that sumsthe weightedvariancesof
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key variables® | will discussanalternatie below, but herel adoptthe minimum
variancecorvention. A numberof alternatve lossfunctionsandpolicy strateies
areconsidered.

2.1 Alternative LossFunctions and Policy Strategies

LossFunctions
A fairly standardperiod loss function takes the weightedaverageof output

gap,inflation, andinterestratevariances:
Ly =V (me) + 2V (Ge) + (1 — pr — po)V(re)

Thenthelossfunctionis the discountedsumof expectedweightedvariances.In
whatfollows, | usethe unconditionalvariancefor the samesetof variables—the
limit of £; ast — oo. While the computationsare simplified someavhat by this
assumptionthis simplificationmaleslittle or nodifferencen theresultsl discuss
below.

A secondloss function that | consideraddsto the above loss function the
unconditionalarianceof thelog pricelevel aroundits (possiblyupward-sloping)
trend. Of coursethislossfunctiononly makessensef thepolicy stratey includes
someresponseo pricelevel deviations.If not,thedeviation of thepricearoundits
trendfollowsarandomwalk, andits variancegrowswith ¢. Thusthelossfunction
in this caseis:

L= M1V(7Tt) + N2V(Et) + N3V(7"t) + (1 — M1 — M2 — M3)V(pt - PI)

wherethe V' ()s maybeinterpretedasunconditionalariances.
In theexercisedescribedelow, | assumehatthelossfunctionincludessome
weightonthepricelevel deviation,unlesgshemonetaryauthoritydoesnotrespond

3In a recentpaper Woodford (1999) shavs that sucha loss function may be derived from a
particularoptimizing problem.



explicitly to the price level (aswith pureinflation targeting or inflation forecast
targeting).
Policy Stratgies

For agivenlossfunction,themonetaryauthoritymaypursueoneof mary pro-
posed‘policy stratgies; which heresimply meandifferentmanifestation®f a
linearinstrumentule. For example asSvenssorhaspointedout,aninflationfore-
casttargetingrule canbeanoptimalrule evenwhenthelossfunctionincorporates
concernaboutbothinflation andoutputdeviations. Alternatively, monetarypoli-
cymakersmight choosea backward-lookingreactionfunctionthatrespondsgo all
statevariables.The actualperformanceof thesestratgjies,givenalossfunction,
will dependbndetailsof theassumeanodelspecificatiorandthecharacterization
of shockshitting theeconomy

Eachof the policy rules considereds a somavhat restrictedversionof the
“optimal” rule thatwould arise. In eachcase,lagsof output,inflation, andthe
price deviation would appearin the optimal rule. However, the presenceof a
laggedinterestrate term implies (infinite) lags of eachof thesevariablesin the
policy rule. But thelagsappeain restrictedform. Otherauthorshave shavn that
the empiricaldistinction between‘simple” ruleslik e thosebelonv andcomplete
statevariablerulesis small (seeTetlow andvon zur Muehlen1999,andWilliams
1999,for example).

1. TheKitchenSink
re = pri_1 + (1 = p)(m + (7 — T) + ey + 0 (pe — D) + P) + €t
2. Inflation Targeting
re = pri—1 + (1 — p)(T + az(m — T) + ) + €

3. Inflation ForecasfTargeting

3 4
re = prici+(1=p) |@nF D (Tppi — T) + an(l = F) D (Temi — 7) + T + p| +€rt

=0 =1



This stratgy nestssimple backward-lookinginflation targetingvia the pa-
rameterF. Policymakerschooseheweighton theinflation forecastversus
thepast,aswell astheweightoninflation generally With F = 1, monetary
policy respond®ntirelyto the forecastof inflation overthenext year

4. PricelLevel Tamgeting

re = preo1 + (1 — p)(op(pe — p}) + 7 + D) + €re

Thisrule makestheshort-ternrateafunctionof deviationsof thepricelevel
from its long-termtrend, p;. The trendmay have a positive slope,so that
thetrendgrows overtime atthetargetrateof inflation 7

P: =7 +pf_1

Until recently conventionalwisdom held that price level targeting would
entail an undesirableamountof inflation and outputvariability. Inflation
variability would increasebecausenflation would have to be broughtbe-
low targetto returnthe pricelevel from above trend. Becausanostmodels
link inflationandrealoutput,anincreasen inflation variability would entalil
a commensuraténcreasein outputvariability. However, Wolman (2000)
shaws that, for somespecificationsprice-level targeting canreduceinfla-
tion andoutputvariability.

2.2 Resultsl: Price Level Targeting Is Not a FreeLunch (for
most specifications)

Figurel displaysoutput/inflationvariancefrontiersfor the habitformationmodel
with a “Kitchen Sink” policy stratey.* Eachfrontier depictsthe outcomesdor a

4The PDFversionof the paper availableon the FRB BostonResearchvebsite, displayscolor
versionsof thefigures.



differentvalueof o,. Theblackline depictsthefrontierfor «, = 0, andincreasing
valuesof o, imply frontiersthatshift upandto theright (thecoloredlines). As the
figureindicatesjncreasingemphasi®nthepricelevel deviationfromits (upward-
sloping)trendentailsincreasingoutputandinflation variability. Thereis no free
lunch® This resultalso holdsfor the FuhrerMoore modeland the Rudelusch-
Svenssomodel.

Figure 2 displaysthe correspondingutputprice level variancefrontiersfor
the samemodel. Herewe seea featurecommonto thesethreemodelsaswell:
Increasecemphasion the price level deviation (not surprisingly)reducesprice
level variability (abouttrend).For agivenlevel of pricelevel emphasisincreasing
inflation emphasigventuallyraisesbothpricelevel andoutputvariability. Thisis
truefor all valuesof o, in thefigure. If price-level deviationsabouttrendarean
importantcomponentf the monetarypolicy lossfunction,too muchemphasi®n
inflation will backfirein thesemodels.

The McCallum-Nelsonmodel, with flexible inflation and output, producesa
differentresult. First of all, thefeasiblecombination®f inflation andoutputvari-
ancelie well insidethoseattainablefor modelswith sticky inflation and output
(the minimum inflation standarddeviation of nearlyzerois attainedat an output
standarddeviation of 3.5; in the sticky inflation model, the minimum inflation
standarddeviation is above 2 andarisesfor outputstandarddeviationsabove 5).
Practicallyspeakingjncreasingemphasison the price level deviation causesno
deteriorationin outputand inflation variability, as Figure 3 shows. In fact, for
extremelyinflation-arersepreferencesgthe upperleft portion of the frontier), ad-
ditionalemphasi®nthepricelevel slightly improvesoutputandinflationvariabil-
ity.® In addition,the price level/outputvariability trade-of doesnot bendback-

SNote that this exerciseabstractdrom the possiblebenefitsto price-level emphasisvhenthe

nominalinterestrateis atthe zerolower bound.
6Macleanand Pioro (2000) find similar resultsin the Bank of Canadas QPM models, by

varying the expectationsassumptionemployed betweenbackward-lookingand fully forward-
looking.



wardsin this model,asit doesin the others.| find this resultin noneof the other
specificationd.

2.3 Resultsll: Inflation Targetingversusinflation ForecastTar-
geting

In a seriesof papers,Svensson(1998, 1999, 2000) hasraisedsomecritical is-
suesegardingthetheoreticalifferencedetweerinflation tamgetingandinflation
forecastamgeting. Figures4 and5 displaythe benefitsthataccrueto aninflation-
forecast-tagetingcentralbank,comparedo onethattargetsobseredcurrentand
pastinflation. Recallthattheinflation forecastargetingstratgy describecabove
allowed for endogenougstimationof the mix betweenbackward and forward
weightsoninflationin thereactionfunction.

Interestingly this exerciseyields two insightsaboutforecasttargeting. First,
for moderatevaluesof preferencesheweighton expectedutureinflationis gen-
erally one, while that on pastinflation is zero. Second,the gains(in reduced
inflation/outputvariability) from pursuinganinflation forecaststratey arefairly
small. Thered dashedinesin Figures4 and5 show the feasiblevariancecom-
binationsundersimpleinflation targeting; the solid lines depictthe variancesat-
tainableunderinflation forecastargeting. Eachpair of linesrepresentadifferent
emphasison the price level deviation, with higheremphasigesultingin an out-
wardshift in thefrontieri.e.,higherinflation andoutputvariancesAs thefigures
indicate the gainsfrom inflation forecastargetingaresmall. And in somesense,
theindicatedgainsare optimistic: In this exercise,agentknow the “true” model
and useit to forecastinflation. If the modelusedto forecastinflation is mis-
specifiedthenthesegainsmaybeevensmaller

The reasonfor the similarity of inflation targeting and inflation forecasting

"EstrellaandFuhrer(2000)documenthestronglycounterfictualimplicationsof thisandother
specificationshatmake inflation andoutputpurely forward-looking.
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resultsis straightforvard. The rational expectationsforecastof inflation in the
modelis a particularlinearcombinationof the obsenablevariablesn the model.
Becausehe two modelsin Figures4 and5 embodydata-consisternflation per

sistencethe actualinflation ratetodaywill be highly correlatedwith the rational
forecastof inflation over the next four quarters.As aresult, targetingtoday’s ob-
senedinflation, ratherthanforecastednflation,doesnotyield significantlyworse
performancé.

2.4 Resultslll: PurePrice Level Targeting

While few arecurrently proposingsuchan extremepolicy, | considerpureprice
level targeting. Figure 6 comparesa policy thatrespondsonly to the price level
deviation—whichwill, of course,control inflation—with a “kitchen sink” policy.
Theresultsfor thehabitformationmodel(echoedn theF-M andR-Smodels)are
clear: Pricelevel targeting (the solid black lines) raisesboth inflation and output
variability relative to the “kitchen sink” policy (thedashededlines).

3 Explicit Inflation Distortions and Utility-Maximizing

Monetary Policy

Why do economicagentscareaboutinflation?In themodelsexaminedabove, the
only reasorfor agentdo careaboutinflation is thatthey know thatthe monetary
authority cares.As a result,the monetaryauthoritywill move outputabove and
belaw potentialin orderto keepinflation nearits target. Theresultingrealdisrup-
tionsmightwell figureinto consumerséxpectedutility calculationsfor example.
But in this case,an optimal monetarypolicy from the consumess point of view
is onethatsmoothesonsumptiommsmuchaspossible.We don't know why you

80f coursetheseresultsdo notaddres®therpotentiallyimportantbenefitsto explicit inflation
forecastargeting.
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feel the needto disinflate,the consumemight sayto the monetaryauthority but
if youdoit, doit gradually

This sectionexploresa very simplemodelin which thelevel of inflation mat-
tersexplicitly for realconsumptiordecisions. esch& the corventionof putting
real monegy balancesn the utility function, or imposinga cash-in-adancecon-
straint. Instead,l focuson the distortionsthat arisefrom imperfectindexation.
| pursuethis avenuebecauséf all transactionsn the economy—vagedetermina-
tion, asseexchangetaxation—wergerfectlyindexed, muchif notall of the cost
of inflation would disappear

In particular | approximatehedistortionsthatarisethroughtheinteractionof
inflationwith theU.S.tax code.This sourceof inflation costhasbeenemphasized
recentlyby Feldstein(1997). In the early part of my sample this includedboth
“bracket creep’—thefailure of tax rate bracletsto keeppacewith inflation—and
the taxationof nominalassetreturns. In the latter part of the sample,the labor
incometax bracletsarefairly well indexed (althoughwith alag), but thetaxation
of nominalasseincomeremains.

Thus,thedistortionl considerenterghroughthebudgetconstraintratherthan
throughtheutility function. Thelog-linearizedconsumptiorfunctionthatl derive
includesatermthatimpliesthatthelog consumption-incomeatio will belower,
the higheris the discountedexpectedsum of future inflation rates. The param-
etersthatlink expectedinflation to real consumptiorare derived from effective
maiginal tax ratesand their relationshipto inflation acrosstime. However, for
a suitablechangein parametersthe consumptiorfunction may be thoughtof as
representingry inflation distortion (in the level of inflation) that entersthrough
thebudgetconstrainof aforward-lookingconsumer

12



3.1 Derivation of the Model

Following CampbellandMankiw’s (1989)deriationof thelog-linearbudgetcon-
straintin thestandardife-cycle model,assumehataggrgatenominalwealthmay
berepresenteds

1) W, =P, +Y,

Therateatwhichnominalreturnson wealtharetaxedis 7. Theeffective maginal
tax ratevarieslinearly with therateof inflation

T(m) = 70 + 117y
sotheaftertax returnon wealthis
(2) Riyi = (1 = 7(m41)) (Pgr + Yeqn) /P

Combiningequations?? and?? yieldsa nonlineardifferenceequationn wealth

Ry (W -V
3) Wesr = 0 rm)

Dividing throughby W, andlog-linearizingyields

Wiy — Wy = 741 + log(1 — exp(ys — wy)) — log(l — 79 — Tu7e41)

wherelowercasdettersdenotelogarithms. Employing Campbelland Mankiw’s
linearizationfor 1 — exp(y; — w;), andalog-linearizatiorfor thetax termsaround
7w = 0 yields

Wep1 — Wy R Tpp1 + 65+ (1= 1/p) (4 — we) + (11/(1 = 70)) M1

We canusetheidentity Aw,1 = Ayq1 + (4 — we) — (Yer1 — weq1) tO SUbStitute
outfor Aw,,, to obtain

Ay +(ye—we) = (Yer1 —wWer1) = rep+E"+(1-1/p) (ye—we) +(11/ (1= 70) ) T
%As in Campbelland Mankiw, W; representsall wealth, including humancapital. | have
normalizedpopulationat 1 for convenience.
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Solvedforwardandsimplified, this yields

(4) Yy — wy = By Z P (reg; — Ay + ——
j=1 (1= o)

Substitutingequation?? into CampbellandMankiw’s equation3.6, we obtainthe

Teys) + K

budgetconstraint

(5) ¢t — Y = By Z P7(Ayt+j - ACt+j -
j=1 (1 - 7—0)

| combinethis budget constraint,which incorporatesthe cost of inflation-

Teys) + K

inducedtax distortions,with the expressionfor Ac,,; from the habit formation
specificatiorin Fuhrer(2000)to obtainthelog-linearconsumptiorfunction

o]
j * * * T *
ce—Yr = Er ) 0 (AYry 07 Derj a1 —Per i) +05 (24 11— 2015) =0 Tt+j+l_m7rt+j)+/§ tect

j=1
(6)
wherethea;, 6*, p, andz areasdefinedin Fuhrer(2000). Theinterpretatiorof the
consumptiorfunctionis asin Fuhrer(2000),with the additionof the tax feature.
Wheninflationis expectedo behighin thefuture,thetax distortionis larger, real
disposablencomeis lower, andconsumptionis lower relative to currentincome.
The amountof the distortiondependson the slopeandinterceptof the function
that relatestaxesto inflation. We provide somedata-basectstimatesof these
parameteri the next section.

An alternatve approximationfor imperfectindexation makesthe tax rate a
functionof boththelevel andthechangdn inflation.

Ty = To + M7y + To(m — Tp_1)

This specificatiorleadsto the approximatdog-linearizedconsumptiorfunction

o0
a—Y = E Y Ay + aiPerjsr — Pets) + 05 (2erji1 — Zi4j) — 0¥ Terjm
j=1
T1 T2
7 — e Tyj) — (M jr1 — Tpyj) + K
( ) (1 _ 7_0) t-l—]) (1 _ 7_0)( t+j5+1 t—l—])
so that now the consumption-incomeatio dropswhen the expectedchange in

inflationis positive, reflectingits distortingeffect onthetax rate.

14



3.2 Estimating the Dependenceof Tax Rateson Inflation

| usetwo methodsto estimatethe dependencef effective maiginal tax rateson
inflation. Thefirst is to indirectly estimatethe effect by estimatingthe habitfor-
mationmodelwith tax distortionsin equatior??. Maximumlik elihoodestimation
of 7y andr; yieldsatax distortionparameter; /(1 — 7p) = 0.45. If we allow for
thefuturechangan inflationto enteraswell, the estimatedoeficientsonthefu-
turelevelsandchangef inflation are0.24 and4.09, respectrely, with standard
errorsof 0.11 and0.63.

Alternatively, | usedataon averagemarginal tax ratesfor wage,interest,div-
idend,and pensionincomefrom the NBER’s TAXSIM programto estimatethe
effect of inflation on effective maiginal tax rates.To correspondo the concepiof
incomeusedin the consumptiorsector | aggreatethe tax ratesusingthe shares
of thesetypesof incomein totalincomein theNIPA accountsFigure7 shavsthe
relationshipbetweenthe averageaggrgatemamginal tax rate andinflation from
themid-1960sto 1994 thelastyearfor which tax dataareavailable.

Of course gffective mamginal tax rateswill vary with importantchangesn the
tax code. In estimatingthe parameters, and, | controlfor the changesn the
U.S.personatax codeshavnin Tablel.

Using dummiesto control for thesebreaksin thetax code,| regresseffective
maiginal tax rateson inflation, thefirst differenceof inflation, real outputgrowth,
andthe outputgap. | find thatthe changein inflation entersinsignificantly The
estimatedatioof ; to1 — 7y is 0.69, with asymptoticstandarderror(.14.

3.3 The Government Budget Constraint

In this simplemodel,governmentexpendituresaresimply acomponenbf “other
GDP” (GDP excluding consumptionof nondurablegoodsand services). Other
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Table 1
Significantchangesn US tax code

Year | Change

1969 | Tax ReformActof 1969
Increasegersonakxemptionamountandloweredmaxrateon earnedncome.
Increasedstandarddeduction gstablishechew ratescheduldor singletaxpayers,
andrepealednvestmentax credit.

1978 | RevenueActof 1978

Reducedndividual taxesby wideningtax bracletsandreducingnumberof tax rates.
Increasegersonakxemption,standardleduction andcapitalgainsexclusion.
1981 | EconomicRecwery Tax Actof 1981

Significantlyreducedaxesby reducingindividual tax ratesandindexing of
braclet structure(beginningin 1985).Reducedop tax rateon capitalgains,
introduceda deductionfor two-earnemarriedcouplesandexpandedRAs.
1986 | Tax ReformAct of 1986

Completereformof tax code.Mademajorcutsin individual tax ratesandrepealed
capitalgainsexclusion.Repealednvestmentax credit,increasegersonal
exemptionamountandstandarddeduction.

1990 | OmnilusBudget ReconciliationAct of 1990
Increaseaxciseandsocialinsurancdaxes.Createdhew 31%tax rateandmax
capitalgainsrateat 28%. Temporarilyphasedut personakxemptions.

1993 | OmnilusBudget ReconciliationAct of 1993

Increasedax ratesfor high-incometaxpayerswith new bracletsat 36
and39.6%.Limited itemizeddeductionsaandextendedphase-oubf

personakxemptions.ncreaseaxciseandsocialinsuranceaxes.

16



GDPis modeledasa stationaryprocessaroundalog-linearsegmentedrend.
G = difi_1 + oo — dp(pt-1 — P) + €yor

The procesdor the tax rate will be mean-rgertingto 7, aslong asinflation is
stationary With all of GDPrevertingto its long-runtrend,tax revenueswill grow
atthe samerateasgovernmentexpenditures As aresult,thelong-runbalanceof
thegovernmentectoris guaranteed.

3.4 Utility Maximization

For agivensetof policy parameterandsequencef shocksthe modelwith habit
formation and tax distortionsimplies a particular path of consumptiong;,7 =
0...o00. | computeutility from theoriginal nonlinearutility functionas

[ole] ; 1 ¢ (1_0')
V=20 (—>

i=0 i—

In the figuresthatfollow, | presentutility surfaces. Thesesurfacesplot utility

asdefinedabove asa function of policy parametesettings. For eachsettingof

the policy parametersl, computea stochasticsimulationof the model, shocking
it with shocksdravn from a multivariatenormal distribution whosecovariance
matrix equalsthe covariancematrix estimatedrom the data. Discountedutility

is computedfrom the simulatedvaluesfor consumption.In orderto avoid arny

small-sampledistortions,| averagethe resultsover 1,000 simulationsof length
100,whichshouldprovide averyaccurateestimateof thetruedistributionimplied
by the modelanderrorcovariancematrix.
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4 Utility-Maximizing Monetary Policy: The Base-
line Case

Themodelis specifiedasdescribedabore, with anerror covariancematrix com-
putedfor the samplefrom 1980to the present. Only inflation-level distortions
enterthe model. The distortion parameters, 7, aresetat their estimatefrom
themainal tax rateregressionssothatr /(1 — 7p) = 0.69.

Theutility surfacesfor thebaselinecasewhich usesthesticky inflation spec-
ification with a “smaller” covariancematrix (excludingthe 1970ssupplyshocks)
andlevelseffectsontaxrates,s shovn in Figure8. Thefiguredisplaysvariation
in «; andey, onthex andy axes,with utility ontheverticalaxis. Thesurfacesdif-
fer in thevalueof the“smoothing”parametep andin the valueof the price-level
targetingparametety,,.

As indicatedin the graph,utility is maximizedfor high valuesof «, andlow
valuesof «,. Utility risesrapidly asthe responseo inflation, «;, falls belowv 2.
For theseparametersgconsumerstrongly preferoutputto be smoothed.Interest
ratesmoothingthatis moreaggressie thanthe sampleestimateof about0.8 does
notimprove utility.

Interestingly the“global” optimumin this grid of parametersirisesvhenthe
monetaryauthority placessignificantweight on the deviation of the price level
from the targetedtrend pathfor prices. The utility gainfrom targetingthe price
level is relatively small-comparedior example,to the gainfrom not responding
too aggressiely to inflation. In this baselinecase the utility level for the optimal
policy with price level tagetingis —.4316, while the utility attainedsettingey,
to zerois —.4511, a differenceof about.02. This comparedo utility levels for
moderatesersusaggressie inflation targetingof —.56 and—2.38, respectiely, a
differenceof 1.82.

Therationalefor this resultis simple: Recallthatthe form thatthe imperfect
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indexationdistortion(call it D) takesin theconsumptiorfunctionis:

D = E,:;p’ l—i(l ?7'0)7”“]

The consumption—incomeatio falls with the discountedsum of expectedfuture
inflation. But this termis very closeto the expectedfuture price level at a long
horizon:

[o.0)
Poo = Pt + E Z Tyyj
j=1

Minimizing the distortionthat arisesfrom imperfectindexation is nearly equi-
alentto keepingthe price level stablein this model. The closeris the expected
(discountedsum (or average)of future inflation ratesto zero, the closerwill be
theexpectedpricelevel to the currentlevel.

How robustis this result? The following sectionexploreswhetherit canbe
overturnedby changingthe strengthof the inflation distortion, the sizeandcom-
positionof the shocksbuffeting the economyor the stickinessof inflation in the
model.

4.1 Robustnessto Alter native Specifications

| consideranumberof alternatves,which maybe cateyorizedas(1) specification
options,and(2) errorcovarianceoptions.

SpecificatiorOptions

e Largerinflation distortions: | quadruplethe sizeof the tax distortionpa-
rametey settingtheratio of thetax parameter$o 3.0.

e Flexible inflation | substitutea simpleflexible inflation equation
e = BEy1 + vy + €pe
asin McCallumandNelson(1999).
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e Myopic Consumersl raisethediscountrateusedo discountutureincome,
realrates,andinflation.

Error CovarianceOptions

1. Larger shocksl usean error covariancematrix estimatedrom the sam-
ple 1966-1979. By incorporatingthe 1970so0il shocks,this significantly
increaseshevarianceof the“supply shocks”buffeting theeconomy

The utility surfacesfor theseoptionsaredisplayedin Figures9-12. As the
figuresshaw, the basicresult, that consumersaremore aboutmonetarypolicy
responseto outputthaninflation, holdsfor all of thesealternatves. In addition,
in all casesexceptthe flexible inflation model, price level targeting dominates
policiesthatignorethe price level, althoughthe utility gainsarerelatively small.
Larger shocksanda biggervaluefor 71 /7y simply magnify the penaltiesfor ex-
tremeemphasion inflation.

FigurelOdisplaystheutility surfacedor theflexible inflationmodel. It shares
somefeatureswith the sticky inflation casesUtility fallsrapidly asa, increases,
and consumersrefer a fairly vigorousresponseo output. But in contrastto
the sticky inflation results,the optimal policy hereentailsno responseo price
level deviations. Inflation is so flexible that a policy that targetsthe cumulatve
inflation raterate (the price level) doesno betterthanonethattargetsthe current
inflation rate. Inflation is alsoflexible enoughthat minimal responseso inflation
yield stablecurrentandfuture inflation with minimal tax distortionsandsmooth
consumption.

Figurelldisplaysutility surfacesfor shocksdravn from a covariancematrix
thatincludesdatafrom the 1960sand 1970s. The only differencebetweenthis
figureandthe baselinds thatthe rangeof utility is larger. Poorly conducednon-
etarypoliciesimply moredramaticlossesof utility whenthe shockvariancesare
larger.
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4.2 Myopic Consumerswith Sticky Inflation

Of course,a substantiaincreasdn the rateat which consumersliscountthe fu-
ture might reducethe importanceof price-level targeting. In this case,the cor-
respondenceetweenthe inflation distortionandthe price level is wealened. In
Figurel2,thediscountratep is setto 0.5, sothatconsumerséffective horizonis
only afew quarters.Now the optimal policy entailsno weighton the price level.
Theutility surfacesstill suggesthowever, thattoo muchsingle-mindedcemphasis
oninflationyieldsatremendougossin utility.

4.3 The Optimal Inflation Target

While the behaioral equationghat determinethe evolution of consumptionijn-
come,inflation, andinterestratesin the modelarelinear, the utility function by
which we gaugealternatve policiesis not. Thusdifferenttarmgetinflation rates
will imply differentutilities. A key questionis how muchutility is affectedby a
shift from alow inflation targetto a zeroinflation target.

Figure 13 displaysrepresentatie utility surfacesfor the baselinemodelwith
a 2% inflation target and the baselinemodelwith a zeroinflation target. As is
evidentfrom thefigure,the utility differenceis negligible. The maximumutility
attainablewith the 2% targetis —0.4316, versus—0.4307 for the zero-inflation
target case. Comparethis to the differencein utility betweenthe optimal pol-
icy underzero-inflationtargetingandthe sub-optimaligorousinflation targeting
policy. Utility declinesfrom —0.4307 to —2.3593 whenthe monetaryauthority
respondwigorouslyto inflation.
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4.4 Comparing WeightedVariance and Utility Measuresof Op-
timality

Figure 14 shavs the optimal policy frontiersfor the baselinemodelwith tax dis-
tortions, for a variety of valuesof «,,. The contoursare quite similar to those
shavn in Figurel for themodelwithout the tax distortion,andthe basicmessage
is the same: Price level targeting doesnot deliver a “free lunch” with regardto
outputandinflation variability.

Figurel5 depictsthe samevariancefrontiersalongwith thevariancesmplied
by the utility-maximizing pointson Figures8—111° Thesepointsarelabeledwith
red starsandaretakenfrom the “Baselin€; “Large r” (moreprominentinflation
distortion), “Large 2" (drawing shocksfrom the volatile 1970s),and “Flexible
inflation” simulationsyespectiely.

The Baselinecaselies somavhatoutsidethe variancefrontiers,evenfor very
high valuesof «,. This suggestshat, from an optimal varianceperspectie, the
utility-maximizing point implies a strong preferencefor low output variability,
andahightolerancéor inflation variability. Thelarger pointlies onthefrontiers
andis naturally consistenwith a lower tolerancefor inflation variability, but it
still liesbelow the —1 slopepointidentifiedby Taylorasapointreflectingamod-
eratetrade-of betweennflationandoutputvariability. Theflexible inflation point
shaws that utility-maximizing policy implies considerablysmalleroutputandin-
flation variancewheninflationis flexible thanwhenit is sticky. Finally, the“large
Q" point shovs how muchfurther out in variancespacethe utility-maximizing
policy is if theeconomyis buffetedby largershocks.

10Theseare computedasin the unconditionalvarianceplots, taking the diagonalcovariance
matrix 2 assumedh thecorrespondindigure, thevaluesof r; andr, assumedandtheflexible or
sticky inflation specificationslescribecabove.
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4.5 A Note on Finite-Sample Results

The final figure displaysutility surfacesfor two draws of length 220 quarters—
aboutthe length of the postwar sample. The shocksdravn from the random
numbergeneratorare approximatelynormal and have the two samplediagonal

covariancematriceswith the“true” covariancematrix displayedat right:
Shock SmallSamplel SmallSample2 “True”

€p 5.1e-06 5.1e-06 5.2e-06
€yo 6.0e-05 8.1e-05 7.3e-05
€c 1.8e-04 1.9e-04 1.9e-04

Interestingly thesevery similar covariancematrices,both of which approximate
the varianceof the “true” processquite well, producevery differentimplica-
tionsfor the natureof optimalmonetarypolicy. Onesuggestshatoptimal policy
placesno emphasion the price level with very little interestratesmoothing;the
otherimpliesthatmoderateprice level targetingis important,andsois a sample-
consistentdegree of interestrate smoothing. Both agreethat less attentionto
inflation andmoreto outputimprovesutility.

Thereasorfor this disparity(whichwe avoid by averagingoverthelargenum-
berof draws in the simulationsabove) is thatthe precisetiming of shocksto the
modelmatters.Becauseconsumptionjnflation, andinterestratesare persistent,
thetiming andconfluenceof larger shockscanstronglyinfluencethe subsequent
time path of thesevariablesfor a period aslong as a decade. Equivalently, a
50-yearsamplereally hasonly five ten-yearepisodeghat constituteresponseto
significantshocksto pricesor output. Eventhoughthe variancesof the samples
shockswill equalthelarge-samplétrue” variance the time pathof thevariables
can be significantly different. As a result, the optimal monetarypolicy for two
economieswith identical structureand essentiallyidentical shockvariancescan
vary quite significantly dependingon the exacttiming of large shocks.
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5 Conclusions

The principal conclusionf this papemaybe summarizeasfollows:

1. TheSwvenssompropositionthatprice-leveltargetingmaydelivera“free lunch”-
lower priceandinflation variability with noincreasen outputvariability—is
model specific. It dependson a degreeof forward-lookingbehaior that
Estrellaandl have arguedelsavhereis not data-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 modelin which the inflation distortionis manifestedas a
concernfor the discounteduture path of inflation. In the modelexplored
here the utility improvements abouttwo-tenthsof 1 percent.

3. The benefitsof price-level targeting arise from the form of the inflation
distortionusedin the paper For forward-lookingconsumersvith standard
discountrates,concernfor the discountedpresentvalue of tax-distorting
effectsof high inflation ratesis very similar to concernfor the price level.
An exercisethat substantiallyincreaseghe discountrate verifies that, if
consumersreonly moderatelyforward-looking,the benefitsof price level
targetingin this specificatiordisappear

4. For mostof the specificationstudiedhere(in particular thosewith persis-
tentinflation), utility-maximizing monetarypoliciesinvolve relatively high
responses$o output,andquite low responseso inflation. This resultdoes
not dependmportantlyon the magnitudeof the shocksbuffeting the econ-
omy, or onthesizeof theinflation distortion.

5. This modelsuggestshatthe welfareimprovementfrom reducingtheinfla-
tion targetfrom alow positve number(2 to 3 percent}o 0 is negligible.
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6. Fifty yearsmay be a shortsamplefrom which to gaugewhat might be an
optimalmonetarypolicy. Small-sampleimulationssuggesthateconomies
with identical structureghat are buffeted by shockswith the samecovari-
ancestructurewill benefitmostfrom quite differentmonetarypolicies.

Of course,reasonablgeoplecan and shoulddisagreeon mattersof model
specification Perhapshe strongestesultto take from this paperis this: Giventhe
uncertaintiesaboutkey aspectof macroeconomistructure(sourcesof inflation
persistencedegreeof forward-lookingnesssourcef inflation distortions),it is
hardto make very strongstatementsiboutthe optimalmonetarypolicy.
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Figure 1

Comparison of Inflation/Output Std. Dev. Frontiers, Multivariate Objective Function
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Note: Color versions of figures may be viewed in the PDF version,
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Comparison of Price Level/Output Std. Dev. Frontiers, Multivariate Objective Function

Figure 2

Kitchen sink targeting
Habit Formation Model
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Figure 3
Comparison of Price Level/Output Std. Dev. Frontiers, Multivariate Objective Function
Kitchen sink targeting
McCallum—-Nelson Model
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Output Gap Std. Dev.

Figure 4
Comparison of Inflation/Output Std. Dev. Frontiers, Multivariate Objective Function

for Inflation Forecast Targeting (solid black) vs. Pure inflation targeting (dashed red)
Habit Formation Model
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Output Gap Std. Dev.

Figure 5
Comparison of Inflation/Output Std. Dev. Frontiers, Multivariate Objective Function
for Inflation Forecast Targeting (solid black) vs. Pure inflation targeting (dashed red)
Fuhrer—Moore Model
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Figure 6

Comparison of Inflation/Output Std. Dev. Frontiers, Multivariate Objective Function
for Price—Level Targeting (solid black) vs. Kitchen Sink targeting (dashed red)
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Figure 8

Utility surfaces, Baseline Model (t = .69) ,Baseline Q, All shocks




Figure 9

Utility surfaces, Level Inflation Effects, T = 3.0 ,Baseline Q, All shocks
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Figure 10

Utility surfaces, Flexible Inflation Model ,Baseline Q, All shocks
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Figure 13

Utility surfaces, Baseline model versus SSmt=0
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Output Gap Std. Dev.

Figure 14
Comparison of Inflation/Output Std. Dev. Frontiers, Multivariate Objective Function
Kitchen Sink targeting
Model with tax distortion
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