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A bstract

Inhis famousmonograph, L ucas (19 8 7 ) putforthanargumentthatthewelfaregains
from reducingthe volatility ofaggregate consumption are negligible. Subsequentwork
thathasrevisitedL ucas’calculationhascontinuedto…ndonlysmallbene…tsfrom reduc-
ingthevolatilityofconsumption, furtherreinforcingtheperception thatbusiness cycles
don’tmatter. T his paperargues insteadthat‡uctuationscoulda¤ectthegrowthprocess,
whichcouldhavemuchlargere¤ects thanconsumptionvolatility. I presentanargument
forwhy stabilization could increasegrowthwithoutareduction in currentconsumption,
whichcouldimplysubstantialwelfaree¤ectsas L ucas(19 8 7 ) alreadyobservedinhiscalcu-
lation. Empiricalevidenceandcalibrationexercisessuggestthatthewelfaree¤ectscanbe
quitesubstantial, possiblyasmuchastwoordersofmagnitudegreaterthanL ucas’original
estimates.

¤T heauthoracknowledgescommentsfrom M arcoB assetto, SamKortum, R obertL ucas, A lexM onge, H elene
R ey, andseminarparticipantsatN ortwestern, Purdue, U C B erkeley, andU SC.



Introduction

Inhisfamousmonograph, L ucas(19 8 7 ) putforthanelegantargumentthatthewelfaree¤ects
ofbusinesscycles intheU nitedStatesarenegligible. T helogicofhis argumentis asfollows.
Considerarepresentativeconsumerwithaconventionaltime-separableconstant-relativerisk
aversion(CR R A ) utilityfunction

1X

t= 0

¯t
C 1¡°t ¡1
1 ¡°

where° ¸0 . T hisconsumerisgivenaconsumptionstream Ctde…nedby

Ct=(1 + Á)t(1 + "t)C 0

where Á re‡ects averageconsumption growth overtimeand "t is an i.i.d. random variable
withmeanzeroandvariance¾2" thatcapturesdeviationsofconsumptionfrom itstrendgrowth
rate. T heparameters Á and ¾2" can beestimated from dataon logper-capitaconsumption
fortheU nitedStatesoverthepost-W orldW arII period. Todeterminethecostsofaggregate
‡uctuations, L ucasaskswhatfractionofinitialconsumptionC 0 thisconsumerwouldbewilling
to sacri…ce in orderto stabilize his consumption stream, i.e. to replace "t with its mean
E ("t)=0 . Forreasonableestimatesofriskaversion° , theanswerturnsouttobeastonishingly
small: less than 0 :1 %. B y contrast, consumers would bewillingtosacri…ce amuch larger
fractionofinitialconsumption, about20 % when ° =1 , inordertoincreasethegrowthrateÁ
byonepercentagepoint.

VariousauthorshavesincerevisitedL ucas’calculation, butforthemostparthavecontinuedto
…ndonlysmalle¤ectsfromstabilization, furtherreinforcingtheperceptionthatbusinesscycles
haveonlyanegligibleimpactonwelfare. O nelineofattackhasfocusedontheshockprocess
"t. T he…rsttomakethisargumentwas Imrohoroglu(19 8 9 ). Shecriticizes L ucas’calculation
foritsimplicitassumptionthatagentshaveaccesstofullinsurance, whichguaranteesthemthe
averagelevelofconsumptioneachperiod. Ifaggregateshocks donota¤ectagentsuniformly
andconsumptioninsuranceis imperfect, thevolatilityofeachindividual’sconsumptionstream
would begreaterthan thevolatilityofpercapitaconsumption ¾2". B utwhen Imrohoroglu
calibrates incomestreamstomicrodata, she…ndsacostofaggregate‡uctuationsthatisnot
much largerthan L ucas’originalestimate: only 0 :3% when ° = 1 :5. M oreover, subsequent
papers byA tkesonandPhelan(19 9 4) andKrusellandSmith(19 9 9 ) arguethathernotionof
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stabilization removes toomuch idiosyncraticriskfacedbyagents alongwith aggregaterisk.
T hey…ndzeroandevennegativebene…tstostabilizationwhenaggregateriskisstabilizedina
waythatleavestheidiosyncraticriskfacedbyagentsuna¤ected.1 A nothercriticismfocuseson
thefactthatthe"tprocessassumedinL ucas’calculationisnotsu¢cientlypersistent. Ifagents
hadtobeartheconsequences ofaggregateshocks forextendedperiods, theywouldbemore
averseto‡uctuations. T hecalculationswhen"tfollowsarandomwalkwithdriftarereported
inO bstfeld(19 9 4a). ForpreferenceparametersthataresimilartothoseusedbyL ucas, he…nds
costsofbusinesscyclesthatareagainabout0 :3%.2

A second lineofattackhas focusedon preferences, arguingCR R A utility is toorestrictive
andcouldunderestimatethebene…tsofstabilization. O bstfeld(19 9 4a) considersnon-expected
utility preferences thatseparatebetween risk-aversion and intertemporalsubstitution. B ut
onceagain, byO bstfeld’sowncharacterization, thewelfaree¤ectrisesfromamicroscopiclevel
tomerelysmall, andtheestimatedcostremains below1 %.3 Pemberton(19 9 6b) andD olmas
(19 9 8) consideradi¤erentclass ofnon-expected utility preferences thatexhibit‘…rst-order’
riskaversion, arguingthatsuchpreferencescaptureobservedattitudestowardslargeandsmall
bets thatare inconsistentwithexpectedutility. Someoftheirestimates areverylarge, but
onlyundertheassumption that"t is close toaunitroot. Even when "t is autocorrelated
with ½ = :98, D olmas reports thatthecosts of‡uctuations donotexceed 1 % forreasonable
parameterizations. ExtensionsofL ucas’calculationthereforeseemtocon…rmhisoriginalclaim:
thecostofconsumptionvolatilityfrom cyclescalibratedtopost-W ardataistrivial.

1 Inaparalleldebate, Clark, L eslie, andSymons(19 9 4) estimatethevolatilityofindividualincomefrompanel
dataandestimateacostofcyclesaround 0:9 % fortheU nitedKingdom. T hisestimateis similarlycriticizedby
Pemberton(19 9 6a) forcountingthereductionofpurelyidiosyncraticriskasabene…tofstabilization.

2B eaudryand Pages (19 9 9 ) combinethetwocriticisms by studyinghighlypersistentidiosyncraticshocks.
T hey obtain costs ofatleast 1% . T his approach seems a promisingway togeneratemore costly business
cycles, especiallysincetheyintroducestabilizationinawaythatdoesnoteliminateidiosyncraticrisk. H owever,
theirmodelisvulnerabletoL ucas’observationthatifthecostsof‡uctuationsstem from incompleteinsurance,
policymakersmightbebettero¤ promotinginsuranceratherthanstabilization.

3Tallarini (19 9 9 ) arguesthatO bstfeld’sparametersareinconsistentwiththeequitypremium. H egeneratesa
largecostofbusinesscyclesusingacoe¢cientofriskaversionthatisordersofmagnitudegreaterthanO bstfeld.
A similarpointismadeinCampbellandCochrane(19 9 5)whousenontime-separablepreferencestoexplainthe
equitypremium, althoughO trok(19 9 9 ) arguesthatamore“disciplined” calibrationofnon-separablepreferences
generatesonlysmallwelfaree¤ects. T heseargumentsnotwithstanding, theequitypremiumdoesnotnecessarily
implylargecosts ofbusiness cycles. First, theequitypremium couldbeduetomarketfrictions. Second, as
A lvarezandJermann(19 9 9 )pointout, theequitypremiumandthecostofconsumption‡uctuationsaredistinct.
T heyestimateafactormodelforthemarginalutilityofconsumptionusing…nancialdataandputanupperbound
onthecostsofbusinesscyclesof0:3% .
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T his paperpursues a di¤erentapproach thatcould potentially generate much largercosts
ofbusiness cycles than the previous work cited above. It is motivated by L ucas’ original
observationthatevensmallchangesinthegrowthrateÁ havelargeimplicationsforwelfare. A s
such, ifaggregate‡uctuationssomehowa¤ectedaveragelong-rungrowth, thecostsofbusiness
cyclescouldpotentiallybemuchlargerthanpreviouslyestimated. T hispossibilityisruledout
byL ucas’thoughtexperiment;hetreatsthegrowthrateÁ asanexogenousparameterthatis
una¤ectedbychanges in". B utstandardmodelsofendogenousgrowthpredicttheincentives
ofagents toengage ingrowth-enhancingactivities dependon thelevelofeconomicactivity,
sothatÁ = Á("). Ifthis growthrateÁ(")is concave, stabilizationwillincreasethelong-run
growthrateofconsumption. SinceevensmallchangesinÁ havelargewelfareconsequences, this
couldconceivablygeneratecostsofbusinesscyclesthateclipsethosedescribedinpreviouswork.
T heintuitionbehindthisargumentisillustratedgraphicallyinFigure1. Previouscalculations
measurethecostsofbusinesscyclesbycomparingutilityfromtheobservedvolatileconsumption
stream representedbytheheavylinewiththeutilityfrom aconsumption stream settothe
trendrateoftheoriginalconsumptionstream, asrepresentedbythethinsolidline. B ycontrast,
ifstabilizationa¤ectsaveragegrowth, thecostofbusinesscycleswillbethedi¤erenceinutility
fromtheoriginalconsumptionpathandfromtheconsumptionpathrepresentedbythedashed
line. Sincethelatterprovidesmoreconsumptionatearlierdates, theimpliedcostsofbusiness
cyclescouldbesubstantialaslongasagentsdonotdiscountthefuturetooheavily. A ccording
tothislogic, themajorcostofbusinesscycles isnotthatconsumptionisvolatileovertime, as
hasbeenstressedinpreviouswork, butthat‡uctuationsimpedetheprocessofgrowth. W hile
thisideahasbeenoccasionallydiscussedinpreviouswork, ithasyettobeincorporatedintothe
originalL ucasframeworkinasatisfactoryway.4 T his isunfortunate, becausethenotionthat
stabilizationcanincreasegrowthandwelfareisfarfromobvious. W hatassumptionsimplythat
thegrowthrateÁ is concaveinthelevelofeconomicactivity? H owmuchadditionalgrowth
shouldweexpectfromtheeliminationofcyclical‡uctuations?W illsuchanincreaseingrowth

4T here is aratherdi¤useliteraturewhich argues thatstabilization yields bene…ts otherthanreducedcon-
sumptionvolatility. Forexample, D eL ongandSummers(19 88)andR ameyandR amey(19 9 1)arguestabilization
increasesthelevelofoutput, apointalsoraisedinChatterjeeandCobrae(19 9 9 ). T his isdiscountedbyR omer
(19 9 6), whocites evidencethatstabilization is unlikelytoa¤ectaverageoutput. M orerecentworkstudies the
e¤ectsofstabilizationongrowthusingmodelsoffactoraccumulationwithlinearproductiontechnologies. T his
includesA izenmanandM arion(19 9 3), H openhaynandM uniagurria(19 9 6), deH ek(19 9 9 ), andJones, M anuelli,
andStacchetti (19 9 9 ), aswellasrelatedworkbyO bstfeld(19 9 4b)onthegrowthbene…tsofglobalization. Except
forO bstfeld, thesepapersareconcernedwithgrowthperseratherthanwelfare. M oreover, thesemodelsdonot
meshwellwiththeintuitionbehindL ucas’welfarecalculations, sincefastergrowth inthisclass ofmodelsdoes
notnecessarily implyhigherwelfare. Finally, R ameyand R amey (19 9 5) arguethatvolatilityandgrowthare
negativelyrelatedbasedonempiricalevidencefromacrosscountryevidence. B utwithoutamodel, theycannot
interprettheparameterstheyestimatestructurallyforwelfarecalculations.
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Figure 1: Consumption Paths under Endogenous Growth
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necessarilytranslateintohigherwelfare? Ifso, is itenoughtogeneratelargerwelfaree¤ects
thaninpreviouswork?

Toaddress thesequestions, I develop amodelofendogenous growth inwhich shocks a¤ect
thelevelofeconomicactivity. T hemodelgeneratesareduced-formgrowthrateÁ =Á (n(")),
wheren(¢)is theamountofresources allocated toinnovation activity and Á (¢)is therate
atwhichbettertechnologies forproducinggoodsarediscoveredforagivenlevelofresources
devotedtoinnovation. Setting"toitsexpectedvaluethereforea¤ectsaveragegrowththrough
twochannels. First, stabilizationcanincreasegrowthbyincreasingthelevelofinnovationn,
whichwillbethecaseifn(¢)isconcave. Second, stabilizationcanincreasegrowthbyreducing
thevolatilityofn, whichwillbethecaseifÁ (¢)is concave. Previousworkongrowthunder
uncertaintyhasonlyconsideredthe…rste¤ect, eventhoughitiswellknownthattherelationship
between investmentanduncertainty is ambiguous, i.e. n(¢)canbeeitherconcaveorconvex
dependingonsomewhatarbitraryfunctionalform assumptions. Evenifstabilizationincreased
average investment, the implications forwelfare remain ambiguous, since shiftingresources
from productiontoinnovationneednotmakeindividuals bettero¤. T hesecondchannel, by
contrast, ismoreequivocal: diminishingreturnstoinnovationrequirethatÁ(¢)beconcave, so
stabilizationwillincreasegrowthfrom agivenlevelofresourcesn. Furthermore, theincrease
ingrowthwillacttoincreasewelfare.

T heabovediscussionraisesthequestionofhowmuchgrowthcouldbegeneratedfromdimin-
ishingreturns, andwhetheritcan involvesubstantiallylargerwelfaree¤ects thanthosethat
canbetracedtoconsumptionvolatility. R educedform estimatesontherelationship between
averagegrowthandthevolatilityofgrowthbasedoncross-countrycomparisons suggests re-
movingaggregate ‡uctuations in the U .S. would raisepercapitaconsumption growth from
2:0 % to 2:5%. T his increase implies a substantialcostofbusiness cycles: when ° = 1 , an
individualwouldbewillingtosacri…ce 1 0 % ofhis initialconsumptiontostabilizeaggregate
‡uctuations and increaselong-rungrowth, morethan 1 0 0 times as muchas L ucas originally
estimated. U singempiricalevidenceondiminishingreturns toR &D from microstudies con-
…rmsthatevenconservativeestimates fordiminishingreturns intheproductionofnewideas
cangenerateanincreaseinthegrowthrateof0 :5 percentagepoints. H owever, furtherscrutiny
reveals thattheseestimates arebasedonfunctionalforms thatrequire implausiblevolatility
ininvestmentandequityvalues. Still, reasonablerestrictionsontheextentofvolatilityplace
anupperboundonhowmuchstabilizationcan increasegrowththatis notmuch lowerthan
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theseoriginalestimates— roughly2:3%, whichisvaluedat5¡7% ofinitialconsumption. T his
suggeststhatthedramaticwelfareimplicationsbasedonreducedformestimatesareconsistent
withplausibleamountsofdiminishingreturns.

T hepaperisorganizedasfollows. Section1 developsthebasicmodelofR &D withdiminishing
returns toinnovation. Section 2 relates this modeltopreviousworkonstabilizationanden-
dogenousgrowthanddistinguishesbetweene¤ectsonthelevelofinvestmentandthevolatility
ofinvestment. Section 3 estimates the size ofthegrowth e¤ects thatcan beattributed to
diminishingreturnsandtheirimplicationsforwelfare. Section4concludes.

1. A M odelofD iminishingR eturnstoInnovation

Tostudythee¤ectsofbusiness cyclesongrowth, I needamodelofendogenous growththat
admits ‡uctuations inthelevelofeconomicactivity. M odelsoftechnologicalinnovationsuch
as G rossmanandH elpman(19 9 1) andA ghionandH owitt(19 9 2) satisfythiscriterion. T hese
modelshavetwoimportantfeatures. First, theyassumeamonopolisticallycompetitiveframe-
workwhich allows fordi¤erentequilibrium levels ofeconomicactivity. Second, changes in
economicactivitya¤ecttheincentivesofagentstoinnovatebychangingthesizeofthemarket
amonopolistcancaptureifhesucceedsindevelopingasuperiorproductiontechnique. A ssuch,
aggregate‡uctuationswillhaveanimpactonlong-rungrowth. I introduce‡uctuationsthrough
shockstothecompositionofgovernmentspending. T his choiceismotivatedtominimizethe
numberofauxiliarymodellingassumptions thatgeneratemyresults, notbecauseI viewthe
compositionofgovernmentspendingas an importantsourceofaggregate‡uctuations. U lti-
mately, thewelfaree¤ects I examineoccurbecausestabilizationreduces investmentvolatility.
T hesamee¤ectscouldariseinanyenvironmentwhereinnovation‡uctuatesovertimeandthe
underlyingproduction function fornewideas is concave; in fact, thenextsection illustrates
similare¤ects in amodelwherethe sourceof‡uctuations can be interpretedas technology
shocks. Sincethesourceofaggregate‡uctuations does notplayaroleinmysubsequentat-
temptsatquantifyingthewelfaree¤ectsofstabilization, theprecisewayinwhichI modelitis
unimportant.5 T hemodelispresentedintwoparts. T he…rstpartdescribes itsmainfeatures,

5 A lthoughthesourceofaggregate‡uctuationshasnobearingonthequestionofwhetherbusinesscyclescan
have…rstorderwelfarecosts, itremains crucialfordeterminingthefeasibilityandcostofstabilization, which
ultimatelydetermineswhetherstabilizationisdesirable. B utthepointofthispapertochallengethenotionthat
businesscycleshaveno…rstorderwelfaree¤ects, nottoargueinfavorofstabilization.
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whilethesecondcharacterizes itsequilibrium.6

1.1. Setup

T heeconomycontainsthreeagents:

1. A representativeagent, whoconsumesgoodsandsupplieslabor

2. A government, whichtaxestheagentandspendstherevenueitcollects

3. Entrepreneurs, whohirelabortoproducegoodsandtodevelopnewproductionmethods

Itwillbehelpfultopreviewtherespectiveroles ofthevarious parties. T heagentplays an
importantbutpassiverole: heconsumes output, which provides us with awelfaremeasure
tocomparedi¤erenteconomicenvironments. T hegovernment, as noted above, acts as the
sourceof‡uctuations, andcanbeusedtointroducestabilization intothemodel. T heroleof
entrepreneurs, asidefrom producingoutput, is todevelop betterproductionmethods. T his,
in turn, determines thegrowth ratefortheeconomy. T heultimategoalofthemodelis to
gaugehowbusinesscyclesa¤ectthedecisionsofentrepreneurstocarryoutinnovation, andthe
consequencesthishasonthewelfareoftherepresentativeagent.

I nowdescribethethreeagents inmoredetail. First, therepresentativeagenthas standard
CR R A preferencesoveraconsumptionaggregate, i.e. hisutilityatadatet isgivenby

U (Ct)=
C 1¡°t ¡1
1 ¡°

where° ¸0 andCtisaCobb-D ouglasaggregatoroverconsumptiongoodscjtforj2 [0 ;1 ]:

Ct=exp
·Z1

0
lncjtdj

¸

T imeiscontinuous, andtheagentcaresabouthisexpecteddiscountedutility
Z1

0
U (Ct)e¡½tdt

6Sincewritingthis paper, I havebecomeawareofarelatedmodelbyFatas (19 9 8). A sidefrom di¤eringin
certaindetailsfrom thismodel, hefocusesondi¤erentquestions.
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where ½ > 0 is his discountrate. I choose CR R A utility despite its drawbacks which are
discussedintheIntroduction;theseconcernattitudetowardsrisk, which is notimportantfor
myanalysis. Forthis reason, ° shouldbeviewedas ameasureofintertemporalsubstitution
ratherthanameasureofrisk-aversion.

T heagentis endowedwith L units oflaboreach instant. L eisuredoes notenterhis utility
function, sohesupplies allofhis laborwheneverthewage is positive. T heagentalsoowns
allclaims on thepro…ts ofentrepreneurs in this economy, positive andnegative. Following
L ucas, I initiallyabstractfrom savings;theagentmustconsumeallofhis disposableincome,
whichisthesumoflaborincomeandpro…tsnetoftaxliabilities. H owever, thisassumptionis
notimportant, as isdemonstratedinSection2 whereI derivesimilarresultsforamodelwith
savings. Intheabsenceofsaving, theonlychoicetheagentmakesishowtoallocatehisincome
acrossdi¤erentgoods. SinceCtisaCobb-D ouglasaggregator, itisoptimaltospendanequal
amountoneachgoodj 2 [0 ;1 ]. Integratingoverallgoods implies thespendingrateoneach
goodj isthesameasdisposableincome,

pjcj=
Z1

0
pjcjdj=¦+ W ¡T

where¦denotesaggregatepro…ts, W denoteslaborincome, andT denotestaxliabilities. L et
Y ´¦+ W denotegrossnominalincome.

N ext, I turntothegovernmentsector. G overnmenttaxes thelaborincomeoftheagentand
usesthisrevenueto…nancevariousexpenditures. T hetaxrateisaconstant¿ 2(0 ;1 ). Since
laborsupplyis inelastic, thistaxisequivalenttoalump-sum tax. H owever, thefactthatthe
taxisproportionaltolaborincomeis important, sinceitallowsgovernmentrevenuetogrowas
laborresourcesbecomemoreproductive. W ithoutthisassumption, governmentshareofoutput
wouldeventuallyvanish. Inwhatfollows, I uselaborasthenumerairegood. T hetaxrevenue
ineachinstantisthereforeT = ¿L . I assumethebudgetis balancedateachinstant, i.e. the
entirerevenueT is always spentoncecollected. T his revenuepays forgoodsthegovernment
consumes, andforworkersthegovernmenthires. H ence,

T =Gt+ N t

whereGtdenotes governmentspendingongoods and N tdenotes thetotalwagebillofgov-
ernmentemployees. G iven thenormalization thatlaboris thenumeraire, thelatteris also
thenumberofworkersemployedbythegovernment. T hisnotationmightbealittleconfusing
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at…rst, especiallysinceGt is anominalquantitywhileCt is arealquantity. H owever, itis
convenienttoworkwithnominalquantities in solvingthemodel, eventhoughweultimately
careaboutrealconsumption. I denotenominalconsumptionbyPtCt´

R1
0 pjtcjt.

G overnmentexpenditures on goods areassumedtobeallocated equallyacross thedi¤erent
commoditiesj2 [0 ;1 ], i.e. spendingoneachgoodjatdatet isthesameamountgtregardless
ofthepriceofthatgood. Itfollowsthataggregategovernmentspendingongoods is equalto
gt, since

Gt=
Z1

0
gtdj=gt

B uildingon M atsuyama(19 9 5), I assumethegovernmentmaintains aconstanttaxcollection
T butperiodicallyshifts thecompositionofspendingbetweengoods andlabor. Speci…cally,
aggregategovernmentexpenditures Gtcan assumeoneoftwovalues, G1 > G 0 , and switch
between these twovalues ata rate ¹ perunitoftime. D enote the associated numberof
governmentworkersemployedineachregimebyN 0 = T ¡G 0 andN 1 =T ¡G 1, respectively.
B udgetbalance implies N 0 > N 1, i.e. moreworkers can work in the private sectorwhen
governmentshifts itsspendingtowardsgoods.

Shifts inthecompositionofgovernmentspendinggenerateaggregate‡uctuations intheecon-
omy. T his isbecauseincreasedgovernmentspendingongoodsshiftslaborresourcesoutofthe
governmentsectorand intothepublicsector. B ecauseofmonopolisticcompetition, workers
generatemorevalueworkinginproductionthanworkingforthegovernment: inthelatter, they
onlygeneratelaborincome, whileintheformertheygeneratebothlaborincomeandpro…ts.
H ence, ashiftin thecompositionofgovernmentspendingtowards goods raises thevalueof
laborresources inthiseconomy, whichinturna¤ectsthescaleofproductionintheeconomy.

Finally, I turntoentrepreneurs. T heyproducethevariousgoodsj2 [0 ;1 ], aswellassearching
forbetterwaysofproducingthesegoods. Inbothcapacities, theyaredrivenbypro…tmaxi-
mization. T henatureofproduction inthis economyis as follows. Eachgood j is associated
withanumbermjthatre‡ects thehighestgeneration oftechnologyavailableforproducing
thatgood. Putanotherway, mj is thenumberoftimes thetechnologyforproducinggood j

has been improvedupon sincedatet= 0 . Eachgeneration converts laborintooutputata
linearrate, butsuccessivegenerationsaremoreproductive. Speci…cally, them-thgeneration
technologyallowsoneunitoflabortoproduce¸m unitsofoutput, where¸ > 1 is therateof
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progress associatedwitheach improvement. Technologiesareprotectedbyinde…nitepatents,
soonlythecreatorofthem-thgenerationtechnologycanuseittoproducegoods. Still, the
developmentofthem-thgenerationallowsotherentrepreneurstodevelopthem+ 1 -thgener-
ation, sodiscoveringanewproductiontechniquehelpsboththeinnovatorwhodiscoversitand
hiscompetitors.

I …rstdescribeentrepreneurs intheircapacityas producers. Eachentrepreneurwillproduce
usingthehighestgenerationhehas access to. H is onlyrealdecision iswhatpricetocharge
forhis good. Sinceboth consumerandgovernmentspendingon eachgoodare independent
oftheprice, demandforeachgoodisunitelastic. Eachmonopolistwillthereforewanttoset
ashighapriceaspossible;thisway, heearnsthesamerevenuebutcanproducefewergoods.
B uthecannotpostapricethatistoohigh;ifhis priceexceedsthecostofproducingasingle
unitofhis nextmoste¢cientcompetitor, thelatterwillpostaslightlylowerpriceandsteal
awayallofhis business. H ence, producers quoteapriceequaltothemarginalcostoftheir
moste¢cientcompetitor, andtheentrepreneurwiththehighestgenerationoftechnologywill
betheonesupplyinggoods tothemarket. T his implies thatanentrepreneurwiththem-th
generationtechnologywillsethispricepjto¸¡(m ¡1): hisnextmoste¢cientcompetitorneeds
¸¡(m ¡1) workerstoproduceoneunitofoutput, andeachworkerispaidawagenormalizedto
1 . A tthisprice, thenumberofunitsthemonopolistwillsellisgivenby

Y ¡T + G
pj

=¸m ¡1(Y ¡T + G) (1.1)

Toproduceeach oftheseunits, heneeds tohire ¸¡m units oflabor. H ence, his totallabor
requirementis givenby¸¡1 (Y ¡T + G). W ithlaboras thenumeraire, this is alsothetotal
costofproducingthequantityin(1.1). H ispro…tswillthenequalhisrevenuenetofcosts, or

¼ = pjcj¡
1
¸
(Y ¡T + G)

=
¸¡1
¸

(Y ¡T + G) (1.2)

Inwhatfollows, I restrictattentiontoM arkovequilibriainwhichnominalincomeY depends
onlyonthelevelofgovernmentspendingG;itisanopenissueastowhetherotherequilibriaalso
exist. Insuchanequilibrium, pro…ts ¼ willdependonlyonthelevelofgovernmentspending.
L et¼0 denotepro…tswhenG =G 0 and¼1 whenG =G 1.

Finally, I describeentrepreneurs intheircapacityas innovators. I assumethereareonlytwo
entrepreneurs insectorj atanypointintime: onewhoownsthepatenttothebestavailable
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technologyandproducesoutput, andtheotherwhocanworkondevelopingabettertechnology
forproducingthis good. Previous workhas avoided havingtomake such assumptions by
imposingconstantreturnstoscaleinresearchalongwithfreeentry. Inthiscase, thenumberof
potentialentrantsdoesnotmatter, andanincumbentmonopolistwillneverchoosetoengage
inresearchinequilibrium. Toallowfordiminishingreturnstotheresearche¤ortsofindividual
entrepreneurs, I needtoimposetheseassumptions explicitly.7 Iftheentrepreneurinagiven
sectorwhoengagesinresearchemploysnworkers, hediscoversthenextgenerationtechnology
(mj+ 1 )atarateÁ (n)perunitoftime. T hefunctionÁ(n)isstrictlyincreasingandconcave,
and satis…es theusualboundaryconditions lim

n! 0
Á0(n)= 1 and lim

n! 1
Á0(n)= 0 . Concavity

in Á(n)is associatedwithdiminishingreturns inresearchanddevelopment: thecontribution
ofthemarginalworkertothe probabilityofsuccess decreases with each additionalworker.
D enotingthevalueofasuccessfulinnovationbyv, theinnovator’s problem is tochoosento
maximizeÁ (n)v¡n, so

Á0(n)v=1 (1.3)

1.2.Equilibrium

W iththedescriptionoftheeconomycomplete, I cancharacterizeitsequilibrium. T his is just
asetofpricesandquantitiesateachinstantsuchthat(1) agentschoosepricesandquantities
optimally;(2) thegovernmentbudgetisbalanced;and(3) outputandlabormarketsclear. A s
notedbefore, I focusonM arkovequilibriainwhichnominalvariablesvaryonlywiththelevel
ofgovernmentspending. Itwillhelptopointoutatthisstagethosefeaturesofanequilibrium
which have acounterpartto L ucas’ speci…cation forconsumption. First, an equilibrium is
associatedwithalevelofhouseholdconsumptionateachinstant. G ivenahistoryup todate
t, householdconsumptionatdatettakesondi¤erentvaluesdependingontherealizationGt.
Consumptioncanthereforebeaboveorbelowits expectedvalue, which is analogoustothe"
term in L ucas’speci…cation. Second, anequilibrium isassociatedwithalevelofemployment
intheinnovation sector, whichdetermines therateoftechnologicalprogress atthatinstant.

7 A n alternativeapproach is toallowfordiminishingreturns in aggregateR &D butforconstantreturns in
the research e¤orts ofindividualentrepreneurs; in this case, norestrictions are necessaryon thenumberof
researchers orwhoengages inresearch. T his approach is pursued, forexample, in Stokey(19 9 5). U nderthis
scenario, condition (1.3) belowis replaced by

£
n¡1Á (n)

¤
vt = 1. N oneofthe qualitative predictions ofthe

modelwouldbechanged. Inaddition, fortheconstantelasticityfunctionÁ (n)= © n» Stokeyconsiders, Á0(n) is
proportionalton¡1Á (n), inwhichcasethecalibrationexerciseonthesizeofgrowthe¤ectsreportedinSection
3wouldalsobeunchanged.
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T hisrateisanalogoustotheÁ term inL ucas’speci…cation.

T hemainstep insolvingforequilibrium istosolveforemploymentintheinnovationsectorn.
Todothis, I makeuseofthe…rstordercondition(1.3), whichrelatesntothevalueofapatent
v. Tosolveforn, I expressv intermsofntoobtainanequilibrium conditionstrictlyinterms
ofn. H ere, I usetheapproachofL ucas (19 7 8). T hatis, supposethis economyhadamarket
forpatents. Sincetherepresentativeagentmustownallpatents inequilibrium, thevalueof
apatentmustbesuchthattheagentis indi¤erentbetweenbuyingoneandsellingone. T he
expectedutilityfrom buyingapatentis themarginalvalueofconsumptiononecoulda¤ord
withthepro…ts ityields. T hishasanexpectedutilityvalueof

E t

·Z1

0
U 0(Ct+ s)

dCt+ s

dYt+ s
¼t+ se¡½(t+ s)ds

¸

T hishastobethesameastheutilityfrom sellingthepatent. Inthatcase, theconsumercan
increasehis incomebyv, whichallowshim toincreasecurrentconsumption. T headditional
utilityfrom thisoptionisgivenby

U 0(Ct)
dCt

dYt
vt

Indi¤erencebetweenthetwoyieldsthevalueofasuccessfulinnovation:

vt=E t

·Z 1

0

U 0(Ct+ s)
U 0(Ct)

dCt+ s=dYt+ s
dCt=dYt

¼t+ se¡½(t+ s)ds
¸

T hefollowinglemmaestablishes thatvt is well-de…nedwhen ° ¸ 1 , and is linearin pro…ts
underthetworegimes, ¼0 and¼1. Itsproof, aswellasthoseofallotherclaims inthepaper,
isdelegatedtotheA ppendix.

L emma1: Suppose ° ¸ 1 . In a M arkov stationaryequilibrium, thevalueofasuccessful
innovationisgivenby

vt=

8
>>><
>>>:

1
!(n0)!(n1)¡¹ 2

(!(n0)¼0 + ¹¼1) ifGt=G 0

1
!(n0)!(n1)¡¹ 2

(!(n1)¼1 + ¹¼0) ifGt=G 1

(1.4)

where

!(n)=¹ + ½ + Á (n)[1 + (° ¡1 )ln¸]
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Ifn0 =n1, thevalueofapatentv ishigherinwhicheverregimeo¤ershigherpro…ts¼;intuitively,
apatentis morevaluable ifitpays outhighdividends todayratherthan in thediscounted
future. B utifn0 6=n1, thepatentcouldbemorevaluablewhenpro…tsarerelativelylow, since
v dependsnotonlyonthetimingofpayouts butalsoontheinnovationrateÁ (n). T his rate
a¤ectsthevalueofapatentintwodistinctways. First, Á(n)re‡ectstherateatwhichapatent
is renderedobsoletebythearrivalofasuperiortechnology;ahigherÁ(n)thereforereduces
expectedfuturepro…ts, makingthepatentlessvaluable. Second, Á (n)re‡ectsthegrowthrate
oftheoveralleconomy, whichcouldmakeapatenteithermoreorlessvaluable. W ithmorerapid
growth inproductivity, realincomegrowsmorerapidly, raisingdemandforeachgood. T his
increasesfutureexpectedpro…ts, makingpatentsmorevaluable. O ntheotherhand, themore
rapidlyincomegrows, themoreunevenis theanticipatedfuturepro…leofconsumption. T his
makes currentconsumptionmorevaluable, reducingthevalueofthepatent. W hichofthese
e¤ectsdominatesdependsonhowmuchtheconsumeriswillingtosubstituteintertemporally.
W hen ° ¸1 , sotheagentisrelativelylesstoleranttowardsunevenconsumptionstreams, the
valueofapatentunambiguouslydecreaseswithÁ (n).8

Toexpress v solely in terms ofn, I needtoexpress pro…ts ¼ in terms ofn. H ere, I usethe
factthataggregatepro…ts¦representcumulativepro…ts from allsectors netofthecosts of
innovation. T hatis,

¦=
Z1

0
¼jdj¡

Z1

0
njdj=¼¡n

Combiningthisequationwith(1.2) givespro…ts¼ asafunctionofn,

¼ =(̧ ¡1 )(L ¡n¡N )

which allows us torewrite (1.3) as a system oftwoequations with n0 andn1 as theonly
endogenousvariables:

Á0(ni)
¸¡1

!(n1)!(n0)¡¹ 2
[(!(nj)+ ¹)L ¡!(nj)(ni+ N i)¡¹ (nj+ N j)]=1 (1.5)

W hile obtaininga closed form solution forn0 and n1 is notgenerally possible, I can still
characterizehowemployment, growth, pro…ts, patentvalues, andgross incomevaryacrossthe
tworegimes.

8 T hefocusonvaluesof°greaterthan1 isalsowarrantedbyempiricalevidenceontheintermporalelasticity
ofsubstitution. See, forexample, EpsteinandZ inn(19 9 1).
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Proposition1: Suppose ° ¸1 . T heninequilibrium,

1. Employmentintheinnovationsectoris increasinginG , i.e. n1 > n0 . H ence, thegrowth
rateÁ (n)ln¸ is increasinginG.

2. T hevalueofpatents is increasinginG , i.e. v1 > v0 .

3. N ominalpro…tsareincreasinginG , i.e. ¼1 > ¼0 .

4. N ominalincomeY andconsumption P C couldbeeitherincreasingordecreasinginG;
however, botharerelatedtoG inthesameway.

Proposition1 impliesthatashiftingovernmentspendingtowardsgoodsacceleratesinnovation,
increasespro…ts, andraisespatentvalues. Intuitively, ashiftingovernmentspendingtowards
goodsincreasesdemand, andconsequentlypro…ts, foreveryoperatingmonopolist. W henpro…ts
arehigher, thereisgreaterincentivetocapturethemarket, sonincreases. T hisraisesthegrowth
rateoflaborproductivity, whichisequaltoÁ(n)ln¸, andwhichisalsothegrowthrateofreal

output
_Y
Y

andrealconsumption
_C
C
.

TorelateProposition1 tomorefamiliarnotionsofbusinesscycles, itwillbeusefultoreturnto
theoriginalL ucassetup. R ecallthathepositstherepresentativeagentreceivesaconsumption
streamoftheform

Ct=

"
tY

s= 0

(1 + Ás)

#
(1 + "t)C 0

wherethegrowthrateÁs is assumedconstant. T heterm
£Qt

s= 0 (1 + Ás)
¤
C 0 denotesexpected

consumption givencumulativegrowthup toperiod t, whileactualconsumptiondi¤ers from
thisexpectationbyastochasticterm 1 + "tthatre‡ectscyclical‡uctuations. A santicipatedby
myprevious remarks, thismodeladmits ananalogouscontinuous-timerepresentationforthe
consumptionaggregate:

Ct=exp
·Zt

0
Á (ns)ln¸ds

¸
(1 + "(Gt))C 0 (1.6)

T he virtue ofusinglaboras the numeraire good is thatnominalquantities correspond to
detrendedrealquantities. T hisisbecauseaggregaterealvariablesgrowatthesamerateaslabor
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productivity. Expressingthevalueofquantities intermsofunits oflabore¤ectivelyremoves
thegrowthterm exp

hRt
0 Ásln¸

i
in(1.6), sothatnominalconsumptionwillbeproportionalto

1 + "t. T hisallowsustorecoverdeviationsfromtrendconsumptionusingnominalconsumption,
andsimilarlyforotherrealmacroeconomicseries inthemodel.

A rmedwiththisobservation, wecaninterpretProposition1 asastatementaboutthecyclical
propertiesofvariousvariablesinthiseconomy. Itisnaturaltode…nethecycleintermsofreal
gross income, i.e. theeconomyis saidtobeinaboom ifincomeisaboveitsexpectedgrowth
rate. T hisoccurswhennominalgrossincomeY assumesitshighervalue. Proposition1 implies
consumptionisprocyclical, i.e. itattainsitshighervaluewhennominalincomeattainsitshigher
value. M oreover, sincetheinequalitiesinProposition1 arestrict, employmentintheinnovation
sector, pro…ts, equity values, and growth all‡uctuate overtime, although thedirection of
theseseries overthecycleis ambiguous. T hefactthatgrowthcouldbeeitherprocyclicalor
countercyclicalshould notbe entirely surprising. A ghion and SaintPaul(19 9 8) previously
showedgrowthcouldbeeitherprocyclicalorcountercyclical, dependingonthespeci…cationfor
R &D .T hismodelmakesasimilarprediction, butforadi¤erentreason: withmonopolypower
intheproductionofgoods, divertingworkers from productiontoinnovationreduces current
income. Ifthe increase in G diverts enoughresources toinnovation, gross incomecouldfall
evenaseachproducer’spro…tsrise. T hisissimilartoe¤ectinH elpmanandTrajtenberg(19 9 8)
wherethearrivalofamoreproductivetechnologycausesincometofallasresourcesarediverted
toinnovation. Empirically, pro…ts, equityvalues, and R &D expenditures areallprocyclical,
whichpointstoprocyclicalgrowth. T his isalsoplausiblegiventhatinnovationrepresentsonly
asmallshareoftheaggregateeconomy. Fortunately, though, whethergrowthisprocyclicalor
countercyclicalisirrelevantforhowstabilizationa¤ectsgrowth. T helatterdependsonwhether
Á (")is concavein", notonwhetherÁ (")is increasingordecreasingin". Itis tothis issue
thatI nowturn.

W hileitisusefulheuristicallytorepresentstabilizationasfavorableforgrowthwheneverthe
growthrateÁ isconcaveinthelevelofeconomicactivity", recallthatthegrowthrateandthe
levelofeconomicactivityaredeterminedsimultaneouslyinequilibrium. H ence, theequilibrium
growth rate is nottechnically afunction ofthe scaleofeconomicactivity. Todetermine if
stabilizationincreaseslong-rungrowth, then, wemustintroduceastabilizationpolicydirectly
intothemodelandcompare its equilibrium growth ratewith thegrowth ratethatprevails
when ‡uctuations areallowed. Sincegovernmentspendingis thesourceof‡uctuations, and
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since its levelis setbypolicymakers, itseems naturaltode…neastabilizationpolicyas one
which sets governmentspendingon goods constantatthe average ofthe tworegimes, i.e.
Gt= 1

2 (G 0 + G 1)»=G forallt. L etn(G)denotethenumberofworkersemployedininnovation
when governmentspending is constantand equalto G , and n¤(G)denote the numberof
workers employed in innovationwhengovernmentspending‡uctuates butis currentlyequal
toG. Stabilizationwillincreaseaveragelong-rungrowthifandonlyif

Á
¡
n
¡
G
¢¢
ln¸ > 1

2 [Á (n
¤(G 0))ln¸ + Á (n¤(G 1))ln¸] (1.7 )

T henotation is meanttosuggestthatstabilizinggovernmentspendingin this economywill
increasegrowthifthegrowthrateÁ (n(¢))ln¸ is “e¤ectivelyconcave” ingovernmentspending
ongoods. T his is amodi…ednotion ofconcavity, since (1.7 ) compares theaveragerealized
growthrateundertwodi¤erentstochasticprocessesforGt, i.e. itcomparesthefunctionÁ (n(¢))
atG withtheaverageofadi¤erentfunction Á(n¤(¢)). T herealconcavityofÁ (¢)establishes
thefollowingsu¢cient(butnotnecessary) conditionforstabilizationtoincreasegrowth:

Proposition2: (1.7 ) is satis…edifn ise¤ectivelyconcaveinG , i.e. if

n
¡
G
¢
¸ 1

2 [n
¤(G 0)+ n¤(G 1)] (1.8)

Inotherwords, stabilizationincreasesgrowthifitincreasesaverageinvestmentn. Importantly,
though, stabilizationincreasesgrowthevenif(1.8) holdswithequality, i.e. whenstabilization
has noe¤ectonaverageinvestment. T his is becausewithdiminishingreturns toinnovation,
thefactthatstabilizationreducesthevolatilityofinnovationactivityactstoincreasegrowth.
Intuitively, stabilizationshiftsresourcesfrom peakperiodsofinnovation, whentheirmarginal
productis low, toperiods ofless intensive innovation, when theirmarginalproductis high.
O fcourse, theresultingincreaseingrowthcouldbeo¤setifstabilizationalsoreducesaverage
employmentin theinnovation sector, i.e. ifcondition (1.8) is violated. T hemodeldoes not
allowustopindownwhether(1.8) isinfactsatis…ed, sincethisdependsonthethirdderivative
ofÁ(¢). Toseewhy, recallthatn is determinedbythe…rstordercondition Á0(n)v = 1 . In
ordertoestablishwhetherndependsonv inaconcaveorconvexmanner, wedi¤erentiatethis
…rstorderconditiontwice, whichinvolvesthethirdderivativeÁ000whosesignandmagnitudeis
ambiguous. T his ambiguityre‡ects an indeterminacyintherelationship between investment
anduncertaintythathas alreadybeenwellappreciated in the literature: dependingon the
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productionfunctionandtheinvestmentcostfunction, investmentcaneitherincreaseordecrease
inresponsetoameanpreservingspreadinpro…tability.9

Tosummarize, stabilizationhasanambiguouse¤ectongrowth;butunderdiminishingreturns,
stabilizationunambiguouslyincreasesgrowthforagivenlevelofaverageinvestment. Tobetter
understandtheroleofthelatterchannel, I focusonthespecialcaseinwhichstabilizationhas
noe¤ectontheaverageinvestment, i.e. wheren ise¤ectivelylinear:

n
¡
G
¢
= 1

2 [n
¤(G 0)+ n¤(G 1)] (1.9 )

A sidefrom theoreticalinterest, thereis empiricaljusti…cationforcondition(1.9 ) intherecent
workofR ameyandR amey(19 9 5), whostudytherelationship betweengrowthandvolatility
forasampleof9 2 countriesandasubsetof24O ECD countries. T hey…ndincreasedvolatility
in outputgrowth is associated with loweraverage outputgrowth, butnotwith signi…cant
di¤erencesininvestmentrates. R ameyandR amey…ndthispuzzlinggivenconventionalwisdom
thatequates growth e¤ects with changes in investment. H owever, this pattern is consistent
withthenotionthatitisdiminishingreturnstoinnovationratherthanchanges inthelevelof
innovationthatleadstabilizationtoa¤ectgrowth. T hus, their…ndings suggestwecanignore
changes inaverageinvestmentinstudyingthee¤ectsofstabilizationongrowth.10 U nderthis
restriction, themodelunambiguouslypredictsstabilizationincreasesgrowth. M oreimportantly,
this increaseingrowthraisesthewelfareoftherepresentativeagent.

T helaststatementaboveunderscoresanimportantobservation: eventhoughbothdiminishing
returns andchanges in average investmentallowstabilization toa¤ectlong-run growth, the
twochannelshavedi¤erentimplicationsforwelfare. Ifstabilizationraisesgrowthbyincreasing
average investment, the e¤ecton welfare is ambiguous: shiftingresources from production
into innovation could make theagentbettero¤ orworseo¤ , dependingon his preferences
between currentand futureconsumption. B utifstabilization increases growth by reducing

9 Forexample, H artman(19 7 2)andA bel(19 83)developmodelswhereinvestmentincreasesunderuncertainty,
whileB ernanke(19 83) andD ixitandP indyck(19 9 4) develop modelswhereinvestmentdecreases underuncer-
tainty. Caballero(19 9 1) presents auni…edframeworkinwhich investmentcaneitherincreaseordecreasewith
uncertainty, dependingontheparametersoftheproductionfunctionandtheinvestmentcostfunction.

10 I shouldnotethatR ameyandR ameyuseabroadmeasureofinvestment, while investmentinthis model
onlyre‡ectsexpnedituresonR &D .O neshouldthereforeinterprettheimplicationsoftheirresultsforthismodel
withsomecaution. Still, thenextsectionillustratesafactoraccumulationmodelwithsimilarimplicationsand
whichadmitsabroaderinterpretationofinvestment.
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thevolatilityofinvestment, theagentwillbeunambiguouslybettero¤. T hisfollowsfrom the
welfarecalculations reported in L ucas (19 8 7 ). R ecallthathe…nds substantialwelfaregains
from increasingthegrowthrateÁ whileholdingaverageinitialconsumptionC 0 …xed. T henext
lemmacon…rms that(1.9 ) insures settingGtatits averagevalueofG alsosets consumption
equaltoitsaveragevalue:

L emma2: Stabilizinggovernmentexpendituresongoods alsostabilizes consumption ifand
onlyif(1.9 ) holds, i.e.

P C
¡
G
¢
= 1

2 [P C
¤(G 0)+ P C¤(G 1)] , n

¡
G
¢
= 1

2 [n
¤(G 0)+ n¤(G 1)]

D iminishingreturns thereforecapture the intuition conveyed in Figure 1, i.e. stabilization
resultsinaconsumptionstreamthatoriginatesatthesameinitiallevelbutgrowsmorerapidly
thereafter. B ycontrast, ifstabilization increasesgrowthbyshiftingresources intoinnovation,
theresultingconsumption stream would startataloweraverageconsumption levelthan is
illustratedintheFigure. A nincreaseingrowthduetohigheraverageinvestmentwilltherefore
notgeneratethesamewelfaregains as asimilarincreaseingrowthfrom diminishingreturns,
whichisanotherreasonwhyI focusonthelatterchannel. H ence, ifstabilizationa¤ectgrowth
onlythroughdiminishingreturns, thegrowth e¤ects ofbusiness cycles involveunambiguous
welfare costs. T he key question is whetherthese costs are largerthan those computed in
previous work. T heanswertothis question hinges on twoissues. First, weneed toassess
byhowmuch business cycles retardgrowth forplausibledegrees ofdiminishingreturns, an
issueI addressinSection3. Second, although(1.9 ) rulesoutchanges inaverageinvestmentby
assumption, weneedtomakesurethatchanges inaverageinvestmentdonothaveadditional
implications forwelfarethatwipeoutthecosts duetodiminishingreturns. Judgingbythe
evidenceinR ameyandR amey, thesee¤ectsarelikelytobesmall. Inaddition, thenextsection
developsamodelwithdi¤erentunderlyingassumptionsthatinsureanychangesinequilibrium
investment, regardless oftheirimpactongrowth, increasewelfare. Inthis case, thee¤ectsof
stabilizationholdingthelevelofinvestment…xednecessarilyprovidealowerboundonthecosts
ofbusinesscycles.

A sa…nalremark, notethatL emma2 impliesstabilizinggovernmentexpendituresongoodsalso
stabilizesconsumption ifandonlyifaverageemploymentisunchanged. T his re‡ectsatheme
thathas often been ignored in theliterature, namelythatthere is noonecorrectnotion of
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stabilization. L ucas, forexample, considersapolicysettingconsumptiontoitsaveragevalue.
T his modelconsiders a policy ofsettinggovernmentexpenditures on goods to its average
value. T hetwopolicies areonlyequivalentunderstronglinearityconditions, as represented
by condition (1.9 ). W ithoutlinearity, itwould be impossible tosimultaneously setseveral
macroeconomicseriesequaltotheiraverage. B utpoliciesthatstabilizedi¤erentmacroeconomic
variablesareconceptuallyquitedi¤erent, andonehastobecarefulincomparingresultsbased
ondi¤erentunderlyingnotions ofstabilization. Tothatend, imposing(1.9 ) is theoretically
appealingbecausethemodelcorrespondstoexactlythesamenotionofstabilizationthatL ucas
usedinarguingbusinesscycles involverelativelyminorcosts.

2. A lternativeM odelsofEndogenous G rowth

A s noted in the Introduction, various authors havealready investigated the implications of
volatility inmodels ofendogenous growth. H owever, eventhoughthis literaturestudies the
e¤ectsofstabilizationongrowth, ithasnotdiscussedthewelfareimplicationsassociatedwith
suchgrowthe¤ects, norhasitexaminedhowthesemodelsrelatetoL ucas’welfarecalculations.
T his sectionrevisits this literatureanddiscusses its relationship tothemodeloftheprevious
section. T herearetworeasons fordoingthis. First, thegrowthe¤ects described inprevious
workre‡ectchanges in average investmentratherthan diminishingreturns. A s such, these
modelsdonotnecessarilyimplyfastergrowthisbene…cialfortheagent. M oreover, theycon-
tinuetoimplyonlynegligiblecosts ofbusiness cycles forreasonableparametervalues, which
highlightstheimportanceofdiminishingreturns. Second, previousauthorshavereliedonmod-
elsoffactoraccumulationwithlinearproductiontechnologiestogenerateendogenousgrowth
ratherthantechnologicalinnovation. T his sectionshowsthatthisdi¤erenceis irrelevant, and
theresultsoftheprevioussectioncouldbeobtainedinmodelswherefactoraccumulationisthe
engineofgrowth. Sincethemodeldi¤ers in severaldimensions from theoneintheprevious
section, itclari…es thatsomeofthesimplifyingassumptions in theprevious section arenot
responsibleforitsresults.

Considerthefollowingmodel, takenfrom Jones, M anuelli, and Stacchetti (19 9 9 ).11 T imeis

11 A sidefromJones, M anuelli, andStachetti, variousauthorshaveusedthismodeltostudyendogenousgrowth
underuncertainty. Itwas…rstdevelopedasamodelofsavingunderuncertaintybyL evhariandSrinivasan(19 69 ).
T heysolvean in…nitehorizonversionofaproblem …rststudiedbyPhelps (19 62). L eland(19 7 4) subsequently
reinterpreted theirmodelin terms ofgrowth, and Eaton (19 8 1) demonstrated howto introduce government
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discrete. T herearenowtwoagents: therepresentativeagentandthegovernment. T heagent
hasnolaborresources, butisendowedwithaninitialamountK0 ofcapital. H ealsohasaccess
toalinearproductiontechnologythatconverts aunitofcapitalinto 1 + ¸ units ofoutput,
where¸ > 0 . Eachperiod, theagentusesallofhiscapitaltoproduceoutput. H ethendecides
howmuch ofthis outputtoconsumeand howmuch toleaveas capitalforthe subsequent
production. T his is incontrastwiththeprevious section, wheretheagentwasunabletosave
his incomeforfutureconsumption. Productiondepreciatesawayallofthecapital, sotheonly
capitalavailableforproductioninperiodt+ 1 isthatwhichwassetasideinperiodt. T heagent
hasaconventionalCR R A utilityfunctionoverconsumptionineachperiod, anddiscountsthe
futureatarate¯.

Justasbefore, I usegovernmentpolicyasthesourceof‡uctuations inthemodel, althoughas
previousauthorshavepointedout, policyshocksinthisframeworkareisomorphictotechnology
shocks. T hatis, onecanreinterpretthemodelasonewheretechnologyshocksdrive‡uctuations
andtaxpolicyisaninstrumenttostabilizeagainstthem. Toremainconsistentwiththeprevious
section, I willsticktotheinterpretationofshocks originatingfrom governmentpolicy. Since
thereis nolabor, governmentspendingis devotedentirelytopurchasingoutput. To…nance
itsexpenditures, thegovernmenttaxestheincomeoftheagent, soittakesafraction¿ ofthe
outputproduced. A s before, thebudgetisbalancedeveryperiod, i.e. Gt= ¿tYt. Incontrast
totheprevious section, Gtnowdenotes realgovernmentspending. O nceagain, theshareof
governmentspendingcanassumeonlytwovalues, which I assumeis i.i.d. overtime.12 From
budgetbalance, thisimpliesthetaxrate¿tcantakeontwovalues¿1 < ¿0 , eachequallylikely.
T hisleavestheagentwith(1 ¡¿t)(1 + ¸)Kt´(1 + ¸t)Ktunitsofoutputeachperiod.13 T he
problem facingtheagentisgivenby

max
C t

E 0

" 1X

t= 0

¯t
C 1¡°t ¡1
1 ¡°

#

subjectto

Kt+ 1 =(1 + ¸t)Kt¡Ct

policyintothis framework.

12B ycontrast, theprevioussectionassumedG twasPoisson, implyingpersistentshocks. Jones, M anuelli, and
Stacchetti (19 9 9 ) alsoexamineaversionofthemodelwithpersistentshocks.

13I restrict¿0 and¿1 sothat¯E [(1¡ ¿t)(1 + ¸)]1¡°< 1, whichinsuresaninteriorsolution.
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whereK0 is givenand 0 ·Ct·(1 + ¸t)Kt. A pplyingaperturbationargumenttothe…rst
orderconditionsoftheagent, itcanbeshownthatthesolutiontothisproblem isgivenby

Ct = c(1 + ¸t)Kt

Kt+ 1 = i(1 + ¸t)Kt

wherei andcareconstants, i isgivenby

i=
³
¯E

h
(1 + ¸)1¡°

í 1
° (2.1)

andc=1 ¡i. T hegrowthrateofconsumptionisgivenby

¢ Ct+ 1

Ct
= i(1 + ¸t+ 1)¡1 (2.2)

whichinequilibrium isalsothegrowthrateofoutput. T hegrowthrateisproportionaltothe
investmentratei, andthusdependsonthebehavioroftheagent.

Justasintheprevioussection, wecangaugethee¤ectsofstabilizationbysettingtheshareof
governmentspendingonoutput, andthusthetaxrate¿, toitsexpectedvalue. T hisamounts
tosetting¸tequaltoitsaveragevalue. T heonlywaythiswilla¤ecttheaveragegrowthratein
(2.2) isbya¤ectingthepropensitytosavei. From (2.1), stabilizationincreasesaveragegrowth
ifandonlyif° < 1 . Sinceestimatesof° are 1 orgreater, stabilizationeitherhasnoe¤ecton
growthorcauses ittofall, incontrastwiththepreviousmodel. B utthefactthatstabilization
decreasesgrowthdoesnotimplytheagentisworseo¤. A fterall, stabilizationinducesalower
growthratebecauseitleadstheagentchoosestovoluntarilyconsumeagreaterfractionofhis
output, i.e. toincreasecandreducei=1 ¡c. R evealedpreferenceimpliesthattheagentmust
bebettero¤ underlowergrowth. M oregenerally, becausetheequilibrium inthis economyis
Paretooptimal, anychangeintheequilibrium levelofinvestmentmustmaketheagentbetter
o¤, sincethecentralplannercannotmaketheagentbettero¤ byreallocatingresourcesintoor
outoftheinnovationsector. B ycomparison, theequilibrium intheprevious sectionwasnot
Paretooptimalgivenmonopolydistortionsandtheinabilityofagentstoborroworlend, which
iswhychanges inaverageinvestmentcouldhavereducedwelfareinthatframework.

Sincestabilizationcana¤ectthesavingsdecisionsoftheagent, thismodelalsosuggestsgrowth
e¤ectswhichimplythatL ucas’calculationunderestimates thewelfareunderstabilization. In
terms ofFigure 1, the welfare ofthe household afterstabilization does notcorrespond to
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theconsumptionpath settothetrendrateoftheoriginalconsumption stream;instead, the
consumption stream understabilizationcouldrotatedependingtotheoptimizingdecisionof
theagent. B utthenewconsumptionstream understabilizationwillnotbethesameas the
dashedlineinFigure1;fortheconsumptionstreamtohaveasteeperpro…le, imustbehigher.
B utthis impliesthattheinitiallevelofconsumptionC 0 =cK0 islower, sincec=1 ¡i. T hus,
themodelabovegeneratesanadditionalcostofbusiness cyclesthatre‡ectsthee¤ectsofthe
cycleonthetimepro…leofconsumption, butwhichreliesonchangesinaverageinvestmentand
isthereforedi¤erentfrom thechannelofdiminishingreturnsoutlinedintheprevious section.
M oreover, themodelsuggeststhis e¤ectis likelytobequitesmallforreasonableestimatesof
° . Forthecasewhere ° = 1 , therearenogrowthe¤ects andthemodelreduces totheone
consideredinO bstfeld(19 9 4a), which involvesawelfaregainfrom stabilizationofonly 0 :3%.
U singtheestimatedvolatilityingrowthreportedinthenextsection, I alsocomputedthee¤ects
ofstabilizationforthecasewhere° =2. Forthisvalue, theaveragegrowthratedeclinesfrom
2:0 0 % to 1 :98%. T heimpliedwelfaregains areonceagainalmostidenticaltothosereported
byO bstfeld, whichsystematicallyfallwellshortof1 %.

W hiletheabovediscussionsuggests existingmodelsofendogenousgrowthunderuncertainty
imply only smallcosts ofbusiness cycles, we could easily introduce diminishingreturns in
investmentintothesemodelsandrecoverthepotentialformuchlargere¤ects. FollowingU zawa
(19 69 ), supposethatthecapitalstockinperiodt+ 1 isgivenby

Kt+ 1 =©(It;Kt)

whereIt= (1 + ¸t)Kt¡Ct is the partofdisposable income thatis notconsumed. T he
function©(¢;¢)isincreasingandconcaveinI. T hisfunctionalform impliesthatonly©percent
ofinvestmentactuallyturns intocapital, whiletheremainderofinvestmentiseatenup inthe
process ofinstallingthecapital. I furtherassumethe installation functionexhibits constant
returnstoscale, so

©(It;Kt)=Á
µ
I
K

¶
Kt

T hegrowthrateofthecapitalstockconditionalondatet isgivenby

¢ Kt

Kt
= Á

µ
It
Kt

¶
¡1

´ Á [ i¤(̧ t)(1 + ¸t)]¡1
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where i¤(¢)is thefractionofafter-tax incomedevotedtoinvestmentwhen ¸ ‡uctuates over
time. T his growthrate is notthesameas theconditionalgrowthrateofconsumption, but
thetwogrowthrateshavethesameunconditionalexpectation, anditisthisexpectationwhich
isrelevantforwelfare. Stabilizing¸tcontinuestohaveambiguous e¤ectsonexpectedgrowth
whichdependon ° andthethirdderivativeÁ000. H owever, justasbefore, diminishingreturns
implythatstabilizationwillincreaseaveragegrowthforagivenratioofinvestmenttocapital.
W ecanisolatethee¤ectsofdiminishingreturnsbyrestrictingattentiontothecasewherethe
investmenttocapitalratioise¤ectivelylinear, i.e. where

i
¡
¸
¢¡
1 + ¸

¢
=
1
2
[i¤(̧ 0)(1 + ¸0)+ i¤(̧ 1)(1 + ¸1)]

T he implicationswouldthenbe identicalas thoseofthemodelpresented in Section 2. T he
onlydi¤erenceisthatunlikethatmodel, changes inaverageinvestmentregardlessofdirection
willnecessarilymaketheagentbettero¤. T hus, thewelfaregainsfromdiminishingreturns in
this modelrepresentalowerboundonthecosts ofbusiness cycles, and itwillbeenoughto
showdiminishingreturnsontheirowngeneratelargewelfaree¤ectstoestablishthatbusiness
cyclesarecostly.

3.Q uantitativeA nalysis

T heprecedingdiscussionhas arguedthatbusiness cycles involvewelfarelosses thatoperate
throughendogenousgrowthchannels, particularlybecauseofdiminishingreturnsininvestment.
B utthemostinterestingquestionstillremains: arethesegrowthe¤ectslargeenoughtogenerate
costs ofbusiness cycles thatexceed those based only on consumption volatility? O neway
ofaddressingthis question is toabstractfrom the sourceofdiminishingreturns and focus
insteadonthereducedform implications ofthemodelfortherelationship betweenvolatility
and average growth. T his approach only requires information on the relationship between
volatilityandgrowth, eitherovertimeorfromacrosssectionofcountries. Suchestimatesare
readilyavailablefrom theworkofR ameyand R amey(19 9 5). U singcross-countryevidence,
they…ndthatcontrollingfortheaverageinvestmentshare, aonepercentagepointreductionin
thestandarddeviationofoutputgrowthis associatedwithanincreasedgrowthrateof0 :2%.
Sincethestandarddeviationofoutputgrowth intheU .S. is 2:5%, this implies stabilization
should increasethegrowthratefrom 2:0 % to2:5%. A pplyingL ucas’estimatethatanagent
would sacri…ce 20 % ofconsumption fora 1 pointincrease in growthwhen ° = 1 implies a
welfaregainof1 0 % ofinitialconsumption, twoordersofmagnitudegreaterthanL ucas’original
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estimate. M oreover, sinceR ameyandR amey…ndnoevidenceofsystematicchangesinaverage
investmentratesassociatedwithdi¤erentlevelsofvolatility, thereshouldbenoo¤settinge¤ects
from changes inaverageinvestmentthatcouldlowerwelfareinasecond-bestworld.

W hiletheseestimatesimplyanenormouscostofbusinesscycles, weshouldproceedwithsome
cautionbeforeweacceptthem as evidenceofcostlybusiness cycles. A fterall, di¤erences in
growthratesacross countries couldbeduetounmeasuredheterogeneity, apossibilitythatis
underscoredbythefactthatsomeofR ameyandR amey’sestimateschangedramaticallywith
theadditionofcertainexplanatoryvariables. W hiletheirpointestimateforthecoe¢cienton
volatilitytends tobeclusteredaround 0 :2%, theirestimates rangebetween 0 :1 and 0 :9%. In
addition, althoughthenegativerelationship betweenthevolatilityofgrowthandtheaverage
rateofgrowthisstatisticallysigni…cant, itisnotestimatedwithgreatprecision. T hissuggests
lookingmoredeeplyatthesourceofdiminishingreturns toassesswhetheritcouldplausibly
generateanincreaseingrowthfrom 2:0 % to2:5%.

Forstabilization togeneratehighergrowth from agiven levelofinnovation, twoconditions
arenecessary: theamountofinnovationnhastobevolatileoverthecycle, andthefunction
Á (n)thatmaps resources employed in innovation intogrowthhas tobeconcave. Standard
measures ofR &D inputs compiled by the N ationalScience Foundation, including industry
expendituresonR &D andthenumberofworkersemployedasscientistsorengineers, certainly
exhibitvolatilityovertime;logchanges inbothserieshaveastandarddeviationofabout5%.
M oreover, workbyFatas (19 9 4) shows thatchanges in R &D expenditures arerelatedtothe
business cycle, although thatrelationship seems tohaveweakened in the 19 9 0s. B utthese
measuresmayfailtoadequatelycapturethevolatilityinalloftheinputsthatenterintoR &D .
Forexample, volatilityininnovationmightbebetterre‡ectedinthetimespentbyscientistsand
engineersoninnovationprojectsratherthaninemploymentnumbers. T his ispartlyaddressed
byusingR &D expenditures, butthismeasuretooislikelytobeproblematic. Forinstance, the
physicalimplementationofnewtechnologies islikelytobecountedas investmentratherthan
R &D , eventhoughresourcesdevotedtoimplementationshouldbecountedas inputs intothe
innovationprocess. H ence, insteadofcalibratingthemodeltothevolatilityofdataonR &D
expenditures, I calibrateittothevolatilityofconsumptiongrowth. Inotherwords, ratherthan
matchingthevolatilityofinputs thatgointoproducinginnovation, I matchthevolatilityof
theoutputsofinnovation. Sincetheultimategoalistopredictthegrowthrateintheabsence
ofcycles, itseems onlyreasonabletocalibratethefunction Á(n)tothegrowthrateswedo

23



observeoverthebusinesscycle.

Tomeasurevolatility in growth in away thatis consistentwith thetheoreticalframework
above, I discretize(1.6)andestimateitsunderlyingparametersfromannualconsumptiondata.
T hemodelimpliesconsumptionbetweenperiodt¡1 andtwillchangefortworeasons. First,
technologicalinnovationimprovesproductivityandallowsmoreconsumptiongoodstobepro-
ducedfromagivenamountofresources. T hisgrowthrateisequaltoÁ (nt)ln¸, whichdepends
ontheunderlyinggrowthregimeinthecurrentperiod. Second, regimechangestriggerchanges
in theamountofresources employed in productionandthus thelevelofconsumption. T he
changeinlogconsumptionbetweentwoperiods isthereforegivenby

¢ lnCt=Á(nt)ln¸ + ("t¡"t¡1) (3.1)

In…ttingthisstochasticprocesstoactualconsumptiondata, I maintaintheimplicitassumption
oftworegimes, whichI denotebyst2f0 ;1 g.14 W ithoutlossofgenerality, I designatest=0

asthelowproductivitygrowthregime, i.e. Á0 ·Á1. L et"="1¡"0 denotethedi¤erencein
thelevelofconsumptionacross thetworegimes. W iththis notation, wecanrewrite(3.1) as
Á0 (1 ¡st)+ Á1st+ "(st¡st¡1). I thenestimateÁ0 , Á1, and"fromannualdatabyminimizing
themeansquareerroroverallpossiblesequencesfstg:

min
Á 0 ;Á1;";fstg

1998X

t= 1951

(¢ lnCt¡[¸0 (1 ¡st)+ ¸1st+ "(st¡st¡1)])2 (3.2)

W ecanthinkofthisminimizationproblem intwostages. First, foreachsequencefstg, I look
forthevector(Á0;Á1;")whichminimizes meansquareerror. I thenlookforthesequenceof
realizations stforwhichthisminimum meansquareerrorislowest. T heproblemwithsolving
(3.2) is thatthenumberofpossiblesequences involves 24 9 =5:6£1 0 14 combinations. Toget
attheminimum, I followaroutinethatis similartosimulatedannealing. T hatis, I guess
aninitialsequenceofstandthenallowforsmallstochasticperturbationsaroundtheoriginal
sequence. Ifalowervalueisachieved, I usethenewminimumasmyinitialsequence. I repeated
thisprocedurefromseveraldi¤erentinitialconditionsandalsoallowedforlargerperturbations
tocheckagainstlocaloptima. T heestimatesattheminimum wereÁ0 = :0 0 2, Á1 = :0 38, and

14M aintainingthe M arkovstructureis essentialforidenti…cation. Toseewhy, considerthegeneralequation
¢ lnC t= Át+ ¢ "t. T heproblem isthatsinceinnovationdependsonthescaleofeconomicactivity, Á ("t)and
¢ "tarecorrelated. Ifweallow"ttofollowageneralizedA R process, itwillbeimpossibletoidentifyÁ ("t)from
¢ "t, sincebothreducetolagfunctionsof"t. Evenifweimposethat"tis i.i.d., wecouldnotseparatelyidentify
½ (Át;¢ "t)andvar(Át). H owever, wecanstillestimatearangeforvar(Át)bylookingacrossallvaluesof½. T he
standarddeviationofÁtliesbetween 0:6and3:0 % , whichincludesmyestimateof1:8% below.
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"=¡:0 0 7. T his impliesthatthegrowthrateinconsumptionbecauseoftechnologicalprogress
‡uctuatesbetween 0 :2% and3:8% peryear, foranaverageof2% peryear, justas L ucas…nds.
T hefactthatthepointestimatefor"isnegativesuggestsconsumptiongrowthiscountercyclical,
i.e. consumptiongrowsmorerapidlyifitisbelowitsexpectedlevel. T his …ndingissomewhat
disturbing, sinceI previouslyarguedprocyclicalgrowthismoreconsistentwiththeempirical
evidenceonprocyclicalpro…tsandequityvalues. H owever, thisisnotimportantforcalculating
thee¤ectsofstabilization, and, as I discussfurtherbelow, itisnotveryrobust.

T he …nalstep in computingthegrowth e¤ects associatedwith stabilization is tospecifyan
innovation rate Á (n)and calibrate itsothatitgenerates growth rates of 0 :2% and 3:8%.
Previous models oftechnologicalprogress thatallowfordiminishingreturns havetendedto
focus on theconstantelasticity function Á (n)= ©n»;forexample, this is the speci…cation
Stokey(19 9 5) uses tostudythe implications fordiminishingreturns onequilibrium growth.
T hemainadvantageoftheCES functionisthatitcorrespondstothefunctionalformempirical
researchers haveestimated from microdata. In particular, there is nowasizableliterature
thatestimatesproductionfunctionsfornewideasbyusingR &D expendituresastheinputand
patentsasoutput. T hisspeci…cationaccordswithanarrowinterpretationofinnovationinthe
model, sincethemodeltreats eachpatentasasuccessfulinnovation. M oregenerally, notall
patents contributeequallytogrowth;butestimates ofdiminishingreturns from patentdata
shouldprovideanupperboundonthetrue»aslongastheproductionofsuccessfulinnovations
exhibits diminishingreturns inthenumberofpatents. G riliches andPakes (19 84) and H all,
G riliches, and H ausman (19 86) both estimatethatthe elasticityofpatents with respectto
totalR &D expenditures atthe…rm levelis 0 :6, whiletheelasticitywith respecttocurrent
R &D expenditures is only 0 :3. T hese…ndings suggestfairlystrongdiminishingreturns, but
atthelevelofthe…rm;externalspilloversattheaggregatelevelmightcausetheseestimates
toexaggeratetheextentofdiminishingreturns inaggregateR &D . H owever, Kortum (19 9 2)
estimates R &D productionfunctionsattheindustryleveland…nds evengreaterdiminishing
returns, with the estimates ofthe elasticity in the range between 0 :1 and 0 :25. D oubling
thetotalresources devotedtoR &D in an industry leads toasmallerincrease in successful
patentingthanadoublingofresourcesdevotedtoR &D inaparticular…rmwould, suggesting
thatdiminishingreturnscarryovertomoreaggregatelevelsaswell.

Forthisrangeofestimatesfor», wecanestimatethegrowthrateÁ
¡1
2 (n0 + n1)

¢
ln¸ ataverage

employmentgiventhatÁ(n0)ln¸ = 0 :2 and Á(n1)ln¸ = 3:8. A lthoughthis questionmight
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appeartorequiremoreinformation inordertoidentifyn0 , n1, ©, andln¸, theCES function
allowsustodeterminethegrowthratestrictlyasafunctionof»:

©
¡1
2 (n0 + n1)

¢»ln¸ =
³
1
2

h
(0 :0 0 2)

1
» + (0 :0 38)

1
»

í »

U singthemostconservativeestimateof» = 0 :6, settingR &D atits averagelevelimplies a
growthrateof2:52%, exactlythesameasthereducedformestimatesfrom R ameyandR amey.
O therestimateswouldimplyevenlargergrowthe¤ects. T hus, estimatesofdiminishingreturns
from microdataareconsistentwith the increase in growth thatwe seeusingreduced-form
regressionsoncross-countrycomparisons.15

A lthoughtheconsistencyinestimatesfromtwodistinctempiricalapproachesmightbereassur-
ingat…rst, theCES speci…cationabovehides severaldiscomfortingfeatures thatshouldcast
doubtonitsrelevance. T heCES functioncanmatchthevolatilityinconsumptiongrowthrates
only ifR &D resources are incrediblyvolatile;theimpliedratioofR &D levels betweenpeak
andtroughlevels isgivenby

n1
n0

=
µ
:0 38
:0 0 2

¶ 1
0:6

=1 35:29

which is implausiblylargeforevenabroadde…nitionofinnovationactivity. L ikewise, from
the…rstordercondition (1.3), weknowthattheratioofequityvalues is proportionaltothe
marginalproductivityofinnovation, i.e.

v1
v0

=
Á0(n0)
Á0(n1)

=
µ
:0 38
:0 0 2

¶ 0:4
0:6

=7:1 2

T heproblemliesintherestrictivefunctionalformimposedbytheCES function;theonlywayto
generatethelowlevelofgrowthassociatedwiththelowproductivityregimeistohaveveryfew
resources devotedtoinnovation. T his is inconsistentwiththefactthatconsumptiongrowth
can bealmostzeroeven as aggregate R &D expenditures remain high. T hus, the constant
elasticityfunctionprovides apoorapproximationforcharacterizingtheaggregateproduction
ofinnovation.

U nfortunately, the literature o¤ers littleguidanceas towhatamorereasonable innovation
functionmightlooklike. Still, themodelprovidessomerestrictionsontheshapeofthefunction

15 ItshouldbenotedthattheCES functionÁ (n)= © n» is notconsistentwith(1.9 ). N umericalsimulationof
themodelsuggestedthataverageemploymentininnovationdeclinesunderstabilization, althoughtheextentof
thechangedependsonadditionalparametervalues.
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Á (n)thatallowus togaugewhethera function thatimplies more plausible volatility can
generatean increase in growth thatis consistentwith theestimates in R ameyand R amey.
R ecallthatthe…rstordercondition(1.3) restrictstherateatwhichÁ0(n)changesbetweenn0
andn1, since

Á0(n0)
Á0(n1)

=
v1
v0

(3.3)

T hisrestrictionturnsouttobeusefulindeterminingwhethermoreplausiblelevelsofdimin-
ishingreturns cangeneratesigni…cantincreases ingrowth. T hereasonforthis is illustrated
graphicallyinFigure2. W eknowthatthegrowthrateÁ (n)ln¸ assumesavalueof0 :2 atsome
employmentleveln0 andavalueof3:8 atsomeotheremploymentleveln1. Supposetheslope
ofthegrowth ratewith respectton evaluatedatn1, i.e. Á0(n1)ln¸, is equaltosomereal
numbera. Consistencyimposesthefollowinglimitonthepossiblevaluesofa:

v0
v1
Á(n1)¡Á (n0)

n1¡n0
ln¸ < a<

Á (n1)¡Á(n0)
n1¡n0

ln¸ (3.4)

From (3.3), weknowthatatn= n0 , wehave Á0(n0)ln¸ =
v1
v0
a. T hetwolines originating

atn0 andn1 with theserespective slopes form an upperenvelopeforanypossiblefunction
Á (n)ln¸, asillustratedintheFigure. M aximizingÁ

¡1
2 [n0 + n1]

¢
ln¸ overallpossiblevaluesof

a, wecanderiveanupperboundonhowmuchadditionalgrowthcouldbegeneratedinamodel
whichgeneratesreasonablevolatilityinequityvalues. Proposition3establishesthisboundas
afunctionoftheratio

v1
v0
:

Proposition3: IfÁ0(n0)=
v1
v0
Á0(n1), then

Á
¡1
2 [n0 + n1]

¢
ln¸ · 1

v1=v0 + 1
Á (n0)ln¸ +

v1=v0
v1=v0 + 1

Á (n1)ln¸ (3.5)

T he bound in Proposition 3 is tight, since there exists aconcave piecewise linearfunction
Á (n)forwhichthegrowthrateataverageemploymentis exactlyequaltothebound. T hus,
Proposition 3 is apreciseestimateofthemaximum possible increase ingrowth thatcanbe
obtainedthroughdiminishingreturnsforagivenlevelofvolatilityimpliedby

v1
v0

. A tthesame

time, therestriction implied by (3.3) does notimposealowerbounds onhowmuchgrowth
diminishingreturns could generate, since values ofa neareitherofthe endpoints in (3.4)
implythegrowthrateataverageemploymentÁ

¡1
2 [n0 + n1]

¢
ln¸ is arbitrarilycloseto2:0 %.
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Figure 2: Computing Upper Bounds on the Effect of Stabilization
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Proposition3thereforetellsusonlywhetherthegrowthe¤ectsestimatedinR ameyandR amey
couldariseunderplausibleformulationsofdiminishingreturns, notwhethertheyinfactdo.

Inestimatingtheratio
v1
v0

, anaturalbenchmarkis stockmarketdatawhichre‡ectsthevalue

of…rmsoverthecycle. Conventionalestimates, suchasChristianoandFisher(19 9 8), suggest
thestandarddeviationoftheS&P 500 isontheorderof1 0 %. H owever, sincenew…rmstend
tohavemorevolatileequityvalues, andnew…rmsarelistedinexchangesandincludedinstock
indicessuchastheS&P onlywithalag, this islikelytobeanunderestimateoftruevolatility
inpro…topportunities overthecycle. A s analternativemeasure, recallthatv is aweighted
discounted‡owofpro…tsacrossthetworegimes. H ence, theratioofpro…tsinthetworegimes
serves as an upperbound on theratio

v1
v0

. D ataon after-tax corporate pro…ts in the U .S.

suggests astandarddeviationfor¢ ln(pro…ts)ofabout1 0 ¡1 5%.16 A standarddeviationof
1 5% wouldimplythattheratio

v1
v0

=
1 :1 5
0 :85

=1 :35. Ifthestandarddeviationofv isallowedto

beaslargeas 20 %,
v1
v0

willequal1 :5. Substitutingthis into(3.5) yields

Á
¡1
2 [n0 + n1]

¢
ln¸ ·

8
>>><
>>>:

2:27 if
v1
v0

=
1 :1 5
0 :85

=1 :35

2:36 if
v1
v0

=
1 :20
0 :80

=1 :50

Sincethiscalculationis independentofn0 andn1, theaboveestimates implythatdiminishing
returns thatrely on reasonablevolatility in both R &D and in equity values can stillallow
stabilizationtoincreasegrowthfrom 2:0 % toasmuchas2:36%, wellwithinthemarginoferror
oftheestimatesprovidedbyR ameyandR amey. T his impliesanupperboundonthecostsof
businesscyclesof0 :27£20 =5:4% ofinitialconsumptionwhenthestandarddeviationofv isset
to1 5%, and7:2% whenthestandarddeviationisequalto20 %, bothofwhicharesigni…cantly
largerthanpreviousestimatesforthecostsofbusinesscycles. W hiletheseboundssuggestthat
estimatesinR ameyandR ameyareslightlyoverstated, theydonotruleoutsigni…cantgrowth
e¤ectsas inconsistentwithempiricallyplausiblelevelsofdiminishingreturns.

I endmydiscussionwithtworemarks. First, althoughmyestimatesareidenti…edbyestimating
atwo-statemodel, similarresults obtainwhen I estimateathree-statemodelthatallows for

16T hiscoversthesameperiod1951¡19 98. T hisestimateaccountsfordetrendingimpliedproductivitygrowth
usingconsumptiongrowth. D etrendinghasonlyaminorimpactontheestimateofthestandarddeviation, since
¢ ln(pro…ts) is farmorevolatilethan¢ ln(C ).
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threegrowthratesÁ0 ·Á1 ·Á2 andfortwochangesinlevels"2 ¡"1 and"1¡"0 . Inestimating
thethree-statemodel, I obtainedanegativepointestimateforthelowestgrowthrate¸0 . Since
technologicalregress is incompatiblewiththemodel, I repeatedtheminimizationunderthe
constraintthat¸0 ¸ 0 . T he estimates thenwere ¸0 = 0 :0 0 0 ;¸1 = 0 :0 22 and ¸2 = 0 :0 36,
"2 ¡"1 = :0 0 8, and"1 ¡"0 =¡:0 0 1 and"2 ¡"1 = :0 0 9. T hedi¤erencebetweenthelowest
andhighestgrowth rate is the sameas in thetwo-statemodel, sotheupperboundon the
increase ingrowth implied in Proposition 3wouldbeunchanged. B utthethree-statemode
is stillnoteworthy in severalrespects. First, unlikethetwo-statemodel, itdoes notpredict
countercyclicalgrowth: "2 ¡"1 ispositive, sothatmorerapidgrowthisassociatedwithhigher
consumption levels. T heestimatefor"1 ¡"0 is negative, butis essentially indistinguishable
from 0 . Second, itprovides someevidenceofdiminishingreturns, sincej"2 ¡"1j> j"1¡"0j
while j̧ 2 ¡¸1j< j̧ 1¡¸0j. L astly, thesequencefstg thatachieves thesmallestmeansquare
errorin thethreestatemodelaccords quitewellwithconventionalmeasures ofthebusiness
cycle, incontrastwiththetwo-statemodelwhichrequiresafairamountofvolatilitytomatch
consumptiongrowth, especiallyinthe19 9 0swhenannualconsumptiongrowthwasconsistently
closetoitshistoricalaverageof2:0 %. T hethree-statemodel, ontheotherhand, accordsalmost
perfectlywith N B ER business cycledates. T hesimulatedconsumptionpathsandchanges in
consumptionforthetwo-stateandthethree-statemodelareillustratedinFigure3.

Second, althoughI havefocusedoninnovationastheengineofgrowth, thesamebasicargument
couldbeappliedtothefactoraccumulationmodelin Section 2 in calibratingan investment

function Á
µ
I
K

¶
. T he reason I chose tofocus on R &D is both because itseems tobe a

morerelevantsourceofgrowth fordevelopedcountries such as the U .S., as wellas thefact
thatestimates ofcurvaturein investmentbasedonq-regressions appeartobenoisyandless
reliable. Still, whateverestimatestherearepointtosubstantialcurvatureininvestment, since
investmentappearstorespondsosluggishlytochangesinq. I didexperimentwithintroducing
adjustmentcosts tothemodelpresentedinSection2, andI couldgenerategrowthe¤ectson
parwith R ameyand R ameyusingspeci…cations forÁ(¢)thatmatch empiricalestimates in
the investmentliterature. A s in thecasewith R &D , theseestimates turnedouttorelyon
implausiblevolatility in investment. H owever, wecan onceagain establish an upperbound
similartothatinProposition3. InthemodeldevelopedinSection2, theratioofÁ0(¢)turns
outtodependonthevolatilityoftheinvestmenttoconsumptionratio. Sincethisserieshasa
standarddeviationofabout1 5%, thismodelagaincon…rmsthatreasonablespeci…cations for
theunderlyingmechanismofdiminishingreturnscanaccountforthegrowthe¤ectsdocumented
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(a) Log Consumption - Actual vs. Simulated

(b) ∆ Log Consumption - Actual vs. Simulated

Figure 3
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byR ameyandR amey, whichinturnimplylargewelfarecostsofbusinesscycles.

4.Conclusion

T his paperexplores thecostsofbusiness cycles inamodelofendogenous growth. A lthough
previousworkhasexploredtheroleofaggregate‡uctuations inmodelsofendogenousgrowth,
andhasevennotedthatgrowthe¤ectscouldhaveimplicationsforthecostsofbusinesscycles,
thenotionthatbusinesscycles involvesubstantialcostshasyettobeanalyzedformally. T his
paperidenti…esdiminishingreturnstoinnovationasanimportantchannelinallowingbusiness
cyclestogeneratesubstantialwelfaree¤ectsforplausibleempiricalconditions. R educedform
estimatesfromcross-countrycomparisonssuggestthatfortheU .S., thischannelwouldgenerate
an increaseingrowthfrom 2:0 % to2:5%, which is associatedwithan increaseinwelfarefor
whichanindividualwouldbewillingtosacri…ce 1 0 % ofhis initialconsumption. Estimatesof
diminishingreturnsfrommicrodataareconsistentwiththesereducedformestimates, although
they require implausibly volatile R &D and equity values togenerate observed volatility in
consumptiongrowth. Still, restrictionsontheinnovationfunctionthataccordwithvolatility
dataallowanincreaseingrowthfrom 2:0 % to2:36%, wellwithintherangeofestimatesfrom
cross-countrydataandwhichcontinuetodelivercostsofbusinesscyclesthatarefarlargerthan
reportedinpreviouswork.

Sincethereisalreadyanextensiveliteratureontherelationshipbetweengrowthandcycles, it
wouldseem…ttingtoendwitharecapofwhatthispapercontributestothisliterature. Firstand
foremost, itemphasizesthee¤ectofvolatilityongrowththroughdiminishingreturnstoinvest-
ment, whereaspreviousworkhasemphasizedthee¤ectofstabilizationonaverageinvestment.
T hisexplainswhypreviousworkhasmadecon‡ictingpredictionsonthee¤ectsofstabilization
ongrowth, re‡ectingageneralambiguityon thee¤ects ofuncertaintyon investment. T he
modelpresentedhereisjustasambiguousaboutthetheoreticalimplicationsofbusinesscycles
onaveragegrowthsincetheaveragelevelofinvestmentcaneitherriseorfallwhen‡uctuations
arereduced. H owever, itunambiguouslypredicts stabilizationwillincreasegrowthata…xed
levelofinvestment. Sinceempiricalevidence…ndslittleevidencethatvolatilitya¤ectsaverage
investmentratesacrosscountries, thisappearstobethemorerelevantchannelforstudyingthe
e¤ectsofbusinesscyclesonlong-rungrowth.

Second, this paperexamines thewelfaree¤ectsofstabilizationratherthanjustthee¤ectsof
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stabilizationonthegrowthrateperse. Carryingoutthesewelfarecalculationsexplicitlyshows
thatbusinesscyclescanmatter. T hisconclusionstands incontrasttothelargebodyofwork
whichcomputesonlysmallwelfaregains from thevolatilityofconsumptionoverthebusiness
cycle. A s the discussion in the Introduction reveals, the initialobservation by L ucas that
consumptionvolatilityfromaggregate‡uctuationshasnegligiblewelfareimplicationsseemsto
havehelduptosubsequentscrutiny, exceptperhapswhensuchshocksarebothverypersistent
andhighlyvolatile. T his isbecause‡uctuationsinaggregateconsumptioninthepost-W arera
aresu¢cientlysmallthattheyfailtoregisteranyimpactforreasonableaversionto‡uctuations.
B utthis does notimplythatstabilizationcannotproduce…rstorderwelfaree¤ects through
otherchannels. In asense, this papercloses thecirclethatL ucas originallybegan: heused
hiscalculationtoarguethatbecauseconsumptionvolatilityhasnegligiblewelfaree¤ects, only
growthmatters. B utifbusiness cycles a¤ecttheprocess oflong-rungrowth inawaythatis
consistentwithhisthoughtexperiment, whichthispaperargues, theywillmatteraswell.
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A ppendix

P roofofL emma1: R ecallthatthevalueofapatentisgivenby

vt=E t
·Z1

t

U 0(Ct+ s)
U 0(Ct)

dCt+ s
d¦t+s

¼t+se¡½(t+ s)ds
¸
´E t

·Z1

0
±t+s¼t+se¡½(t+ s)ds

¸

I begin by characterizingthe evolution ofthe discountfactor±t+s and ofexpected pro…ts E t[¼t+ s]

assuminggovernmentspendingremains constantbetween tandt+ s, i.e. whereforall¿ 2 [t;t+ s],

G ¿ =G i:

1. From (1.1), wehave

cj;t+s=
Yt+s¡T
pj;t+ s

whichimplies
Z 1

0
lncj;t+sdj =

Z 1

0
ln

µ
Yt+ s¡T
pj;t+s

¶
dj

= ln(Yt+ s¡T)¡
Z 1

0
lnpjtdj

= ln(Yt+ s¡T)¡
Z 1

0
ln¸ms(j)¡1 dj

= ln(Yt+ s¡T)¡
Z 1

0
[ms(j)¡1 ]dj¢ln¸

= ln(Yt+ s¡T)¡(ln¸)(mt+ Áis¡1 )

where

mt+s=
Z 1

0
[ms(j)¡1 ]=E [ms(j)]¡1

T helaststep uses thefactthat(mt+ s¡mt)» Poisson(Áis). T his implies as longas thesame
regimei prevailsbetweendatestandt+ s,

Ct+s=exp
·Z 1

0
lncj;t+ sdj

¸
=e(ln¸)(mt¡1 + Áis)(Yt+ s¡T)

sothat

dCt+s
dYt+ s

=e(ln¸)(mt¡1 + Áis)



2. U singthefactthat
U 0(Ct+s)
U 0(Ct)

=
µ
Ct+s
Ct

¶¡°
, I computetheratioofconsumption

Ct+ s
Ct

. T he

growthofconsumptionatagiveninstantisgivenby

dlnCt =
Z 1

0
d(lncjt)dj

=
Z 1

0
[(1 ¡Áidt)¢0 + Ái(¢ lncj)dt]dj

=
Z 1

0
[(1 ¡Áidt)¢0 + Ái(ln¸)dt]dj

= Ái(ln¸)dt

sothataslongasregimei prevailsbetweentimetandt+ s, wehave

Ct+ s=Cte(ln¸)Áis

3. Pro…ts ¼t+s areeitherequalto¼i ifabettertechnologywas notinventedand 0 ifitwas. For
aconstantlevelofgovernmentspending, theprobabilitythatnonewdiscoveryismadebetween
datestandt+ s isgivenbye¡Áis. H ence,

E t[¼t+ s]=¼ie¡Áis

Combiningthesethreeresults, thepro…t‡owattimet+ s evaluatedaccordingtotherespectiveand

conditionalonthesameregimeprevailingbetweentimetandt+ s isgivenby

U 0(Ct+ s)
U 0(Ct)

dCt
dYt

¼t+ s =

8
>><
>>:

¼iexp(ln¸(mt¡1 + Ái(1 ¡° )s)) ifnonewinnovationarrives
(aprobalititye¡Áis event)

0 else

A su¢cientconditionforvi tobe…niteis for

½ + Ái + (° ¡1 )ln¸Ái > 0

whichissatis…edfor° ¸1 .

D e…nezt= eln¸(mt¡1 + Ái(1¡° )s). Iftheregimechanges attimet+ s, thenweupdatethevalueofm
accordingto

mt+ s=mt+ Ái(1 ¡°)s



Itfollowsthattheevolutionofztexhibitsthefollowinglawofmotionwithinagivenregime:

_zt
zt
=¡Áit(° ¡1 )ln¸

T hevalueofowningapatentcanthereforebecharacterizedbythefollowingassetequation

½vi(z) = z¼i + ¹ (vi¡vj)+ v0(z)_z¡Áivi
= z¼i + ¹ (vi¡vj)¡zÁi(° ¡1 )(ln¸)v0i(z)¡Áivi

sowehaveasystemofequation

(½ + Á0 + ¹)v0 (z)¡¹v1 (z)+ zÁ0 (° ¡1 )(ln¸)v00 (z) = z¼0
(½ + Á1 + ¹)v1 (z)¡¹v0 (z)+ zÁ1 (° ¡1 )(ln¸)v01(z) = z¼1

Tosolvetheabovesystem, weguess

v0 = ¯0 z
v1 = ¯1 z

M atchingcoe¢cientsyieldsthecoe¢cients!0 and!1 reportedinthetext.¥

P roofofProposition1: I beginbyshowingthatn1 > n0 . Forsupposenot, i.e. n1 ·n0 . T henthe
factthatN 0 > N 1 implies

L ¡N 1 ¡n1 > L ¡N 0 ¡n0

sothat¼1 > ¼0 . Sincen1 > n0 andÁ0(n)> 0 , itfollowsthatÁ(n0 )> Á(n1). Inthiscase,

v0
v1

=
[½ + ¹ + (1 + (° ¡1 )ln¸)Á (n1)]¼0 + ¹¼1
[½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0)]¼1 + ¹¼0

<
[½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0)]¼0 + ¹¼1
[½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0)]¼1 + ¹¼0

=
¹ (¼0 + ¼1)+ [½ + (1 + (° ¡1 )ln¸)Á(n0 )]¼0
¹ (¼0 + ¼1)+ [½ + (1 + (° ¡1 )ln¸)Á(n0 )]¼1

< 1

H owever, from the…rstordercondition (1.3), n0 > n1 ) v0 > v1 , which is acontradiction. H ence,

n1 > n0 . T his establishes part(1) oftheProposition. From the…rstordercondition (1.3), this also

impliesv1 > v0 , whichestablishespart(2).

Toestablish(3), supposethatn1 ¡n0 > N 0 ¡N 1 > 0 , so

L ¡N 0 ¡n0 > L ¡N 1 ¡n1



and¼0 > ¼1 . B utthen,

v0
v1

=
(½ + ¹ + (1 + (° ¡1 )ln¸)Á (n1))¼0 + ¹¼1
(½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0))¼1 + ¹¼0

>
(½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0))¼0 + ¹¼1
(½ + ¹ + (1 + (° ¡1 )ln¸)Á (n0))¼1 + ¹¼0

=
¹ (¼0 + ¼1)+ (½ + (1 + (° ¡1 )ln¸)Á(n0 ))¼0
¹ (¼0 + ¼1)+ (½ + (1 + (° ¡1 )ln¸)Á(n0 ))¼1

> 1

whichcontradictsthefactthatv1 > v0 . H ence, ¼1 > ¼ 0 , establishing(3).

Toshow(4), notethatnominalincomeisgivenby

Y =¦+ W =¼ + L ¡n

sothatY 1 ¡Y 0 isgivenby

¼1 ¡¼0 ¡(n1 ¡n0) = (̧ ¡1 )(N 0 + n0 ¡N 1 ¡n1)¡(n1 ¡n0 )
= ¡̧ (n1 ¡n0 )¡(̧ ¡1 )(N 1 ¡N 0 )

whosesignisambiguoussincewecanonlyestablishthat

N 0 ¡N 1 > n1 ¡n0 > 0

whereas Y 1 > Y 0 onlyif

N 0 ¡N 1 >
¸

¸¡1
(n1 ¡n0)> n1 ¡n0

Itis possible togenerate results whetherthe …rstinequality is and is notsatis…ed. T he factthat

C =Y ¡T establishes(4).¥

P roofofL emma2: A pplyingmypreviousresults, wehavethatforeachregimei2f0 ;1 g,

(P C)i = Yi¡T
= ¦i + L ¡ni¡T
= (̧ ¡1 )(L ¡N i¡ni)+ L ¡ni¡T
= ¸(L ¡ni)¡(̧ ¡1 )N i¡T
= ¸(L ¡ni)+ (̧ ¡1 )G i¡¸T

T hus, comparingnominalconsumptionunderstabilizationisgivenby

¸L ¡¸T ¡¸n
¡
G
¢
+ (̧ ¡1 )G



whileaveragenominalconsumptioninaworldofstochasticshocks isgivenby

¸L ¡¸T ¡¸
2
(n¤(G 0 )+ n¤(G 1))+

¸¡1
2

(G 0 + G 1)

R earrangingthesetwoequationsandusingthefactthatG ¡ 1
2 (G 0 + G 1), itfollowsthat

P C
¡
G
¢
>
P C¤(G 0)+ P C¤(G 1)

2

P C
¡
G
¢
=
P C¤(G 0)+ P C¤(G 1)

2

P C
¡
G
¢
<
P C¤(G 0)+ P C¤(G 1)

2

9
>>>>>>>>=
>>>>>>>>;

,

8
>>>>>>>><
>>>>>>>>:

n
¡
G
¢
<
n¤(G 0 )+ n¤(G 1)

2

n
¡
G
¢
=
n¤(G 0 )+ n¤(G 1)

2

n
¡
G
¢
>
n¤(G 0 )+ n¤(G 1)

2

establishingtheclaim.¥

P roofofL emma3: Simpledi¤erentiationyields

d
dn

µ
n

Á (n)

¶
=
Á (n)¡Á0(n)n

n2

B yconcavityweknowthat

Á(n)> Á(0 )+ Á0(n)n

SinceÁ (0 )=0 byassumption, itfollowsthatthederivativeispositive.¥

P roofofProposition3: T hemaximizationproblemcanbeexpressedas

max
a

·
min

µ
Á (n0 )ln¸ +

v1
v0
a
¢ n
2
;Á(n1)ln¸¡a

¢ n
2

¶¸

A tthemaximum, thetwoexpressions mustbeequal, since iftheyarenotequal, itwouldalways be

possibletoincreasethisexpressioneitherbyincreasingaordecreasinga, dependingonwhichexpression

islarger. Solvingforaatthepointofequalityandsubstitutingbackinyieldsthedesiredresult.¥
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