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Abstract

WllCllthccocthcllmLofvallatlOu;llalllelytIICStalldalddcvlatlO"ldaLIVC
LomeanapproacheszeroasthenumberofecononllCagentsbecomeslarge,
t･hesystemlSCalledself-averagingOtherwISe,1日snor)-sc】f-averagingMost
economicmodelsL礼keltrOrgr(lnt･edl･hateconomicSySt･emlSSelf-averaglng
However,theyalebasedonanextremelyunreallStlCassumptionthatallLhe
economlCagentsfacethesameprobabllltydlStrlbut)onOncethIsunrcallStlC
assumptionlSdropped,non-self-aveLaglngnaturallyemerges-Usmgaslm-
PlestochaStlCgrowthrnodelthisPaperdemonstratesthatthecoefR｡1entOf
varlatlOnOfaggregateoutputorGDPdoesnotgotozeroevenlfthenum-
beroLsectorsoreconormCagentsgoest01nfinltyNon-self-averaglnglrnPlleS
thatevenlfthenumberofeconomlCagentsISlarge,dtsperslOnCanremain
slglllflCa】lt,alld,thcICforc,tllatW C CallllOtkgltllnatClyfocusoilthelllCallS
ofaggregatevanableslt,tnturn,meansthatthestandardmlCrOeCOnOrnlC
foundationsbasedonrepresentativeagentshasllttlevaluefortheyaremeant
toprovldeusw】thaccuratedyna,mlCSOfthemeansofaggregatevarlables
ContrarytothemanstreamvleW,mlCrO-foundedmacroeconomlCSSuchasa
dynamicgeneralequlllbrlummodeldoesnotprovidesolidmicrofoundations

'ThcfirstallthorlSgrELtCflllFormanyhelpshぐYCmVCdfromPr()fMSlbtlyaThlSWOrk
lSSupportedbythep10JeCtOf'tRcconstructmgMacroeconomlCSbasedontheMethodsof
ThcorctlCalPhysICS'
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preferences,theirexpectations,thelraccesstOInformation,their
bel)efsaboutthewaytheeconomyworks,andtheirnotionsOf
"proper"behav10日ntheeconomicsphere

ltwouldcutnoleeWlthToblnOrwithmetosaythattheonly
respectablemlCrOfoundatlOnSarethosededucedfrom amodel

w】thagentswhooptlmlZefully,condltlOnalontheusualthlngS
ThatlSJustJivetalkunlessyoucanmakeagoodcasethatreal
agentscan CarryoutadecentapproxlrnatlOntOthesuggested
optlmlZatlOn,andthattheagentslntheoptlm)Zlmgmodelhave
beenendowedwlthpleferences,Information,beliefs,andphysical
constralntSthatcouldreasonablybeimputedtorealconsumers,
workers,aJldmanagersAndontopofltall,somereasonwould
havetobegivenWhyareasotlablepersonshouldbelievethat
amodelwithoneagentorIdenticala･gentscouldposslblygive
adecentrepresentat10nOfaworldlnWhlChagentsdl斤eramong
themselveslnallthosewaysIjusttalkedabout,nottomention
thatsomeofthemareblgandotherssmall(Anargumentabout
robustnesswouldbeacceptablebutIdon'trecalloneeverbeing
madeandsuchanargumentwouldbelntllnSICaLlyveryunlikely
tosucceedlfltWeretried)

Inshort,ltlSnotthegeneralappealto"mlCrOfoundatlOnS'7
thatToblnWOuldhaverejectedln1968or2002,ltlSlathertheex-
traordlnarllyllmltlngandImplausiblemlCrOfoundatlOnSthatthe
)lterahlleSeemstObew1111ngtOacceptOnecouldevenquestlOn
whct.hertlrC.prCSmt,Ttt,ivc-agcnr,modelqllallBĉ5'1.qmlCrOf(川nrla-
t10natall(Solow,2004,pp6591660)."

TnthlSPaper,Weforma)12.eSolo､V'scriticISm､Vlththehelpoftheconcept
ofnon-scl/-averagmg.andarguethattheresearchprogrambasedonrep-
resentatlVeagentsWhlChprevailslnmodernmacroeconomlCSISmlSgulded
WhctllerlngrowthorbuslnCSSCyclemodels,thefundamentalcauseForoften
complexopt)m】zatlOnexercisesISthattheyareexpectedtoleadustoour
betterunderstandmgdynamlCSOfthemeansofaggregatestochastlCVa.r】一
ablesThestandardmodelthusbeglnSWlthoptlmlZatlOnOfrepresentaLIVe
agent,andhornothetlCallytlanSlatesltIntotheanalystsOftheeconomyasa
wllOle

EcononllStSdoingtheseexelcISeSare,Ofcourse,WeHalVatethateconomic

agentsdlR-er,andthattheyaresubjecttOld10SynCratlC(ormlCrOeCOnOmlC)
shocksAsISWellknown,rnlCrO/ldlOSynCratlCShocksareIndeedthekeyfac-
torlnLucas(1972,73)'StheoryofbusinesscycleswhichorlgLnaLteSlnthe
Phelps(1970)"lSlandmodel" However,theiranalysesa.rebasedontheex-
tremelyunreallStlC assumptionthatalltheeconomicagentsShadethesame
unchangedprobabllltydlStrlbut10n,andthatthosemlCrOeCOnOmlCShocks
allddlffelCllCCSCallCelouteachotherThisaSSunユptlOllelltallsthatthebc-
havlOrSOfaggregatevarlablesarerepresentedbythe)rmeanswhich,lnturn,
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canbewellcapturedbytheanalystsbasedonarepresentatlVeagentThe
sameasumpt10nlSCOmmOmlymadeinthestandardsearchmodelssuchas

MortensenandPISSarldes(1994),LucasandPrescott(1994)
Though apparentlyheterogeneousagents,firmsorsectorsareIntroduced

lnthesemodels,theyarelnessencehorTWgenOuSlnthesensethattheyface
thesameunchangedpIOba′bllltythatan"event"Occurstothem Microsoft
andsmallgrocerystoreonthestreetface"ldyosyncra.tic"ormicroShocks
whichcomefromthesameprobab111tydlStrlbut10nlWemaLntalnthatthis
standardassumptiondoesnotcorrectlydescribetruemicroOrldyosyncratlC
shockslntherealeconomy

Tnthenextsect10n,We6rstexplaintheconceptofnon-set/-aveTlagm9,
thecrucialconceptforourpurposelnthepresentpaper AfterdlSCuSSlng
thefundamentalproblemofthestandardmicro-foundedmodelslnSecも10n

3,Section4demonstratesthatnon-self-averagingemergesVerynaturallyln
aslmPlemodelofeconomicgrowth

Tnnon-self-averaglngmodels,evenlfthenumberofeconomicagentsIS
large,thebehaviorOfthemacl.OeCOnOmyCannotbegenerallyweHappL'OXI-
matedbythemeansThelmPllCatlOrHSthatanalysesbasedonrepresentatlVe
agentwhlChgeneratethemeansofstochastlCtimePathsofaggregatevarト
ables,havellttlevalue Puいtanotherway,thesta･ndardmlCO-foundatlOnS

alenottruemlCrO-foundat10nSThefinalsectlOnO斤el.SCOnCludmgremarks

2 Non-self-averaglng

lnthlSSection,WeeXPlalntheconceptor"non-selhveragJng" ItlSnot
knownmeconomlCS,but)sthecruClalcollCePtfoI.OurPurpose.Theterm

"non-self-averaglng'̀ 1SeXLensIVelyused-∩LhephysicsllLcrature(seeSornette
(2000,I)369))Kadanoff(2000).forexample,statesasfollows

"InstatlSticalphysicsWedistlngulShbetweentwoklndsofsta-
tlStica)behav)orpll0ducedbyeventsw-thmanystepsandpalls
TheslmplerkindofbehavlOrlSdescnbedbythephraseseL/-

averagmgAsolf-FLVC.raglngbcllaV-0日.SOneIl一WhlCht,hcc恥cr,sor
thelndlVldualeventsaddLIPtOProduceanalmostdetermlmStlC

outcome AnexampleofthisISthepressuleOnamaCrOSCOPIC
surface ThisPressure)SProducedbyhugenumbersOflndlVld-
ualcolllS10nS,Whichproduceamomentumtransferperunittime

whlChsccmscsscntlallywlf,holltnuぐt.llatlOnSThelar酢rt.hcnllm-
berofcollislOnS,thelessistheuncertalntylnthepressure

lncontrastmultlPllCa.tlVeI.aLndom processesallhaNeaSeC-
ondbehaviorCallednon-self-averagmg Whend】庁erentmarkets
ordぼerentsecurltleSaredescrlbedbyanyklndofmultlpllCa-
tlVerandom process,aswehavedescribedlnth)ssectユOnlthen
fhcdlffercntsccllrltlCSCanhavehugeand(mostly)unpredlCtablc
prlCeswingsThelargelthenumberofstepslntheprocess,the
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auIでSaqluâT3ùaqLLuOtldulnSSBtでlつnl〇叩1-uaも6句sLnOua603;aOSZV

pups7u∂6V叩27VO字句ddv句uowwo〇olpaLunSSCSl叩93℃〇tLuOuO〇aau°OI sutl叩adq〇tqJh巾tTtq12qOJdstLILSln〇〇Or甘八tllでqOrP汀eSSaJ芳oldlで〇tuLPalSB

q〇ns"叩∂̂a"u℃叩WI(11lT叩ClOldsnoaude叩即SutaLtlSalreu凱sapLPtq爪YSTJa†
-aulでJでduosstodaqHqlaSOddns((石66t)11L爪OHPuでuOtqSv6a)slaPOul
耶t̂O･13snoua冨opuaolI(10aLTltPJでaSIOq12tu101J凱Il冨UでJSつIulOuO〇aulpaSn
Rtapl̂tOSStqDttl爪IaPOtuuOSStOda耶q̂pa叩1SnllHSaqSlSul3L'Jâセ-3laS
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PoISSOnProcessWlththeparameterANfortheeconomyasawholewhere
thereareNeconomicagentsThemeanandthestandarddevlat10nOfthe
numberof"events'imthemacroeconomyare入N and､/i両,respectlVely
Thecoe氏clentOFvarlatlOndeGlledasthestandarddevlat10ndlVldedbythe

mean,lS,therefore,､/文面/入N-1/､乃両 Thus,lnthePoISSOnmodel,when
thenumberofeconomlCagentsN becomeslarge(N-∞),thecoe用clentOf
varlat10napproachesze10ThlSPrOPertyknownasself-averagingProvidesus
withJuStl員CatlOnfo上OutCOrlCClltlatlllgOilthemcallSOfvallabieslnmaCIO
rnodels Now,becausethemeandependsbasicallyonA,ltlSnaturalto
explorehowAlSdeterminedlnmodels Indeed.1nStandardmodels.入lS

endogenouslydeterminedasallOutcomeOfeconomlCagentS'optlmlZratlOn
andmarketequlllbrlum ThePoISSOnmodellSJustanexampleThenormal

dlStrlbutlOnlSalsoself-averaglng
lncontrast,non-self-averagingmeansthataS12,e-dependentrandomvarl-

ableX,IhasthecoefnclentOfvarlatlOnthatdoesnotconvergetoze101fn

goestolnfinlty こくon-self-aNeraglnglSimportantbecausenon-self-averaging
modelsaresampledependent.andasaconsequence,somedegreeoflm-
precIS10nOrd1SPerSIOnremalnSaboutthetlmetraJeCtOrleSevenWhenthe

llulllboIOfccollOlllICagClltSgOCt'tO】lltl111ty TillSlllCallStllatfocusouthe
mpallPathheh,lV10rOfrnaぐrOeCOnOmlC.VarlablesISnot,】llSt,1fied lt,mt･-1rn,
meansthatsophlStlCatedopLlmlZauOneXerCISeSWhlCharemeanttoprovlde
uswlth)nformat.)ononthemeanshavelit.tlevalue

Non-self-averaglnglSnotpathologlCalphenomenon lnSectl0n4,wew一日
seehownatura.ユlynon-self-averagingeTrlergeSlnmaCrOeCOnOmlCS Before
weproceed,ltlS】nStruCt,lVeI一oseehoweasllynon-self-averaglngemerges
lnnaturalphenomenawlじhthehelpofaslmpleexample(Sornette(2000,
p370))

ConslderlragmcntlngaglVenStldくOfsIZe1Intoanlnfin-tenumberof
piecesofsIZeW,1(n-1,2, )-We6rstbreakthestlCkIntotwopleCeSOf
sizes1-pandp,respectively(0<p<1)Then,Wedothesamethingfor
thepleCeOfsl乞ePObta]nlngtwoPleCeSOfsl乞eS(1-p)pandp2 Werepeat
th-sprocedureforthepleCeSOfs17･eSP2,p3, InthisWay,WeObtalnaSet
olpleCeSOfsIZeS

W1-llP

W2-(1-p)p

W,I-(1-p)pn-1

whereWnlStheslZeOfthepleCekeptatthen-thstep

Now,SupposethatpISarandomvariablewhoseprobablLltydensityfunc-

t10nlSIb)Thera･ndomvalLablepISdrawnandfixedforeachfragmentaLtlOn

7



historyWewlllconslderavarlableYdefinedby

y-∑wn2-∑(1-p)2p2̀n~1'-崇I1 1T
Notethatun】lke∑Wn2,∑wnlSalwaysequalto1 YISameasureOfthe

Tl
degreeoffragmentation(0<Y<i)YclosetooneIndicatesthepresence
ofalargepleCeWhereasYclosetozeromeansthatallthepleCeSaremlnute
YISarandomvariablebecausepISrandom ltcanbeeasilyshownthatY,
andconsequently,thesizeOfpleCeW,I1SnOn-Self-averaglng(Sorne比e(2000,
p370)

WenotethattheprocessoffragmentatlOnlSPath-dependent ThlSIS
110thlngbuta一lCXarnplcAs Kadal10ff(2000)states,theLealernanyexam-
pleslnnaturalsclenCeS Wewュllla･terobservetha･tnon-self-averagingVery
naturallyariseslneconomicsaSWellBeforedoingSO,WeWilldiscussthe
fundamentalproblemofthestandardrnlCrO-foundedmacroeconomlCS

3 StandardMicro-foundedMacroeconomics

AlmostalltheeconomicOPPOltumtleSSuchasJoboffer.discoveriesOfnew
technology,market,andresoul･CeSareStOChastlC.Thestandardmicro-founded
macroeconomlCS- Lucas'ratlOnalexpectat10nSmodel,realbuslneSSCycle
theoly,laboISearchtheory,andendogenousgrowththeory- rightlytakes
IntoaccountStOChastlCeventsHowever,lnthesemlCrO-foundedmodels,lt
lStakellforgrantedtllataSthe-つumberofage-1tSgoestO]nfhlty,anymlCTO
or"ldyosynclatlC"flucttlatlOnSVan-Sh,andthatwelldefineddetcnT"nlStlC
rnacroeconornJCrelaLIOnSPrCVa]lThatlS,Self-averaginglStaCltlypresumed

SeLf-averagingemergesWheneveryagentWassumedLo/ace仏esame
unchanged"uJelL-behaved"pTTObabtlltydtstrlbuLwnsuchasthenormaland
PoISSOndlStrlbuL10nS This)SIndeedthest,andardassumptionlnmlCrO-
foundedmacL･OeCOllOlnlCSLucas(1972,73)'sfamousmodelofbuslne;SCycles
ISaPrlmar.yeXarnl)】e ltlSmStruCtlVetOtlaCehlSmodellndetailLucas
beglnStOmodelasLIPpller'sbehaviorlneachlndlVl(lualmarketasfollows,

"QuantitySuPPlled】neachmarket･wlllbeviewedastheprod-
uctofanormal(Orsecular)componentcommontoallmaL･kets
andacycllCalcomponentwhlChvarlCSfrommarkettomarket.
LettlngIlndexmarkets,andusmgy.ltandyettodenotetheLogs

ofthesecomponents;supplylnmarketIIS

(1) yt(I)-y山+yet(I)

ThecycllCalcomponentvarleSWithpercelVed,reLatweprlCeS
andwithItsOwnlaggedvalue

(3) yct(I)- JylPt(I)-E(PHIt(I))1+入yc､トl(I)
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WherePt(I)lStheactualpricelnIatiandE(PH It(.Z))lS
themeancurrent,generalprlCelevel,condltlOnedonlnformatlOn
avallablemIati,It(2=)･"

GIVenth】sframework,hegoesontothelnformatlOnStructureOfthe
economy

''ThelnformatlOnavailabletosupplierslnIatiCOmeSfrom
twosourcesFlrSt,tradersenterper10diwlthknowledgeofthe
pastcourseofdemandshifts,ofnormalsupplyy,W,andofpast
devlatlOnSyc.ト 1,yc,ト2,･WhllethlSInformationdoesnotper-
mltexactmferenceofthelogofthecurrentgeneralprlCelevel,
PI,ltdoesdeterm】neaL"Pr10r"dlSt,rlbut10nOnPt,commonto
traderslnallmal･ketsWeassumethatthlSdlStrlbut10nlSknwon

tobenormal⊃wlthrneandPt(dependinglna.knownwayonthe
abovehlStOry)andaconstantva,rlanCeO12 second,wesuppose
tha･ttheactualpricedeviatesformthe(geometric)economy-Wide
averagebyanamountwhlChlSdlStrlbutedlndependentlyofPt
Spec)Scally,lettllePercentagedevlatlOnOfthepricelnIfromthe
averagePlbedenotedbyI(Sothatmarketsarelndexedbytheir
prlCedeviatlOnSfromaverage)､vhereIISnormallydlSLrlbuted,
lndependenLoFPL,WILhmeanrZeroandvarlanCeT2 Thenthe
observedpr)celnI,PL(I)(lnlogs)-sthesumol-ndependent,
rlOmlalvaLlateS

(4) PL(I)-PL+I

ThelnformatlOnIL(I)lelevanttorest)matlOnOItheunobserved

(bysuppllerSlnIatt),PLCOnSIStSt_henoftheobservedprlCe
PL(I)andtheh.storysumrnarはedlnPL(Lucas(1973,p-328))"

ⅠいsextremelyImportanttOnotethatthough zvarleSfrommarketto
market,thed)str】butlOl-OfI】suniquelyglVenandsharedbyauthemarkets
WealsonotethatmthlSmOdeい11arketsarelndexednotbylntrlnS】C】dentlty
suchassteelIndustrybutbythelrPl】CedevlatlOnSfromaverage Each
marketfindsareal】zatlOnOrIeachperiodglVenthesamedlStrlbutlOnOfI
TheassumptionOfrationalexpectatIonsthenpet.mltSSuPPlleL'SlnlndlVldual
JLLalketstolllakeefhclerlいuferetlCeSOILthelelatlVCpllCeS TlllSleadsto
mlCrOSupplyfunctionsGivenmlCrOSupplyfunctions,theaggregatesupply
function,lStriviallyderlVed一

"ToutlllZethislnformatlOn,SupPllerSuse_(4)tocalculatethe
dlStrlbutlOnOfPt,condltlOnalonPL(I)andPtThlSdlStrlbutlOn
lS(bystraightforwardcalculation)normalwlthmean

(5) E(PHlt(I))-E(PtlPt(2･),Pt)-(1-8)Pt(I)+Opt
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where0-72/(q2+72),andvar)anceOcr2 comblmng(1),(3),
and(5)yleldsthesupplyfunctionformarketI

(6) yt(I)- ynt+OrytPt(I)-Pt】+Aye.t_l(I)

Avera,glngOvermarkets(IntegratingwithrespecttothedlStr)bu-
tl｡nOfI)givestheaggregatesupplyfunction

(7) yl-ynt十07(Pt-PL)+袖 t_1-yn.i_ll

(Lucas(1973,p328))"

TheaggregatesupplyfunctionlSthecoreofLucas'rat10nalexpecta.tlOnS
modelofbus)nesscyclesJnthismodel,thecruclalassumptlOnlSh)sequation
(4)aboveMorespcClnCally,tIICrandomv'TLrlablcIISassumedtobenormally
dlStrlbutlOnWithmeanzel･OandvarianceT2 As polntedoutearlier.each
supplierfacesthesameprObabllltydlStrlbutlOnOfmlCrOShockalthougl1a
real1ZatlOnOrSuchashocl(,Ofcourse,differsacrosssuppllerS

Thesameassumption)SrOutlnelymade,andtakenbymosteconomlStSaS

InnOCl10uSTtlSaSlfthcrcwc.rcnootherwayoFdc6nlng仇 emtCrOOrtdyosyn-
craLICShocksflowever,thestar)dar° aLSSumptlOnmeansthatMIC10SOft,and
smallgrocerystoreonthestreetfacemicroShocksdrawnfromthesame
unchangedprobabllltyd】StrlbutionlltpresumeshomogeneityWlthrespect

Lotheprobabilitydw tmbutwno/mlCrOShocksThoughltlSrOutlnelymade
)nstandardmCrO-foundedmodels,LhlSassumptionlSextremelyumeallStlC,
anclasSolow(2004)notes,almosta,bsurd

Lucas'modelemphasIZeSthel､01eofmCrOShockswhlChbydefimt10rL
dlだeracrosssectorsoragelltSInthisSense,ltapparentlyrejectsrepreSen-
LatlVeagentHowever,llkeothelmlC10-roundedmacromodels,1日sbullton
thecrucla)premisethateveryagentfacesthesameunchangedprobabLllty
dlStrlbutlOnOfmlCrOShocksThlSaSSumptlOnenLallsself-a.veraglngSpec汁･
lCally,1nhlSmodel,onecaneasilyobtalntheaggL.egateSupplyfunctionby
"averaglng OVermarkets(IntegratingWlthrespecttothedlStr)buttonOfI)"
NotethathlSagglegateOutputyL(h】sequatlOn(7))1SnOthlngbutthemean
c･fstochastlCaggregateOutput

T llClulldalTIClltalplOblcllllSILOtCOllt"Cd toLucas(1972,73)lat1011al
expectationsrnOdelbutalsoappliestOSearchtheory LucasandPrescott
(1974)'smodelofequllllnlumSearchandunemploymentISaPrlmaryexam-
ple.Themodel,lntheauthors'owndescrlptlOn,lSaSfollows

"WethlnkofaneconomylnWhlChproductionandsa一eof
goodsoccurinalargenumberofspatlallydlStlnCtmarketsProd-
uctdemandlneachmarketshiftsstochastlCally,drlVenbyshocks
whlChareIndependentovermarkets(SothataggregatedemandlS
constant)butautocorrelatedwlthmasinglemarketOutputto
satlSfycurrentperioddemandlSProducedlnthecurrentperiod,
wlthlaborastheonlyInputEachproductmaJketlSCOmpetltlVe.

10



TherelSa.COnStantWOrkforcewhichatthebeginningOfape-
rlOdlSdlStrlbutedlnsoれeWayovermarketsIneachmarket,la-
borlSallocatedover伝rmscompctltlVelywlthactua.1moneywages
belngmarketclearingEachworkermayeitherworkatthlSWage
rate,lnWhlChcasehewlllremainlnthlSmarketIntothenext

penod,orleave Ifheleaves,heeamsnothingthisPeriodbut
entersa"pool"ofunemployedworkerswhicharedlStrlbutedln
somewayovermarketsforthenextperlOd lnthlSWay,anew
workforcedlStrlbutlOnlSdetermined,newdemandsare''drawn".
andtheprocesscontinues

Inthisprocess,allagentぶareassumedtobehaveoptlmally
lnlightoftheirob｣ectlVeSandthemrormatlOnaVallabletothem
Fol丘lmS,thlSrllea】lSSllllplythatla.bollSelllployedtotllePOllltat
whlChItsma･rglnalvalueproductequalsthewagerateForwork-
ers,thedecISIOntOWOrkortosearchlStakensoastomaxlmlZe
theexpected,dlSCOuntedpresentva.lueoftheearnlngSStream ln
carrylngOutthisCalctllatlOn,WOrkersareasstlmedtobeawale
ofthevalues0fthevarla･blesaffectmgthemarketwherethey
currentlyare(1e,demarLdaridworkforce)andofthetruep10ba-
bllltydlSLrlbutionsgovernlngthefutuleStateOfthlSmarketand
thepresentaLndfuturestatesofallothersThatlS,eXPeCtat)OnS

aretakentoberalwnaL(Lucas andPrescott,1974,p-190)"

MarketsareallcompetltIVe,SOthatthemarginalvalueproductoflabor
eqllalsthewagemeverymarketHowever,thestateofdemandrepresented
byareal1-/,atlOnOfasLochastlCVariablesdl庁elSaCIOSSmarketswhlleat
thesametlme,mObllltyOHaborlSnotinstantaneousAsaconsequence,the
maLglna】valllぐr)rOdllCf̂soflahol,Tuldwagesdl軌 ､r,TtCrOSSm,Vkct5;Incolltr礼St
tothestandardgeneralequll)br】ummodel,productlVltydlSPerSionexIStSln
equlllbrlumaSaLCtuauyObserved)ntheeconomyOnceagain,theproblemlS
thenatureofstochastlCequll)brlumlnthelrmodel

ThestochastJCdisturbances-nLuca5al-dPrescott(1974)arethedemand
shlrtSSTheyareassumedtobeIndependentacrossmarketsandthenumber
ofrr]arket,sISlarge

"Bylarge,wemeaneitheracontinuumOfmarketsoracount-
ablemfhltyEconomlCally,then,theassumpt10nOflndeper)dent
demandshlftsmeansthata99re9atedemandJStakentobecon-
stantthroughi)me (Lucas andPrescott,1974;Footnote8on
p192)"

ThemlCrOdlSturbancesareassumedtocarlCeleachother Self-averaging
ensues lnthlSWay,LucaSandPrescottcandescrlbethedetermlnatlOnOf
thestatlOnalydlStrlbutlOnOfemployment,workforce】andwagesormarglnal
valueproductslnarePreSenta如emarket0nthelrOwnassumption,they
stateasfollows

ll



"ThedistnbutlOnOftheworkforceoverlocal)ons(lndexedby
(S,y))wouldlnthisCasebethesameasthesea.t10narydlStrlbu-
tlOnOf(S,y)lnanyOnemarket(ThlSfollowsfromourassump-
t10nSthatthenumberofmarketsISlargeandthatdemandshlfts
areIndependentacrossmarkets) (LucasandPrescott,1974,
p202)"

Thesa.meassumpt10nallowsLucas andPleSCOtttOfocusonthemeans

characterlStlCSOfwhlCharedescrlbedlnarepresentativemarketSpecifically,
worker'ssearchdependscruclallyontheexpectedpresentvalueofsearch,
入 Themaxlm12ratlOnexercises(SectlOn30fthelrPaper)aredoneonthe
aLSSumPt10nthat入iscommontoallthemarkets,andthat'つthesearchprocess
elimlnaterentsOnaverage"

ModernmlCrO-foundedmacroeconomlCSemphasIZlngtheroleofmlCrO/
ld10SynCratlCShocksisbu】ltonPhelps(1970)island-paradlgm Wecanuse-
fullyInterpretPhelPSislandmodellntermsOfultrlameれctrees(seechaLpter5
0fAoklandYosh)kawa(2007))UltrarnetrlCtreesmeasurethe"distance"be-
tweenmarketsoragentsWhatthe"dlStanCe''measuL.eSdependsonmodel,
ofcourseForexample,thedistancebetweentwostatesaaridbmaylndlCate
transltlOnratefromatoblr)MarkovmodelNow,lngeneral,thedlStanCe
bctwcellhvol11とukcts/agclltSdlf上oISdCpClldlllgOILapallhiFlgulC1(a),a一l
exampleofthree-leveltreelSShown lnthlSexample,thedlStanCebetween
markets/agents1and2)smucllCloserthanthaい)etween1and3,Grocery
(agentl)andlaundryonthesanleStreet(agent2)are-Lcloser"toeachother
thantoMIC10SOrL(agent3)OrGM(agent1)andFord(agent2)arecloser
toeachotherいlantOgrocery(agent3).

lncontrast,lnLheone-leveltreeshownlnF)gore1(b),al一themar-
kets/agentsarcsymmetric.OnemaythinkofNmaL･ketslnthestandard
nllCrO-foundedmodelsdiscussedlnthepresentsect10naSleavesoraone-
1eveltreewlthNbranchesfromLhcrootThlSOrgaJllZat10nlSaVeryspec)al
caseofmulLl-leveltrees lntheone-leveltreearl･angementOfN markets,
eachbranchlSthesam e asanyoLherbrancllbecausemarketsareldentICal
byasslJmPtlOn Then,everyoneofthelVmalketscanserveasarepresen-
tativemat-ketMIxlngthesemarketsrandomlybylntrOducmgaprobablllty
dlStr-butlOll,aSLucasandPrescottdolnthellpaper(tobespecific,thelr
probablllLydlStrlbutlOn◎011P198)doesnothlngtOthemodelThernlX-
turelSldentlCa-ItoanyoneofthebrancheslthatlS,themlXturelSagaJna
representatlVemarketThis)StheessenceorPhell)S(1970)lSla血d-paradigm
onwhichmodernmlCrO-foundedmacroeconomlCSISbullt

Tosumup,staLndardmlCrO-foundedmodelsotherthanrealbuslneSSCy-
clemodelsallIntroduceapparentheterogeneityOfagentsandmarkets,and
emphasIZ,etheroleofmicroOrldlOSynCratlCShocks However,contraryto
もhclmplCSSIOntheyglVC,thetacltaSSumPtlOllOfself-avclagHlgCffcctlVCly
makessuchframeworksmodelsofarepresentativea.gentO1-market.
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4 Non-self-averaglnglnaGrowthModel

InthisSection,WePresentaSlmPle)nnovatlOndrivengrowthmodellnWhich

aggregateoutputorGDP】snon-self-averaglng ThemalllPurposeOfthis
exerciselSnottOadvanceamodelofeconomicgrowth,butrathertodemon-

stratehownaturallynon-self-a.veraglngemergeslneconomicmodel

TheM odel

FollowingtheliteratureOnendogenousgrowth,Weassumethattheeconomy
growsbyInnovationsInnovationsareShochastlCeventsTherearetwokmds
ofinnovationslnOurmodelNamely,anlnnOVatlOn,WhenltOccurs,either

raisesPrOductlVltyOfoneoftheexIStlngSectors,OrCreatesanewSector

Thus,thenumberofsectorsISnotglVen,butIncreasesovertime

BythetlmenthmnovatlOnoccurs.thetotalofK.1Sectorsareformed

lntheeconomylVherelnthet-thsectorhasexperlenCedTい nnOVatlOnS(8=

1,2, jr.I) Byde･Gnlt･10n,thefollowmgeqllalltyholds

nl+n2+ +77,た-n (1)

whenKn - k lfn-thユnnOVatlOnCreatesanewSector(secotoric).then
TIL-I

TheaggregateoutputorGOPwhennInnovationshaveoccuredlSdenoted

byYn YnlSSimplythesumofoutputslnallthesectors,yl

J{,I

yn -写 yl. (2)

OutpuいnsecotrigrowsthankstolnnOVat10mSWhlChstochastlCaHyoccur
lnthatsectorSpeclGcally,weassml-e

yt-･rn nt (rl>0,7>1)

Forourpurpose,ltlSCOnVenlenttOreWllteequatlOn(1)asfollows

71
n-Eja,(n)

Inequation(4),a,(n).sthenumberofsectorswhereJinnOVatlOnShave

occurred-Thevectora(n)consIStlngOfa,(n),lSCalledparttlwnvecLorl
WlththlSpartlt10nVector,a(n),I(,ICanbeexpressedas

Kn-E a,(n)

1seechaptc120fAoklandYoshlkawa･(2007)forpartltlOnVector
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-xouaLlISêtt〇pOulJ叩ULLでI12d-つuoaqエuOL叩ueldxcIl〇LtTlrg101(qDOO石l℃ooo乙)IIOV
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lnqulrlngWhythetwo-parameterPDmodellSnOn-SeLfaveraglngTheanswer
lleSユn(10)a.nd(ll) Inth)smodel,lnnOVatlOnSOccurlnOneOfthetwo
dlffcrcnttypesofsectors,one,thelleWtypeandtheothcLrknownOrprC-
exIStlngtypes Theprobab)lltythatan lnnOVatlOngeneratesanewSeCtOl.
lS(e+Knα)/(n+8),andtheprobabllltythata･nlnnOVatlOnOccurslnOne
oftheexIStlngSectorsIS(n-Knα)/(n+8),whereKTLISthenumberof
typesofsectorslnthemodelbythetlrnenmnOVat10nSoccurred These
probabllltleSandtheirratioVaryendogenously,dependingOnthehlStOrleS
ofhowInnovationsOCCured lnotherwords,themixOfoldandnewsectors

evolveendogenously,andlSPath-dependent-ThlSISthereasonwhynon-self
averagingemergeslnthetwoparameterPDmodelInoneparameterPD

modellnWhichα-0,twoprobabllltleS(10)and(ll)becomeIndependent
ofK..,andthatthemodelbecomesself-averaglngThetwo-parameterPD
modellSfllndamc.ntallydlffcrcnt,fromst.'TLlldardmlCrO-foundedmodelswc
discussedlnthepreviousSeCtlOn

5 Conclusion

Macroeconoml岱 lSmeanttoa.nalyzetherealeconomylくeyneslanmaCrOeCO-
nomlCSWasIndeedbornarmdtheGreatDepresslOnlntheseriousendevour
toITleetthegraveChallellgeSfaclllgtheworldeconomy AftertheGnallClal
crlSISandglobalrecessionduring2008-10,modernmlCrO-foundedmacroe-
conomlCShasbeenjustlfyablysubjecttOSerlOuSCrltlCISmS PaulKrugman
lnhlSL10neIRobblnSLectulleheldatLondonSchoolofEconorn1CSmJune,
2009saidthat"mostmac【oeconomlCSOfthepast30yearswasspectacu-

larlyuselessatbest,andposltlVelyharmfulaいvoISt/'5stlglltZ(2010)also
crlt.lCIZeSrn)CrO-foundedmacroeconomlCSaSfollows

worstrecesslOnSlnCetlleGreatDepresslOn- thefinancICrSWho
dldsuchabadjobofmanagingrlSkortheregulatorswhofallcd
tostopthem Buttheeconom】csplOfesslOnbearsmorethana
llttlecLllpablllty

Iいshardfornon-economlStStOunderstandhowpeculiarthe
predomlnantmaCrOeCOllOrnlCmodelswere Manyassumedde-
mandhadtoequalsupply- andthatmeanttherecouldbeno
unemployment.(RlghtnowalotofpeopleareJustenJOy111gan
extradoseofleisure.WhytheyareunhappylSamatterforpsych1-
atry,noteconomlCS)Manyused"representatrveagentmodels"
- alllnd】vldualswereassumedtobeldent)cat,andthismeant

therecou一dbe】10rnea11111gfulfinanclalrnarkets(whowouldbe
lendlngmoneytO､Vhom?)

Ssccalso′LModcmEconormcTheory-whcICltWCnいvl0ng,andhowthecllSISIS
changlnglt̀TheEconomist,JuLy18-242009
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ChanglngParadlgmSISnoteasy ToomaJlyhaveInvested
toomuchlnthewrongmodelsLlkethePtolemaJCattemptstO
preserveearth-centrlCVleWSOftheunlVerSe,therewュllbeheroic
effortstoaddcomplexltleSandleBnementstostalldaldparadigm
TheresultingmodelswュllbeanimprovementandpollCleSbased
onthemmaydobetter,buttheytooarellkelytofallNothlng
lessthanaparadigmShiftwilldo(StlglltZ,2010)"

Certalnly,changingparadlgmSISneCeSSalyTbachleVethegoal,ltlSIm-
perativetOunderstandprecISelywhatlSthefundamentalproblemofmodern

mlCrO-foundedmacroeconomlCS AsSolow(2004)andStlgllt2r(2010)both
nghtlypointOut･theassumptlOnOfrcprcscntatlVCagentsISSerlOuSlyflawed
SeeAoklandYoshlkawa(2007)forourowncrltlCISm

TheassumptlOnOfrepresentatlVeagentsISCrystalclearlnSuchmodels
asrealbusinessCycletheorywherellterallytherepresentatlVeCOnSumerand
丘rlTLareIntroduced However,Lucas(197273)ratlOnalexpectatlOnSmodel
andsearchtheorysuchasLucas/Prescott(1974)andMortensen/PISSarldes
(1994)allassumeapparentlyheterogeneotlSeCOnOmlCagentsandemphasIZe
theroleofmicro/IdyosyncratlCShocksInthispaper,Weshowedthatdespite
ofapparentheterogeneity,thesemodelsarebasedlnessenceOnrepresentative
agentsPutltanotherway,theso-calledmicro/ldyosynctratlCShockslnthe
standardmicro-foundedmodelsarenott.ruemicroShocks

Thecruclalconceptforourthesisisnon-self-averaglng.Self-averaglnglS
tacitlyassumednotonlymcrudercprescntat)veagentmodelssuchasreal
busmesscycletheorybutalso)nLucasrationalexpectationsmodelsand
searchtheoryltJustlGesustofocusonmeallSThestandardoptlmlZatlOll
exercISeSbasedonrepresentatlVeagentsELreme且-nttOanalyzethebehav10r
ormeans

Self-averag】nglS,however,obtainedonlyontheextl.emelyunreallStlC
assumptlOnthatal1theeconomicagent,SSha.rethesameprobab111tydlStrl-
but10n As wedlSCuSSedltlndeatll,1nLucasratlOnalexpectatlC･nSm0Cle】s
andsearchtheory,aunlquerePrTeSCnla伽epI.Obabll】tydlStLllbutlOnOrmト
cro/ldyosyncratlCShockssharedbyalltheeconomica･gentSISassumed ln
Section4,wedemonstratedthatoncethisunreallStlCaSSurnPtlOnlSdropped

otlt,nOn-Seli-averaglrlgquitenattlrauyemergesmeC.OnOmlCmodelAslmPle
growthmodellSmeanttObenothingbutanexamplePlalnly,wecaneaslly
applythesamefL-ameWOrktoothereconomicmodels

Non-self-averagingemergesmaWldeclassofstochastlCmodelsAnim-
portantclassOfsuchmodelsotherthanthetwoparameterPoISSOn-DlrlChet
modelweusedlnSectlOn4arethosebasedonpowerdtslrlbutwn ltlSIm-
portanttonotethatmanyeconomicVarlablessuchasIncomedlStrlbut10n
andfirmsIZeSIndeedfollowpower-la.､vs

Non-self-a.veraglngdeprlVeSuSOfa.3uStlfiCatlOnforOurfocuslngOnmeans
It,liltunl,lnCallSthatsuchsophlStlCatCdnuc10ccOrlOl"Callalyscsaslllfi-
nltehorizonStOChastlCdynamicPrOgrammlngSOPopularlnmaCrOeCOnOmlC
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modelshavellttlevalueThoseanalysesprovideuswlthnofoundationsfor

macroeconomlCanalysesbeca.uset)mepathsofmacrovarla.b上esaresample
dependentlnanyWay

Summlngup,maCrOeCOnOmICSmustSeekdl斤erentmlCrOeCOnOmlCfoun-
datlOnSfromthestandardoptlrm乙atlOnOfrepresentatlveagentWebelleVe

thattherighttracklSthemethodsofstatlStlCalphysICSandcomblnat10nal
stochastlCProcesses(SeeAoklandYoshlkawa(2007))Inanycase,asSolow
(2004)argues,macroeconomlCSISbetterfreedfrom toomuchofoptlmlZa.I

t10nexercisesThisISthefundamentallmPllCat10nOfnon-self-averagmgfor
macroeCOnOmlCS_
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巾tuりu10'lSa0冨uJtuâ∂OJaZLP℃0ユddで10uSaOP(乙C)JOaPISPu℃LI一叩STJatlL

･乙S)(V･0,1笠封-(糾D

utt'1qOLtTtmILJ∂Al'(TE)puヮ(S乙)01S>Tu飢tl

'snqL(7)AaOISaSJaAuO〇(Du/㌔)AaTeLllâ0叩uLVLOqSâ℃Lta爪'爪ON
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