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A bstract

In his Bnaus managreph, L ucss (1987) putforth an agument that the wellre gairs
fion redudng the volti ity of aggragaie asumptian are negigble.  Subseopatt warkk
that hes revisited | uess’” alubBtion hes antinued 1o ..nd anly smalll bere. ts fram reduc
ing the volii ity of asumptian, further reinfadng the paraptian that business oy/des
dortmatier: T his pgper argues insteed that fuctiuatias auld a ect the gonth procss,
whidh culd have mudh rger en ects then aasumption volti ity | presanitan algumatt
o why stabiizatian auld inaesse gonth withaut a reductian in cunatt aasumptiaon,
whidh culd imply substatial nellare er ects as L ucss (19 87) alreedy doserved in his calar
Etian. Empirical evidance and calibration eerdasss suggsst that the velre e ects can be
quite substantial passibly as mud as tho aders ofmagnituce greatier thenl ucss” ardgnal
estimates.

*T he authoradaonMedges aammeants flam il arcoB assetin Sam Kartum, R doertl ucss, A Exll age H ele
R ey; and saminar partidpants atll artnestem, P urdug U C B erkeley, and U SC.



I NnrToductian

In his Bnaus maxaggph, L uas (19 87) putiorth an elegantarg mant that the wellare e ects
ofbusiness o/cks I the U nited States are nedigbe. T he Ingc ofhis argumeanttis as olbons.
Casider a represatative asumer with a aanverttiaal time separeble astane reltive risk
aesian (CRRA ) utiiity functian
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where® _ (. T his asumeris gven aarsunptian streem C, de.ned by
Ce=C+AYC+"Co

where A retects aerage asumption gromth oer time and '} is anili.d.  randam \arisbke
with meen zexoand variance %2 that cgptures deviatias ofaonsumptian fiam its ttend gronth
rale. T he paraneters A and %2 can be estimated fiom data an kg per-cepita aasumptian
fortheU nited States oerte pastll adW arll pariad. T o determine the acssts of agprecate
fuctuatias L uess asks what fraction ofinitial casumptian C ;. this aasumenaould bewiling
10 saai.. e in ader © stebilize his asumptian stream, i.e 1 rple *; with i mean
E (})=0. FarressaabEestimates ofriskaasian’® , the aswertums auttobe astanishingly
snalt ks then (0 1%. By aaiast, aasumers wauld be willing 1o saai.ce a mudh bger
fraction ofinftial cosumptian, ebaut20 % when® =1, in adar o inaesse the gonth rate A
by ane peraaitace pant

V aras authars have sinee revsited L uess” alulatian, butior-the mastparthave atinued ©
..nd anly small e ects fran stabi izatian, Turther reinfardng the peraption thatbusiness o/ckes
have anly a negigbk impactan wel&exe. 0 ne line of attadk hes Toaused an the shadk process
‘1. T he..sttomae this aslgmentwes Imrdhoragh (1989). She adtidzes L ucss” calaulatian
forits implidtassumption thatagents have aaess tofullinsurance whidh guarantess them the
aerace bel of asumptiaon eech pariad. 1T aggregate shodss do not ar ect egaits unffomly
and arsumptian insurane is imperect; the volti ity ofeedch individual’'s arsumptiaon streem
waul be greater then the voltikty of per gpita asumptian %2. B utwhen Imidhoroghu
calibratss inaome streams o miao dalga she ..Nds a asst ofF aggrecaie Fuctuatiass thatis not
mudh lrger than L uess” adgral estimatie aly 0 3% when® =1 5. || aeower; subsauat
papears by 4 tkesaon and P helan (199 4) and Krusell and Smirth (1999 ) argee that her notian of



stebilization remowes 1o mudh idicsynaatic risk faoed by agats along with aggrecaie risk
T hey ..nd zevo and even necative bere. s 1o stabi izatian when aggrecate riskis stebilized ina
way that kaes the idicsynaatic risk faed by agants uner ected! 4 notheraitidsm foases an
the Bctthatthe ™} procsss assumead inl ucss” albulatian is nottsud dently paersistanit | Fagats
hed 1o bear the aasequenass of agorecaie shods Tar extendaed periods, they wauld be mare
aere o iuduatias. T he alubtias when *; lbns a rendom vwak with driftare reported
in0 bstied (199 48). Farpreference parameters thatare similrtothose usad by L ucss, he..nds
acsts ofbusiness oydes thatare again abautt) 3% 2

A sacod line of attadk hes Toaused an preferancss, aaguing CRRA - utiiity is 00 restrictive
and cauld udarestimate the bene. s of stebi ization. 0 bstield (199 48) aosiders nan exqpected
utiity preferencs that separate betneen riskavarsan ad inerteampaal substitution. B ut
axe again, by 0 bstield’s onn diaradterizatian, the welre er ectrises fran amiacsapic bel
tmerely small and the estimated ast ramairs bebw! % 2 P emberton (199 @) and D olmas
(1998) axsider a dic erat dess of noneqected utiity preferencss that eibit “. iskader’
rskaarsian, argung thatsud preferencss Gpture doserved attituces tonards lrge and smalll
bets that are inaasistentwith epected utiity,. Same of thar estimates are \ery lrge but
aly under the assumption that*;} is cdose o a unt oot Bven vwhen '} is autoconrelted
with > = 98, D omas reparts that the assts of fudiuatias do notexdassd | % Tor reesaebke
paranetenzatias. Extasias ofl ucs” alubtion therefore ssam toan. m his aignalclainm:
the ast of asumption ol ity fran oydes cGalibrated o postll ardatadis trivial

!Inaparaliel devate, Chrk L eslie and Symars (199 4) estimate the voliati ity ofindividual inaome fram parel
data and estimatte a ast ofoyckes araund 0.9% forthe U nited Kingdam. T his estimate is simi larly aitiazed by
P emberton (199 &) o counting the reduction ofpurely idicsynaatic risk as a bere. tof stabi izatian.

2B eaudry and P ages (1999) aambine the o aitidsms by studying highly persistent idicsynaratic shodks.
T hey dotain axsts of at ksst 1%. T his gpproadh seams a pranising way 1O generale mare asstly business
o/cks, espedally since they introduce stabi izatian in away that doss noteliminate idicsynaatic risk H onever;
tharmadel is wiherabe ol ucs’ dosenatian thatifthe assts of fuctuatians stem fian incompkete insurance
poligmakers migitbe better @ pranoting irsurance rather than stebi ization.

3T allanini (1999) argues that0 bstied’s parameters are inarsistabwith the equity premium. H e generattes a
e astofbusiness oydes using aaet dertof risk aersion thatis orders ofmagnitucke greater then 0 bstield.
A similarpadntis made in Campbelland Codhrare (199 5) who use nan time separab ke preferencss toeplEn the
epuity premium, althaudh 0 ook (1999 ) argues thatamare “disaplined”’ calibration ofna ssparebke preferenas
garatss anly small veliare en ects. T hese argumeants notni thstanding the equiity pramium does notnecsssari ly
imply lace asts ofbusiness o/dkes. First, the equity pramium aauld be due o market frictias. Seaod, as
A harez and Jermann (1999 ) pdntaut, the equity premium and the asstofFaorsumption Tuctuatians are distinct
T hey estimate a fectormadel Torthe margnal uti ity ofaasumptian using.. nendal dataand putan upperbaund
an the acsts ofbusiness o/dkes of0.3%.



T his pgper pursues a div erat gppraadh that culd potentially grerate mudh brger asts
of business g/dess than the previas wak dted aboe Itis motivaeted by L ucs” agnal
doservation thateven small dengss in the gonth ratieA have lrge implicatias orwelere. | s
sudh, ifaggecate Fudiuatias samehovar ected average g run gonthy, the acsts ofbusiness
o/dkes aud potertially be mudh lrgerthen previassly estimated. T his passibi ity is ruld aut
by | ucss’ thaughtexperiment; he treats the gonth ratie A as an exoganals paraneter thatis
unex ected by dnangss in " B utstandard modek of endoganous gronth predict the incantives
of agents 1o engeoe In gonth enhanading activties dgpad an the level of edonanic actiMty
sothatA = A ¢ Ifthis gonth rate A ¢ )is aancak stebilizatian will inaresse the long rn
gronth rate ofaasumption. Sinceeven smalldangs inA have lrgewelre aasecpenass, this
auld aanaavebly ganerate assts ofbusiness o/des thatteclipse those desaribed in previas work
T he inturian behind this argumantis i libstrated gegphically in Figare 1. P revass calulatias
messure the assts ofbusiness o/des by aomparinguti ity fram the doserved volati E caasumptiaon
stream represaied by the heawy ine with the utiity from a asumptian stream set o the
tred rate of the arignal casumption stream, as represanied by the thinsolid ne. B y aontrast.
ifstebi ization ar ects average gonth, the asstofbusiness g/des will be the dic erance in uti ity
fran the adgnal casumption path and fram the casumptian path represanted by the deshed
ire. Since the lAtter proides mare asumption atearlier dates, the implied assts ofbusiness
o/des auld be substantial as Ihng as agernits do notdiscount the ture toheaily. A aoading
o ths bgc the majarastofbusiness o/dks is not thataosumptian is Vot E oertime as
hes been stressed in previas work: but that fuduatians impecke the proasss ofgronth. W hille
this idea hes bean cacasiaally disaussad in previass wark ithes yetto be inaoporated into the
aignall ucs fiamenak in asatisbctory way? T his is unbrtunate because the notian that
stabi ization an inareese gonth and welexe is arfran dovias. W hatassumptias imply that
the gonth rate A is acae in the el oF eaonamic activity? H o mudh additianal grosth
shauld we expectfran the eimination ofo/dical fuctuatias? W il sudh an inareese in gronth

“T hare is a rather dic Lse Herature which argues that stzbi ization yielbs bere. ts other than reduced an
sumptionvolti ity Foreanpk D @ agandSummers (1988) andR amey andR amey (199 1) argue stabi izatian
inaessss the el ofFautput;, a pantako raised in Chatterjee and Cdorae (1999). T his is discounted by R amer
(199 6, who adtes evidenee that stabi lizatian is unlikely O a0 ect aerace autput || ae reaatwak studies the
a ects ofstabi izatian an gronth using madek of ector acaumulatian with near productian tedhnologies. T his
indudesh izzmanandll arian (199 3), H gpenhayn and il uniagumia (199 6, deH ek (1999), andJanes | anuel,
and Staathetti (1999), as wellas related warkkby 0 bstied (19 9 4b) an the gronth bene.. ts ofgldbalizatian. Exagpt
Tor0 bstield, these pgpers are aancamed with gronth per-se rather then welere. || asover; these modek do not
mesh well with the intuitian behind L ucs” welae alultiars, sine Bster gronth in this diess ofFmadek doss
not necsssarily imply higherweliere. Finally, R amey and R amey (1995) argue that voltility and gonth are
necatively related based an empirical evidence fram aacss auntry evidence. B utwithautamadel they cannot
inempret the parametars they estimate structurally orweliare alultias.
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Figure 1. Consumption Paths under Endogenous Growth




necssari ly trarshte into hiderwellere? 1159 is itenauch 1o gnarate bger wellare e edts
ten in previas wak?

T o address these qusstias, | develp a madel of exdagenass gronth in whidh shodss aect
the bvel ofeconomic ectivity. T he madel generates a reduced orm gromth ratie A =A (¢
where N @ is the amaunt of rescurass allocated o innovation adtivity and A @ is the rate
atwhidh better tednologes Tor produdng goocs are discovered Tor a gven el of resourass
davoted o innovatian. Setting " o its eqpectad \ale therelare & ects average gronrh thraudh
o darek. First stabilization can inaeese gronth by inaessing the el ofinmovation ny
whidhwillbe tre ee IfN (@ is ancave. Seaaod stabi iizatian Gan inaeese gronth by reduding
the \oltilty ofF n whidh willl be the e ifA @ is aaae. P revias wak an gonth uncer
uncertainty hes only aasidarad the . 1ster ect; even thaudh itiswell knonn thatthe relatiaship
betnean investmat and uncertainty is anbiguas ie. N(@ an be erther aae aranvex
depending an samenhatarbitrary functicnal form assumptias. Even ifstebi izatian inaessad
aerace inestment, the implicatias for welexe remain ambiguas, sinee shifting resouras
fron productian © innovatian Nesd notmake individuals better o . T he secod darel by
aotisst, is mare equivocal diminishing retunms o innowvatian require thatA (@be aacae so
stabi izatiaon will inaesse gonth fran agven kel of resauress N, Furtbermare the inareese
in grovth will act o inaesse wellare.

T he aove disassian rasss the questian of hovmudh gronth acould be generatied fram dimin
ishing retums, and whether it an invole substantially brger welare e ects then those that
Gan be traced o aasumption Vol ity. R educad Tom estimates an the relatiaship betineen
aerage gonth ad the ol ity of gonth bessd an atss country comparisas sugests re
movng aggrecate fuctuatias in the U .S. would raise per Gpita casumptian gronmh fran
2% ©25%. This inaesse implies a substartial ast of business gcdes when® =1, an
individual wauld be wiling o saai.a2 10 % of his initial aansumption 1o stebi ize aggrecate
fuctuatias ad inaeese bng run gonth, mare then 100 times as mudh as L ucss angnally
estimated. U sing empirical eddance an dminishing retunms R &D  fran miao studies an
..Ims thateven aasenative estimates for dminishing retunms in the production of new ideses
Gan grerate an inareeese in the gonth ratke o) 5 percantace pants. H onever; furthersautiny
revesk that these estimates are basad an functicnal forms thatt require implausibe volti ity
in investmentand equity vabes. Still reesaebE restricias an the exient ohvolti ity plece
an upper baund an howv mudh stebi ization an inaeese gronth thattis notmudh baer then
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theseaignalesstimatess—  raughly 2 3%, whidhisvalbed atb j 26 ofinfial arsumptian. T his
sugpssts that the dramatic welare implicatians basad an reducsd Tam estimates are aarsistait
with plausibE anaunts ofFdiminishing retums.

T he pgperis aganized as Ollons. Section 1 develqps the basicmaodel ofR &D with diminishing
returs 1 inmoatian. Sectian 2 reltes this madel o previas work an stebilization and en
doogenous gronth and distinguishes betnean er ects an the el ofinestmentand the volti ity
of ineesstmait Sectiaon 3 estimates the size of the gonth e ects thatt Gan be attributed ©
diminishing returrs and thairimplicatias Torweliare. Section 4 aandludes.

1.A N odelofD iminishingR etwnms 1 [Tnnowatian

T ostudy the er ects of business oydkes an gonth, | nesd amodel ofF endogenaus gronth thate
adnits fucuatias in the el ofeconanic activity. || adelk of tednologal ilmovatian sudn
a6 roesman andt eoman (1991) and A diian andH onrte (199 2) satisty this artterian. T hese
maokek have tho impartant atures. First they assume a mangpdiisticaally ampetitive frame
wark whidh albons for dic erarit equi ibrium ek of eaonanic activity,. Seaod, dangss in
econanic activity ar ectthe incantives of agats o imovate by dhanging the size of the mariet
amangpolistan pture ifhe suasescs in develpingasuperiarproduction tednigue. A ssudh
agprecgie T uctuatias will have an impactan log rungonth. | introduce Fuctuatians thraudh
shodss 1o the aompasition of govermeatspending T his dxdce is motivated to minimize the
rnumber of auxd ary modeling assumptias that gererate my resulls not becaee | view the
aompasiian of goemmant speding s an impartant souree of aggrecate fuctuatias. U M-
mately the weliare e ects | examine coour because stabi iization reducss investmentvolati fy.
T he same er ects coud arise in any eMramattwnere ilmovation Fuctuates oerime and the
uderiying producian functian for new idess Is aancave; in Bt the next sectian ilustrates
smilar e edts in a madel where the saurce of fuctiuatias Gan be intermpreted ss ted ooy
shodss. Since the souree of aggrecate $uctuatias doss not ply a ok in my subsecpaTt ak
tEmpts atquantifing the welare er ects of stabi izatian, the predse way in whidh | madel itis
unimpartent® T he modkelis presanted in tho parts. T he ... istpartdesaribes its main Batures,

°A Hhauch the scurce of agorecatie uctuiatians hes No bearing an the questian ofwhetherbusiness oy/cks can
hae ..1Istader velfre asts, itremains audal for determining the ssibi ity and asst of stabilizatian, which
ulimately determines whether stabi izatian is desirebe. B utthe pantofthis paperto dallence the notian thatt
business o/ckes have no .. iIst aderwelfie e ects, not o argue in Bvorof stebi izatian.



whi ke the second dnaevadierizes is e ibrium. S
1.1. Setup
T he econamy aotairs three egaits:

1. A represatative agent. Who aasumes goods and supplies Ebor
2. A goammant, whidh taxes the agaitand spacs the revae itaolicts

3. BEntrgoranaurs, who hire Bbarto produce gooos and 1 develp new productian methods

Itwill be hebiul 1O preview the respective rokss of the varias parties. T he agatplys an
impartait but passive ok he aasumes autput;, Whidh provides us with a welfare messure
10 caonpare diz efernt econamic eMamats. T he gosammeant, as notled aboe acks a5 the
sauree of fuctuatias, and Gan be usad o introduce stebi izatian into the model T he ok of
entrepranaurs, asice from produding autput; is 1 develp better production methods. T his,
in twm, detamines the gonth rate Tor the econamy. T he ulimate goal of the maocel is ©
gauce howvbusiness o/des an ectthe dadsias ofaTrepranauns o canry adtinnoation, and the
asaguanas this hes an the welfare ofthe represantative egaic

I now desantbe the three egats in mare detall First, the represantative agant hes standard
CRRA prefrancss oera casumption aggrecale i.e. his utiity atadate tis gven by

- 51

L eD="°

I

o

where® _ ( andC, is aCdob-D augies aggrecatar oer aasumptian goocs G, 1orj 21[0 51 ]
.Z1 o
C:=ep hc: d
0

T ime is antinuous, and the agant cares ebaut his expected discounted uti ity
z

(o)

U Cde’ct

0

SSinae wuiting this peper; | hae beaame anare of a related model by Fatss (1998). A side fian dizeringin
artain detal b firan this model he Toasss an dic eratguesstias.
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whare . > ( is his discount rate. | docse CRRA  utiity despite its dranbads whidh are
disassad in the Intraductian; these aoncem attitude tonards risk Whidh is notimpartant or
my analsis. Forthis reesn, ° shauld be viened as a messure of intertamparal substitution
rather then amessure of risk aersian.

T he agatis endoned with L unis of Bbor eedh instent L eisure does not ertter his utiity
functian, so he sypplies all of his Ebarvwhernever the wace is pasitive. T he agant allo ons
all dams an te pro. s of etrigpraeurs in this econany, pasitive and necative.  Follboaing
L ues | initially abstract fram saings; the agaitmust arsume alll ofhis dispassbE income
whidh is the sum of Bborinaome and pro. ts netoftax kabilities. H onever; this assumptian is
notimportant, as is danastrated in Sectian 2 where | derive simi lar resullis ora maodel with
saings. 1N the abosence afisaving the only dace the agatmakes is hovto allocate his inaome
aacss direratgoocs. Sinee C, is aCdob D augless agprecatoy; itis gotimal o spad an equal
anantah eechgoad j 2 [0 ;1] Integrating over alll goods implies the spending rate an eedh
oo j is the same as dispasebke inaome

Zl

PG = PGd=i+W il

where § daotes aggrecaie pro. s W denotes Ebarinaome and T danolkes tax liabilities. L et
Y T 3+ W denote gcss naninal inaome.

I ext | wm 1 the g@ammaitssdor: ¢ oemmaittaes the Eborinaome of the agatad
usss this evae .. nence \arias epadtures. Thetax rakeis aastant,, 2 ;1) Sine
Ebarsupply is inekstic this tax is equnalentto a Lmp-sum tax H oneer; the et that the
taxis propatical © Bbarinaome is important; since itallons goemmeant evaue togonvas
Eborresaurass become mare praductive. W rthouttthis sssumptian, govaermmantshare ofoutput
wauld evenwally venish. Inwhatollons, | use Bbaras the rumeraire good. T he tax evaue
in eedh instantis therefore T =¢L . | assume the budgetis balbncd ateadh instant. i.e. the
attire maLeT is alhays spattaxe cllded. T his rmvae pays Tor goods the govermmeant
asumnes, ad Torwakers the goammatthires. H enae

T =G+ N,

where G; danoles govermmant spending an goods and N ;. danotes the total wace bill of gov
ammattanpbyess. ( iven the nomalization that Bbor is the rumerairg the Btfer is abko
the number ohworkers enplbyed by the govarrmeant: T his notatian mighitbe a ittle aonfising
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at..rst espadally snae G, is a naninal cquatity Whi e C,; is a real quantit, H onever; itis
aneniaTt  work with naminal guantities in solving the madel e\eﬂr\!l'nJgﬂ we ulimately
e abaut real asumptian. | danote naminal casumptian by P,C; — 01 P;¢ Gt -

6 oammatt ependtures an goods are assumed 1o be allocated equally aatss the dicerant
ammadities j 20 ;1 ] ie spending an eedh goad j atdate tis the sane anauitg regadiess
of the price of thatt goad. 1t 1ollons that agprecate govermmeantt spending an goods is equal
g, gIne
Zl
Gt = . gd =g

Bubdinga!l atsuyama (1995), | assume the goemmeatt maintains a astant tax collbcion
T butpericdclly shifts the acompasitian of gpending betineen goods and Ebar: Sped..cally,
aggetaie gemmaitt ependiturss G; an assume are of o vabes G; > Gy, ad switth
bethen these tho \ales ata ratie 1 per unit of time. D eote the assodated number of
gpamaittwokars enpbedineadh regmebyN ¢ =T §Go adN; =T j G4, repechiely.
B udget balbne implies Ny > N, i.e mae wakers an wak in the private sector when
goammantshifis its spending tonards goock.

Shifts in the ampaition ofgovermmeat spending genevate agprecaie fuciuatias in the ean

any. T his is because inaressed govermment spending an goook shifts Bbor resaurass autofthe
goemmant ssctar and into the public sectar: B ecause of mangpolistic ampetiian, workers
greraie mare vale working in production then warking forthe gpvarmmantt inthe ey, they
aly gerate BEbarinaome vhike in the fomer they generaie both Bbarinaome and pro. .
H ence ashiftin the ampasitian of goermmeant speding tonards goocs raisss the vale of
Ebor resaurass in this eanamy, Whidh in tum ae ects the scalke of production in the eaonamy.

Finally | tum tooataepranaurs. T hey produce thevariass goods § 2 [0 ;1 ] es well as searding
Tor betierways of produding these goocs. 1N both gpadties, they are diiven by pro. tmax-
mizatian. T he nature of productian in this eaonany is as Tollons. Eadh goad § is assodated
with a number m; that refects the hidhest generatian of tednology aei Bbke 1or produding
thatgood. P utanatherway m; is the number of times the tednology 1or produding goad
hes bean improed upan since date t = (.  Eadh gaeration anverts Bbor into autput at a
ncar rate but suaessive generatias are more productive. Sped.. Gy the m-th ganeratian
tedology allbns ae unitof Ebor o produce | ™ uni's ofautput where | > 1 is the rate of
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pragess assodated with eedh improamant T ednologes are protected by inde. nite patents,
so nly the aeator of the m-th ganeration tednology Gan use It o produce gooos. Sl the
develpment ofthe m-th ganeration allons other enrepranaurs todevelp them + 1-th gener
atian, sodismveringa new productian tednigue helps bath the inlmovatonaho dissovers itand
his aampetitors.

| ..rIstdesaibe entrepranaurs in thalr Ggpaaty as praoducers. Eadh enrgprenaur wi ll produce
wsing the highest ganeratiaon he hes aaosss @ H is anly real dedsian is whak price 1 darge
forhis good. Since both aonsumer and govarmmeant spending an eedh good are indgpendant
ofthe price demand Tareadh goad is unitelbstic Eadh magpolistwi il therefore want to set
a6 hidh apriae as passibE; this way, he earrs the same revarnue but aan produce ener goods.
B uthe cahnotpcsta price that is oo hidh; ifhis price exasscs the asstof produang asingle
unitofhis next mast e¢ dent ampetitor; the ltierwill past a sigitly bner price and steal
angy all of his business. H enas producars quote a price egLal © the margnal asst of their
mastet dattampetitor; and the entrigpraneur with the hignest generattian of tednology willl
be the ae suppling goocs 1 the market T his implies that an entreprenaur with the m-th
ceeratian tednology will sethis pricep; 1O, ~(m=1): his nextmcstet dentampetitornescs
.~ warkers o produae ane unitofautput, and eech warker-is paid awage namalized ©
1. A tthis price the rumberofunits the mangpolistwill sellis gven by
Yil*CG _ mag §7+6) D)
P
T o praduce eedh of these units, he nescs O hire | ™ uniits of Bbar: H enae his toal Ebar
requirementisgvenby . 1 @ iT + G) W ith Ebaras the rumerairg this is ako the otal
astofprodudng the guantity in (1.1). H is pro.ts will then equal his reae netofasts ar

o= quii(v iT+G)
=g it+0e) 12)

Inwhatollons, | restrict attation ol arkov equilibria in whidh naminal income Y  dgpends
alyan tre bel ofgpaemmeattspendingG ; itis an goenissie as tovnhetherotherequ ibriaako
edst In sudh an equilibrium, pro. s % will dgpand oy an the bvel of govemmeant spending
L et¥yy denolepro. s wWenG =Gy and¥%; wenG =G;.

Finally | desaibe entigpranaurs in thaeir apadty ss inmoatars. | assume thare are anly o
entrepranaurs in ssctor j atany padntin time aewho onrs the patient to the best aa Ebke
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tednology and producss autput, and the otheryaho an wark an develping abettertednology
1or produdng this good. P revias wak hes axdded having 1o make sudh assumptias by
impasing aastant retums tos@k in researdh alogwith frieeenry,. 1N this s the rumberof
potantial etrants does notmatter; and an inaumbeaetmangpolistwi ll never dhocse o engece
in reseaxch in eoul ibrium. T oalbwordiminishing retunms 1 the researdh e arts ofindividual
attreprareurs, | need 1o impaose these assumptias eplidtly’ I the ettigpreneur in agven
ssctomaho engegss in ressardh emplbys nworkers, he discovers the nextgeneratian ted ooy
@; + Datarae A @)perunitoftime T he ncian A (is strictly inaessing and conae

and satis..es the usual baundary aaditias nl_qu’ =1 ad ningoA’ ) =10. Caxaity
in A () is assodated with dminishing retunrs in research and develpment the aontributian
of the margnal warker 1o the prdosbi ity of suazess dearessss with eedh additicnal worker:

D enoting the \alLe of a suazssiul inmovatian by v, the innovator’s prdblam is to doose N o
maxdmize A (Vv j N SO

A @V =1 a3
1.2. Ecuilibrium

W ith the desaiption of the econany aaompkete | an daracterize its equiibrium. T his is just
asetofprics and guantities ateadh instantsudh that (1) agerits dhoose pricss and guantities
gotimally; (2) the govarmeantbudoetis balenad; and (3) autputand Ebarmaitets dear: 4 s
noted before | Toas anll arkov equiibria in whidh nominal varisbles vary anly with the el
ofgpemmeantspaxdng Itwill heb o pdntautatthis stece those features of an e ibrium
whidh have a coutierpart © L ucss” sped...catian Tor aasumption.  First. an equilibrium is
assadated with a level ofF hausehold aosumption ateadh instant ¢ iven a history up to date
t, hausshod aasumption at date t takes an die erantvalles degpending an the realizatian G ;.
Casumptian an therefare be aboe arbelow its exqpected valbe vhidh is analogous o the ™*
tBam inl ucs’ pad..catian. Seaond an eouiibrium is assodated with a bvel oFemployment
in the inmowatiaon seciar; Which determines the rate of tednolgal progess at that instant

"\ n altamative gpproedh is 1o allowv or dminishing retums in aggregate R &D  but for arstant retunrs in
e researdh e arts of individual etaepreneurs; in this Geg no Isstricias are necsssary an the number of
researders or Who enceces in research. T his ggpraadh igpursted. Torexample in Stakey (1995). U nder this
saEnariq andition (1.3) bebw is iplbosd by n™'¢ (n) v, = 1. | ane of the qualtative predictias of the
madelwauld be dnanged. In additian, Torthe aastantekbstidty Tinction ¢ (n) = ®n® Stdey asidars, ¢ (n) is
prapartical ton ™' ¢ (n), inwhidh Gese the calibration exerdse an the size of gronth en ects reported in Sectian
3 waul ako be undnanged.
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T his rate is analbgaus O the A t&m inl ucss’ sped...catian.

T he main step in soMing Torequi ibrium is 1O sobe Torempbymeantin the innovatiaon ssctorn.
Todothis | make use ofte ... Istaderaaditian (1.3), whidh relates n tothe valle ofa patant
v. Tosdhe o n | epres v in tems ofn o dotain an egui ibrium aandition strictly in terms
ofn. H ere | use the gopraadh ofl ucss (L9 78). T hatis suppose this econamy hed a market
forpaterits. Since the represantative agat must onn all patants in equi ibrium, the valle of
a patent must be sudh that the agatis indic erent betnean buying ae and selingae. T he
eqected utiiity fram buying a patantis the margnal valle of asumption ae culd & ad
with the pro. & ityielks. T his hes an epected utiity \valle of
Lo iy oot
= U/ Cris )Yy s€ P
0 o 1

T his hes 1o be the same as the utiity fran seling the patent In that s the aasumeran
inaeese his iname by v, whidh alloas him 1o inaesse aunent aasumption. T he additianal
uti ity fran this gotian is gven by

Indic erence betnem the 10 yielss the \valle ofF a suaesssiul inmovatian

-Z :
U ! @t+5)(i:t+s_d t+s —po(t+
Vit s € p(t S)CB
0 U ,@t) (i:t d t K

Vt:Et

T he Tolloning Enma esteblishes that v, iswellde.ned when® _ 1, ad is nearin pro.ts
uder the tho regmes, %y and ¥, . 1's prook as well as those of all other daims in the pgper;
is delecpted o thed ppendix

Lemmal: Supce® _ 1. Inall atkor staticary equilibrium, the vale of a suasessiul
inmowatian is gven by

8
% !(rh)!l(nl)i12 (! ('1))1/40+ 11/41) |fGt :G()
=

T rT@IO)i 2 @ @V + ) ifG, =G,

TE@=r+%+A@Il+ € i1Dh.]
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Iy = Ny, thevalbedfapataty is higrerinwhideerregmea ers higerpro. 5% ; inturtively,
a patatis mae valebk ifit pas ait high dvidencs todhy rather than in the discounted
Utre B utifny 6 ny, the pataitauld be mare valLeble when pro. s are reltively by since
v depancs notanly an the timing of payauts but albo an the inmowation ratie A () T his rate
av ects the valLe ofa patentin tho distinctvays. First, A () refects the rate abwhidh apatait
is renderad dosokete by the arrival of a superiar tedology; a higer A () therefore reduass
epectad fture pro. t5 making the patent kss vallisbke. Seaond A (0) retects the gonth rate
oftte oeralleconamy, wnidh culd makeapatattathermae or Essvalebke. W ith more repid
gonth in productivity, real inaome gons mare regpidly, raising demand foreedh good . T his
inaesesss Tuiture eqpected pro. s, making patats mae vallisbe. 0 n the otherhand the more
rgpidly income grons, the mare uneven is the antiapated uture pro. E ofcaasumptian. T his
makes aumatt aasumptian mae vabeble reduang the valle of the paterit W hidh of these
a ects dominates degpends an hovmudh the aasumeris wiling 1o substitute intertemparally.
W hen® _ 1, sothe agaitis reltiely ks tokerant tonards uneven asumptian streams, the
\ale of a patent unambiguoLsly decressss with A ()°

Toepresv soElyintems ofn | nesd beprespro. Y% intwEams ofn. Heg | use the
foct that aggecgaie pro.ts § ripresatt amubine pro. s fran all ssctars net of the acsts of
inmowation. T hatis,
Z, Z,
= . %id i . nd =% in

Cambining this equatiah with (1.2) g\es pro. ¥ as afundtian ofn,
A=C i1DC iniN)

whidh allbons s O rewtte (1.3) as a system of o eguatias with ny and ny as the anly
endagenas \ariebkes:

N O7asras @07 D i 1@+ 1D @I 19

W hile dotaining a dosed fom solution for ny and ny is not gererally passibk | an still

daracterize hovanplyment, gonh, pro. s pataitvales and gcss inaome vary aacss the
®\O regmes.

T he Toaus an valles ofy greatterthan 1 is akbowananted by empirical evidence an the intermporal ebstiaty
ofsubstitutian. Ses Toreampk Epsteinand? inn (1991).
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P rgposiian 1: Suppcse©® _ 1. T hen in equilibrium,

1. Empbymeattin the innoation ssctoris inaeesing in G, i.e n > ny. H encs the gronth
raeA (N, is inaessinginG .

2. Thevale ofpatarits is inaessingin G, i.e vy > .
3.\ aninal pro. s are inaesdingin G, i.e % > Y%g.

4. aninal inammeY and aasumptian P C aul be atherinaessing or deaessing in G ;
honever; both are related 1 G in the same wvway.

P ripasitian 1 implies thatashiftin gpemmeantspeding tonarts goocs aoekrates inlmovatian,
inaeesss pro. § ad rasss patletvabes. Intutvely a shiftin goaemmeant speding tonards
goock inareeses damand, and aasaquently pro. s, Torevery qperatingmancgpolist W henpro. s
arehigher; thereis geaterinantive tocpture the market, soninaeeses. T his raisss thegonrh
rate of Eborprodudtivity, whidh is equal toA (Dh ,, and whidh is abo the groath rate of reall

ToreleP ipasition 1 tomare fmillarnotias ofbusiness o/dkes, itwi llbe uselul o retum o
the aigrall ues setp. R edll thathe pasits the represatative agant recaives a aasumptian

stteam ofthe Toim
#

Y )
Ce= a+AD C+"Co

s=0
wvhere the gonth rake A, is assumed arstant T he term Eggzo q+ As)uc0 denotes expected
asumption gven amultive gonth up 1o periad t vwhi e actual ansumption dicers fram
this eqedtation by astodesticterm | + °; thatretects o/dical fuctuatias. A s atidpated by
my praias rmEmarks this maodel admits an analogos aatinuous time represaiatian or the
arsuMption agprecHie
'Zt .
Ci=ep . A@Oh.c ¢+ "Gy 19

T he virte of using Bbar as the numeraire goad is that naminal quantities conespad ©
detrandd realquartities. T his is because aggrecaie realvariables growvat the same rate as Hoor
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producivty, E>qor55ﬁ||5’git‘9\@be of quantities in terms of uni'ts of Bbor e ectinvely remoes
the gonth tam e OtAS h, in(.9, sothatnoninal asunmptian wll be proportiaal 1
1+ ;. T his allons Us 1O renver deviatias fran ttrend aasumptian using naminal aansumptian,
and simi larly Tor other real maaosaonanic sexies in the madel

A Mmed with this doservatian, we Gan interpretP ripasitian 1 s a statemantsbaut the o/dical
properties ohariaus \ariabks in this econamy. Itis natural o de. ne the gk in terms of real
oG inaame i.e the ecoany is sad o be in aboam ifinaome is abowe its eqoected gronmh
rate. T his caaurs when nonminal gass inaomeY assumes its hidrenale. P ipasitian 1 implies
asunpticnisprooydicl ie itattans its hidrenalbewhen naninalincomeatiairs its higher
vabe Il aeover; since theinequalities iNP rpasitian 1 are strict, employmentin theinmowatian
secior; pro.ts, enuty \valbes, and gonth all Tuctuate oer time - althaugh the directian of
these saries oer the ok is anbiguas. T he et that gronth coukd be ether prooydical ar
aunteroydical shauld not be entirely suiprising A diian and SaintP aul (1998) previasly
shoned gronth aoud be etherprooydical araunteroydical depaending an the ped.. cation tor
R &D . T his model makes asimilarpredician, butfora dic eratressat wWith mangpoly poner
in the production of goods, diverting workers from production © innoatian reducss aunant
income. Ifthe inaesse in G diverts enoudh resaurass o inmmovatian, grass income aould &l
aeven as each producers pro. s rise. T hisissimilerto e ectint elpman and T rytaberg (199 8)

where the amval ofamore productive tednology causes inaome ol as resauras are diverted
o imoation. Empirclly pro.ts equity valies ad R &D expenditurss are all prooycical

whidh parts 1o prooydical gonth. T his is alko plausibe gven thatinmovation represants anly
asmall share of the aggracaie econamy. Fortunatiely, thoudh, whether gronth is prooydical or
aunteroydical is inrekbvattiorhonstabi iization av ects gronth. T he tterdgpends anwhether
A ¢Dis aaein '} notan whether A ¢9)is inaessing ar dearessing in . Itis 1O this issue
thatl novtum.

W hile itis uselull hauristically 1O represant stebi ization es favorebe Tor gronth whernever the
gomh e A is aaein the bvel ofeconomicadtivity '} recalll thattthe grondth rate and the
kel oFecoamic activity are determined simultaneasly in equi ibrium. H enae the egui ibrium
gonth rate is not tednically a tincion of the scake of eaoamic activity. T o determine it
stabi ization inaessss kg run gonth, then, we mustintroduce a stebi iization policy directly
into the madel and compare its equiibrium gonth rate with the gonth rate tat preva b
when fuctatias are alloned. Sinee govemmant pading is the sauree of fuctuatias, and
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sine its bel is setby pdigmakears, itsaams natural 1o de.ne a stebilization pdicy s ae
whidh sets ghermmant speding an goocs aastat at the aerage of the o regmes, ie
G =% 0+ G1)2G rallt | etn G )daote the rumberofnorters enpbyed ininnowatian
when govaermmeant spending is aastait ad egual © G, and i G ) daote the number of
waters enplbyad in inmowatian when govermmeant spending Fuctuates but is aunently ecual
1O G. Stabilization will inaeese aerace g run gonth ifand anly if

i e Lek o .
ANG h > A@ G, +AE G )N, ] a.n

T he notatian is meant to sugpest that stabi izing govemment speding in this econamy will
inareese gromth iFthe gromth ratie A @, is “er ectively e’ in gpemmantspading
ar gods. T his is amad..ed notian of ancavty, since (1.7) ampares the aerace realized
oomh rate under-two dic eratstodesticprogesses TG 4, i.e. itampares theftncianA (@)
atG with the aerage of a dic erat incion A @ @) T he real ancavity of A (@ esteblishes
the Tolloning sud dentt (butnot necsssary) aanditian o siebi ization © inaesse gromttt

P ropasitian 2: (1.7) issatis.ed ifnis e ectinvely aaxcaeingG, ie if

i
n'G _ 1M G+ Gl @8)

In othervnwords, stebi izatian inaresses gronth ifitinaessss aerage inestmantn. Importantly,

thoudh, stabi izatian inaeeses gonth even iF(1.8) holds with equality, i.e. when stabi izatian
hes no eoect an averace investmat T his is because with diminishing retums 1o innovatian,

the Bt that stebi ization reducss the Vot ity ofinnovatian ectivity acts 1o inaeese gronth.

Inuitively, stebi ization shifs resourcss fram pesk periacs ofinnowvatian, when theirmargnal
product is bbw 1o periacs of Ess intensive innowatian, when thair margnal product is high.

0 faurse the resulting inareese in gronth cauld be o setifstebi izatiaon akso reducs aerace
empbymant in the ilmowation sectr; i.e iFaonditian (138) is vidkted. T he model does not
allbwus o pin donnwhether (1 .8) is infectsatis. ed sinae this dgpends an the third derivatinve
of A @ Toseewhy recll thatn is determined by the .. istader aandiian A’ v =1. In
adar o esteblish whethern depands anv in acoae oranvex manner; We dic eratiate this
.. Istaderaaditian thice whidh involves the third derivative A’ whose sigh and megnituce is
ambiguas. T his ambiguty refects an indeterminecy in the reltiaship betnean investmat
and unaertanty that hes alireedy been well gppradated in the erature dgpeding an the

15



production Tunction and theinvestmentasstionctian, investmantcan etherinaesse ardeaeese
in respanse 1 amean preserving spreed in pro. 2bi kit

Tosummarize, stebi lizatian hes an ambiguaus e ectan gronth; butunderdiminishing retums,
stabi ization unembiguoLsly inaessss gronth Toragven beel ofaverage ilestmentt T obetter
uderstard the roke ofthe Btter damel | Toas an the spedal Gase in whidh stabi izatian hes
no e ectan the aerace inesstmant, i.e where nis e ectively ineex:

ic
NG =}[M G+ G @9

A sice fram theoretical intersst, thare is enpirical just. cation Toraaditian (19) in the et
wark of R amey and R amey (1995), who study the relatiaship betneen gonth and volti ity
forasanpk of 2 cuntries and asubsstof24 0 ECD counttries. T hey ..nd inaressed volti ity
in autput gonth is assodated with bner aerage adtput gonth, but not with signi..cant
dic erencss ininvesteantrates. R amey andR amey ...nd this puzzinggven convertiaalwisdom
that eguates gonmth e ects with dhangss In investmatt H onever; this pattermn is asisiait
with the notian thattitis diminishing retums to inmovation rather then dhangss in the bel of
inmowation thatt led stebi iization to ac ectgonth. T hus, thair..ndings suggesstwe can igore
dhangss in averace investmant in studying the e ects of stebi iizatian an gromh20 U noerthis
rsstrictian, the madel unembiguausly predicts stebi kzation inareeses gomth. || areimpartantly
this inaesse In gonth raisss the weliare of the representative agait

T he Bststatemataboe undarsaores an importantdoservatian: even thaudh both diminishing
retums and dnangss in aerage inestmeant allwy stebi iization o ae ect long run gonthy, the
o danek hae dic eratimplicatias forwvelire. | Tstabiization raises gronth by inaeesing
aerae insstmatt, the e ect an wellre is anbiguos shifting resaurass from productian
into inoation cauld make the agait betler @ arworse ar, dgpending an his preferencss
betnen aunat and TUture aasumption. B ut iF stabi ization inaessss gonth by reduding

! Farexample H artman (19 72) and /4 bel (19 8 3) develgp madek where investmantinaesses under uncertainty]
whiE B emanke (1983) and D ixitand P indydk (199 4) develp madek where investmeant dearessss under unaer
tanty. Cabalkro (1991) presaits a uni.ed framenork in which investmat can efther inaeese ar deaesese with
uncertainty; depending an the parameters of the productian functian and the investmaTtacsst functian.

101 shaud note thatR amey and R amey use a broed messure ofinvestment, vhile investmentin this madel
aly retects epnaditures anR &D . 0 neshauld therefore intarpret the implicatians of the r resulits Torthis macel
with sane cautian. Stilll the nextsectian ilstratss a Botor acaumulatian madel with simi lerimplicatiass and
which admits a broeder interpretatian ofinestmeant
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the \ohlti ity ofinvestment; the agantwi ll be unembiguasly better o . T his Ollons fron the
welfae alultias rpated inl ucs (1987). R ecdll that he ..nds substantial weliare cairs
fiam inaessing the gomh rae A whilke holdingaverace initial casumptian C . xed. T hernext
bEnmaan.ms that (19) insures setting G ; atits average \valbe of G abo sets aasumptian
aqal it acrace \ale

L emma2: Stabilizing govaermmeant epanditures an goods abo stabi izes asumptian ifad
alyif(l9) hokk ie

- ¢ i ¢
PC'G =1PC*GD+*PC G » NG =1[T G+ i G

D iminishing retums therefore Gpture the intuiian aveyed in Figare 1, e stabilization
resuls in acosumption stream thataignates atthe same inrtial el butgrons mare repidly
thaeafier: By atrast ifstebiizatian inaesses gonth by shifting resourass into inmovatian,
the resuling casumptian streem woud start at a baer aerage aasumptian bBeel than is
iliLstraied in the FHgure A ninaesse in gronth due to higeraverage investmatow il therelare
not generate the same welfre gairs as a similarinaeese in gronth fram diminishing retunrs,
whidh is another reeson Why | Toas an the Ettlerdamel H encg ifstabiization a0 ectgonth
anly thraugh diminishing retums, the gronth e ects of business o/clss involve unambiguas
welfere asts. T he key guestian is whether these aossts are brger then those aomputed in
pravias work T he amswer 1o this guestion hingss an o issues. FHirst, we ned 1o assess
by honv mudh business o/clss retard gronth Tor pleusibe dagress of diminishing retums, an
isste | address in Sectian 3. Seaand, althaudh (19) rules autdangss in aerace inestmantby
assumptian, e nesd 1o make sure that dangss in aeracge investmat do not have additianal
implicatias forwelxe that wipe aut the axsts due to diminishing retums.  Judging by the
evden®einR ameyadR amey these e ects are likely tobesmall In additian, the nextsectian
develops a model with div erentunderlying assumptians thatinsure any dnanges in equi ibrium
inestmant, regardiess of tharimpactan gonth, inareese weliare. 1n this e the epects of
stebiization hoding the el ofinestment.. xed necsssari ly provice a bnerbaund an e asts
ofbusiness o/cks.

A sa.malmemark noiethatl enma?2 implies stebi iznggovermmentepaditures an goocs ako
stebilizes aasumptian ifand anly ifaerage enploymentis undianged. T his rietects a thame
that hes dften been ighored in the erature namely that there is Nno ae conrect notian of
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stebilization. | ucss, Toreampk asidars a policy setting aasumptian © its aerace \vale
T his madel axsiders a policy of setling govaemmatt epadtures an goocs o its aerase
vale T he o pdides are anly equinvalant under strag inearity aanditias, as riepresatied
by aaditan (19). W ithaut Inearity it would be impassibE 1© simulenecsly set several
maaoeconanicsaries equal o tha raerace. B utpadlides thatstebi lize dic eratmaaasconanic
\ariabks are aonagptually quite dis erent, and ae hes 1o be carelull in aamparing results based
an dic erarit underlying notias of stebiization. To thatend impasing (19) is theoretically
gppealing becaLse the madkel conespacts o exactly the sane notian ofstabi ization thattl ucss
usd in arguing business oydkes involve relatively minarassts.

2. A lematinell ocek ofEndogeaus 6 ronth

A s noled in the INroduction, \variass authars have alleedy investicated the implicatias of
ot ity in modek of endogenos gondh. H onever; even though this erature studies the
a edts of stebi ization an gonth, ithes notdisaussed the welere implicatias assodated with
such gonth er ects, narhiess itexamined howvthese madek relatie ol ucss” welfare alulatias.

T his section revisiss this erature and disassss its rieltiaship 1o the model of the previas
sctian. T here are 0 reesas Tordang this. First the gonmth e ects desartbed in preias
wak retect dhangss in aerage investient rather then diminishing retums. A s sudh, these
madek do notnecsssarily imply Bstergonth is bae.aal for e agait | areower; they aon

tinue © imply anly negigbk asts of business o/des Tor reesaeble parametervallies, whidh
hidhligts the impartance ofdiminishing returms. Secod, pravias authas have relied anmad

ek of fector acaumulation with inear production tedhnologes 1o ganerate endogenaus gronth
rather then tednologcal imowatian. T his sectian shons that this dic erence is inelbevant, ad
the resullts ofthe previaus sectian acould be dotained in modeb where fectoracaumulatian is the
egre of goMh. Since the madel dirers in several dmasias fran the ae in the previas
sectian, it dan..es that same of the simplfing assumptias in the previas ssctian are not
respasibe forits results.

Casider the lloaing madel taken fiam Jaes, | arncelll, and Staadetti (1999).2 Timeis

1) sidefiram Janes, Il anuell, and Stadhetti, variaus authars have used this madel o study endagenass gromth
underuncartainty. Itwss .. istdevelped as amodel ofsavingunderuncertainty by L evhart and Srinivesan (19 6).
T hey solhe an in..nite horizon versian of a prablam .. iststudied by P hebs (19 ). L elad (19 74) subsequently
reinterpreted their model in tarms of govth, and Eaton (1981) demastrated how 1o intraduce govermmeant
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disaete. T here are novtho agets the ipresantative egaitand the goemmeant T he aganit
hes no Bbor resaurass, butis endoned with an infial anaunt Ky ofpital H e abohes aoxss
10 a inear producion tednolgyy that anverts aunitof epial ino 1 + |, unis of autput,
where | > (. Eadh periad the agantuses alll ofhis Gepital 1o produce autput H e then deddes
honv mudh of this autput © aasume and hov mudh © Ikae as Gpital Tor the subssouat
praducion. T his is in aatrsstwith the previaus sectian, where the agaritwss unebke o sae
his income for future casumptian. P roductian depredates ansy alll ofFthe cepital so the anly
pitalaa EbEforproductian in periad t+ | is thabwhidh was setasice in pericd t T heagait
hes aanvetical CRRA  uti ity Tonctian oer aasumptian in eedh pericd, and discounts the
lure atarae .

Justas befare | use govammentpolicy as the source of fuctuatias in the madel althoudh as
pravios authars have panted aut; policgy shodss in this framenarkk are isocnaphic to tednology
shads. T hatis, ae Gan mntapretihe model as ae vwhere ted nology shodss drive Ffuciuatias
and taxpoligyis an instrtumenttostabi ize agairsttham. T oramain asistantwith theprevias
sactian, | will stidk 1o the intexpretation of shods aigrating fiom goemment policy. Since
there is no Bbar;, govermmeant spanding is devoted entirely o purdiesing autput To ..nence
s epadturss the goammaittaxes the inaome of the agait soitekes afractian ¢, ofthe
autputproduced. A s beforg the budoetis balbbncd every periad e G; = ¢.Y;. In cotrsst
1O the pravias sectian, G; now danotes reall govermmant spending 0 nae againg the share of
goemmeant spending can assume anly tovales vhidh | sssumeis iid. oertme!? Fan
budgetbalbnas thisimplies te ax rake i, antadean tovabes i < ¢, eadh enually likely.
T his Eaes the agetwith € 6.0 + DK ~ ¢ + DK units ofautputeach pericd!® T he
prdblem feang the egatis gven by

subject o

Kii=C+ K 1Cy

policy into this framenork

12B y aotrast;, the previaus section assumed G, Wes P dssan, impling persistanitshodss. Jaes, Il ancell, and
Staodhetti (1999) abo eamire avarsian ofthe model with persistattshodss.

13| restrictr, and 7 sotatBE (1 —7¢) (14 A)]' 7 < 1, whidh insures an interiar solutian.

19



where K isgvenad( - C; - € + K. A pphng a perturbation asgumait o the .. 1st
adar aaditias ofthe agat; itaan be shonn that the soluition to this prdolm is gven by

C: = c+ DK

K1 = 1+ DK
where i and care arstass 1 isgven by
3 h 2
i="E (+.)" 7 1)
adc=1 ji. T hegonth rate ofcasumptian is gven by
¢ C .
=i )il @2)

Ce

whidh in egui ibrium is ako the gronth rake of autput: T he gronth rate is propartical to the
inestmantrade 1, and thus degpends an the behaviar of the agaic

Justas in the pravias sedtian, We Gan gauce the e ects of stabi iizatian by setting the share of
goemmattspaxding an autput, and thus the Bx rate ¢, o its eqoected \valbe. T his amaunts
osatling |, eqaltoits aarage\ale T he any vway this willl ar ect the averace gonmth rate in
(2.2) is by ar ecling the propansity tosae 1. Fran (2.1), stebi kization inaeeses average gromth
ifadawif’ < |. Sinkeestimates of° are!l argeater; stebilization etherhes noerectan
gonth orcausss itto &l in arestwith the previass madel B ut the ot that stabi izatian
dearessss gonmth doss notimply the agentis worse o . 4 ferall stabilizatian inducss a boner
gonth rate because it etk the agat dhocsss o voluntari ly aasume a greater frectian ofhis
autput, ie oinaeesecand reduei =1 j ¢ R eveald preference implies thatt the agatmust
be better @ under bner gonth. || ae gaerally, because the equiibrium in this econamy is
P areto gotimal any dnance in the equilibrium buwel ofinestmait mustmake the agatbetier
o, sine the aaral planer annotmake the agantbetier o by realiocating resaurass infoor
aut of the innoatian sector. B y aaomparisan, the equi ibrium in the previaus sactian wes not
P areto qptimal gven mapoly distortias and the inebi ity ofagats tobomovar Bd, whidh
is wWhy dangss in aerace inesstment coud have reduced welare in that franenork

Since stebi ization can ar ectthe ssvings dedsias of the agant; this madel also sugoests gronth
a ects wnidh imply thattl uces” alulEtion uderestimatess the welfre under stabiizatian. In
tams of Figure 1, the weliare of the househod after stebi ization does not aarespad ©
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the caasumptian path set 1 the ttad rate of the aignal asumptian stream; insteed, the
arsumption streem under stabi ization culd rotate depaending 1o the gotimizing dedsian of
the agat B ut the new aonsumptian stream under stebi izatian will not be the same as the
deshed e in Fgure 1 ; forthe aasumption stream tohae astegperpro. E 1 mustbe higer:
B utthis implies ttat the initial el of casumptian Cp = dX is bner; sincec=1 ji. Thus
the madel aboe gererates an additicnal ast ofbusiness o/dess that riefects the er ects of the
ok the time pro. ke ofasumptian, butwhidh relles an dnangss in aerage inestmantand
is therefore dizr erent fiom the dnannel of diminishing retums autined in the previass section.
Il asower; the model sugests this e ectis ikely 1o be guite small Tor reesaebk estimates of
°. Farttrezceevware® =1, there are no gonth e ects and the maodel reduass 1o the ae
arsiderad in 0 bstied (199 48), whidh involves a welare gain fiam stebilization of anly (0 3%.
U sing the estimatted \volti ity in gronth reparted in the nextsection, | albocomputed theer ects
of stebi ization Torthe aeevihare® = 2. Forthis \vale the average gonth ratke dedlines fran
210% t©198%. T he implied welexe gars are aae again aincst idantical 1o those riported
by 0 bstield whidh systematically fall well short ofl % .

W hile the above disaussion suggests exdsting modek of endogenaus gronth under uncertainty
imply anly small asts of business o/des, we auld essily introduce diminishing retunms in
investmantinto these mooek and recoverthe potantial formudh bErgerer ects. FolloningU zana
(19 6), suppce tatthe cpital stodk in periad t+ 1 is gven by

Ky =OM;5K)D

where | = ( + DK § C; is the part of dgpassbE income that is not casumed. T he
TNncian © (@Y is inaessingand ancaein L T his fTundtianal fam implies thatanly © peraat
ofinvestmarttactually tuims into pital whi ke the remainder of ilvestmeantis eaten w in the
procsss of irstaling the cepital | further assume the installation Tncion edibits astait
retums o scak so

T

OM:KI=A = K

T he gonth rate of the pital stodk aonditianal an date tis gven by

= A — j!
T OALTCODCH LDl

L
K,
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where i* @ is the fiaction of after-tax income devoted o inestmentwhen | fuciuates oer
time T his gonth rae is not the same as the aaditicnal gonth rate of caasumptian, but
the tho gonth rates have the sasme unaonditicnal expectatian, and itis this epectatian Whidh
is ;battiforwelae Sthilizing |, atirues 1 hae anbiguos e ects an expected gonth
whidh dgpend an® and the third darivaive A”. H onever; justas beforg, diminishing retums
imply that stebi ization wi ll inaesse aerage gonmth Tora gven ratio ofinvestmant o Gpital
W e can isolte the e ects oFdiminishing retums by restricting atfientian 1o the Gee where the
inestmat o pital ratiois e ectively near; i.e wWhere
i i_¢i1 + _¢=£
* * 2
T he implicatias wauld then be idattical as those of the maodel presanted in Sectian 2. T he
aly dic erance is thatuniike thatmodel dangss in aerage inestmant regardess of directiaon
will necsssari ly make the agantbetier o . T hus, the welexe gairns fram diminishing retums in
this madel ripresant a loner baund an the asts of business o/des, and itwilll be enouch ©©
showvdiminishing retunms an theironn generate e weliare e ects 1o establish that business

o/ks are astly.

[FCodC+ .o+t T CDC+ .1

3. Q uartitatne A ralsis

T he preceding disaussian hes argued that business o/cless invole welfre Issess thatt qperatie
throudh endoganaus gonth dhanrels, partiaularly because ofFdiminishing retunms ininvestment
B utthemcstinterestingauestian stillremains. are these gonth e ects v enaugh togenerae
asts of business o/des that exassd those basad anly an casumptiaon voltiity? 0 ne way
of addressing this guestian is 1o aostrect firan the sourae of diminishing retunms and foas
insteed an the reduced Tom implicatias of the madel Tor the reltiaship betinean Vot ity
and aserace gomth. T his gppraadh anly reguires infomatian an the reltiaship betinean
ol ity and gonthy, etherovertime arfran a acss section of countries. Sudh estimates are
reedi ly ad Ebke fian the workk of R amey and R amey (1995). U sing atss country evddenae
they ..nd thataoroling for the averace investmantshare, aane parcaritece pant reductian in
the standard deviatian of autput gronth is assodated wWith an inaressad gronth rate of) 2% .
Since the standard deviation of autput gonth in the U S. is 25%, this implies stabilizatian
shaud inaeese the gonth rate fran 21 % ©25%. A ppMngl uess’ estimate that an gt
waul saai.ae 20 % of aansumption foral pantinaesse in gomrth when° =1 implies a
welbere can ofl | % ofinftial cosumptian, thoaders ofimagiituce geaterthan L ucss” adgnal
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estimate. Il aeower; sinceeR amey and R amey ..nd noevidance ofsystematicdhanges in aerace
iNnesttheantrates assodated wWith div erait ievek ohvohlti ity there shauld be noor settinger ects
fran dangss in aerace inesstmat that could bnerweliare in a secod bestworld

W hile these estimaties imply an enamaus astofbusiness oycdes, we shauld proased with saome
cautian before we aoapt them as evidenae of astly business o/cs. 4 fierall diceranass in
gonh rates aatss auntries auld be due © umessured heterageaty, a passibi ity thatis
udersaored by the tect thatsame ofR amey and R amey’s estimates dange dramatically with
the addiion of cartain eplbratory \ariebks. W hi e thalr pantestimate for the aoet dertan
ot ity teds 1o be dustered around (| 2%, tharestimates range betneen 01 and (0 9%. In
additian, althaudh the necative relatiaship betinean the vohti ity of gonth and the aerace
rate ofgonth is statistically signi. cant; itis notestimated with greatpredsian. T his suggests
loddng mare desply at the saurce ofF diminishing returms 1o assess Whether itaud plusibly
grerate an inaeese in goMh fram 29 % ©25%.

For stabi ization 1© geerate hider gomth fran a gven el ofilmowatian, o aaditias
are nec=ssary. the anaunt of ilmovatian N hes to be volti ke oer tre o/ and the Tunaian
A @) that maps resaurass employed in innovatian into gronth hes 1 be aacae. Standard
messures of R &D inputs aampilEd by the | atical Saence Faundatian, incuding industry
epadtures R &D and the numberofwnworkers enployed as sdatists aragnesrs, certanly
etibitvolti ity oertime; log dangss in both series have a standard deviatian of sbautt5% .
Il asower, wark by Fates (199 4) shons thatdiangss inR &0 epanditures are reltied o the
business o/cde although that relatiaship seamns 1 hae weskenaed in the 1990s. B ut these
messures may il to adequately Gpture the ot ity in all of the inputs thatenterintoR &D .
Foreanpk ol kity in innovatian mighthbe better ret ected in the time spentby sdentists ad
engnssrs an imnmovatian projects ratherthan in employmantrnumbers. T his is partly addressed
by uisingR &D expenditures, but this messure tois likely O be prdblbmatic Forinstance the
physial implEmentatian of new tednolages is likely 1o be counted as investment rather then
R &D , even thaudh resourass devoled o implEmattation shauld be counted as inputs into the
inmowatiaon proeess. H enae insteed of calibrating the model 1o the voltiity of data an R &D

epadturss, | Glibrate ittothe volti ity ofcaosumption gonth. |n othennords, ratherthen
matching the volti ity of inputs thatt go into produdng inmowatian, | match the volti ity of
the autputs ofimowation. Since the ulimate gl is 1 pradict the gonth rate in the absence
of o/aks, itseams anly reescnebke O calibrate the nctian A () 1© the gronth raies we do
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doserve oerthe business o/ ce.

T o messure \oHtiity in gonth in awvway that is aasistait with the theaetical framenorkk
abowe | disaetize (1.6 ad estimate its underlying parametars fram annual casumption data
T he madel implies casumption betneen pariad t j | and twill dhange Tortno reesas. First,
tednologal ilmovatian improves productivty and alllons more aasumptian goods o be pro
ducd fran agven anauntofresourass. T his gondh rate is equal oA (), whidh depancs
an the underbing gronrth regme in the aunrantperiod. Secod, regme dnangss tigoer daengs
in the amaunt of rescurass enplbyad in producian and thus the bvel of caasumptian. T he
dance in log aasumptian betnean o periads is therefare gven by

¢ hC, =A@Dh, + (i i"i-1) @D

In .. tting this stodesticproasss actual ansumption datg, | maintain the implidtassumptian
of tho regmes, whidh | denotle by s, 2 1 ;1 g4 W ithaut koss of ganerality | desigate s =
as the bwproductivity gonth regme ie. A - A Let'" =" j '} danote the dicerence in
the bel of cosumptian aacss the o regmes. | ith this notatian, we an rente (3.1) as
AyC isdrAls+ "G is 1) | tenestimateA, A,, and " fian annual data by minimizing
the mean square enror over-all passible ssopaencss 15,0

98

min € NC,iloC isdF .15+ "G i S- 1V (32)
od1e{sd 1951

W e can think of this minimizatian prdbkem in o stegss. First Toreadh segence 1,9, | bak
or tre vector @ ;A ;"D whidh minimizes mean square enar: | then ook T the sequenee of
realizatias s, Torvwhidh this minimum mean square enroris oaest T he prdblem with solving
(32) is that the number of passible secpenaess inoles 249 =556 £10 1 aambinatias. Toget
at the minimum, | llbw a rautine that is similar © simubted aneaing T hatis | gues
an inftial ssquence of s, ad then albw Tar small stodestic perturbatias araund the aignal
ssopence. Ifabnenaleis adhieved, | use the newwvminimum as my inftial seqpence. | repeated
this procedure fran several dic erantinitial aonditias and albo allonad Tor xger pertunbatias
1 dedk agrirst bl gptima. T he estimates at the minimum were A, = 902, A, = 138, ad

1) @intaining thell arkov structure is essarttial ©or identi..cation. T o see why, axrsider the general ecuiation
AlnC; = ¢, + Ae. T he prcblam is thatsinae innovation depends an the scale of eaonamic activity, ¢ (e;) and
Ae; areanelted. Ifwnwealbwve, oolbvagreralizedh R proass, itwill beimpassibe toidentify ¢ () fram
Ag,, sinee both reduce © g functias ofe; . BEven ifwnwe impase thate; isi.i.d., we could notseparately idantify
p (¢, Aey) andrar(e,). H onever; we can still estimatte a range Tornex{ ¢, ) by lbbadingaacss allvalues ofp. T he
standard deviation of ¢, lies betneen 0.6 and 3.0%, whidh includes my estimate of1.8% below.
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"= 907 T his implies that the gonth rate in casumptian because of tednolog Gl pragress
Tuctuates betnemn | 2% and 38% peryear; Toran aerage of2% peryear; justas!l ucss ..nok.

T hefectthatthe pantestimate for "is necative suggessts asumption gronth is counteroyclical

i.e aasumptian gons mae rgpidly ifitis belwits eqected el T his ..ndingis saonennat
disturbing since | praviasly argued progydical gondh is mare arsistaitwith the enpirical
evidance an prooydical pro. s and equity vales. H onever; this is notimportantioralubting
the e ects of stabi ization, ad as | disass Turtherbebyy itis notvery rdoust

T he ..nal step in aamputing the gronth e ects assodated with stabi izatian is 1 spedfy an
innowatian rate A () and calibrate it so that it generates gronth rates of 0 2% and 38%.
P revias madek of tednolgal pragress that albw for dminishing retunms have tended
foas an the arstat ebstidty Tnctian A () = O ; oreampk this is the sped..catian
Stdey (1995) wsss o study the implicatias for dminishing retums an equi ibrium gonth.
T hemain achantece ofthe CES functian is thattitaonrespands 1o the funatianal fom empincal
researders have estimated fron miao data  |n partiaular; there is now a sizebke erature
thatestimates production fTunctias Tornewidess by usingR &0 ependitures ss the inputard
patents as autput T his sped... cation acoads with a narrowv interpretation ofinnoatian in the
model since the madel treats eadh patant es a suasssiull ilmowation. | are generallly, notall
patents antribute equally 1© gonth; but estimates of dminishing returrs fran patent data
shauld proade an upperbaund an the true » as kg as the produdtion ofsuasssiul innovatias
etibits dminishing retums in the number of patertts. ¢ rlides and P akes (1984) and H all

6 rlides adH asman (1986 both estimate that the ebstidty of patants with respect O
wElR & epadturss atthe.m bBelis( 65, whike the ebstiaty with respect 1o aurmait
R&D epadturss is oy 3. T hese ..ndings suggest Eirly strang diminishing retums, but
atthe bel ofthe ..mm; extemal spilbvars at the agorecaie kvel migdit ause these estimates
10 eagrrate the extient of dminishing retums in aggrecatie R &D . H onever; Kartum (199 2)

estimates R &D  production funclias at the industry bvel ad ..nds even greatier diminishing
retums, with the estimates of the ebstidty in the range betneen (1 and 0 25. D aubling
the total resourass devoled O R &D  in an industry edks 1 a smaller inaeese in suassssiul
patenting then a doubling of rescurass devoted 1OR &D  in apartiaular..m wauld sugoesting
thatdiminishing retums canty oer to more aggrecaie ek as well

i ¢
Forthis range ofestimates Tor», e éan estimate the gronth rate A '% v+ ) h, atasrae
enpbymattgven thatA (D, =02 and A (D, =33. 4 lhough this questian midht
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gppear 1O regUire mare infomation in ader o idatify iy, ny, © ad h_, the CES funaian
allons us 1 determine the gonth rate strictly ss a Tonctian of»:

. 3 h i
i ¢ 7 1 P
©s;v+n) " h, = 5 H02) + ¢I38¥
U sing the most aasenvative estimate of » = ( 6, ssttingR &D atits aerage bwel imples a

gonth rate o2 52%, exactly the same as the reduced Tom estimaties fram R amey andR amey.
0 therestimates wauld imply even xgergonth e ects. T hus, estimates ofdiminishing retums
fron miao data are asistat with the inaeese iIn gronth that we see using reducsd fam
regressias aN acss AUty aomparisas.!®

A HMhauch the aasistancy in estimates fraon o distinctempi rical gppraedies mightbe reessur
ingat..rst. the CES sped..catian abowe hides saveral discomfarting featurss that shauld st
dobtanits rerbvence T he CES fTunatian can maidh the volati ity in consumption gronth rates
aly ifR&D resaurcss are inaedibly okt E; the implied ratio ofR &D  Ievek betneen peak
and trauch bek is gven by

n_ ”Eﬂo—%
n 202
whidh is implausibly lrge Tor even a broed de.nitian of innovation activity, | ikenise fian
the .. iIstadaer adition (1.3), we know that the ratio of enuity values is prpartianal o the

margnal productivity ofinmoatian, i.e.

=135:29

v _A@)_ Moz s

w A@) 102 7
T heprdolem liesin the resstrictive Tuncticnal form impased by the CES Tonctian; theanlyway o
grerate the b beel ofgonth assodated with the lowproductivity riegmeis tohave very Bwv
resourcss devoled 1o innovatian. T his is inaosistatwith the ot that cosumption gronrth
&n be aimcst zar0 even as aggrecaie R &0 epaditures raman high. T hus, the astait
ebstiaty Tundian proidess a poor gpprodmatian Tor daracierizing the aggregate productian
ofinnoation.

(=2}

U niorunaiely, the terature o as itk gidane ss 1 vwhat a mae reesaebke inmmoatian
fTUncticn might bk ke, Still the madel provdess same restrictias an the shgpe ofthe Tunctian

15 Itshould be noted thatthe CES anctian ¢ (n) = $n¢ is notaxsistattwith (1.9). | umerical smulatian of
‘the madkel sugosstad thataverage empbymeantin innovation declines understebi izatian, although the extantof
the dange degpands an additicnal parametervalles.
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A @) that allov us © gauge Whether a onctian that implies mare plausible volti ity can
grarale an inaesse in gonth thatt is aasistiat with the estimates in R amey and R amey.
R ecalll that the .. iIst ader aanditian (1.3) restricts the rate atwhidn A’ () dhangss betnean ny
adn, sine

A@d_w

AN W
T his restrictian tums aut to be uselull in determining whether mare plausibke ek ofFdmin
ishing retums Gan ganerate signi. Gt inareesess in grovth. T he reesan 1o this s i1llstrated
aephically in Figure2. W e knonvthatthe gonth rate A (DI, assumes avalle of) 2 atsane
enpbymait kel ny ad avale of3 8 atsane otherenploymatt el n, . Suopose the skpe
of the gronmh rate with respect © N eabiated atny, ie A’ (), is equal 1 sane el
rnumbera. Casistency impacses the olloning imitan the passible valles ofa

WA@DIA@D, A@DiA@)D

a< ——————h 3.
Vi i N iMy ; @9

(CX)

Fron (33), we knovthatatn = ny, we hae A’ @, = Za T he wo nes aignating
atny and np with these repective skpes Tom aﬂyppa’mgiqoeﬁ’aypcssibbfncﬁm
A @h_, ssillstrated inthe Figure. || aximizingA '% [ry + nl]¢h> oerallpasibkevales of
a e an derive an upperbaund an hovmudh additicnal gronth could be generated inamacel
whidh generaies reesaebe Vot ity in equity values. P rapasitian 3 establishes this baud as

afuctiaon ofthe raﬁo%:
0

P ropasition 3 IFA’ ()= X—;A' @) then

il ¢ 1 < 1=\
£ + - + - -
A+l -0 AN+

A @Dh, 35)

T he baud in P ripasitian 3 is gt sine thare edsts a ancae pieenise inear Tincian
A @) Torwhidh the gomh rate at aerage enploymantis exactly eopal 1 the baund. T hus,
P rpasitian 3 is a pradse estimate of the maximum passible inaeese in gomlh that an be
dotained through diminishing retums foragven kevel ohvolti ity implied b_y— A tthesame
time the restrician implied by (3.3) does notimpose a loaer baunds an hONmuch gonth
dminishing retums could generale since valles of a near éther of the endbdnts in (3.4)
imply the gonth rake at average enplymentA ' [y, + nl]¢h, is abitrarily dose 1©21%.
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Figure 2: Computing Upper Bounds on the Effect of Stabilization




P rpasitian 3 therefare lk uis anly hetharthe gonth e ects estimatted inR amey andR amey
culd arise underplusibe fomulatians oFdiminishing retums, notwvwhetherthey in fectdo.

In esimating the rano— a natural bendmark is stodk market data vhidh retects the \valle
of..ms oerteock Cme”rllo”alsumats, sudh as Chiristiano and Fisher (199 8), sugpsst
the stendard deviation ofthe S&P 500 isantheadarofl(%. H onever; since new..ims t&d
thaemaevolti e equity \valles, and new...ims are isted in edangss and induded in stodk
indias sudh as e S&P anlywith a lig this is likely 1o be an underestimate of true volti ity
in pro. tpotunities oer the g A s an allemative messure recall thakv is awagiied
discounted towvofpro. t aatss the tho leg'mea H ence the ratioofpro. & in the t\o regmes
senesasanqoperbardmﬁ‘eraﬁo—. D ata on after-tax copaate pro. s in the U S.

sugEsts a standard deviatian or¢ g)rot)ofabajtlo i15% .16\ standard deviation of
15% V\ml:llmpyt‘aﬁheraﬁ % —;ﬁ—l.SS. ITthe standard deviatian of v is alloned 1©
0

beas lxgpas 20 %, 7 willeguall :5. Substituting this into (35) yieks
0

8
v 115
5227 |fV0 _035_1.35

= v 120
~ 2236 |f70——0 o =10

Since this alultian is indegpendantofny and ny, the abowe estimates imply thattdiminishing
retums that rely an reesanebke voltility in both R &0 and in eguity valbes éan still allov
stebilization inaesse gonth fram 21 % toas mud as 2:36%, wellwithin the margn ofenar
ofthe estimates proidad by R amey and R amey. T his implies an upperbaund an the assts of
business oydes of) 27820 = 5:4% ofinitial arsumptian when the standard deviatian of v is set
1©15%, ad 72% when the standard deviatian is equal 1020 %, both ohwhidh are signi..cantly
bEterthen previass estimates Torthe assts ofbusiness o/ckss. W hi e these baunds sugoesstthat
estimates inR amey andR amey are sidtly oerstated they do notruke autsigni.. cantgronth
a edts as inasistatwith enpirically plausibe bwek ofdminishing retums.

. ¢
Asm+nmndh, -

I end my disaussionwith tho remarks. First, althaugh my estimates are idaiti.. ed by estimating
athostaie model similbar results dotain when | estimate a thiree state model that allons Tor

16T his aovers the same periad 1951 — 1998. T his estimatte acoourts for detrending implied productivity grosth
using arsumptian gronth. D etranding hes anly aminorimpactan the estimate ofthe stendard deviatian, since
Aln (pro.t) is farmoevolt e then Aln (C).
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threegomth rates A, - A, - A, adorenodengsinbek'; §') ad’] §'). Inestimating
the three state madel | dotained anecative pantestimate forthe lonestgonth rate . Sinae
tedrologal regess is inampatibe with the madel | regpeated the minimization under the
astanttat |, _ (. Theesimates tenwere | =0000; ,; =0022 and 2 = (0136,
i1 =008 ad™] §'0 = id0l ad"y §"1 = 109. The direrence betineen the bnest
and hidest gonmh rate is the same as in the twostate madel so the upper baund an the
inaesse in gronth implied in P ripasitian 3 wauld be undnangsd. B ut the thiree state made
is still nolenorthy in saveral respects.  First, uniike the o state model it does not predict
antergdcalgontt "5 § 7] is pasitive sothatmare rigpid gonth is assodated with higher
asunptian bek. The estimate Tor"] j ') is necative butis essartially indistingLisheble
fion (. Seaad itproddes same eddenae of diminishing retums, since §5 i "> J1 i "0d
Wikl i.10< 11 i.o0l | sstly the ssquance 1s,g thatadieves the smallesst mean souare
enor in the three state model acoords aguite well with anvertianal messures of the business
ok in atrasstwith the tho state model whidh requiires a airamaunt ohvolti ity to match
aasumptian gonth, espaedally in the 199 0s when anruall aasumption gonrh wes aasistantly
doeoits histoialaerageof21 % . T he thiree state madel an the otherhand, acoords alimcst
perbctly with | B ER business o/cke dates. T he simulated aonsumption patts and diengss in
asumptian forthe ™o state and the thiree state model are 1 lustrated in Figure 3.

Seaod althaugh | have Toausad an innovatian es theeagne ofgonh, the samebasicargumeant
aul be aaplqaf 10 the Bdtor acumulation madel in Sectian 2 in calibrating an investmant

£ctian A RI . Thermeso | dhoe O Toas anl R&D is both because itseams o be a

more rebwant saurce of gonth for develped aauntries sudh as the U S, as well as the Bt
that estimates of aunature in inestmeant basad an g regressias gppear 1o be ndsy ad kss
relcbke. Still whatewer sstimates there are pant to substantial aurvature in inlestment, sinee
inesttantgppears 1o respad soshuggshily todnangss in g | did exparimantwith introdudng
adjustmat asts 1o the maodel presaied in Sectian 2, and | culd genevate gonth epects an
par with R amey and R amey using sped...catias for A (@ that matdh empirical estimates in
te inesstmat erature. | s in the aee With R &D , these estimates tumed aut o rely an
implsibEe ot Ity in inestmat H onever; we Gan axe again esteblish an upper baad
simi lar o thattin P rpasitian 3. In the madel develped in Sectian 2, the ratio of A’ (@ twirs
aut o dpad an the volti ity of the investmant tb casumption ratia Sinee this sexies hes a
standard deviation ofabaut 1 5%, this model again an.ms that reesaeblke spaed.. catias Tor
the underiyingmedanism ofdiminishing retums Gan acoountior the gronth ee ects doaumented
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by R amey and R amey, vwhidh in tum imply lrce wellare asts ofbusiness o/cks.

4. Caxdsiaon

T his pgper eplass the axsts of business o/des in a madel of endoganas gonth. 4 lihoudh
previas wark hes explaed the roke of aggrecate Fuctuatians in model afendogenas gonth
and hes even noled that gronth e ects culd have implicatians forthe asts ofbusiness o/clss,
the notian that business o/caes involve substantial asts hes yet 1o be analyzed Tomally: T his
paperidanti..es dminishing retuims to innovatian as an importantdanel in alloning business
o/dkEs O grerate substantial welere e ects Tor plausibke enpirial aoditias. R educed fam
estimates fram atss auntry amparisas sugesstthatiortheU S, this damelwould gaerate
an inaesse in gronth fran 29 % 1©25%, whidh is assodated with an inaesse in weliare or
whidh an individual waud be wiling to saani.. a2 10 % ofhis initial consumption. Estimates of
diminishing retunms firan miaodataare arsistattowth these reduced Torm estimates, althauch
they require implsibly voltiE R &D and equity \alles t© ganerate dosernved voltilty in
asumption gonth. Still risstricias an the inmmovatian Tondiaon thatt acoord with volati ity
data albwvan inaesse in grovth fram 29 % 1©2:36%, wellwithin the range of estimates fram
atss auntry data and whidh axtinue to deliver asts ofbusiness o/dess thatare fr xger tten
reparted in previas wark

Since thare is alieedy an extasive kerature an the reltiaship betneen gonth and o/dss, it
wauld seam .. tting toend with a recsp ohwhattthis paperaontributes tothis Ferature. Firstand
foemcst, itemphesizes the e ectohvolti ity an gonth through diminishing retunms o invese
ment, wheress previas Wwark hes emphasized the er ect of stebi ization an aerace inestmeant
T his e EIns why previas wark hes made articting predictias an the er ects of stabi izatian
an gonmthy, retecting a general ambiguity an the e ects of uncertainty an investment T he
mackel presanted hereis Justas anbiguous ebaut the thearetial implicatias ofbusiness o/cks
an aerage gonth since the aerage beel ofinesstmattcan ather rise or Bl when fuctiuatias
are reduaed. H onever; itunambiguasly predicts stebilization will inaeese gonmth ata .. >ed
kel ofinestmant Since enpirical evdance ..nck Iittle evidence thatvolti kity a0 ects aerace
inestmantrates aatss auntries, his gopears 1 be the mare relbvantdanrel Torstudying the
a adts ofbusiness og/dess an log run gronth.

Second this pgper eamines the welare e ects of stabi iization rather then just the er ects of
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stebilization an the gonth rate perse. Canying aut these welere albubtias epliatly shons
thatbusiness o/ces can matter: T his aondleian stands in aarest o the rge bady ohwork
whidh aomputes anly small welfre gairs from the Vot ity of casumptian oer the business
ok 4 s the dsassian in the Introduction reveal, the initial doservation by L ucss that
arsunmption volti ity fran aggrecaie Fuctuatias hes negigb e welere implicatians seams
have held up 1O subssopaTtsautiny exagptperhgps when sudh shodss are both very parsistarit
and hidhiyvolti e T his is because fuduatias in agoregaie aansumptian in the postll arera
aresu¢ adatly small that they £ 1 to regsterany impactior reesaneb e aersion tofuctuatias.
B ut this does notimply that stabi ization cannot produce .. st ader weliare e ects thrauch
other dameb. In asasg this pgper dosss the arck thatl ucss argnally becat he used
his alultion © argLe thatbecause aasumptian volti ity hes negigbke welfare e ects anly
gonth matiers. B utifbusiness o/des ar ect the proasss of g run gonth in awvay thatis
axsistentwith his thaugitepenment; whidh this pgperargues, they will matterss well
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P roofofl. emmal: R eall that the \vale of a patertis gven by
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| begn by dnaracterizing the evolition of the discount Bdor + s and of epeded pro. s E ¢[Yiw s |
assuming govermmatt spending remairs aastanntbetneen tad t+ s i.e whae foral ¢ 2 [Gt+ s]
GL =Gj:

1. Aon (1.1), wehae
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T he Bstsep usss the Bt that (e s § M) > Pdssn@;s) T his implies as Iong as the same
regmei predak betneen dates tad t+ s,
.Z1

Cus =9 hq;t+sq =e(h,thi1+Ais)(Yt+S iT)
0

sothat

Los _ @ dmeil+Ao
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UOCus) _ MCua' ¥ Cos
2. Using the fect that I Co = C , | conpute the ratio of aasumptian c. The
t t t
gonth of ansumption ata gven instantis gven by
Zl

1
= 3 [C i AdDS + A; ¢ hg)d
1
= 0 [ i AdDS + A; h, )X
= A
othatass bgas ragme i predk bethean ime tad t+ s we hae

Ces =Cte(h’)é‘iS

3. Pro. Y s are dtharequal ©Y; ifa better tednology wes notinvatied and (0 ifitwes. Far
aaostat kel of ghaemment spending the praoebi ity that no new discosery is meade betneen
dates tand t+ sisgvenby ei®is. H encg

E t[%t+ s]= 1/“ieiAiS

Camnbining these three resulls, the pro.tiowvat time t+ s evalated acooding 1o the respective ad
adtical an the same riegme preva ing betnean time tand t+ s isgven by

8
_ 0 o iFno newinnowalian aives
U 0@t+s)£t%t+ :5 Wiep, Mcil +A;C i°)S) (aprcbaltity eitis evatd)
URCD d'¢ s _B 0 .

A su¢ dattaonditian forv; tobe.niteis r

bt Aj+ € 1IN, A; >0

whidhissatis.edftor® _ 1.

De.nez = & il +Aidi’ B, [fthe regme dangss at time t+ s, then we update the valle of m
acadingto

Mes=Mmet A;C §°)s



I'tidbns that the evolitiaon of z: exibits the Dlbnaing B ofmotian within a gven regme

4 _i -
;t = 1AieC i DN,

T hevalle ofonning a patent can therefare be dnavacterized by the Tolloning assetecuatian
Wi @ = Zhi+ 1@ i v+ VP@z i Avi
= ZL+ 1@ V)i ZAC iDM VDAV
sowe hae asystam ofecuatian

G+ A+ DM @it @O 24 C i DO = Zi
G+ A+ v @i tvw @O ZA € i DMV Zy

T osohe the aboe systam, we gess

M = Z

Vi T,z

I atdhing aoet dats yields te aeCdatts I, ad 1) reparted in the text ¥

P roofF of P ripasitian 1: | begn by shoningthatn > n. Farsuppaenct ie n - n. Thanthe
fctthatN, > N; implies

LaNcan>L §Ngan
sothatly, > Y . Sincen > n andA°@)> 0, itHlions thatA ) )> A () In thisese

v e+ 1+ ¢+ C i DA @D + Y

v Bt O CiDRA@ + e

Pt 2+ €+ C il DNDA @Y + M

Pt 2+ €+ C i DR A@K +

_ Yo+ Y+ [+ O+ CilDhA@ I
L@+ Y+ o+ €+ € DN AN

< 1

H onever; fiam the . istaderaditian (1.3), n > n ) v > v, whidh is a antrediction. H encg
N > n. This esteblishes part (1) of the P ipasitian. Fan the .. ist ader aaditian (1.3), this ako
implies v; > v, whidh esteblishes part (2).

Toesteblish (3), syppaettatn jn > Ny §N; >0, 0

LaNgan>L N in



ad¥y, > Yy . Butthen

Voo Gt @+ CiDh A @+ M
M G+ 1+ (+ C DN DAQ I + Ty

CG+rr+ (+ CiDhAQ Y + iy

T @+ i+ @+ € iDNAGQ Y+ Ty
_ 1@t WD G+ C+ € iDL DAQ e

T + Dt @F C+ € i DN A Dk
> 1

which antradics the fectthaty, > v . H e %y > Yy, establishing (3).

T oshawv (4), note thatnaninal inaaome is gven by

Y =3+W =%+L jn
otatY, Y, isgwvenby

Wit i@ in) = CiDE+Nn iN )i in)
= i, in)iC ilDUE; iNyd

whose sign is anbiguas sinae we can anly establish that
No iN:>n i >0
wharessY; > Y, ayiF

No Ny > ’il(n in)>n in

Itis passiblke © graake resulis whether the . st ineguality is ad is not satis.ed. T he fct that
C =Y iT esteblishes (4). ¥

P roofofl emma?2: A pphMing my praias resulls we hae thatforeech regmei 2 1i ;1g,
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T hus, amparing naminal cansumptian under-stabi izatian is gven by
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whi E average naminal ansumption in aword of stodestic shodss is gven by

(=] (=] 5 -1
LT 05 @G PG )F == Gi+ G
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P roofFofl. emma3: Simpke dis eratiatian yields
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ch A P

By axaity we knovthat
A@> A @O+ A°%DN

SineeA D=0 by essumptian itllons that the derivative is pasitive. ¥

P roof of P ropasition 3 T he maximization prdblem Gan be eressad as

’ H ¢t N ¢t N

1.
max min A@Dh, + X—laT:A Odh, ja-
0

A tthe maxdimum, the tho epressias mustbe equal sinee ifthey are notequal itwauld alhays be
passibE oinaeese this expressian atherby inaessinga ordeaessinga, depending an whidh eressian
is ger: Saving Toraat the pantofeguality and substituting badk in yields the desired resullt ¢
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