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1. INTRODUCTION

In this paperwe studythe interactionsdeterminingthe optimal level of
intellectualproperty(IP) protection.We areespeciallyinterestedn how op-
timal protectionshouldchangeasthe sizeof theeconomygrows. Thereis a
largeliteraturethatexploresthe qualitatve aspect®f optimalP policy, and
asigni cant empiricalliteraturethatattemptso measuresuchthingsasthe
valueof patents.Thereis, however, little connectiorbetweerthetwo. Our
goalis to usearelatively standardnodelof IP, basedon thatof Grossman
andLai [2004], andexaminethe policy implicationsof existing quantita-
tive ndings. To do this we proceedn threesteps; rst we usethe model
to derive the optimal IP policy asa functionof measurabl@arameterand
the sizeof the market, secondve useavailableestimatedo calibratethose
parametersind quantify changesn market size, nally we put everything
togetherto obtaintheimplicationsfor optimalpolicy.

Innovationsareintroducedwhenthey becomepro table. Pro tability of
aninnovationdependsiponthreefactors:theinitial costof discovery, the
elasticity of demand,and the size of the market; all theseelementsvary
widely and unsystematicallyacrossinnovations. We focus primarily on
marlket sizeasit is easierto measurdhanthe othertwo andit hasgrown
steadilyandsubstantiallysincecurrentpatentandcopyright legislationwas

rst adopted.

Theorysuggestshatoptimalpolicy involvesatrade-of betweerincreas-
ing the monopolisticdistortionon infra-maginal ideas,andincreasingthe
numberof usableideasby encouragingnnovating at the mamgin. As the
scaleof the market increasesdependingon elasticity of the total demand
for innovative goodsit may be desirableto give up someof the additional
maiginal ideasin exchangefor reductionof monopolyacrosshe broadva-
riety of infra-maginal ideasthatwill be producedaryway. In this casethe
optimal policy shouldreducethe length of protectionasthe scaleof the
market increases.Our analysisshaws that this is the empirically relevant
case.

We utilize astandardnodelin which IP protectionis sociallybene cial}
Ideasare createdsubjectto a x ed costand are not appropriableperse.
Therearemary possibleideasyielding differentprivate returns— de ned
astheratio of expectedmonopolyrevenueto costof creationin a market of
unit size. We focuson the casein which the privatereturnis proportional
to the socialreturnto anidea. This modelis relatedto a seriesof papers
by Grossmarand Helpman[1991, 1994, 1995] studyinginnovation in a
Dixit-Stiglitz framework. It is mostcloselyrelated,however, to Grossman

We have examinedthe shortcomingof the “standardmodel” in Boldrin and Levine
[1999,2002,2004,2005]wherewe arguethat|P is not generallysociallybene cial.
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andLai [2004]. Both they andwe show thatasthe total monopolyrevenue
function hasincreasing(decreasingglasticity thenoptimal protectionlo-
cally decreaseéincreases)From atheoreticalperspectie, their approach
differsfrom oursin two respectsFirst, wherewe usea staticanalysisthey
embedhe staticmodelin adynamicsettingby treatingcostsandpro ts as
time- ows, andexaminingbalancedyrowth paths.Sincethey have already
provided this interpretationwe simply note that this procedures equally
valid for our model. Secondtheir modelusesa productionfunction ap-
proachto the creationof new ideas. Thatis, ideasare of homogeneous
guality, andare producedusinga constanteturnstechnologywith human
capitalandlaborasinputs.We useadisaggrgatednodelin whichideasare
heterogeneousothin their quality andin their costof creation.The latter
allows usto show thatthe elasticityof thetotalmonopolyrevenuefunction
dependon thedistribution of privatereturnsfrom ideas.lt is a usefultool
for quantitatve analysis,asit canbe estimatedrom availabledata. This,
togethemwith thecharacterizationf theoptimalpolicy mentionedabove, is
thebottomline of thetheoreticakection.

In the empiricalpart, then,our goalis to measurevhetherthe elasticity
of total monopolyrevenueis increasing- implying that protectionshould
declinewith growth in market scale— or decreasing- implying thereverse.
We usetwo methodsof measurementirst, we attemptto measuralirectly
how total monopolyrevenuevarieswith the privatereturn. We usedatawe
collectedonthedistributionof bookrevenuesandwe alsoexamineexisting
estimate®f the valueof patents.Secondthe elasticity of total monopoly
revenuehasimplicationsfor the demandfor (skilled) labor: whenelastic-
ity is constanbor decreasingthe demandor laborincreasedy morethan
the increasen market scale. We examinethreesourcesof dataon labor
demand:a time serieson copyright; a time serieson patentsandR&D ex-
pendituresanda cross-sectiomn R&D expenditureacrosscountries. As
we discussgachof the differentsourcef datahasdifferentcaveatsasso-
ciatedwith it — but eachsupportghenotionthatelasticityis decreasingnd
thatprotectionshouldoptimally decreasevith the scaleof themarket.

We concludewith apolicy sectionjn whichwe examinetheimplications
of our estimatedor the level andrate of changeof optimal IP protection.
Our basicconclusionis thatthe lengthof patentandcopyright aremoving
in thewrongdirection,andbearlittle relationto the socialoptimum.

2. THE MODEL

Ideasarecostlyto produce andyield revenuego their creators.Key to
whethera particularideawill be producedis its return— the ratio of rev-
enueto costof production.Revenuedependon demand- in our analysis
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demandhangesvith thesizeof theeconomy:the biggertheeconomythe
moredemandor ary particularidea. Demandalsodepend®ninstitutional
arrangementsf thecreatothasamonopolyover hisideahemayearnmore
revenuethanotherwise.

Our notion of equilibriumis that of a patentequilibriumin which there
isa x edcommonlengthof patentprotectionfor all ideas.This meanghat,
in termsof presentvalueof the o w of consumptionafraction0 f 1
occursundermonopoly anda fraction(1 f) occursundercompetition;
hencef is the level or the extentof protection. While the patentlasts,the
innovatoris a monopolist. Oncea patentexpires, anyone who wishesto
do so may freely make copies,and price falls to maginal costwith the
innovator earningno further revenue? An ideais producedif, giventhe
patentlengthf, the prospectre monopolist nds it pro table to pay the
costof invention.

Thecostof innovationdepend®nthepriceof inputsusedto producethe
idea—in practicetherelevantinputis specializedabor, the costof whichis
determinedy thewageratew. Supposéehe sizeof theeconomyis x edat
one,thatthewageratew = 1 andthatthe creatorhasa completemonopoly
overhiscreationsothatf = 1. Undertheseconditionswe denoteby r the
private return on the creation— the ratio of presentvalue revenueto cost.
If in factthe size of the economyis | , the wagerateis w andthe creator
canappropriateonly afractionf of the monopolyrevenue thenthereturn
onthecreationis Ifr =w. Naturally, thecreatorwill chooseo createf and
onlyif Ifr =w 1 ,thatisr w=f .

Ideasnaturallyvary in their privatereturnr . Somevery goodideasare
valuablebut costlittle to produceandso have high valuesof r ; otherswill
costa greatdealandnotyield muchrevenue sor will below. As we have
obsenred, the ideasthat will be producedare thosefor which the private
returnr is at leastw=If . What mattersfrom an economywide perspec-
tive, then,is the distribution of privatereturns.lIt is corvenientto think of
this in termsof the amountof labor neededo createideas. In particular
we denoteby h(r) thetotal amountof laborinput requiredto produceall
ideasthat have privatereturnr in aneconomyof unit size(l = 1). The
functionh(r) is similar to a probability densityfunction, exceptthat, since
it is measuredn unitsof labor, it neednotintegrateto one. For example, it
is usefulto computethe total amountof laborneededo produceall ideas
in aneconomyof unit sizewith privatereturnsat leastequalto r. Thisis

2\We assumehereare no competitive rentsafter the patentexpires; as pointedout in
Boldrin andLevine [1999], inventorsgenerallydo earnpositve competitve rents.
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simply Zy
H(r)=  h(r9dr®
r

which is similar to a cumulatve distribution function, exceptin reverse.
Notice however, thatit maybethatasr ! 0it maybethatH(r)! ¥;that
is, we do notassumet is necessarilyeasibleto produceall possibleideas.

The function H(r) is a measureof the total labor input requiredin an
economyof unit sizeto produceall ideaswith returnatleastr . Outputcan
be measuredby thetotal monopo grevenue

M(r)=  r%h(r9dr®

In otherwords,M (r) is the sumof monopolyrevenueover all ideaswith
privatevalueof r, or greaterin aneconomyof unit size. We assumehat
M is differentiableandde ne theelasticityof total monopolyrevenue with
respecto variationsin the mamginal idea,asj (r) rM{qr)=M(r) > 0.
We alsomale theregularity assumptiorthat; (r) is differentiable.

We needalsoto considerwhat happendo the numberof ideasthatare
producedasthe economyis scaledup. Thatis, in the unit economy pro-
ducing all ideaswith privatereturnr requiresh(r) units of labor If an
economyof sizel hasl timesasmary ideaswith privatereturnr asan
economyof unit size,thenthiseconomywouldrequirel h(r) unitsof labor
asinput. More generally we assumehat an economyof sizel hasg(l )
timesasmary ideaswith privatereturnr asaneconomyof unit size. To
capturethe principle thatin a larger populationmoreideasof a given pri-
vatereturnare availableg(l ) is assumedon-decreasingyithout loss of
generalitywetake g(1) = 1.

Our primaryinterestis in socialwelfare. To analyzewelfare,we needto
relatethe socialto the privatereturnr on anidea. Our basichypothesigs
thatthetwo areproportional. Thatis, undermonopoly we assumehatthe
socialreturnis "r , while oncethe monopolyexpires,the socialreturnis
n°r, wheren® > AY > 1: The percapitasocialwelfarecorrespondingo a
particularlevel of protectionf , whenall ideaswith privatereturnof r and
greaterareproduceds:Z

w=g(l) [f % @ £)Inr® 1)h(rYdr®

3. OPTIMAL |P PROTECTION
We rst askhow sociallyoptimalprotectionf depend®n marletsizel .

Proposition 3.1. Supposehat the opportunitycostof skilled labor is con-
stantat w= 1. Whenf(l ) < 1, in a neighborhoodof r = 14 If(I) the
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following holds. (1) i {r) >0 impliesf (I ) is uniqueand strictly deceas-
ing; (1) i qr) = Oimpliesf (I') is uniqueandconstantand(lll) | qry<o
andf (I) uniqu@ impliesf (1) is strictly increasing

Thedetailsof the proofarein Appendix1.

Next we examinethe implicationsof increasinghe scaleof the market
on thedemandor skilled labor. Continuingto hold the wagerate x edat
w = 1, labordemands givenby

LP(1) = g(1)H(2=f );
from which, letting E denotethe elasticityoperatoywe have

E[L°(1)] = Elg(1)] E[H(r)]:
Dependingon which assumption®one makes aboutg(l ), the rst factor
rangesrom zeroto ary large positive number For example,in the Gross-
manand Lai [2004] setting,g(l ) canbeidenti ed with aggrggatehuman
capital. To theextentthisis constantE[g(l )] = 0. In modelsof growth and
innovationdueto externalitiesor increasingeturns,suchasGrossmarand
Helpman[1991,1994,1995]or Romer[1990],9(l ) is assumedo increase
fasterthanl , henceE[g(l )] > 1. A benchmarkcaseis thatin which each
individual draws her own ideasfrom the sameurn, eitherwith or without
replacement.If samplingis without replacementand eachpersondrawvs
the samenumberof ideas,theng(l ) = | andE[g(l )] = 1; if samplingis
with replacementhenE[g(l )] 1.

As for the secondfactor notice rst thatthe demandor laboris linked

to thetotal revenuefunction béthefollowing relation

H(r) = ’ [DM(r 9=r 9dr @

Now, assumehatM(r) = r Z, whichis theconstanelasticitycase.Then

(z+(r) '

Hr) = z+ 2

and

E[L°(1)] = E[g(1)] + z+ 1.
NoticethatwhenE[g(l )] > 1 z, theelasticityof labordemands predicted
to be larger thantwo, hencethe elasticity of per capitalabor demandis
greatethanone.More generallysinceE[g(I)] 0,wehaeE[LP(1 )= 1>
0. In otherwords,asthe sizeof the economygrows, the share of workers
in theideasectorgrows aswell. Thenext proposition,provenin Appendix

3In this casewe cannotguaranteethat the secondorder conditionis satis ed, so we
mustrule outthe possibilitythatf (I ) hasmultiple values.
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1, shaws how to extendfrom the caseof constantelasticityto decreasing
elasticityof thetotal monopolyrevenue.

Proposition3.2. Considertwo aggregatemonopolyevenugunctionsM1; M,
thathavethesamevalueM1(r ) = M2(r) andderivativeDM1(r) = DMx(r)
(hencej 1(r) = jo(r)) atr.1f Dj 1(r9 < Dj o(r9 forr® r,then
(1) Labordemandassociatedo M, is smallerthanthe oneassociated
to M?Z' thatis,
¥ Zy
[DM1(r 9=r 9dr °< [DMy(r §=r 4dr @
r

(2) Theelasticityof labor demandromM; is greaterthantheelasticity
of labor demandromM,, thatis E[H1(r )] > E[Hx(r)].

(3) Asthe elasticityof total revenuegoesfromincreasing to constant,
to decreasing the elasticity of the associatedabor demandfunc-
tionsincreasesnonotonically

In plain words: a revenuefunctionwith decreasingelasticityimpliesan
elasticity of labor supplyeven larger thanthat of a constantelasticityrev-
enuefunction,which we have shavn to be atleastonein practice.Playing
this backward: shouldthe empirical elasticity of per capitalabor supply
with respectto market size be smallerthan one, thenthe associatedotal
revenuefunction mustdisplayincreasingelasticity Percapitalaborin the
idea sectorgrowing fasterthanthe scaleof market is consistentwith in-
creasingelasticityof totalmonopolyrevenue pecausé&[g(l )] canbelarge,
which is independenbf the elasticity of monopolyrevenue. However, if
per capitalabor gronvs more slowly thanthe size of the market, we must
rule out bothconstantanddecreasinglasticity

4. EMPIRICAL ANALYSIS OF TOTAL MONOPOLY REVENUE

Up until now we have beenthinking of ideasasemptyboxesto be lled in
by individuals. Fromanempiricalperspectie, it is moreusefulto think of
eachindividualbeingassociate@ith hisownideasandhis own opportunity
costsof engagingn innovative actiity. We thenidentify individualswith
their privatereturnsr andthink of themasequvwalentto the expectedvalue
of their ideas,with the latter beingdravn from an underlyingdistribution
H(r) satisfyingthe restrictionsdiscussecetarlier We areinterestedn the
shapeof p(r) asthis would allow usto computethe elasticityof M(r) at
the“cutoff idea-indvidual”

An issuearisesatthispoint. In theavailabledatawe obsererevenuesot
returnsy . Further it is hardto obsere directly eitherthe opportunitycost,
w, of eachinventoror thelaborcostof hisideas.Hencewe needto assume
that, for all theideasin the dataset,the costof producingthatideais the



GROWTH AND INTELLECTUAL PROPERTY 7

same.Thisensureshatreturnsareproportionako revenueslIf ourdatasets
containeddeasproducedn very differentsectors this assumptiorwould
beabsurd.To avoid thiswe will try to restrictattentionto setsof goodsthat
arerelatively homogeneousothatit is reasonabléo assumehatthe cost
of creationis roughlyconstanwithin eachset.

A secondssuealsoariseswhengoingto the data. The theoryassumes
we obsene returnsex ante whenthe decisionto pursuethe ideais made.
But at the time the decisionto pursuethe ideais made,the revenuewill
generallybeuncertainandwe only obsereits ex postrealization.Suppose
thattherearetwo outcomesafavorableoutcomeyielding areturnof Rwith
probability p andan unfavorableoneyielding noreturn. Thenr = pR As
long as p doesnot dependon R, usingR in placeof r will overestimate
revenuesbut will correctlycomputeelasticities.

Revenuefrom Authorship of Fiction Books. We now examinea partic-

ular categgory of creatve individuals: authorsof ction books. Ideally one
wouldlik eto obsenrerevenuedor variousbooksfor eachauthorto account
for the possibleex ante uncertaintyaboutex postsales. Suchdataare not

available,hencewe proceedwith whatis. Althoughwe do not have data
on lifetime incomeof individual authors,we do have dataon the revenue
generatedy individual book sales. We ignorethe factthatit is costly to

producebooksoncethey arewritten, whichis irrelevantto our endsinsofar

asthe costof producingeachcopy of a bookis independentf the number
of copiesproducedandsold. In summaryourassumptionare

Theopportunitycostof writing booksis constant.
Expectedevenuesromthesaleof a“successful’bookareperfectly
anticipatedandthe probability of failure doesnotdependuponthe
privatereturn.

Themaminal costof producingbooksis smallrelative to salesprice.

Thenincome per unit of time taken to producea bookis r = Ifr and,
givencurrentcopyright laws, onecansafelysetf = 1 in whatfollows. We

cancomputethe aggreateincomeof all authorswho earnat leasta given
amount,M"(r), andof courseM(r) = (1=l )M'(r =l ) hasthe sameelas-
ticity. We gathereddataon revenuedor ction bookspublishedin March
andSeptembeof 2003and2004,respectiely; our samplegangebetween
1,200and1,300booksfor eachof thesefour months.Thedetailsof thedata
collectionprocedurecanbe foundin Appendix2. Figure4.2 shavs M(r)

computedon the basisof the Septembe2003data.Figure4.3shavs a plot

on logarithmicaxes, including a close-upto illustrate moreclearly the in-

creasingnatureof theelasticityon bothordinaryandlogarithmicaxes.The
datafor theothermonths notreportedout available,yield extremelysimilar
results.
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FIGURE 4.1. _

FIGURE 4.2. LogarithmicBook Revenue(Fiction)— Sept.2003

Threecommentsarein order First, for lesssuccessfubooksthe M(r)
functionis nearlylinear, and overall the function exhibits increasingelas-
ticity — a factthatcanbe seenmoreclearly in the logarithmicplots. The
secondstriking featureis the discontinuitybetweenroughly $150,000and
$300,000in revenue? Thisis broadlyconsistentvith otherdataon books
revenues:Leibowitz and Margolis [2003] reportthat lessthan 200 out of
25,000titles accountfor roughly two-thirds of all book revenues.This is
considerablynoreconcentratethanwe nd in our data— but certainlyre-
ects a strongdiscontinuity Thesebooksappearto be predominatelyby

4Thesalesdataarefrom asingledistributor, Ingram,constitutingaboutone-sixthof the
bookmarket, sototal revenuesvould be aboutsix timesthis number
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FIGURE 4.3. _

“big name”authors,who arelargely irrelevantfor optimal copyright pol-

icy: therelevantpartof the M(r) functionis the partnearthe cutoff — that
is, for maginal, not infra-maginal, books. The third factis how small

the x edcostwh(r ) may befor writing andpublishing ction; in Septem-
ber 2003, 1,181 books, out of a total of 1,223, earned$50,0000r less—

correspondingo total revenueof approximately$300,000. Thesebooks
accountedor 50%of totalrevenue thatis, $6M outof $12M. Thenumbers
for the othermonthsare similar. In the samedata,984 booksearnedess
than$10,000;henceour estimateof the maginal authors opportunitycost
shouldbe placedat $60,0000r less.

Patent Values. A similar analysisof thevalueof patentds possible-with

theresenationthatit is lesslikely for patentghatex postvaluecanbe an-
ticipatedex ante If we disaggrgateby industry it is atleastplausiblethat
the x edcostof theinnovationis not systematicallyelatedto therealized
revenuesWe usethevalueof patentsestimatedy Lanjouw[1993]for four
Germanindustrieson the basisof patentrenaval ratesanddataon the cost
of renaval. We graphthe correspondindM(r )curvesin Figure4.4. Were
elasticityconstantthe distribution would be Pareto. As canbe seen,n no
casearethetails similar to thatof a Paretodistribution — the curvesfall far
too closeto zero. Numericalestimatesanbe found in Figure4.5. This
reportsfor eachindustryandfor increasingraluesof r , theelasticitieseval-
uatedat the midpoint of eachsegmentof the linear spline. The numberin

squarebracletsis thecorrespondingalueof r Mio(r ).
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FIGURE 4.4. Elasticities _
Computerg Pharmaceuticals Textiles | Engines

22[17] 14[12] 19[.15] | .32[.23]
74[.40] 53[.33] 66[.38] | .95[.45]
93[.30] 75[.30] 88[.31] | 1.12[.32]

3.76[.60] | 2.35[.48] | 2.42[.44]|3.04[.42]
2.73[12] | 2.81[.16] |3.02[.14]|3.37[.12]

With the exceptionof the highestcateyory of r for computersglastic-
ities areincreasingeverywhere. The valuesof rMiO(r) arealsorelevant
becaus¢hesamef appliesacrossectorsHencetheaggreatedistribution
isM(r) = a;M(r), wherei indexesindustries.Unfortunately thefactthat
eachM;(r) functionhasincreasingelasticitydoesnotimply thatthisis true
for M(r). However, if Mio(r) isincreasingthenthecorrespondinglasticity
is increasingaswell, andincreasing rMiO(r) is a conditionthatdoesag-
gregate.While notalwaysincreasing, r Mio(r) isincreasingn therelevant
range,thatis, atlower valuesof r, for all i. This impliesthe elasticity of
M(r) is alsoincreasingatleastfor valuesof r nearthethresholdwhichis
whatmatters.

Our ndings for patentsappearto accordwell with the existing empir
ical literature. To namebut a few recentstudies,Harhof, Schererand
Vopel (1997) use a dataset of full-term patentsappliedfor in 1977 and
heldby WestGermanandU.S. residents.They comparehe ability of var-
ious empirical distributions, including the Pareto,to t the dataand nd
that a two-parametefognormaldistribution providesthe best t; this im-
pliesincreasingelasticity Silverbeg andVerspageli2004)usea varietyof
differentdatasourcesrom both Europeandthe U.S.A. andtwo different
measure®f r (citationsand monetaryvalues). They nd that, while the
overall distributions are well approximatedby exponentialones,it is the
uppertail thatis bettercapturedby a Paretodistribution. Again, the expo-
nentialimpliesincreasingelasticity As our concernhereis with the shape
of the(r ) nearthelower cutoff value,thisis supportve of our claim. The
econometriditeratureon the valueof patents stemmingfrom the paperof
Pakes[1986] (seeHall, Jafe,andTratjenbeg [2004]for arecentupdateand
new results),seemgo almostunanimouslynd thatthe appropriatedistri-
butionis alog-normalor anexponential for both of which the elasticityof
thetotal revenuefunctionis increasing.

5. EMPIRICAL ANALYSIS OF LABOR DEMAND

As we have seen,thereis a close connectionbetweenthe elasticity of
total monopolyrevenueandlabor demandedy the ideassector Herewe
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FIGURE 5.1. _

exploit thisrelationshipo getasecondsourceof informationaboutwhether
theelasticityof total monopolyrevenueis increasingor decreasing.

Copyright Time Series. First we apply our analysisof labordemando a
time seriesof U.S. copyright. Herewe mustassumehat the distribution
M(r) is timeinvariant,andthatf is eitherconstanor increasingovertime
—asin factit is. We measurehe scaleof the market by the size of the
literatepopulation® andthe amountof laborin the sectorby the numberof
copyright registrations. The relevant annualgrowth ratesfor the U.S. are
reported by decadejn Figure5.1. If elasticityof total monopolyrevenue
is constantor decreasingywe expectto seeper capitacopyright growing
morerapidly thanpopulation.Thisis in factthe caseprior to 1900andfor
1970-80,but thoseare both anomalougeriods. For the pre-1900period
onemustnoticethatcopyright registrationonly beganin 1870,sothehuge
initial increasen registrationdgs unlikelyto re ect acorrespondingncrease
in theactualoutputof literary works. In particular it is importantto realize
thatin 1891it becamepossiblefor foreign authorsto get U.S. copyrights
for the rst time® Similarly, in 1972it becamepossibleto copyright musi-
cal recordingsotherthanphonorecords- previously suchrecordingswere
protectedunderother partsof the law. In 2000 6.8% of new copyrights
were for soundrecordings,so it is not surprisingthat copyright registra-
tions jumpedup 1972. In 1976, the term of copyright, which since1909
hadbeen28 years,plus a renaval term of 28 years,wasincreasedo the
life of theauthorplus50years.In 1988the United Statesliminatedthere-
guiremenbf registeringa copyright, soafterthattime, thereis no reasorto

ST heliteracy adjustmenmakeslittle differencejn 1870whenthecopyrightregistration
databegin, theliteracy rateis already80%, climbingto 92.3%by 1910.

6A brief history of U.S. copyright canbefoundat U.S. Copyright Of ce [2001a]. The
1972changds describedn U.S.Copyright Of ce [2001b].



GROWTH AND INTELLECTUAL PROPERTY 12

think of copyright registrationsasa particularlygoodmeasuref theoutput
of literary works.

What all this meansis that we shouldfocuson the period betweenthe
major copyright actsof 1909and1972. Herewe nd that overall the lit-
eratepopulationgrew by 92%,while the numberof copyright registrations
grew by only 12%. Moreover, the literate populationgrew fasterthanthe
per capitacopyright registrationsin every decadealthoughin 1920-1930
and 1960-1970the two growth ratesare very similar. This is especially
dramaticbecauseswe notedabove, therewasconsiderableechnological
changeduringthe period,with entirelynew areassuchasmovies,recorded
music, radio, andtelevision openingup: by 20000only 48% of new copy-
right registrationswerefor literary works, while in 1909literary worksac-
countedfor the bulk of copyright registrations.Further while the number
of copyright registrationsin the U.S.A. overestimateghe shareof the U.S.
percapitalabordedicatedo literary work, the sizeof theliteratepopulation
grosslyundeestimateshesizeof therelevantmarket. The rst is becausa
largenumberof foreignwritersregistertheirwork in theU.S.A.,thesecond
becausehe growth of per capitaincomeand, especially the expansionof
“Americanculture” aroundtheworld greatlyincreasedhepotentialmarket
size.

Patent Time Series. We next turnto thedemandor laborusedto produce
patentablédeas. Oneissuethat arisesis whetherwe shouldmeasurehe
scaleof market| by populationor by GDP Increasesn per capitaGDP
increasehe scaleof the market, but they increasethe opportunitycostof
laborin the non-ideasector(working with existing ideas)by the samepro-
portion,sohave noimpactontheeffective scaleof themarket. Ontheother
hand,increasegroductvity in thenon-ideasectormayalsobere ectedin
increasegbroductvity in theideasector:doublethe percapitaincomemay
meantwice asmary ideas.We will focuson populationasa moreconser
vative measuref | in time seriesdata,wherepercapitaGDPis increasing.
In thecrosssectionwe will examinebothpopulationandGDP asmeasures
of scaleof marlet.

Figure5.2is thepatentanalogof Figure5.1andis quitesimilar. Whether
we measuregpatentableactivity by patentsawardedor by patentapplica-
tions, from 1890to 1980the growth rateof per capitapatentsexceedshe
growth rateof populationin only two decades]1900-1910and1960-1970,
andin bothcasedy only atrivial amount.In otherdecadeshegrowth rate
of patentsper capitais muchlower thanpopulationgronth, in somecases
even nggative. Overall, from 1890to 1980 populationgrew at a rate of
1.4%peryearandper capitapatentsat 0.1%peryear Before1890patents
per capitagren considerablyfasterthan population,with a large drop in
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FIGURE 5.2. _

patentsfrom 1860to 1870mostlik ely becausehereformof the patentiaw
andpatentof ce in 1861madeit considerablynoredif cult to getapatent.
In the oppositedirection,in the period after 1980it becamemuch easier
to get and enforcea patent— the landmarkeventin this period beingthe
creationjn 1982,0f aspeciafederalcourtto try patentcasesin summary
thetime seriesof patentdeadusto the sameconclusionsve reachedwith
copyright: thatpatentshave grown lessthanmarketsize therebysuggesting
thatthe elasticityof monopolyrevenueis increasingalsoin this case.

An alternatve to measuringeitherpatentapplicationsor awardsis to use
R&D expenditureasa proxy for the amountof laborusedin creatingnew
ideas.R&D expenditurewhile in principle a bettermeasureof input than
patents,hasa numberof its own problems. First, the conceptof R&D
expenditureis fairly fuzzy andavailableonly for relatively recentyears—
the major sourceof databeingan NSF surwey conductedsince1953. The
de nition usedby the NSF is “creative work undertalen on a systematic
basisin orderto increasehe stockof knowledge,including knowledgeof
man, cultureandsociety andthe useof this stockof knowledgeto devise
new applications. Firmsandgovernmeniagenciesaresurneyedandasked
to reporthow muchthey spendon this activity.

The pictureof R&D expenditureasmeasuredy the NSFis ambiguous
andyet differentfrom that of the numberof patents- ambiguousecause
the choiceof which measue of R&D expenditureone shouldconsideris
not obvious. Onepossibility is to focus on the private sectoronly. How-
ever, we would expectthatresearchnanced by the federalgovernment-
muchof which is carriedout at privateinstitutions— both producesuseful
ideasandincreaseshe demandor skilled labor. On the otherhand,there
arereasonso believethatthefederalexpendituren R&D reactanuchless,
or maybenot at all, to market incentvesandto the expectedpro tability
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of innovationsin particular’ Universities,eitherpublic or private,are ob-
viously producingideasand employing skilled workers, but the extent to

whichthey respondo marketincentvesmayhave variedsubstantiallydur-

ing thelast fty years.In thelight of this, we will reportstatisticsfor four

aggreates:total, privatesectomplusuniversities andthesesametwo series
adjustedfor the wagerate of college and post-collge workers. The latter
arerelevantbecauséhe wageskill premiumincreasediramaticallyduring
the lastthirty years,andworkersinvolvedin R&D actwities hold college,
andmostoftenpost-collge,degrees.

The ratio of total R&D expenditureto GDP hasgrown from 1:36% in
1953to 2:78%in 2002,therebydoublingin fty years. During the same
time, populationhasgrown about80% and real GDP hasalmostquintu-
pled. It may be worth noticingthatthe maximumvaluefor the total R&D
expenditureo GDPratio, 2:88%,wasreachedn 1964.For the privateplus
universitiesaggreate,the sameratio hasmorethantripled between1953
and2002,goingfrom 0:63%to 2:0%. Next, assumehatthe costof labor
employedin the ideasectorgrows, roughly, at one-halfthe college wage
andone-halfthe post-collge wage? Thenthe costof the averageworker
in the ideasectorbetween1963 and 2002, the period for which dataare
available,hasgrown by about95%, while over the sameperiod,the mean
wagehasgrown by about65%° Between1963and 2002, the ratio of to-
tal R&D expenditureto GDP basicallydoesnot move, while the industry
plus universitiesratio goesfrom 0:9% to 2:0%. Thatis, the industry plus
universityratio grows by 110%, populationgrows by 52%, andtotal GDP
by 70%. Becauseour index of the relative wagesin the idea sectorhas
grown roughly 20% over the sameperiod, it turnsout that, if oneusesto-
tal expenditurein R&D, thenthe shareof workersin the ideasectorhas
actuallydeclined,implying a stronglyincreasingelasticityof M(r); if, in-
steadpneusesthe privateplus universitiesmeasureit hasgrovn by about
90%. The latteris somavhathigherthaneitherthe populationor the GDP
growth rates;hence on the basisof the lastindex, onecannotrule out the

This point is madeby Jones[2004] while analyzingthe R&D dataandthe “patent
puzzle® However, we would expectsomescaleof market effect on federalR&D expen-
diture aswell — asthe scaleof the market increaseso doesthe tax basethat paysfor the
expenditures.

8Thisis arbitrarybut notunreasonable.

9High schoolgraduatewagesgren 20%, college graduatewagesgrew by 65%, and
post-collge graduatevagesgrew at 123%; seeEcksteinand Nagypal[2004], Figuresl
and3.
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hypothesighatthe elasticityof the total revenuefunctionis eitherconstant
or decreasing®

R&D CrossSection. Finally, we look at a crosssectionof countries Here
we run a simplecross-countryegressionwith R&D asa fraction of GDP
asthe dependenvtariableandmarlket sizeandthe strengthof IP protection
asexplanatoryvariables'! We initially assumethat the domesticmarket
is whatis signi cant. If = representger capitalabor effort in the ideas
sectorandwe assumeconstantelasticity of labor demanadwith respectto
market size,we canwrite log™ = Jlog(fl ). To accountfor the effect of
bothpopulationandpercapitaGDP on market size,write | = y2N, where
N is populationandy is percapitaGDP Ordinaryleastsquaresegressior?
givesJ = 0:20(0:03) andaJ = :56(0:038), meaningthata = 2:8, are-
markablylarge numberthat, if appliedto the previoustime seriesanalysis
wouldimply astronglyincreasingelasticity'® Theestimatedtlasticitywith
respecto| is nowherecloseto unity.

So far, we have assumedhat the relevant market for R&D is the do-
mesticmarket. More generally we would measurd = | gomesic + | world,
wherel yworg is thefractionof world GDP availableasa market for domes-
tic R&D. Sinceregressingog R&D onl givesessentiallythe sameresult
asregressingdn| gomesic=l avermge, andregressingpnlog(l gomesic + | world)
givesessentiallythe sameresultasregressingon | gomesic=l world, the re-
gressioncoefcient shouldbe multiplied by | worid=l avermge- Thus,if the
ratio of revenueearnedon R&D in foreign marketsto domesticmarkets
wereon the orderof 5, it would be possiblefor the elasticityof per capita
R&D with respectto size of market to be nearunitary However, a ratio
of 5 is implausiblylarge for mostcountrieswith the exception,possibly of
Switzerlandand Luxemboug. Exportsare almosteverywherea fraction,
not a multiple of GDP. Consequentlya ratio of 5 would be possibleonly
if R&D weremuchmoreintensve in export industriesthanthe average—
by a factorlarger than5. Using Lo's [2003] detaileddatafrom Taiwan,
in 1991 exportintensve industriesspentaboutl.8 timesasmuchon R&D

10an endlesdist of additionalcaveatsshouldbe added. The tax and accountingreat-
mentsof R&D have changedsubstantiallyoverthe period,favoring therelabelingof mary
sourcesof costas R&D expenditure. The Cold War, andthe changingfederalpolicies
towardbasicresearctalsoaddadditionaluncertaintyto theinterpretatiorof the data.

1170 measurdhe latter we usean index developedby Walter Park, to whom we are
gratefulfor providing us with his data. Details of the constructioncanbe found in Park
andLippholdt[2003].

12standarderrorsin parenthese®” = 0:65.

13The underlyingdatainclude34 countriesfor theperiod1980-1997andcanbefound
athttp://www.dklevine.com/data.htm.
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as domestic-orientedndustries. Using microdataon reneaval ratesto es-
timate the value of patentsLanjouw Pakes. and Putnam[1998] nd the
highestvalue of the “implicit subsidyfrom patentingabroad”at 35% for
the U.K. and Germaly, with mostcountriesreceving 15-20%of income
from a patentfrom rights held abroad. So the evidenceeasily contradicts
theideathat! yond= avemge iS Ontheorderof 5.

6. IMPLICATIONS FOR IP

Whatconsequenceatoesouranalysishave for theoptimallP policy? The
rst setof calculationsindicatesthat IP protectionfor patentsis probably
too high, but this conclusionis somavhat tentatve. In the caseof copy-
right, it seemsconclusve thatcopyright termsarefartoolong. Thesecond
setof calculationsstronglyindicateshatthe scaleof market effectis quan-
titatively signi cant andthat thereshouldbe substantiateductionsin the
lengthof IP termin responseo sizeof marketincreases.

To turnthisinto operationappolicy prescriptionsthe rst stepis to trans-
late f — our measureof effective IP protection— into the relevant policy
parameter the lengthof patentandcopyright term. This dependsn the
interestrateandon depreciation.

Length of Term, Depreciation, and Effective Protection. Supposedhat
therealinterestrateis r, thatall ideasdepreciateat a commonrated and
thatthelengthof termis T. Then—with perfectenforcementtheeffective
protectionisf = 1 e (9T Reasonablestimatef therealinterestrate
lie between2% and4%. Sincethe Sory Bono Copyright Term Extension
Act of 1998, copyright protectionin the U.S. s life of the authorplus 70
years,or 90 yearsfor works without an author If we take the remaining
life of an authorto be roughly 35 years,this would mean105 yearsof
protection'* Currentpateniengthin theU.S.for utility patentginventions)
is 20years.

Depreciatiorratesaremoredif cult. In our datafor bookspublishedin
SeptembeR003,revenuesaccruedduringthefour monthsof 2003were2.4
timesthoseduringthe 10 monthsof 2004;meaninghatpermonthsaledell
by afactorof 6 overaboutone-thirdof ayear or anannualdepreciatiomate
of nearly95%2° Capitalgoodsdepreciatioratesaregenerallythoughtto
be closeto 8% peryear including housingandbuilding, which depreciate
moreslowly. Little dataareavailableaboutthedepreciatiomateof ideasso,

14akerloff et al. [2002] usean estimateof 30 additionalyearsof life anda 7% real
interestrate.

I5Thisis consistentvith datafor the othermonthsandwith the generalrule of thumb
in thepublishingindustrythatthemostsigni cant booksalesoccurwithin threemonthsof
publication.
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FIGURE 6.1. Effective Copyright Protection
r+d|T=20|T= 105
0.02| 0.330| 0.878
0.03| 0.451 | 0.957
0.04| 0.551| 0.995
0.07| 0.753 | 0.999
0.08| 0.798 | 1.000
0.09| 0.835| 1.000
0.38| 1.000 | 1.000

insofar asideascorrespondo capitalvintagesthey maywell depreciatet
thesamerate;somevery goodideas(thelaw of gravity) maynotdepreciate
atall.

If the o w of saleds constanbvertime,for acopyrightlengthof T = 105
yearsanddifferentinterestratesr anddepreciatiorratesd, thecorrespond-
ingvaluesoff = 1 e (9T gregivenin Figure6.1.

Thelow values0.02,0.03,0.04for r + d correspondo no depreciation;
theintermediateralues0.07,0.08,0.09correspondo amodestepreciation
rateof 5%; we donotreportary valuedargerthan0.38(thatis, depreciation
between34% and36%) since,evenwith justa 20-yearterm,f = 1 atthis
point. In summaryfor realisticinterestanddepreciatiorrates,the current
copyright term certainlycorrespondso f = 1 in our model,while current
patenttermscorrespondo roughlyf = 0:9.

Calibration of Demand. To analyzethe optimal level of protection,we
needto know RC and¥, besides; . A usefulbenchmarkcaseis that of
linear demandand constantmarginal costso thatni® = 2 anda™ = 3=2.
But, is lineardemandempiricallyrelevant?

Take rst thecaseof asmallcost-saing innovation—for example,away
of making a machinework a little better This is the type of thing most
peoplethink of whenthey think of an “invention; althoughonly a small
fraction of patentsare of this type. Demandfor a small cost-s&ing inno-
vationis equalto the permachinecostsaved up to the numberof machines
—thendropsto zero. Sincethe innovationis smallit hasaninsigni cant
effect on the numberof machines.In this case,to a goodapproximation,
A = A = 1, sincewe have normalizedso thatthe monopolypro t is 1.
In this casethe elasticityof total monopolyrevenuedoesnot really matter:
thesocialoptimumis to setf = 1, andit doesnotchangédn responséo the
scaleof market.

More generallyit is easyto seethatif demands concae, thena™ and

n° 1™ aresmallerthanin the linear case— the extremecasebeingthat



GROWTH AND INTELLECTUAL PROPERTY 18

FIGURE 6.2. DemandProportionako Income

U.S.IncomeDistribution 2001
Source:U.S.Census

of asmallcost-saing innovation— while if demands corvex thena™, and
n® n¥ arelargerthanin thelinearcase Noticethatlargera™ andn® nM
increasehescaleof marketeffect, but have anambiguougffectonthelevel
of IP: largeri™ tendingto increaseandlargern® nM tendingto decrease
optimallP.

In understandingow goodthebenchmarkinearcasses, it isimportantto
recognize¢hatdemandor mostinnovationsis stronglyaffectedby income.
Take the caseof new drugs:it is probablya goodapproximatiorto think of
willingnessto payasproportionalto individualincome.From2001census
datafor the U.S., assumingthat eachindividual demandsone unit of an
innovation,with willingnessto payproportionato income we constructhe
demandcurve shovn in Figure6.3. In otherwords,demandbasedn linear
Engel's curwesis, to a goodapproximationjinear. Artistic creationssuch
asbooks,movies,andmusicaresimilar to drugsin thatdemands heavily
dependenbn income. In factdrugsandartistic creationsareundoubtedly
superiogoods meaninghatthefractionof incomespentonthemincreases
asincomegoesup.

If we startwith linear demandand assumdinear Engel's curves, then
goodsthat are strongly superior in the sensethat the fraction of income
spentonthemrisesatanincreasingate,have corvex demandurves.Con-
verselyfor goodsthat are stronglyinferior — orphandrugsarea likely ex-
ample— demandwill beconcae.

The conclusionis that for mosttypesof goods,the linear demandap-
proximationis consenrative — mostlikely overstatingthe level of optimal
IP protectionand understatinghe optimal rate of decreasen responsdo
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FIGURE 6.3. OptimalProtectionandTermLength

f |[r+d=02|r+d=04|r+d= 0:08
0.03 0.13 7 4 2
0.10|0.24 14 7 4
0.15|0.33 20 10 5
0.20| 0.40 26 13 7
0.30| 0.51 36 18 9
0.40| 0.60 46 23 12

marlketsize. Theexceptionis in the caseof smallcost-s&ing innovations—

whichto acertainextentmatchesheideaof “process’ratherthan“product”

patentan patentlaw. Historically, “process”patents- patentson methods
for doingthings— have recevedstrongerprotectionthan“product” patents.
Thetheoryindicatesthatthis is in factthe right approach.Unfortunately

despitethegreathistoricalsuccess-for example,in thedevelopmenbf the

chemicalindustry— of allowing only “process”patentsn countriessuchas
German, the Anglo-Frenchsystemof allowing productsthe sameprotec-
tion asprocessebasbecomewidespread.

The Static Optimum. To determingheoptimallevel of protectionwe can
solvethe rst orderconditionfrom the Appendixto nd
|
Tl
pooA.n° aMasi)
[ i '

For elasticities,maginal booksin the book revenuedatahave an elas-
ticity of about0.03; mamginal inventionsin the patentdatahave elasticities
rangingashigh as0.32. In Figure6.2 we report(secondcolumn)the opti-
mal valuesof f correspondindo elasticitiesin the empirically rangefrom
0.03to 0.40. The othertwo columnstranslatethe optimal f in lengthsof
term,usingdifferentinterestanddepreciatiorrates.

Two factsstandout. First, optimal length of protectionis lessthan 1
— meaningthat, given that elasticity is increasing,optimal copyright and
patentprotectionshoulddeclinewith the size of the market. Second,in
the caseof copyright, optimal copyright lengthis much lessthan actual
copyright length;sincetheactualcutoff valueof r in thedatais quitesmall,
even an elasticity of 0.05may be a tremendousverestimateof the actual
elasticity on the mamgin. Certainlyit is hardto justify asfew as7 years
of copyright basedon this data;if we considerdepreciation- not in the
empiricalrangeof 95%, but sayin the rangeof 5% — copyright protection
shouldbe at mostseveralyears.This is generallyconsistentvith our scale
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of market calculationgelon underthe hypothesighat 28 yearsat the start
of the 20th centurywasaboutright.

In the caseof patents,estimatedelasticitiesappearedsomavhat larger,
with .20 beinga sensiblemiddle groundestimate.With arealinterestrate
plus depreciatiorrate of 4%, this implies an optimal patentlength of 13
yearswhile with amorerealisticdepreciatioradjustmenit wouldbecloser
to 7 years- again,not so terribly differentthanwhat we would getif we
assumedermlengthwerecorrectat the beginning of the twentiethcentury
andimputedtheincreasan market size. If we took the high endelasticity
of .4 andarealinterestrateof just 2%, the optimaltermwould be 46 years;
henceit is notimpossible at leastin principle, to reconcileexisting patent
termwith availabledata. Realisticestimatesthough,suggesthatoptimal
patenttermshouldbe between7 and13years.

The Scaleof Mark et Effect. To examinethe scaleof market effect, we
differentiatethe rst orderconditionfrom the Appendixto nd

1

1+ (1+)=Ej + (1=(A° V)
To get a feeling for this, note thatin the simple and empirically relevant
casethatM(r) islinearEj = 1+ j. Consequenthef (1) is  1=2 or less
negative dependingonn® AM. Whendemands linear, "¢ M = 1=2,
andef (I )= 1=4. Thismeanghatal0%increasen sizeof marketshould
reduceeffective protectionby 2.5%. For example,if theworld economyis
growing at 4% per year thena simple rule of thumbwould be to reduce
protectionby about1% peryear In the caseof 20-yearpatentshatwould
meanabouttwo monthseachyear Oneimplicationof thisis thatduringthe
last centuryin which world GDP grew by a factorof roughly 40, optimal
protectionshouldhave declinedfrom 20 yearsto aboutl year

A paradigmaticcaseis that of popularmusic. Forty yearsago, at the
time of Elvis Preslg andthe Beatlesnew recordingssellingamillion units
wereconsideredxceptionakuccesseasndawarded‘goldenrecords, while
in the currenttimes a successfutecordsells easily ten or twenty million
copies. The effective sizeof the market has,thereforeincreasedt leasta
factorof ten. At the sametime, advancesn recordinganddigital technolo-
gieshave reducedhe x edcostrequiredto producea new recordto about
one- fth of its earlierlevel. This suggestshatthe socially optimallength
of copyright protectionshouldhave droppedby abouta factor of twelve.
Unfortunatelyin the caseof copyright, termshave beenmoving in the op-
positedirection;copyright termshave grown by a factorof aboutfour since
earlyin thetwentiethcentury This meanghat, at leastfor recordedmusic,
they currentlyareon the orderof a hundredtimeslongerthanthey should

Ef(l)=
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be. A similar calculationcan be performedfor booksand movies. Con-
siderthefactthat, sincethe beginning of the pastcentury world GDP has
grown by nearlytwo ordersof magnitudelt is reasonabl¢éo arguethatthe
sizeof the market for booksandmovies musthave grown at leastasmuch
asliteracy hassuiged,andthe availability of playing deviceshasincreased
morethanproportionallydueto the dramaticdropin their relative prices.
Hence|f thecopyrighttermof 28yearsatthebeginningof the20thcentury
wassocially optimal, the currentterm shouldbe a little over a year rather
thanthe currenttermof approximatelyl00years.This givesa ratio of 100
betweerthe actualcopyright termsandtheir socially optimalvalue.

7. CONCLUSION

For the rst time, to the bestof our knowledge,we meige established
theoryof IP protectionwith available dataon the value of innovationsto
guantify the socially optimal term of IP protection,andits relation with
market size. Among existing models,we usethe onein which IP hasthe
potentially highestsocial value; henceour calculationsarelikely to over-
estimatethe optimal lengthof IP protection. We draw informationfrom a
wide variety of independenempirical sourcespoth time-seriesand cross
section,to calibratethe model, and always reachthe sameset of policy
conclusions.

The elasticity of total monopolyrevenueis increasing,hencethe
term of IP protectionshoulddecreas®ver time asthe market size
increases. Our bestestimate,given the historical growth rate of
market size, is that IP protectiontermsshould decreaseof about
two monthsperyear

Currentcopyright and patenttermsareequvalentto completemo-
nopoly protectionfor the full economidife of new goods,andare
dramaticallyhigherthanoptimal ones,sometimeby two ordersof
magnitude.

On the basisof the available evidence,our best estimateof the
length of optimal copyright term is aboutone year and that of
patentds aboutsesento thirteenyears.
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APPENDIX 1: PROOFS

Proposition. 3.1. Supposehat the opportunitycostof skilledlabor is con-
stantat w= 1. Whenf (l ) < 1, in a neighborhoodof r = 1= f (I ), the
following threecaseshold. (1) i 4r) > Oimpliesf (I ) is uniqueandstrictly
deceasing; (1) i Ar) = 0 impliesf (1) is uniqueand constant;and (111
i 4r) < 0andf (I ) uniqueé®impliesf (I ) is strictly increasing

Proof. Divide welfareW by | g(I ), thendifferentiateit with respectof to
getthe rst orderconditionfor a socialoptimum

FOC(l ;f)

h o]

n i
(1=f) fAaM+ (1 f)n° 1 (1=f )MQa=f )

M aMYM(@=A ):
Dividethroughb%M(lﬁl ) > 0, theresultingexpression
n o i
NOC(l;f)= (1=f) faM+ (@ f)n° 1 j(@=f) (@ V)

hasthe samequalitatve propertiesasF OC(l ;f): it hasthesamezerosthe
samesignon the boundaryandNOC; (I ;f) < O is sufcient for a zeroto
bealocal maximum.

We next differentiatewith respectof to nd thesecondrdercondition
for asocialoptimum

NOCt = .
h n o i
(1=f) faM+ (@ f)n° 1 a=f ) a=f)

n°

f_Zi (1=f ):
The secondtermis unambiguoysihynegative. The 4st term hastwo fac-
tors of interest. We have (1=f) faM+ (1 f)AC 1 representingso-

cial surplusof the mamginal idea produced;since privately it yields zero
prot, it mustyield positive socialsurplus. If the otherfactorj 1=If ) >
0 thenthereis a unique solution to the social optimization problem; if

181n this casewe cannotguaranteehat the secondorder conditionis satis ed, sowe
mustrule outthe possibilitythatf (I ) hasmultiple values.
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NOC(I ;1) 0, thenthatsolutionis f (1) = 1; otherwiseit is the unique
solutionto the rst orderconditionNOC(l ;f) = 0.
In the latter case we may usetheimplicit functiontheoremto compute

df _ NOG
a - Noc M
h n o i
= (1) fa¥+ (@ )n® 1 (= %) Qa=f );
which hasthe oppositesignto j {1=If ):

NOC| =

Proposition. 3.2. Considentwo differentaggregatemonopolyrevenueunc-

tionsM1; M, thathavethesamevalueM1(r ) = Mx(r ) andderivativeDM1(r) =

DMy(r) (hence elasticityj 1(r) = j o(r)) atr. If Dj 1(r9 < Dj o(r9 for

rO r,then

(1) Labordemandassociatedo M is smallerthanthe oneassociated
to M;Z' thatis,
¥ Zy
[DM1(r 9=r 9dr °< [DMy(r §=r 4dr @
r

(2) Theelasticityof labor demandassociatedo M; is greaterthanthe
elasticityof labor demandromMy; thatis, E[H1(r)] > E[H2(r)].

(3) Astheelasticityof total revenuegoesfromincreasing to constant,
to deceasing the elasticity of the associatedabor demandfunc-
tionsincreasesnonotonically

Proof. Step1: M1(r9 > My(r9
Hereandin whatfollows,r® r holds.Then,Dj 1(r) Dj 2(r) < Oby
assumptionMoreover

Di (r)= D[ rDM(r)=M(r)] =
= 20O+ %0] rOPM(D)=M(r)

soD?My(r) D?Mq(r) = (M(r)=r)[Dj 1(r) Dij 2(r)] < 0, whereM(r)
is the commonvalueof M1 andM atr . Then,for r °nearr we have

Mi(r) Ma(r9  (1=2)[D*My(r) D*Mz(r))(r® r)?>>0

Moreover,if M1(r%  Ma(r %9 < 0for somdargerr ©thenM1(r9 Mo(r9 =
0 for somer %% %> r | sinceboth functionsare continuous. Let ° be
the smallestsuchr© thatis, the rst point to the right of r where M4
andM, cross. Thenj (f9 = rDM(FI=M(f9Y andthe assumptiorthat

i 1(F9 < i 2(F9 imply DM(f9 > DMax(f9, thatis, My crossesM, from
belaw, which is impossiblesinceto the left of 9 we alreadyknow that
Mi> Ma. g R

Step2: [ [DMy(r9=r9dro< ¥ [DMy(r9=r9dr©
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RecallthatM(¥) = 0. Integrationby partsgives
Z Z

[DM(r9=r9dr%= M(r9=rgf ) M(r 9=(r 92dr °=
Zy r
= M(r)=r M(r 9=(r 92dr©
fromwhich
Zy

[DMy(r Y= 9dr ® [DMa(r 9=r 9dr °=
Zy l'

= Ma(r9 Mp(r91=(r9%dr°< 0

Step3: E[H1(r)] > E[H2(r)]
Because z

EH(r) = B[ [DM(r9=r%drq =

_ o DM(r)=r 3
~ 7 [DM(r9=r9dr0"
_ B DM(r)

o [DM(r 9= 9dr ©

E[H1(r)] andE[H2(r )] have thesamenumeratorand,becaus®f Step2,
the rst hasasmallerdenominatarHencethe conclusion.

APPENDIX 2: DATA

Book Revenue. We collectedall thetitles, ISBN numbersandsaleprices
listed by www.amazon.confor the queryhardcover ction booksandfor
thefour publicationperiodsof March and Septembe003and2004. The
salesdataarefrom the Ingramstock statistics,automatictelephondine at
615-213-6803The Ingramstockstatisticssystemgivesthe following sta-
tistics for eachISBN numberpunchedin: “Total salesthis year” “Total
saleslastyeat” “Total currentunadjusteddemand, “Total last week de-
mand. Total revenuefor eachbookis calculatedusingthe total salesdata
from IngramandtheNovember2004salegricelistedonwww.amazon.com.
Ingramis alargebookdistributor, andgenerallythoughtto generateoughly
one-sixthof all book sales. It should be notedthat the salespriceson
www.amazon.conare changingover time, most often decreasingso we
might have underestimatethe revenueduringthe rst yearfor bookspub-
lished during Septembef003. Becauseof the large numberof obsena-
tions,we do notreproducehedatahere,but it is availablefrom
http://www.dklevine.com/data.htm.
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Copyright Time Series. The basic sourceof the copyright registration
time seriesis from the annualreport of the copyright of ce from 2000,
which canbefoundat
http://www.copyright.gov/reports/annal/200/appendies.pdf Thisalsoin-
cludesthe breakdaevn of registrationsby type for 2000. Populationdatafor
1901-1999s from theU.S.Census
http://www.census.g@/populatio/estmateshationpopclackest.txt dataprior
to 1901is from http://www.census.ge/populatioricensusdta/table-2.pdf;
thetwo sourceshave a slight discrepang for the 1900populationwith the
formersourceaeporting76,094,00@ndthelatter(whichweused)76,212,168.
The year 2000 datawas from the 2000 Census. Literacy ratesare from
http://www.arthurhu.com/indéliterag.htm. Thedatawe usedcanbefound
at http://www.dklevine.com/data.htm.

Patent Time Series. R&D Expendituresdy Sectors:National Patternsof
R&D Resources2002 Data Update, Table D, National ScienceFounda-
tion GDP: NationalIncomeand ProductionAccount, Table1.1.5,Bureau
of EconomicAnalysis. Population:1953-1959:PopulationEstimatesPro-
gram, PopulationDivision, U.S. CensusBureau,releasedate: April 2000
1960-2002:U.S. CensusBBureau,StatisticalAbstractof U.S.,2004-2005.
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