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1. INTRODUCTION

In this paperwe studythe interactionsdeterminingthe optimal level of
intellectualproperty(IP)protection.Weareespeciallyinterestedin how op-
timal protectionshouldchangeasthesizeof theeconomygrows. Thereis a
largeliteraturethatexploresthequalitativeaspectsof optimalIP policy, and
asigni�cant empiricalliteraturethatattemptsto measuresuchthingsasthe
valueof patents.Thereis, however, little connectionbetweenthetwo. Our
goal is to usea relatively standardmodelof IP, basedon thatof Grossman
andLai [2004], andexaminethe policy implicationsof existing quantita-
tive �ndings. To do this we proceedin threesteps;�rst we usethemodel
to derive theoptimalIP policy asa functionof measurableparametersand
thesizeof themarket, secondwe useavailableestimatesto calibratethose
parametersandquantifychangesin market size,�nally we put everything
togetherto obtaintheimplicationsfor optimalpolicy.

Innovationsareintroducedwhenthey becomepro�table. Pro�tability of
an innovationdependsuponthreefactors:the initial costof discovery, the
elasticityof demand,and the sizeof the market; all theseelementsvary
widely and unsystematicallyacrossinnovations. We focus primarily on
market sizeasit is easierto measurethanthe othertwo andit hasgrown
steadilyandsubstantiallysincecurrentpatentandcopyright legislationwas
�rst adopted.

Theorysuggeststhatoptimalpolicy involvesatrade-off betweenincreas-
ing themonopolisticdistortionon infra-marginal ideas,andincreasingthe
numberof usableideasby encouraginginnovating at the margin. As the
scaleof the market increases,dependingon elasticityof the total demand
for innovative goodsit maybedesirableto give up someof theadditional
marginal ideasin exchangefor reductionof monopolyacrossthebroadva-
riety of infra-marginal ideasthatwill beproducedanyway. In this casethe
optimal policy shouldreducethe lengthof protectionas the scaleof the
market increases.Our analysisshows that this is the empirically relevant
case.

Weutilize astandardmodelin whichIP protectionis sociallybene�cial.1

Ideasare createdsubjectto a �x ed cost and are not appropriableper-se.
Therearemany possibleideasyielding differentprivate returns– de�ned
astheratioof expectedmonopolyrevenueto costof creationin amarketof
unit size. We focuson thecasein which theprivatereturnis proportional
to the socialreturnto an idea. This model is relatedto a seriesof papers
by Grossmanand Helpman[1991, 1994, 1995] studyinginnovation in a
Dixit-Stiglitz framework. It is mostcloselyrelated,however, to Grossman

1We have examinedthe shortcomingsof the “standardmodel” in Boldrin andLevine
[1999,2002,2004,2005]wherewearguethatIP is notgenerallysociallybene�cial.
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andLai [2004]. Both they andwe show thatasthetotal monopolyrevenue
functionhasincreasing(decreasing)elasticity, thenoptimal protectionlo-
cally decreases(increases).Froma theoreticalperspective, their approach
differsfrom oursin two respects.First,whereweuseastaticanalysis,they
embedthestaticmodelin adynamicsettingby treatingcostsandpro�ts as
time-�ows,andexaminingbalancedgrowth paths.Sincethey havealready
provided this interpretation,we simply notethat this procedureis equally
valid for our model. Second,their modelusesa productionfunction ap-
proachto the creationof new ideas. That is, ideasare of homogeneous
quality, andareproducedusinga constantreturnstechnologywith human
capitalandlaborasinputs.Weuseadisaggregatedmodelin whichideasare
heterogeneousboth in their quality andin their costof creation.Thelatter
allowsusto show thattheelasticityof thetotalmonopolyrevenuefunction
dependson thedistributionof privatereturnsfrom ideas.It is a usefultool
for quantitative analysis,asit canbe estimatedfrom availabledata. This,
togetherwith thecharacterizationof theoptimalpolicy mentionedabove,is
thebottomline of thetheoreticalsection.

In theempiricalpart, then,our goal is to measurewhethertheelasticity
of total monopolyrevenueis increasing– implying thatprotectionshould
declinewith growth in market scale– or decreasing– implying thereverse.
Weusetwo methodsof measurement.First,weattemptto measuredirectly
how total monopolyrevenuevarieswith theprivatereturn.Weusedatawe
collectedonthedistributionof bookrevenues;andwealsoexamineexisting
estimatesof thevalueof patents.Second,theelasticityof total monopoly
revenuehasimplicationsfor thedemandfor (skilled) labor: whenelastic-
ity is constantor decreasing,thedemandfor labor increasesby morethan
the increasein market scale. We examinethreesourcesof dataon labor
demand:a time serieson copyright; a time serieson patentsandR&D ex-
penditures;anda cross-sectionon R&D expenditureacrosscountries.As
we discuss,eachof thedifferentsourcesof datahasdifferentcaveatsasso-
ciatedwith it – but eachsupportsthenotionthatelasticityis decreasingand
thatprotectionshouldoptimallydecreasewith thescaleof themarket.

Weconcludewith apolicy section,in whichweexaminetheimplications
of our estimatesfor the level andrateof changeof optimal IP protection.
Our basicconclusionis that the lengthof patentandcopyright aremoving
in thewrongdirection,andbearlittle relationto thesocialoptimum.

2. THE MODEL

Ideasarecostly to produce,andyield revenuesto their creators.Key to
whethera particularideawill be producedis its return– the ratio of rev-
enueto costof production.Revenuedependson demand– in our analysis
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demandchangeswith thesizeof theeconomy:thebiggertheeconomy, the
moredemandfor any particularidea.Demandalsodependsoninstitutional
arrangements:if thecreatorhasamonopolyoverhis ideahemayearnmore
revenuethanotherwise.

Our notionof equilibrium is thatof a patentequilibriumin which there
is a�x edcommonlengthof patentprotectionfor all ideas.Thismeansthat,
in termsof presentvalueof the �o w of consumption,a fraction0 � f � 1
occursundermonopoly, anda fraction (1� f ) occursundercompetition;
hencef is the level or theextentof protection.While thepatentlasts,the
innovator is a monopolist. Oncea patentexpires,anyonewho wishesto
do so may freely make copies,and price falls to marginal cost with the
innovator earningno further revenue.2 An idea is producedif, given the
patentlength f , the prospective monopolist�nds it pro�table to pay the
costof invention.

Thecostof innovationdependsonthepriceof inputsusedto producethe
idea– in practicetherelevantinput is specializedlabor, thecostof which is
determinedby thewageratew. Supposethesizeof theeconomyis �x edat
one,thatthewageratew = 1 andthatthecreatorhasacompletemonopoly
overhiscreation,sothatf = 1. Undertheseconditions,wedenoteby r the
private return on the creation– the ratio of presentvaluerevenueto cost.
If in fact the sizeof the economyis l , the wagerateis w andthe creator
canappropriateonly a fractionf of themonopolyrevenue,thenthereturn
on thecreationis lfr =w. Naturally, thecreatorwill chooseto createif and
only if lfr =w � 1, thatis r � w=lf .

Ideasnaturallyvary in their privatereturnr . Somevery goodideasare
valuablebut costlittle to produceandsohave high valuesof r ; otherswill
costa greatdealandnot yield muchrevenue,sor will below. As we have
observed, the ideasthat will be producedare thosefor which the private
returnr is at leastw=lf . What mattersfrom an economywide perspec-
tive, then,is thedistribution of privatereturns.It is convenientto think of
this in termsof the amountof labor neededto createideas. In particular,
we denoteby h(r ) the total amountof labor input requiredto produceall
ideasthat have privatereturnr in an economyof unit size (l = 1). The
functionh(r ) is similar to a probabilitydensityfunction,exceptthat,since
it is measuredin unitsof labor, it neednot integrateto one.For example,it
is usefulto computethe total amountof laborneededto produceall ideas
in aneconomyof unit sizewith privatereturnsat leastequalto r . This is

2We assumethereareno competitive rentsafter the patentexpires;aspointedout in
Boldrin andLevine [1999], inventorsgenerallydoearnpositivecompetitiverents.
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simply

H(r ) =
Z ¥

r
h(r 0)dr 0;

which is similar to a cumulative distribution function, except in reverse.
Noticehowever, thatit maybethatasr ! 0 it maybethatH(r ) ! ¥ ; that
is, wedonot assumeit is necessarilyfeasibleto produceall possibleideas.

The function H(r ) is a measureof the total labor input requiredin an
economyof unit sizeto produceall ideaswith returnat leastr . Outputcan
bemeasuredby thetotalmonopolyrevenue

M(r ) =
Z ¥

r
r 0h(r 0)dr 0:

In otherwords,M (r ) is thesumof monopolyrevenueover all ideaswith
privatevalueof r , or greater, in aneconomyof unit size. We assumethat
M is differentiableandde�ne theelasticityof total monopolyrevenue, with
respectto variationsin themarginal idea,as¡ (r ) � � r M0(r )=M(r ) > 0.
Wealsomake theregularityassumptionthat¡ (r ) is differentiable.

We needalsoto considerwhat happensto the numberof ideasthat are
producedasthe economyis scaledup. That is, in the unit economy, pro-
ducing all ideaswith private return r requiresh(r ) units of labor. If an
economyof size l hasl timesasmany ideaswith privatereturnr asan
economyof unit size,thenthiseconomywouldrequirel h(r ) unitsof labor
asinput. More generally, we assumethat an economyof sizel hasg(l )
timesasmany ideaswith privatereturnr asan economyof unit size. To
capturetheprinciple that in a largerpopulationmoreideasof a givenpri-
vatereturnareavailableg(l ) is assumednon-decreasing;without lossof
generalitywe takeg(1) = 1.

Our primaryinterestis in socialwelfare.To analyzewelfare,we needto
relatethesocialto theprivatereturnr on an idea. Our basichypothesisis
thatthetwo areproportional.That is, undermonopoly, we assumethatthe
socialreturnis nMr , while oncethemonopolyexpires,thesocialreturnis
nCr , wherenC > nM > 1: Thepercapitasocialwelfarecorrespondingto a
particularlevel of protectionf , whenall ideaswith privatereturnof r and
greaterareproducedis:

W = g(l )
Z

r
[lf nMr 0+ (1� f )l nCr 0� 1]h(r 0)dr 0

3. OPTIMAL IP PROTECTION

We�rst askhow sociallyoptimalprotectionf̂ dependsonmarketsizel .

Proposition 3.1. Supposethat theopportunitycostof skilledlabor is con-
stantat w = 1. Whenf̂ (l ) < 1, in a neighborhoodof r = 1=l f̂ (l ), the
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following holds. (I) ¡ 0(r ) > 0 impliesf̂ (l ) is uniqueandstrictly decreas-
ing; (II) ¡ 0(r ) = 0 impliesf̂ (l ) is uniqueandconstant;and(III) ¡ 0(r ) < 0
andf̂ (l ) unique3 impliesf̂ (l ) is strictly increasing.

Thedetailsof theproofarein Appendix1.
Next we examinethe implicationsof increasingthescaleof the market

on thedemandfor skilled labor. Continuingto hold thewagerate�x edat
w = 1, labordemandis givenby

LD(l ) = g(l )H(1=fl );

from which, letting E denotetheelasticityoperator, wehave

E[LD(l )] = E[g(l )] � E[H(r )]:

Dependingon which assumptionsone makes aboutg(l ), the �rst factor
rangesfrom zeroto any largepositivenumber. For example,in theGross-
manandLai [2004] setting,g(l ) canbe identi�ed with aggregatehuman
capital.To theextentthis is constant,E[g(l )] = 0. In modelsof growth and
innovationdueto externalitiesor increasingreturns,suchasGrossmanand
Helpman[1991,1994,1995]or Romer[1990],g(l ) is assumedto increase
fasterthanl , henceE[g(l )] > 1. A benchmarkcaseis that in which each
individual draws her own ideasfrom the sameurn, eitherwith or without
replacement.If samplingis without replacement,andeachpersondraws
the samenumberof ideas,theng(l ) = l andE[g(l )] = 1; if samplingis
with replacementthenE[g(l )] � 1.

As for thesecondfactor, notice�rst that thedemandfor labor is linked
to thetotal revenuefunctionby thefollowing relation

H(r ) =
Z ¥

r
� [DM(r 0)=r 0]dr 0:

Now, assumethatM(r ) = r � z, which is theconstantelasticitycase.Then

H(r ) =
(z+ 1)( r ) � 1� z

z+ 2

and
E[LD(l )] = E[g(l )] + z+ 1:

NoticethatwhenE[g(l )] > 1� z, theelasticityof labordemandis predicted
to be larger than two, hencethe elasticity of per capitalabor demandis
greaterthanone.Moregenerally, sinceE[g(l )] � 0,wehaveE[LD(l )=l ] >
0. In otherwords,asthesizeof theeconomygrows, theshare of workers
in theideasectorgrows aswell. Thenext proposition,provenin Appendix

3In this casewe cannotguaranteethat the secondordercondition is satis�ed, so we
mustruleout thepossibilitythat f̂ (l ) hasmultiple values.
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1, shows how to extendfrom the caseof constantelasticityto decreasing
elasticityof thetotalmonopolyrevenue.

Proposition3.2. ConsidertwoaggregatemonopolyrevenuefunctionsM1;M2
thathavethesamevalueM1(r ) = M2(r ) andderivativeDM1(r ) = DM2(r )
(hence, ¡ 1(r ) = ¡ 2(r )) at r . If D¡ 1(r 0) < D¡ 2(r 0) for r 0� r , then

(1) Labor demandassociatedto M1 is smallerthantheoneassociated
to M2; that is,

Z ¥

r
� [DM1(r 0)=r 0]dr 0<

Z ¥

r
� [DM2(r 0)=r 0]dr 0:

(2) Theelasticityof labor demandfromM1 is greaterthantheelasticity
of labor demandfromM2, that is E[H1(r )] > E[H2(r )].

(3) Astheelasticityof total revenuegoesfromincreasing, to constant,
to decreasing, the elasticityof the associatedlabor demandfunc-
tionsincreasesmonotonically.

In plain words: a revenuefunctionwith decreasingelasticityimpliesan
elasticityof laborsupplyeven larger thanthatof a constantelasticityrev-
enuefunction,which we have shown to beat leastonein practice.Playing
this backward: shouldthe empirical elasticity of per capitalabor supply
with respectto market sizebe smallerthanone, thenthe associatedtotal
revenuefunctionmustdisplayincreasingelasticity. Percapitalabor in the
ideasectorgrowing fasterthan the scaleof market is consistentwith in-
creasingelasticityof totalmonopolyrevenue,becauseE[g(l )] canbelarge,
which is independentof the elasticityof monopolyrevenue. However, if
per capitalabor grows moreslowly thanthe sizeof the market, we must
ruleout bothconstantanddecreasingelasticity.

4. EMPIRICAL ANALYSIS OF TOTAL MONOPOLY REVENUE

Upuntil now wehavebeenthinkingof ideasasemptyboxestobe�lled in
by individuals.Fromanempiricalperspective, it is moreusefulto think of
eachindividualbeingassociatedwith hisown ideasandhisownopportunity
costsof engagingin innovative activity. We thenidentify individualswith
theirprivatereturnsr andthink of themasequivalentto theexpectedvalue
of their ideas,with the latter beingdrawn from an underlyingdistribution
µ(r ) satisfyingthe restrictionsdiscussedearlier. We are interestedin the
shapeof µ(r ) asthis would allow us to computethe elasticityof M(r ) at
the“cutoff idea-individual.”

An issuearisesatthispoint. In theavailabledataweobserverevenuesnot
returns,r . Further, it is hardto observedirectly eithertheopportunitycost,
w, of eachinventoror thelaborcostof his ideas.Henceweneedto assume
that, for all the ideasin the dataset,the costof producingthat ideais the
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same.Thisensuresthatreturnsareproportionalto revenues.If ourdatasets
containedideasproducedin very differentsectors,this assumptionwould
beabsurd.To avoid thiswewill try to restrictattentionto setsof goodsthat
arerelatively homogeneous,sothat it is reasonableto assumethat thecost
of creationis roughlyconstantwithin eachset.

A secondissuealsoariseswhengoing to thedata. The theoryassumes
we observe returnsex ante, whenthedecisionto pursuethe ideais made.
But at the time the decisionto pursuethe idea is made,the revenuewill
generallybeuncertain,andweonly observeits ex postrealization.Suppose
thattherearetwo outcomes,afavorableoutcomeyieldingareturnof Rwith
probability p andanunfavorableoneyielding no return.Thenr = pR. As
long as p doesnot dependon R, usingR in placeof r will overestimate
revenuesbut will correctlycomputeelasticities.

Revenuefr om Authorship of Fiction Books. We now examinea partic-
ular category of creative individuals: authorsof �ction books. Ideally one
wouldliketo observerevenuesfor variousbooksfor eachauthor, to account
for thepossibleex anteuncertaintyaboutex postsales.Suchdataarenot
available,hencewe proceedwith what is. Although we do not have data
on lifetime incomeof individual authors,we do have dataon the revenue
generatedby individual book sales.We ignorethe fact that it is costly to
producebooksoncethey arewritten,which is irrelevantto ourendsinsofar
asthecostof producingeachcopy of a bookis independentof thenumber
of copiesproducedandsold. In summary, ourassumptionsare

� Theopportunitycostof writing booksis constant.
� Expectedrevenuesfromthesaleof a“successful”bookareperfectly

anticipated,andtheprobabilityof failuredoesnotdependuponthe
privatereturn.

� Themarginalcostof producingbooksis smallrelativetosalesprice.
Then incomeper unit of time taken to producea book is r = lfr and,
givencurrentcopyright laws,onecansafelysetf = 1 in whatfollows. We
cancomputetheaggregateincomeof all authorswho earnat leasta given
amount,Mr (r), andof courseM(r ) = (1=l )Mr(r =l ) hasthe sameelas-
ticity. We gathereddataon revenuesfor �ction bookspublishedin March
andSeptemberof 2003and2004,respectively; our samplesrangebetween
1,200and1,300booksfor eachof thesefour months.Thedetailsof thedata
collectionprocedurecanbefound in Appendix2. Figure4.2 shows M(r )
computedon thebasisof theSeptember2003data.Figure4.3showsaplot
on logarithmicaxes,includinga close-upto illustratemoreclearly the in-
creasingnatureof theelasticityonbothordinaryandlogarithmicaxes.The
datafor theothermonths,notreportedbut available,yield extremelysimilar
results.
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FIGURE 4.1. _

FIGURE 4.2. LogarithmicBookRevenue(Fiction)– Sept.2003

Threecommentsarein order. First, for lesssuccessfulbookstheM(r )
function is nearlylinear, andoverall the functionexhibits increasingelas-
ticity – a fact that canbe seenmoreclearly in the logarithmicplots. The
secondstriking featureis thediscontinuitybetweenroughly$150,000and
$300,000in revenue.4 This is broadlyconsistentwith otherdataon books
revenues:Leibowitz andMargolis [2003] report that lessthan200 out of
25,000titles accountfor roughly two-thirdsof all book revenues.This is
considerablymoreconcentratedthanwe �nd in our data– but certainlyre-
�ects a strongdiscontinuity. Thesebooksappearto be predominatelyby

4Thesalesdataarefrom asingledistributor, Ingram,constitutingaboutone-sixthof the
bookmarket,sototal revenueswould beaboutsix timesthis number.
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FIGURE 4.3. _

“big name”authors,who are largely irrelevant for optimal copyright pol-
icy: therelevantpartof theM(r ) functionis thepartnearthecutoff – that
is, for marginal, not infra-marginal, books. The third fact is how small
the�x edcostwh(r ) maybefor writing andpublishing�ction; in Septem-
ber 2003,1,181books,out of a total of 1,223,earned$50,000or less–
correspondingto total revenueof approximately$300,000. Thesebooks
accountedfor 50%of total revenue,thatis, $6M outof $12M.Thenumbers
for the othermonthsaresimilar. In the samedata,984 booksearnedless
than$10,000;henceour estimateof themarginal author's opportunitycost
shouldbeplacedat$60,000or less.

Patent Values. A similaranalysisof thevalueof patentsis possible– with
thereservationthat it is lesslikely for patentsthatex postvaluecanbean-
ticipatedex ante. If we disaggregateby industry, it is at leastplausiblethat
the�x edcostof the innovationis not systematicallyrelatedto therealized
revenues.Weusethevalueof patentsestimatedby Lanjouw[1993]for four
Germanindustrieson thebasisof patentrenewal ratesanddataon thecost
of renewal. We graphthe correspondingM(r )curvesin Figure4.4. Were
elasticityconstant,thedistribution would bePareto.As canbeseen,in no
casearethetails similar to thatof a Paretodistribution– thecurvesfall far
too closeto zero. Numericalestimatescanbe found in Figure4.5. This
reportsfor eachindustryandfor increasingvaluesof r , theelasticitieseval-
uatedat themidpointof eachsegmentof the linearspline. Thenumberin
squarebracketsis thecorrespondingvalueof � r M0

i (r ).
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FIGURE 4.4. Elasticities
Computers 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 highestcategory of r for computers,elastic-
ities areincreasingeverywhere.The valuesof � r M0

i (r ) arealsorelevant
becausethesamef appliesacrosssectors.Hencetheaggregatedistribution
is M(r ) = å i Mi(r ), wherei indexesindustries.Unfortunately, thefactthat
eachMi(r ) functionhasincreasingelasticitydoesnot imply thatthis is true
for M(r ). However, if M0

i (r ) is increasing,thenthecorrespondingelasticity
is increasingaswell, andincreasing� r M0

i (r ) is a conditionthatdoesag-
gregate.While notalwaysincreasing,� r M0

i (r ) is increasingin therelevant
range,that is, at lower valuesof r , for all i. This implies the elasticityof
M(r ) is alsoincreasing,at leastfor valuesof r nearthethreshold,which is
whatmatters.

Our �ndings for patentsappearto accordwell with the existing empir-
ical literature. To namebut a few recentstudies,Harhoff, Scherer, and
Vopel (1997) usea dataset of full-term patentsappliedfor in 1977 and
heldby WestGermanandU.S.residents.They comparetheability of var-
ious empiricaldistributions, including the Pareto,to �t the dataand �nd
that a two-parameterlognormaldistribution providesthe best�t; this im-
pliesincreasingelasticity. Silverberg andVerspagen(2004)useavarietyof
differentdatasourcesfrom both Europeandthe U.S.A. andtwo different
measuresof r (citationsandmonetaryvalues). They �nd that, while the
overall distributionsarewell approximatedby exponentialones,it is the
uppertail that is bettercapturedby a Paretodistribution. Again, theexpo-
nentialimplies increasingelasticity. As our concernhereis with theshape
of theµ(r ) nearthelowercutoff value,this is supportiveof our claim. The
econometricliteratureon thevalueof patents,stemmingfrom thepaperof
Pakes[1986](seeHall, Jaffe,andTratjenberg [2004]for arecentupdateand
new results),seemsto almostunanimously�nd that theappropriatedistri-
bution is a log-normalor anexponential,for bothof which theelasticityof
thetotal revenuefunctionis increasing.

5. EMPIRICAL ANALYSIS OF LABOR DEMAND

As we have seen,thereis a closeconnectionbetweenthe elasticityof
total monopolyrevenueandlabordemandedby the ideassector. Herewe
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FIGURE 5.1. _

exploit thisrelationshipto getasecondsourceof informationaboutwhether
theelasticityof totalmonopolyrevenueis increasingor decreasing.

Copyright Time Series. First we applyour analysisof labordemandto a
time seriesof U.S. copyright. Herewe mustassumethat the distribution
M(r ) is time invariant,andthatf is eitherconstantor increasingover time
– as in fact it is. We measurethe scaleof the market by the sizeof the
literatepopulation,5 andtheamountof laborin thesectorby thenumberof
copyright registrations.The relevant annualgrowth ratesfor the U.S. are
reported,by decade,in Figure5.1. If elasticityof total monopolyrevenue
is constantor decreasing,we expect to seeper capitacopyright growing
morerapidly thanpopulation.This is in fact thecaseprior to 1900andfor
1970-80,but thoseareboth anomalousperiods. For the pre-1900period
onemustnoticethatcopyright registrationonly beganin 1870,sothehuge
initial increasein registrationsis unlikely to re�ect acorrespondingincrease
in theactualoutputof literaryworks. In particular, it is importantto realize
that in 1891it becamepossiblefor foreign authorsto get U.S. copyrights
for the�rst time.6 Similarly, in 1972it becamepossibleto copyright musi-
cal recordingsotherthanphonorecords– previously suchrecordingswere
protectedunderotherpartsof 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 renewal term of 28 years,wasincreasedto the
life of theauthorplus50years.In 1988theUnitedStateseliminatedthere-
quirementof registeringacopyright, soafterthattime,thereis noreasonto

5Theliteracy adjustmentmakeslittle difference;in 1870whenthecopyright registration
databegin, theliteracy rateis already80%,climbing to 92.3%by 1910.

6A brief historyof U.S.copyright canbefoundat U.S.Copyright Of�ce [2001a].The
1972changeis describedin U.S.Copyright Of�ce [2001b].
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think of copyright registrationsasaparticularlygoodmeasureof theoutput
of literaryworks.

What all this meansis that we shouldfocuson the periodbetweenthe
major copyright actsof 1909and1972. Herewe �nd that overall the lit-
eratepopulationgrew by 92%,while thenumberof copyright registrations
grew by only 12%. Moreover, the literatepopulationgrew fasterthanthe
per capitacopyright registrationsin every decade,althoughin 1920-1930
and 1960-1970the two growth ratesare very similar. This is especially
dramaticbecauseaswe notedabove, therewasconsiderabletechnological
changeduringtheperiod,with entirelynew areassuchasmovies,recorded
music,radio,andtelevision openingup: by 2000only 48% of new copy-
right registrationswerefor literary works,while in 1909literary worksac-
countedfor thebulk of copyright registrations.Further, while thenumber
of copyright registrationsin theU.S.A.overestimatestheshareof theU.S.
percapitalabordedicatedto literarywork, thesizeof theliteratepopulation
grosslyunderestimatesthesizeof therelevantmarket. The�rst is becausea
largenumberof foreignwritersregistertheirwork in theU.S.A.,thesecond
becausethe growth of per capitaincomeand,especially, theexpansionof
“Americanculture”aroundtheworld greatlyincreasedthepotentialmarket
size.

Patent Time Series. Wenext turn to thedemandfor laborusedto produce
patentableideas. Oneissuethat arisesis whetherwe shouldmeasurethe
scaleof market l by populationor by GDP. Increasesin per capitaGDP
increasethe scaleof the market, but they increasethe opportunitycostof
laborin thenon-ideasector(working with existing ideas)by thesamepro-
portion,sohavenoimpactontheeffectivescaleof themarket. Ontheother
hand,increasedproductivity in thenon-ideasectormayalsobere�ectedin
increasedproductivity in theideasector:doublethepercapitaincomemay
meantwice asmany ideas.We will focuson populationasa moreconser-
vativemeasureof l in timeseriesdata,wherepercapitaGDPis increasing.
In thecrosssectionwewill examinebothpopulationandGDPasmeasures
of scaleof market.

Figure5.2is thepatentanalogof Figure5.1andis quitesimilar. Whether
we measurepatentableactivity by patentsawardedor by patentapplica-
tions, from 1890to 1980thegrowth rateof percapitapatentsexceedsthe
growth rateof populationin only two decades,1900-1910and1960-1970,
andin bothcasesby only atrivial amount.In otherdecades,thegrowth rate
of patentspercapitais muchlower thanpopulationgrowth, in somecases
even negative. Overall, from 1890 to 1980 populationgrew at a rate of
1.4%peryearandpercapitapatentsat0.1%peryear. Before1890patents
per capitagrew considerablyfasterthanpopulation,with a large drop in
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FIGURE 5.2. _

patentsfrom 1860to 1870mostlikely becausethereformof thepatentlaw
andpatentof�ce in 1861madeit considerablymoredif�cult to getapatent.
In the oppositedirection, in the periodafter 1980 it becamemucheasier
to get andenforcea patent– the landmarkevent in this periodbeing the
creation,in 1982,of aspecialfederalcourtto try patentcases.In summary,
thetime seriesof patentsleadusto thesameconclusionswe reachedwith
copyright: thatpatentshavegrown lessthanmarketsize,therebysuggesting
thattheelasticityof monopolyrevenueis increasingalsoin this case.

An alternative to measuringeitherpatentapplicationsor awardsis to use
R&D expenditureasa proxy for theamountof laborusedin creatingnew
ideas.R&D expenditure,while in principlea bettermeasureof input than
patents,hasa numberof its own problems. First, the conceptof R&D
expenditureis fairly fuzzy andavailableonly for relatively recentyears–
themajorsourceof databeinganNSFsurvey conductedsince1953. The
de�nition usedby the NSF is “creative work undertaken on a systematic
basisin orderto increasethestockof knowledge,includingknowledgeof
man,cultureandsociety, andtheuseof this stockof knowledgeto devise
new applications.” Firmsandgovernmentagenciesaresurveyedandasked
to reporthow muchthey spendon thisactivity.

Thepictureof R&D expenditureasmeasuredby theNSFis ambiguous
andyet differentfrom thatof thenumberof patents– ambiguousbecause
the choiceof which measure of R&D expenditureoneshouldconsideris
not obvious. Onepossibility is to focuson the privatesectoronly. How-
ever, we would expectthat research�nanced by the federalgovernment–
muchof which is carriedout at privateinstitutions– bothproducesuseful
ideasandincreasesthedemandfor skilled labor. On theotherhand,there
arereasonsto believethatthefederalexpenditurein R&D reactsmuchless,
or maybenot at all, to market incentivesandto the expectedpro�tability
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of innovationsin particular.7 Universities,eitherpublic or private,areob-
viously producingideasandemploying skilled workers,but the extent to
which they respondto market incentivesmayhavevariedsubstantiallydur-
ing thelast �fty years.In the light of this, we will reportstatisticsfor four
aggregates:total,privatesectorplusuniversities,andthesesametwo series
adjustedfor thewagerateof collegeandpost-collegeworkers. The latter
arerelevantbecausethewageskill premiumincreaseddramaticallyduring
the last thirty years,andworkersinvolvedin R&D activities hold college,
andmostoftenpost-college,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 maybeworth noticingthat themaximumvaluefor the total R&D
expenditureto GDPratio,2:88%,wasreachedin 1964.For theprivateplus
universitiesaggregate,the sameratio hasmorethantripled between1953
and2002,going from 0:63%to 2:0%. Next, assumethat thecostof labor
employed in the ideasectorgrows, roughly, at one-halfthe college wage
andone-halfthepost-collegewage.8 Thenthe costof theaverageworker
in the ideasectorbetween1963and2002, the period for which dataare
available,hasgrown by about95%,while over thesameperiod,themean
wagehasgrown by about65%.9 Between1963and2002,the ratio of to-
tal R&D expenditureto GDP basicallydoesnot move, while the industry
plus universitiesratio goesfrom 0:9% to 2:0%. That is, the industryplus
universityratio grows by 110%,populationgrows by 52%,andtotal GDP
by 70%. Becauseour index of the relative wagesin the idea sectorhas
grown roughly20%over thesameperiod,it turnsout that, if oneusesto-
tal expenditurein R&D, then the shareof workers in the ideasectorhas
actuallydeclined,implying a stronglyincreasingelasticityof M(r ); if, in-
stead,oneusestheprivateplusuniversitiesmeasure,it hasgrown by about
90%. Thelatter is somewhathigherthaneitherthepopulationor theGDP
growth rates;hence,on thebasisof the last index, onecannotrule out the

7This point is madeby Jones[2004] while analyzingthe R&D dataand the “patent
puzzle.” However, we would expectsomescaleof market effect on federalR&D expen-
ditureaswell – asthescaleof themarket increasessodoesthetax basethatpaysfor the
expenditures.

8This is arbitrarybut notunreasonable.
9High schoolgraduatewagesgrew 20%, college graduatewagesgrew by 65%, and

post-collegegraduatewagesgrew at 123%;seeEcksteinandNagypal[2004], Figures1
and3.
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hypothesisthattheelasticityof thetotal revenuefunctionis eitherconstant
or decreasing.10

R&D CrossSection. Finally, we look atacrosssectionof countries.Here
we run a simplecross-countryregressionwith R&D asa fraction of GDP
asthedependentvariableandmarket sizeandthestrengthof IP protection
asexplanatoryvariables.11 We initially assumethat the domesticmarket
is what is signi�cant. If ` representsper capitalabor effort in the ideas
sectorandwe assumeconstantelasticityof labor demandwith respectto
market size,we canwrite log` = J log(fl ). To accountfor the effect of
bothpopulationandpercapitaGDPon market size,write l = yaN, where
N is populationandy is percapitaGDP. Ordinaryleastsquaresregression12

givesJ = 0:20(0:03) and aJ = :56(0:038), meaningthat a = 2:8, a re-
markablylargenumberthat, if appliedto theprevious time seriesanalysis
wouldimply astronglyincreasingelasticity.13 Theestimatedelasticitywith
respectto l is nowherecloseto unity.

So far, we have assumedthat the relevant market for R&D is the do-
mesticmarket. More generally, we would measurel = l domestic + l world,
wherel world is thefractionof world GDPavailableasamarket for domes-
tic R&D. Sinceregressinglog R&D on l givesessentiallythesameresult
asregressingonl domestic=l average, andregressingon log(l domestic + l world)
givesessentiallythe sameresultasregressingon l domestic=l world, the re-
gressioncoef�cient shouldbe multiplied by l world=l average. Thus, if the
ratio of revenueearnedon R&D in foreign markets to domesticmarkets
wereon theorderof 5, it would bepossiblefor theelasticityof percapita
R&D with respectto sizeof market to be nearunitary. However, a ratio
of 5 is implausiblylargefor mostcountrieswith theexception,possibly, of
SwitzerlandandLuxembourg. Exportsarealmosteverywherea fraction,
not a multiple of GDP. Consequently, a ratio of 5 would be possibleonly
if R&D weremuchmoreintensive in export industriesthanthe average–
by a factor larger than 5. Using Lo's [2003] detaileddatafrom Taiwan,
in 1991export intensive industriesspentabout1.8 timesasmuchon R&D

10An endlesslist of additionalcaveatsshouldbeadded.Thetax andaccountingtreat-
mentsof R&D havechangedsubstantiallyovertheperiod,favoringtherelabelingof many
sourcesof cost asR&D expenditure. The Cold War, and the changingfederalpolicies
towardbasicresearchalsoaddadditionaluncertaintyto theinterpretationof thedata.

11To measurethe latter we usean index developedby Walter Park, to whom we are
gratefulfor providing us with his data. Detailsof the constructioncanbe found in Park
andLippholdt [2003].

12Standarderrorsin parentheses,R2 = 0:65.
13Theunderlyingdatainclude34countriesfor theperiod1980-1997,andcanbefound

athttp://www.dklevine.com/data.htm.
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asdomestic-orientedindustries. Using microdataon renewal ratesto es-
timate the valueof patentsLanjouw, Pakes. andPutnam[1998] �nd the
highestvalueof the “implicit subsidyfrom patentingabroad”at 35% for
the U.K. andGermany, with mostcountriesreceiving 15-20%of income
from a patentfrom rights held abroad.So the evidenceeasilycontradicts
theideathatl world=l average is on theorderof 5.

6. IMPLICATIONS FOR IP

Whatconsequencesdoesouranalysishavefor theoptimalIPpolicy? The
�rst setof calculationsindicatesthat IP protectionfor patentsis probably
too high, but this conclusionis somewhat tentative. In the caseof copy-
right, it seemsconclusive thatcopyright termsarefar too long. Thesecond
setof calculationsstronglyindicatesthatthescaleof marketeffect is quan-
titatively signi�cant andthat thereshouldbe substantialreductionsin the
lengthof IP termin responseto sizeof market increases.

To turn this into operationalpolicy prescriptions,the�rst stepis to trans-
late f – our measureof effective IP protection– into the relevant policy
parameter- the lengthof patentandcopyright term. This dependson the
interestrateandondepreciation.

Length of Term, Depreciation, and Effective Protection. Supposethat
the real interestrateis r, that all ideasdepreciateat a commonrated and
thatthelengthof termis T. Then– with perfectenforcement– theeffective
protectionis f = 1� e� (r+ d)T . Reasonableestimatesof therealinterestrate
lie between2% and4%. SincetheSony BonoCopyright TermExtension
Act of 1998,copyright protectionin the U.S. is life of the authorplus 70
years,or 90 yearsfor works without an author. If we take the remaining
life of an author to be roughly 35 years,this would mean105 yearsof
protection.14 Currentpatentlengthin theU.S.for utility patents(inventions)
is 20years.

Depreciationratesaremoredif�cult. In our datafor bookspublishedin
September2003,revenuesaccruedduringthefour monthsof 2003were2.4
timesthoseduringthe10monthsof 2004;meaningthatpermonthsalesfell
by afactorof 6 overaboutone-thirdof ayear, or anannualdepreciationrate
of nearly95%.15 Capitalgoodsdepreciationratesaregenerallythoughtto
becloseto 8% peryear, includinghousingandbuilding, which depreciate
moreslowly. Little dataareavailableaboutthedepreciationrateof ideasso,

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

15This is consistentwith datafor theothermonthsandwith thegeneralrule of thumb
in thepublishingindustrythatthemostsigni�cant booksalesoccurwithin threemonthsof
publication.
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FIGURE 6.1. EffectiveCopyright 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

insofarasideascorrespondto capitalvintages,they maywell depreciateat
thesamerate;someverygoodideas(thelaw of gravity) maynotdepreciate
atall.

If the�o w of salesis constantovertime,for acopyright lengthof T = 105
years,anddifferentinterestratesr anddepreciationratesd, thecorrespond-
ing valuesof f = 1� e� (r+ d)T aregivenin Figure6.1.

Thelow values0.02,0.03,0.04for r + d correspondto no depreciation;
theintermediatevalues0.07,0.08,0.09correspondtoamodestdepreciation
rateof 5%;wedonotreportany valueslargerthan0.38(thatis,depreciation
between34%and36%)since,evenwith just a 20-yearterm,f = 1 at this
point. In summary, for realisticinterestanddepreciationrates,thecurrent
copyright termcertainlycorrespondsto f = 1 in our model,while current
patenttermscorrespondto roughlyf = 0:9.

Calibration of Demand. To analyzethe optimal level of protection,we
needto know nC andnM, besides¡ . A usefulbenchmarkcaseis that of
linear demandandconstantmarginal costso that nC = 2 andnM = 3=2.
But, is lineardemandempiricallyrelevant?

Take�rst thecaseof asmallcost-saving innovation– for example,away
of makinga machinework a little better. This is the type of thing most
peoplethink of whenthey think of an “invention,” althoughonly a small
fraction of patentsareof this type. Demandfor a small cost-saving inno-
vationis equalto thepermachinecostsavedup to thenumberof machines
– thendropsto zero. Sincethe innovation is small it hasan insigni�cant
effect on the numberof machines.In this case,to a goodapproximation,
nC = nM = 1, sincewe have normalizedso that the monopolypro�t is 1.
In this casetheelasticityof total monopolyrevenuedoesnot really matter:
thesocialoptimumis to setf = 1, andit doesnotchangein responseto the
scaleof market.

More generally, it is easyto seethat if demandis concave, thennM and
nC � nM aresmallerthanin the linear case– the extremecasebeingthat
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FIGURE 6.2. DemandProportionalto Income

U.S.IncomeDistribution2001
Source:U.S.Census

of asmallcost-saving innovation– while if demandis convex thennM, and
nC � nM arelargerthanin thelinearcase.NoticethatlargernM andnC � nM

increasethescaleof marketeffect,buthaveanambiguouseffectonthelevel
of IP: largernM tendingto increaseandlargernC � nM tendingto decrease
optimalIP.

In understandinghow goodthebenchmarklinearcaseis, it is importantto
recognizethatdemandfor mostinnovationsis stronglyaffectedby income.
Take thecaseof new drugs:it is probablyagoodapproximationto think of
willingnessto payasproportionalto individual income.From2001census
datafor the U.S., assumingthat eachindividual demandsoneunit of an
innovation,with willingnesstopayproportionalto income,weconstructthe
demandcurveshown in Figure6.3. In otherwords,demandbasedon linear
Engel's curvesis, to a goodapproximation,linear. Artistic creationssuch
asbooks,movies,andmusicaresimilar to drugsin thatdemandis heavily
dependenton income. In factdrugsandartisticcreationsareundoubtedly
superiorgoods,meaningthatthefractionof incomespentonthemincreases
asincomegoesup.

If we startwith linear demandandassumelinear Engel's curves, then
goodsthat arestronglysuperior, in the sensethat the fraction of income
spenton themrisesatanincreasingrate,haveconvex demandcurves.Con-
verselyfor goodsthatarestronglyinferior – orphandrugsarea likely ex-
ample– demandwill beconcave.

The conclusionis that for most typesof goods,the linear demandap-
proximationis conservative – most likely overstatingthe level of optimal
IP protectionandunderstatingthe optimal rateof decreasein responseto
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FIGURE 6.3. OptimalProtectionandTermLength
¡ f̂ r + d = 0:2 r + d = 0:4 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

marketsize.Theexceptionis in thecaseof smallcost-saving innovations–
whichtoacertainextentmatchestheideaof “process”ratherthan“product”
patentsin patentlaw. Historically, “process”patents– patentson methods
for doingthings– havereceivedstrongerprotectionthan“product” patents.
The theoryindicatesthat this is in fact the right approach.Unfortunately,
despitethegreathistoricalsuccess– for example,in thedevelopmentof the
chemicalindustry– of allowing only “process”patentsin countriessuchas
Germany, theAnglo-Frenchsystemof allowing productsthesameprotec-
tion asprocesseshasbecomewidespread.

The Static Optimum. To determinetheoptimallevel of protectionwecan
solvethe�rst orderconditionfrom theAppendixto �nd

f̂ =

 
1

nC +
nC � nM

nC
(1+ ¡ )

¡

! � 1

:

For elasticities,marginal booksin the book revenuedatahave an elas-
ticity of about0.03;marginal inventionsin thepatentdatahave elasticities
rangingashigh as0.32. In Figure6.2we report(secondcolumn)theopti-
mal valuesof f̂ correspondingto elasticitiesin theempirically rangefrom
0.03to 0.40. The othertwo columnstranslatethe optimal f̂ in lengthsof
term,usingdifferentinterestanddepreciationrates.

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 length is much lessthan actual
copyright length;sincetheactualcutoff valueof r in thedatais quitesmall,
evenanelasticityof 0.05maybe a tremendousoverestimateof theactual
elasticityon the margin. Certainly it is hard to justify as few as7 years
of copyright basedon this data; if we considerdepreciation– not in the
empiricalrangeof 95%,but sayin therangeof 5% – copyright protection
shouldbeat mostseveralyears.This is generallyconsistentwith our scale
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of market calculationsbelow underthehypothesisthat28 yearsat thestart
of the20thcenturywasaboutright.

In the caseof patents,estimatedelasticitiesappearedsomewhat larger,
with .20 beinga sensiblemiddlegroundestimate.With a real interestrate
plus depreciationrateof 4%, this implies an optimal patentlengthof 13
years,while with amorerealisticdepreciationadjustmentit wouldbecloser
to 7 years- again,not so terribly differentthanwhat we would get if we
assumedtermlengthwerecorrectat thebeginningof thetwentiethcentury
andimputedthe increasein market size. If we took thehigh endelasticity
of .4 andarealinterestrateof just2%,theoptimaltermwouldbe46years;
henceit is not impossible,at leastin principle,to reconcileexisting patent
termwith availabledata. Realisticestimates,though,suggestthatoptimal
patenttermshouldbebetween7 and13 years.

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

Ef (l ) = �
1

1+ (1+ ¡ )=E¡ + (1=(nC � nM))
:

To get a feeling for this, note that in the simpleandempirically relevant
casethatM(r ) is linearE¡ = 1+ ¡ . ConsequentlyEf (l ) is � 1=2 or less
negative dependingon nC � nM. Whendemandis linear, nC � nM = 1=2,
andEf (l ) = � 1=4. Thismeansthata10%increasein sizeof marketshould
reduceeffectiveprotectionby 2.5%.For example,if theworld economyis
growing at 4% per year, thena simplerule of thumbwould be to reduce
protectionby about1% peryear. In thecaseof 20-yearpatentsthatwould
meanabouttwo monthseachyear. Oneimplicationof this is thatduringthe
last centuryin which world GDP grew by a factorof roughly 40, optimal
protectionshouldhavedeclinedfrom 20yearsto about1 year.

A paradigmaticcaseis that of popularmusic. Forty yearsago,at the
timeof Elvis Presley andtheBeatles,new recordingssellingamillion units
wereconsideredexceptionalsuccessesandawarded“goldenrecords,” while
in the currenttimesa successfulrecordsellseasily ten or twenty million
copies.Theeffective sizeof themarket has,therefore,increasedat leasta
factorof ten.At thesametime,advancesin recordinganddigital technolo-
gieshave reducedthe�x edcostrequiredto producea new recordto about
one-�fth of its earlierlevel. This suggeststhat thesocially optimal length
of copyright protectionshouldhave droppedby abouta factorof twelve.
Unfortunately, in thecaseof copyright, termshave beenmoving in theop-
positedirection;copyright termshavegrown by a factorof aboutfour since
earlyin thetwentiethcentury. This meansthat,at leastfor recordedmusic,
they currentlyareon theorderof a hundredtimeslongerthanthey should



GROWTH AND INTELLECTUAL PROPERTY 21

be. A similar calculationcanbe performedfor booksandmovies. Con-
siderthe fact that,sincethebeginningof thepastcentury, world GDPhas
grown by nearlytwo ordersof magnitude.It is reasonableto arguethatthe
sizeof themarket for booksandmoviesmusthave grown at leastasmuch
asliteracy hassurged,andtheavailability of playingdeviceshasincreased
morethanproportionallydueto the dramaticdrop in their relative prices.
Hence,if thecopyright termof 28yearsatthebeginningof the20thcentury
wassociallyoptimal, thecurrenttermshouldbea little over a year, rather
thanthecurrenttermof approximately100years.This givesa ratio of 100
betweentheactualcopyright termsandtheir sociallyoptimalvalue.

7. CONCLUSION

For the �rst time, to the bestof our knowledge,we merge established
theoryof IP protectionwith availabledataon the valueof innovationsto
quantify the socially optimal term of IP protection,and its relation with
market size. Among existing models,we usethe onein which IP hasthe
potentiallyhighestsocialvalue;henceour calculationsarelikely to over-
estimatetheoptimal lengthof IP protection.We draw informationfrom a
wide variety of independentempiricalsources,both time-seriesandcross
section,to calibratethe model, and always reachthe sameset of policy
conclusions.

� The elasticity of total monopolyrevenueis increasing,hencethe
termof IP protectionshoulddecreaseover time asthemarket size
increases.Our bestestimate,given the historical growth rate of
market size, is that IP protectiontermsshoulddecreaseof about
two monthsperyear.

� Currentcopyright andpatenttermsareequivalentto completemo-
nopolyprotectionfor the full economiclife of new goods,andare
dramaticallyhigherthanoptimalones,sometimeby two ordersof
magnitude.

� On the basisof the available evidence,our best estimateof the
length of optimal copyright term is about one year, and that of
patentsis aboutsevento thirteenyears.
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APPENDIX 1: PROOFS

Proposition. 3.1. Supposethat theopportunitycostof skilledlabor is con-
stantat w = 1. Whenf̂ (l ) < 1, in a neighborhoodof r = 1=l f̂ (l ), the
following threecaseshold. (I) ¡ 0(r ) > 0 impliesf̂ (l ) is uniqueandstrictly
decreasing;(II) ¡ 0(r ) = 0 implies f̂ (l ) is uniqueand constant;and (III)
¡ 0(r ) < 0 andf̂ (l ) unique16 impliesf̂ (l ) is strictly increasing.

Proof. DividewelfareW by l g(l ), thendifferentiateit with respectto f to
getthe�rst orderconditionfor asocialoptimum

FOC(l ; f ) =

= �
h
(1=f )

n
f nM + (1� f )nC

o
� 1

i
(1=lf )M0(1=fl )

� (nC � nM)M(1=fl ):

Divide throughby M(1=fl ) > 0, theresultingexpression

NOC(l ; f ) =
h
(1=f )

n
f nM + (1� f )nC

o
� 1

i
¡ (1=lf ) � (nC � nM)

hasthesamequalitativepropertiesasFOC(l ; f ): it hasthesamezeros,the
samesignon the boundary, andNOCf (l ; f ) < 0 is suf�cient for a zeroto
bea localmaximum.

Wenext differentiatewith respectto f to �nd thesecondordercondition
for asocialoptimum

NOCf =

�
h
(1=f )

n
f nM + (1� f )nC

o
� 1

i
(1=lf 2)¡ 0(1=lf )

�
nC

f 2 ¡ (1=lf ):

The secondterm is unambiguouslynegative. The �rst term hastwo fac-

tors of interest. We have (1=f )
n

f nM + (1� f )nC
o

� 1 representingso-
cial surplusof the marginal idea produced;sinceprivately it yields zero
pro�t, it mustyield positive socialsurplus.If theotherfactor¡ 0(1=lf ) >
0 then there is a uniquesolution to the social optimization problem; if

16In this casewe cannotguaranteethat the secondorderconditionis satis�ed, so we
mustruleout thepossibilitythat f̂ (l ) hasmultiple values.
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NOC(l ;1) � 0, thenthat solution is f̂ (l ) = 1; otherwiseit is the unique
solutionto the�rst orderconditionNOC(l ; f ) = 0.

In thelattercase,wemayusetheimplicit functiontheoremto compute
df
dl

= �
NOCl

NOCf
µ NOCl =

= �
h
(1=f )

n
f nM + (1� f )nC

o
� 1

i
(1=l 2f )¡ 0(1=lf );

whichhastheoppositesignto ¡ 0(1=lf ): �

Proposition. 3.2.Considertwodifferentaggregatemonopolyrevenuefunc-
tionsM1;M2 thathavethesamevalueM1(r ) = M2(r ) andderivativeDM1(r ) =
DM2(r ) (hence, elasticity¡ 1(r ) = ¡ 2(r )) at r . If D¡ 1(r 0) < D¡ 2(r 0) for
r 0� r , then

(1) Labor demandassociatedto M1 is smallerthantheoneassociated
to M2; that is,

Z ¥

r
� [DM1(r 0)=r 0]dr 0<

Z ¥

r
� [DM2(r 0)=r 0]dr 0:

(2) Theelasticityof labor demandassociatedto M1 is greaterthanthe
elasticityof labor demandfromM2; that is, E[H1(r )] > E[H2(r )].

(3) Astheelasticityof total revenuegoesfromincreasing, to constant,
to decreasing, the elasticityof the associatedlabor demandfunc-
tionsincreasesmonotonically.

Proof. Step1: M1(r 0) > M2(r 0)
Hereandin whatfollows,r 0� r holds.Then,D¡ 1(r ) � D¡ 2(r ) < 0 by

assumption.Moreover

D¡ (r ) = D[� r DM(r )=M(r )] =

=
1
r

[¡ (r ) + ¡ 2(r )] � r D2M(r )=M(r )

soD2M2(r ) � D2M1(r ) = (M(r )=r )[D¡ 1(r ) � D¡ 2(r )] < 0, whereM(r )
is thecommonvalueof M1 andM2 at r . Then,for r 0nearr wehave

M1(r 0) � M2(r 0) � (1=2)[D2M1(r ) � D2M2(r )]( r 0� r )2 > 0

Moreover, if M1(r 00) � M2(r 00) < 0 for somelargerr 00, thenM1(r 0) � M2(r 0) =
0 for somer 00> r 0> r , sinceboth functionsare continuous. Let r̂ 0 be
the smallestsuch r 0, that is, the �rst point to the right of r whereM1
andM2 cross. Then¡ (r̂ 0) = � r 0DM(r̂ 0)=M(r̂ 0) andthe assumptionthat
¡ 1(r̂ 0) < ¡ 2(r̂ 0) imply DM1(r̂ 0) > DM2(r̂ 0), that is, M1 crossesM2 from
below, which is impossiblesinceto the left of r̂ 0 we alreadyknow that
M1 > M2.

Step2:
R¥

r � [DM1(r 0)=r 0]dr 0<
R¥

r � [DM2(r 0)=r 0]dr 0
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RecallthatM(¥ ) = 0. Integrationby partsgives
Z ¥

r
� [DM(r 0)=r 0]dr 0= � M(r 0)=r 0j¥r �

Z ¥

r
M(r 0)=(r 0)2dr 0=

= M(r )=r �
Z ¥

r
M(r 0)=(r 0)2dr 0

from which
Z ¥

r
� [DM1(r 0)=r 0]dr 0�

Z ¥

r
� [DM2(r 0)=r 0]dr 0=

= �
Z ¥

r
[M1(r 0) � M2(r 0)]=(r 0)2dr 0< 0

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

E[H(r )] = E[
Z ¥

r
� [DM(r 0)=r 0]dr 0] =

=
� r DM(r )=r

R¥
r � [DM(r 0)=r 0]dr 0 =

=
� DM(r )

R¥
r � [DM(r 0)=r 0]dr 0:

E[H1(r )] andE[H2(r )] havethesamenumerator, and,becauseof Step2,
the�rst hasasmallerdenominator. Hencetheconclusion. �

APPENDIX 2: DATA

Book Revenue. We collectedall thetitles, ISBN numbers,andsaleprices
listed by www.amazon.comfor the queryhardcover �ction booksandfor
thefour publicationperiodsof MarchandSeptember2003and2004. The
salesdataarefrom the Ingramstockstatistics,automatictelephoneline at
615-213-6803.TheIngramstockstatisticssystemgivesthefollowing sta-
tistics for eachISBN numberpunchedin: “Total salesthis year,” “Total
saleslast year,” “Total currentunadjusteddemand,” “Total last weekde-
mand.” Total revenuefor eachbookis calculatedusingthetotal salesdata
fromIngramandtheNovember2004salespricelistedonwww.amazon.com.
Ingramis alargebookdistributor, andgenerallythoughtto generateroughly
one-sixthof all book sales. It shouldbe noted that the salespriceson
www.amazon.comare changingover time, most often decreasing,so we
might have underestimatedtherevenueduringthe�rst yearfor bookspub-
lishedduring September2003. Becauseof the large numberof observa-
tions,wedo not reproducethedatahere,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,
whichcanbefoundat
http://www.copyright.gov/reports/annual/2000/appendices.pdf.Thisalsoin-
cludesthebreakdown of registrationsby typefor 2000.Populationdatafor
1901-1999is from theU.S.Census
http://www.census.gov/population/estimates/nation/popclockest.txt; dataprior
to 1901is from http://www.census.gov/population/censusdata/table-2.pdf;
thetwo sourceshave a slight discrepancy for the1900populationwith the
formersourcereporting76,094,000andthelatter(whichweused)76,212,168.
The year 2000 datawas from the 2000 Census. Literacy ratesare from
http://www.arthurhu.com/index/literacy.htm. Thedataweusedcanbefound
athttp://www.dklevine.com/data.htm.

Patent Time Series. R&D Expendituresby Sectors:NationalPatternsof
R&D Resources:2002DataUpdate,TableD, NationalScienceFounda-
tion GDP: NationalIncomeandProductionAccount,Table1.1.5,Bureau
of EconomicAnalysis.Population:1953-1959:PopulationEstimatesPro-
gram,PopulationDivision, U.S. CensusBureau,releasedate: April 2000
1960-2002:U.S.CensusBureau,StatisticalAbstractof U.S.,2004-2005.
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