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1. INTRODUCTION

TheU.S.ConstitutiongivesCongressthepowerto “TopromotetheProgress
of ScienceandusefulArts, by securingfor limited Timesto Authorsand
InventorstheexclusiveRight to their respectiveWritingsandDiscoveries.”
This recognizesthe two basiceconomicfeaturesof intellectualproperty
protection: on the onehandexclusive rights createmonopolypower and
so shouldbe limited in time. On the other, monopolypower providesan
incentive for creationandinnovation. For practicalreasonsthesametime
limit appliesacrossa wide variety of differentcreationsand innovations:
In U.S. law, copyright is life of authorplus70 yearsfor individual works;
95 yearsfor worksfor hire; designpatentsare20 yearsandornamentation
patentsare14 years.Sincetheprivatepro�tability of creatingandinnovat-
ing varieswidely, this meansthat for any �x ed time limit many ideaswill
earnpro�ts above andbeyondthe level neededto recoupthecostof inno-
vation. In a larger market pro�ts will be greater, and inframarginal ideas
will earnadditionaleconomicallyunnecessaryrents.Hence,asthemarket
expands,it becomespossibleto reducethe lengthof term without reduc-
ing the productionof new ideas. But, asthe market expands,someideas
thatwerenotpro�table to producewill becomeso,andreducingthelength
of termwill discouragethesemarginal entrepreneurs.Which of thesetwo
competingforcesshouldmattermorefor goodpolicy?

In this paperwe look at the generalequilibrium interactionthat deter-
mineshow optimalprotectionvarieswith thescaleof themarket. Pro�tabil-
ity of aninnovationdependsuponthreefactors:theinitial costof discovery,
the elasticityof demandand,�nally , the sizeof the market; all theseele-
mentsvarywidelyandunsystematicallyacrossinnovations.Weconcentrate
on market sizefor threereasons.Contraryto theothertwo factors,market
sizeis straightforward to measure;secondly, growth in per capitaincome
andtheexpansionof internationaltradehave increasedmarket sizeby two
ordersof magnitudesincewhenour patentandcopyright legislationwas
�rst introduced.Finally, theongoingprocessof tradeexpansionthroughhas
put the internationalharmonizationof intellectualpropertyrightsat center
stage,throughtheWTO-TRIPSagreement.

Our basicresult is an intuitive one. Optimal copyright andpatentterm
length involvesa tradeoff betweenincreasingthe distortionaryimpactof
unnecessarymonopolyon inframarginal ideas,andincreasingthe number
of marginal ideas. As the scaleof the market increases,it will generally
bedesirableto give up someof theadditionalmarginal ideasin exchange
for reductionof monopolyacrossthebroadvarietyof inframarginal ideas
thatwill beproducedanyway, andsotheoptimalpolicy shouldreducethe
lengthof protectionasthescaleof themarket increases.
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We make this point in the context of a simplemodel, intentionallyde-
signedto renderintellectualpropertyprotectionsocially bene�cial. Ideas
arecreatedsubjecttoanindivisibility. Therearemany possibleideas,andto
modelthefact thateachshouldhave downwardslopingdemand,we adopt
theDixit-Stiglitz modelof preferences.Theprivate return onanideais the
ratioof expectedmonopolyrevenueto its costof creation.Weconsider�rst
thecasein which theprivatereturnhasa neutraleffect on therelationship
betweentheprivateandsocialbene�t of anidea.Weshow thatthecomplex
heterogeneousmassof ideascanbe analyzedby examiningthe total mo-
nopolyrevenuefrom all ideaswith a privatereturnabove a thresholdlevel
ρ. We refer to this function asM(ρ). Using this tool, we show that when
themarket is suf�ciently small, it maybeoptimal to provide anunlimited
monopoly, but whenthemarket is largeenough,a time limit shouldalways
beimposed,andthis limit shouldstrictly decreaseasthesizeof themarket
grows.

This model is relatedto a seriesof papersby GrossmanandHelpman
[1991,1994,1995]studyinginnovationin a Dixit-Stiglitz framework. It is
mostclosely related,however, to GrossmanandLai [2002, 2004]. Their
approachdiffers from ours in two respects.First, wherewe usea static
analysis,they embedthestaticmodelin adynamicsettingby treatingcosts
andpro�ts astime-�ows. While thisapproachdoesnotanswerall dynamic
issues,suchasthedepletionof existing ideasandideasthatuseotherideas
asinputs, it is a valid dynamicinterpretationof the modelwe use. Since
GrossmanandLai have alreadyprovided this interpretation,we do not do
so here. Second,their modelusesa productionfunction approachto the
creationof new ideas.That is, ideasareof homogeneousquality, andare
producedusingaconstantreturnstechnologywith humancapitalandlabor
asinputs.Althoughwe do not think thatthis approachto theproductionof
ideasis asusefulasourdisaggregatedmodelof heterogeneousideas,under
theassumptionof symmetryit is possibleto translateproductionfunctions
into equivalent total monopolyrevenuefunctions,so this model has the
samereducedform asours,andweshow how to make theconnection.

Themostsigni�cant differencebetweenour resultsandthoseof Gross-
manandLai arethat they focuson thecasein which theproductionfunc-
tion is Cobb-Douglas.Both they andwe show thatthis meansthatoptimal
protectiondoesnot changewith thesizeof themarket. If, though,thetotal
monopolyrevenuefunctionhasincreasingelasticitythenoptimalprotection
locally decreasesandviceversa;theCobb-Douglascaseis thenthebound-
ary betweenthesetwo generalcases. Although we also show, as noted
above, thatwhenmarket sizeis large enough,optimal protectionmustal-
waysdecrease- even in the Cobb-Douglascase- the questionarises:are
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we currentlyin a region of thetotal monopolyrevenuefunctionwhereop-
timal protectionmight beconstantor increasing?We give boththeoretical
reasoningandempiricalevidencethatthis is not thecase.

GrossmanandLai focusalsoon“harmonization”andNorth-Southtrade.
Becausethey provide a detailedtreatment,especiallyof issuesinvolving
who bene�ts from harmonization,we examineonly a simpleexamplein-
volving multiple countries. Our goal is to show how - contraryto their
�nding - in the empirically relevant caseof increasingelasticity of total
monopolyrevenue,the North shouldreduceprotectionasa resultof har-
monization.In thecaseof two countriesof equalsize,becausesomeof the
bene�ts of a highertime limit arereceivedby the othercountrythereis a
tendency to setprotectiontoo low, andthereis a“harmonization”argument
to bemadefor internationaltreatiesraisingthetimelimit. However, thisar-
gumentappliesonly to two countriesof equalsize.Whenthecountries,two
or more,areof unequalsize,smallercountriestendsto setlow limits and
free ride off of the large country- but the largecountrytendsto setlimits
thataretoohighbecauseit doesnotaccountfor thesocialbene�t of innova-
tion to thesmallercountries.An implicationof thisresultis thattheprocess
of tradeexpansionshouldbeaccompaniedby aparallelprocessof intellec-
tualpropertyreduction.In thiscase“harmonization”doesnotmeansetting
limits equalto or higherthanthosein thelargerandmoreprotectedcountry,
but ratheradjustingthetime limits to lie in betweenthelargerprotectionof
thelargercountryandthesmallerprotectionof thesmallercountries.

Weemphasizeseveralotherpoints.Increasingthescaleof themarketcan
increasethe demandfor the specializedlabor neededto createideas. For
givenamountof intellectualpropertyprotection,this servesto driveup the
wagesof that kind of labor. We show that theseincreasedeconomicrents
do not serve a usefuleconomicpurpose,becausethey do not increasethe
numberof ideasthatareproduced.Noticethatthis argumentis relevant,at
leastin principle,for understandingtheincreasedwagegapbetweenskilled
andunskilledworkers.To theextent thatactivities with high IP protection
employ alargeshareof skilledworkers,anincreasein thesizeof themarket
increasesthe rentsaccruingto the skilled workers,at leastas long asthe
supplyof thelatterdoesnot increasein proportionwith themarket.

The generalequilibrium approachemphasizesthe connectionbetween
broaderfeaturesof theeconomyandintellectualproperty. Weillustratethis
throughvariouscomparative staticresults. We alsoconsidera numberof
extensionsof thebasicmodel. Themostimportantis to relaxtheassump-
tion thatquality is neutralin therelationbetweenprivateandsocialvalues
of an idea. As either the scaleof the market or the term of intellectual
propertyprotectionincreases,ideasthataremoremarginal from a private
point of view areproduced.If thesocialvalueof theseideasdeclineseven
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faster, thentheargumentfor decreasingthe lengthof protectionwith mar-
ket scaleis strengthened.If ideasthat are moremarginal from a private
perspective aremorebene�cial from a socialperspective, thena systemof
exclusiverightsis apoormethodof encouragingtheproductionof valuable
ideas:it leadsto theproductionof the least,ratherthanthemost,socially
usefulideas.Whenlegislationis in placethatallocatesmonopolypower to
theproducersof certaingoodsandnot of others(patentandcopyright pro-
tectionvary widely acrosseconomicsectors)a naturalconsequenceis the
emergenceof sociallywastefullobbyingandrent-seekingactivities. In our
framework rent-seekingwould consistof paymentsgoing from producers
to legislatorsto increasethelengthof intellectualpropertyprotection.The
basicresult is that the entrepreneurswho have accessto the lessmarginal
projectsaremorewilling to payfor the legal monopolyto becontinuedor
extended.Hence,in presenceof rent-seekingbehavior, intellectualproperty
protectionleadsto anequilibriumin which its lengthis determined,at the
margin, by thoseinnovatorswho needit theleast.

Onemay wonderwhy the relationbetweenthe sizeof the market and
theoptimal level of IP protection(that is, theoptimaldegreeof monopoly
power) is not emphasizedin the “new” growth literature,which hasat its
coreamodelof adoptionof new commoditiessimilar to theoneusedhere.
Therearetwo answers:�rst, becausethequestionis never explicitly asked
asthatliteratureassumesthatmonopolypowerandIP protectionaregood,
in fact: necessary, for innovation. Second,becausethe impactof market
sizeon the optimal lengthof IP protectionis buried behindthe so called
“size effect,” accordingto which increasingthe sizeof the market speeds
upthegrowth processbecauseof increasingreturns.So,for example,in the
Romer[1990] paperon endogenoustechnologicalchangeone readsthat
(p. S95)“... thesemodelshave anunderlyingform of increasingreturnsin
research.As a result,an increasein a scalevariableinducesanincreasein
therateof growth.”

2. THE MODEL

Ideasare indexed by their characteristicsω ∈ Ω. The spaceof charac-
teristicsΩ is a compactsubsetof a topologicalmeasurespace.Eachidea
requiresa minimumamounth(ω) ≥ 0 of theonly primary input, labor, to
beinvented,whereh(ω) is a measurablefunction. We refer to h(ω) asthe
indivisibility or theminimumsizefor producinga new idea. Therecanbe
many ideaswith givencharacteristics;we describethis by a positive mea-
sureη(ω) representingthe“number”of ideaswith characteristicsω in an
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economyof unit size.Wewill laterfocusonthecasewhereη(ω) is aprob-
ability distribution, and innovators�nd their individual ideasby drawing
from thisunderlyingdistribution,but this interpretationis notessential.

Thereis alsoacontinuumpopulationof agentsof sizeλ; with theparam-
eterλ wemeasurethescaleof theeconomy. Thenumberof availableideas
maydependon thesizeof theeconomy, so the total numberof ideaswith
characteristicsω availablein an economyof sizeλ is g(λ)η(ω). To cap-
ture the principle that in a larger populationmoreideasof a givenquality
areavailableg(λ) is assumednon-decreasingin λ; wemayassumewithout
lossof generalitythatg(1) = 1. In thecasein which η(ω) is a probability
distribution from which innovatorsdraw their ideas,twice asmany inno-
vatorsmeantwice asmany ideaswith given characteristics,so g(λ) = λ.
Neither that the numberof ideasincreaseswith sizeat different ratesfor
differentcharacteristics,nor thattheindivisibility varieswith thesizeof the
economy, is apossibilityconsideredhere.

We assumeinitially thatonceanideais created,it maybereproducedat
no costandwithout limit. If the input of labor y(ω) usedin producingω
is below the threshold,i.e. y(ω) < h(ω) no prototypewill emerge andno
consumptionis possible.If theamountof laborusedin producingtheidea
exceedstheindivisibility, i.e. y(ω) ≥ h(ω), thenconsumptionx(ω) ≥ 0. It
is convenientalsoto measureconsumptionpercapitaasz(ω) = x(ω)/λ.

The utility of a representative individual hasa Dixit-Stiglitz form over
goodsof differentcharacteristics.Whenconsumingz unitsof a goodwith
characteristicsω, consumersreceive a utility of v(z,ω), wherev(z,ω) ≥
0 is assumedcontinuousin ω and in z, non-decreasingin the latter, and
at leastup to a limit z∗, smoothandstrictly increasing.We alsoassume
limz→¥ v(z,ω) = vC(ω) < ∞ and,to simplify the analysisof qualitiesthat
arenot produced,v(0,ω) = 0. Sincev(z,ω) is bounded,zvz(z,ω) → 0 as
z → ∞, that is per capitarevenuefalls to zeroasper capitaconsumption
growswithoutbound.Wealsoassumethatzvz(z,ω) hasauniquemaximum
atzM(ω). Notethatweareassumingthattheutility from eachcharacteristic
is certain,or what amountsto the samething, that v measuresexpected
utility. Apart from consumptionof idea-goods,consumersreceive a utility
of ` from leisure0≤ `≤ L, whereL is theindividualendowmentof time;L
hastwo alternative uses:leisureor production.Leisurehereis a shorthand
for all activities that take placeoutsideof the idea sector, so it includes
the productionof goodsthat do not involve ideas,or goodsthat useideas
thatalreadyexist. Sinceg(λ)η(ω) of typeω ideasarepotentiallyavailable,
individualutility is

Z
v(z(ω),ω)g(λ)η(dω)+ `.
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Notethat themarginal utility of leisureis normalizedto one.We will con-
sider later the possibility that the marginal utility of leisurechangeswith
thescaleof theeconomy, for exampleincreasesin percapitaGDPmayin-
creasetheproductivity of laborin thenon-ideasector. Thesocialfeasibility
constraintis that the amountof leisureconsumedequalsthe amountleft
overaftertheproductionof prototypes.

λ(L− `) =

Z
y(ω)g(λ)η(dω).

Pro�t maximizationandef�ciency both requirey(ω) = h(ω) for all ideas
for which x(ω) > 0, andy(ω) = 0, otherwise. It is alsoobvious that, as
a consequenceof theextremeform of theproductiontechnology, no good
would beproducedin this economyabsentpatentprotection;we look later
at the lessextremecasein which a capacityconstraintexists andmaking
copiesinvolvesapositivemarginal cost.

Patent Equilibrium. Ournotionof equilibriumis thatof a patent equilib-
rium in which thereis a �x ed commonlengthof patentprotectionfor all
ideas.This meansthat, in termsof presentvalueof the �o w of consump-
tion, a fraction 0 ≤ φ ≤ 1 occursundermonopoly, anda fraction (1− φ)
occursundercompetition.Wereferto φ asthelevel or theextentof protec-
tion. Weassumethattherearepotentiallymany individualswhocaninvent
any particularidea; certainlythe numberof individualswho have histori-
cally hadtruly uniqueideasis minuscule.We do not explicitly modelthe
“patentrace”by which patentis awarded,andsimply assumethat through
someprocedure,aparticularindividual is awardeda“patent” for ideaswith
characteristicsω. This providesherwith monopolyover thoseη(ω) ideas
and,while thepatentlasts,shechooseshow many copiesshouldbe taken
to the market to maximizepro�ts. Underpatentprotection,our economy
is similar to thetraditionalDixit-Stiglitz “monopolisticcompetition”econ-
omy. Oncea patentexpires,anyonewho wishesto do somaymake copies
of ideasthathadbeenpreviously introducedunderthepatentregime.Once
competitionsetsin, outputandconsumptionjump to in�nity while prices
andrevenuefall to zero. The latterwe have assumedfor thesake of sim-
plicity; aspointedout in Boldrin andLevine [1999], this neednot be,and
it is not in general,thecase.A typeof goodis producedif, giventhepatent
lengthφ, theprospective monopolist�nds it pro�table to overcomethe in-
divisibility. This notionof equilibriumis closelyconnectedto thatof Hart
[1979] andMakowski [1980], andit hasbeenused,for example,by Ace-
mogluandZilibotti [1996] in a relatedcontext.

Themarket for innovationis equilibratedthroughthewagerateof labor
w. Thehigheris w thecostlierit is to producenew ideasandfewerof them
will thereforebeproduced.If theamountof laborusedin theproductionof
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ideasis strictly lessthanthetotal endowmentλL, wagesw = 1. Otherwise,
w mustbechosento reducedemandfor laborto thepointwheretheamount
of leisureis 0.

A patentholder, monopolist,for a goodwith characteristicsω who sells
z unitsof outputto eachof theλ consumersreceivesthepricevz(z,ω). Re-
call that revenueλz(ω)vz(z(ω),ω) is assumedto have a uniquemaximum
at zM(ω), andthecostfacedby themonopolistis wh(ω). For a commod-
ity with characteristicsω, ρ(ω) = zM(ω)vz(zM(ω),ω)/h(ω) expressesthe
ratio of (per capita)privatevalue to the innovation cost. In fact ρ(ω)/w
representsoneplustherateof returnon investmentwhich would accrueto
the inventorof commodityω if patentslastedforever andthe market size
wasλ = 1. We refer to ρ(ω) asthe private return for ω. The monopolist
receivesa fraction φ of the privatereturn,timesthe sizeλ of the market.
Hence,agoodis producedif

ρ(ω) ≥ w/φλ ≡ ρ.

In otherwords,no ideaswith privatereturnlower thanρ will beintroduced
in thepatentequilibriumandall ideaswith aρ(ω) aboveρ will beproduced.
Notice that ρ is strictly decreasingin φλ, meaningthat asthe scaleof the
marketor theextentof protectionincrease,ideaswith a lowerprivatereturn
areintroduced.Noticealsothat,in general,thereneednotbeany monotone
relation betweenthe private return ρ(ω) of an idea and its social return;
henceideasof high socialreturnmaybeintroducedonly for highvaluesof
λ, or evenneveratall, if their privatereturnρ(ω) is particularlylow.

Percapitasocialwelfarein apatentequilibriumis derivedby integrating
utility for thosegoodsthatareproducedlessthecostof producingthem

Z

r (w)≥r
[φv(zM(ω),ω)+(1−φ)vC(ω)−h(ω)/λ]g(λ)η(dω)+L

Weassumethatfor ρ > 0

LD =

Z ¥

r (w)≥r
g(λ)h(ω)η(dω) < ∞,

so that the amountof labor requiredto produceall ideasexceedingany
particularprivatevaluethresholdis �nite.

Noticethatρ(ω)h(ω)η(ω) is thetotal revenueof a monopolistinvesting
in goodswith characteristicsω in aneconomyof unit size. For any given
cutoff ρ wemayde�ne

M(ρ) =

Z ¥

r (w)≥r
ρ(ω)h(ω)η(dω).

ThenM (ρ) is thesumof monopolyrevenueoverall ideaswith privatevalue
of ρ, or greater. WeassumethatM is differentiableandde�ne theelasticity
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of total monopoly revenue, with respectto variationsin themarginal idea,
asϒ(ρ) ≡ −ρM′(ρ)/M(ρ) > 0. We alsomake the regularity assumption
thatϒ(ρ) is differentiable.

Let νM(ω) ≡ v(zM(ω),ω)/[h(ω)ρ(ω)] andνC(ω) ≡ vC(ω)/[h(ω)ρ(ω)]
betheratioof socialvalueto privatereturnof acommodityof typeω under
monopolyandundercompetition,respectively. To �x ideas,considerthe
casein which utility hasthequadraticform

v(ω,z) = b(ω)
�
Z(ω)2− [z−Z(ω)]2

�

for z≤ Z(ω) andv(ω,z)= b(ω)Z(ω)2 for z > Z(ω). ThenwehaveνM(ω) =
3/2 andνC(ω) = 2 independentlyof characteristics.More generally, we
can de�ne the notion of return neutrality. If the ratios of social values
to privatereturnνM(ω) andνC(ω) areboth constant,we have strong re-
turn neutrality. Formally, observe that the measureh(ω)η(ω) represents,
in an economyof unit size, the quantity of labor neededto produceall
ideaswith characteristicsω. Considerthe measureh(ω)η(ω), which we
refer to as the mass of ideas, restrictedto the σ-subalgebraof the Borel
setsof Ω generatedby the subsetsof Ω on which ρ(ω) is constant;make
theregularityassumptionthatit canberepresentedby acontinuousdensity
functionµ(ρ) =

R
r (w)=r h(ω)η(dω). For any function f (ω) we mayde�ne

a conditionalvalue f (ρ) in muchthe sameway asa conditionalexpecta-
tion is de�ned. Speci�cally, f (ρ) is de�ned, µ-almosteverywhere,by the
condition that

R
B f (ρ)µ(ρ)dρ =

R
B f (ω)h(ω)η(dω) for every setB in the

σ-subalgebraof theBorel setsof Ω on which ρ(ω) is constant.By return
neutrality we meanthat νM(ρ),νC(ρ) areconstant.1 Below, we consider
�rst theneutralthenthenon-neutralcase.

3. RETURN NEUTRALITY

We �rst examinethecaseof returnneutrality, andaskhow sociallyopti-
malprotectionφ̂(λ) dependsonmarketsize.We�nd that,if theelasticityof
totalmonopolyrevenueis well behavednearρ = 0 thenfor largeenoughλ
sociallyoptimalprotectionmustbedecliningwith λ. Further, if theelastic-
ity of total monopolyrevenueis increasingwith ρ, a conditionthat,contra
GrossmanandLai [2002,2004]we argueis likely to bethecase,thenso-
cially optimalprotectionis in factdecreasingasa functionof λ. Basically,
therearetwo cases.If theelasticityof totalmonopolyrevenueis increasing
with ρ andφ̂(λ)< 1 wecanshow fromthe�rst orderconditionsandimplicit
functiontheoremthatφ̂(λ) is strictly decreasing.If, instead,theelasticityof
totalmonopolyrevenueis decreasingwith ρ, thenlabordemandis growing

1By assumingall ideasareidenticalfrom thepointof view of consumersGrossmanand
Lai [2004] implicitly assumestrongreturnneutrality.
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fasterthanlabor supply, andso the labor constraintmusteventuallybind.
We show thatwhenever the laborconstraintbinds,it mustbe thecasethat
φ̂(λ) is strictly decreasing.

Proposition. Suppose return neutrality. If for some ρ̃ and 0 < ρ < ρ̃,
ϒ′(ρ) 6= 0 then there exists λ such that φ̂(λ) is unique and strictly decreas-
ing for λ > λ. If ϒ′(1/λbφ(λ)) > 0 then φ̂(λ) is unique and non-increasing;
if φ̂(λ) < 1 it is strictly decreasing.

Proof. Usereturnneutralityto rewrite socialwelfareas
Z

r ′≥r
[φνMρ′+(1−φ)νCρ′−1/λ]g(λ)µ(ρ′)dρ′+L

Webegin by analyzingthecasein which thelaborconstraintdoesnotbind,
so w = 1. Differentiatingwith respectto φ anddividing out the constant
g(λ) wegetthe�rst orderconditionfor asocialoptimum.

FOC(λ,φ) =
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
(1/λ2φ2)µ(1/φλ)

−
Z ¥

1=fl
ρ(νC−νM)µ(ρ)dρ

= −
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
(1/λφ)M′(1/φλ)

− (νC−νM)M(1/φλ)

Divide throughby M(1/φλ) > 0, theresultingexpression

NOC(λ,φ) =
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
ϒ(1/λφ)− (νC−νM)

hasthe samequalitative propertiesasFOC(λ,φ): it hasthe samezeroes,
thesamesignon theboundaryandNOCf (λ,φ) < 0 is suf�cient for a zero
to bea local maximum.

Wenext differentiatewith respectto φ to �nd thesecondordercondition
for asocialoptimum

NOCf =

−
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
(1/λφ2)ϒ′(1/λφ)

−
νC

φ2 ϒ(1/λφ)

The secondtermsis unambiguouslynegative. The �rst term hastwo fac-

tors of interest. We have (1/φ)
n

φνM +(1−φ)νC
o
− 1 representingso-

cial surplusof the marginal idea produced;sinceprivately it yields zero
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pro�t, it mustyield positive socialsurplus.If theotherfactorϒ′(1/λφ) >
0 then there is a uniquesolution to the social optimization problem; if
NOC(λ,1) ≥ 0 then that solution is φ̂(λ) = 1, otherwiseit is the unique
solutionto the�rst orderconditionNOC(λ,φ) = 0.

In thelattercase,wemayusetheimplicit functiontheoremto compute

dφ
dλ

= −
NOCl

NOCf
∝ NOCl =

= −
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
(1/λ2φ)ϒ′(1/λφ)

which is negative if andonly if ϒ′(1/λφ) > 0. This coversthesecondhalf
of thepropositionwhenthelaborconstraintdoesnot bind.

If the labor constraintdoesbind, increasingφ only increasesthe wage
rate. Hence,if thesocialoptimumis to allow the laborconstraintto bind,
φ mustbechosenassmallaspossiblesubjectto theconstraintof full labor
utilization and w = 1. Consequentlyconcavity of welfare in the interior
implies a uniqueoptimal choiceof φ. This establishesa uniqueoptimal
policy function φ̂(λ).

Finally, we turn to the �rst half of the proposition. For �x ed φ andall
largeenoughλ we mayassumethateitherϒ′(1/λφ) > 0 or ϒ′(1/λφ) < 0.
In eithercase,ϒ(ρ) musthavea (possiblyin�nite) limit asρ → 0. Observe
that ϒ(ρ) ≡ −ρM′(ρ)/M(ρ), and that M(ρ) is non-increasing.Suppose
�rst that−ρM′(ρ) doesnotconvergeto in�nity . If it is boundedaway from
zero,M(ρ) → ∞, implying ϒ(0) = 0. If it is not boundedaway from zero,
sinceM(ρ) is boundedaway from zero, again,ϒ(0) = 0. Hence,either
−ρM′(ρ) → ∞ or ϒ(ρ) = 0. The latter caseimplies ϒ′(1/λφ) > 0, so �x
φ = 1 andexamine

NOC(λ,1) = [σ−1]ϒ(1/λ)− (νC−νM).

Sinceϒ(0) = 0 for λ suf�ciently largeNOC(λ,1) < 0 implying φ̂(λ) < 1.
Finally, then,suppose−ρM′(ρ) → ∞. Thedemandfor laboris

LD = g(λ)

Z ¥

1=fl
µ(ρ)dρ.

Differentiatingwith respectto λ yields

Dl LD = g′(λ)

Z ¥

1=fl
µ(ρ)dρ+g(λ)(1/φλ2)µ(1/φλ).

Laborsupplyis λL soif Dl LD ≥ L + ε for all suf�ciently largeλ the labor
constraintmust eventuallybind. But −ρM′(ρ) = ρ2µ(ρ) → ∞ as ρ → 0
so, for φ boundedaway from zero, Dl LD → ∞, so in this casethe labor
constraintmustbind. �
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ThreeImplications. Theoristsof innovationandgrowth dueto aggregate
increasingreturnsofteninsistthatthelatteraredueto massiveexternalities
in the creationof new ideas. In our framework this requiresg(λ)/λ to be
increasingin λ, thatis thenumberof availableideasincreasesmorerapidly
thanthescaleof theeconomy. This leadsto a numberof extravagantpre-
dictions,which we will compareto the empiricalevidencelater. Here it
suf�ces to remarkthat,asamatterof theory, g(λ)/λ increasingin λ implies
that the laborconstraintmustbind eventually;whenit doestheprivatere-
turn from themarginal ideaadoptedincreasesratherthandecreases.While
this doesnot imply that ideaswith a highersocialvaluewill beproduced,
it certainly doesimply that the optimal length of protectionφ is strictly
decreasingin λ.

That intellectualpropertyprotectioncandrive up the wageratefor the
relevant supply of highly skilled labor, is empirically relevant for grow-
ing andadvancedeconomiesalike. Lobbyistgroups,especiallyin theen-
tertainmentandpharmaceuticalindustries,often point to the high costof
producingnew goodsas a reasonfor strongIP protection. Examination
of thebalancesheetsof eithermovie productionor pharmaceuticalcompa-
niesshows thatmuchof this high costis dueto theearningsof the“highly
skilled” laborthese,andotherIP protectedindustries,employ. Considerthe
entertainmentindustry:costsarehighherebecausea few “stars”earnlarge
amountsof money, Sincetheopportunitycostof thesepeopleis generally
quitesmallanimportanteffectof reducingcopyright protectionwill simply
be to lower therentsearnedby these“stars,” andconsequentlyreducethe
costof producingmovies of a given quality. In suchindustries,the mar-
ginal workersarepaidcloseto their opportunitycost,andsostandto lose
little throughreducedcopyright protection. A similar, even if admittedly
lessstraightforward,argumentcanbeappliedto thedrugindustrywith re-
spectto thewagesof medicalresearchersin relationto thatof production
workers.

Other, policy relevant, comparative static resultsalso follow from the
previousanalysis.Any policy or technologicalchangeincreasingthemar-
ginal costof theskilled labor neededto introducenew ideasis equivalent
to decreasingλ, so generallysuchchangesincreasethe socially optimal
lengthof protection.Thisobservationis relevantwhenconfrontingpolicies
that increasethe protectionfrom foreign labor competition(for example,
by restrictingimmigration,or penalizingoutsourcing)of selectedgroupsof
skilled workers; in this case,protectionin the labor market inducesaddi-
tional intellectualpropertyprotectionandrent-seekingin theproductmar-
ket. Conversely, technologicalimprovements(suchastheincreasingpower
and reducedcost of computers,or the reconstructionof the DNA code)
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whichreducethesizeof theinitial indivisibility h aretantamountto increas-
ing λ, henceshouldengendera reductionof thesociallyoptimal lengthof
protection.

The Production Function Approach. By way of contrast,Grossmanand
Lai [2002, 2004] adopta productionfunction approachwhere ideasare
homogenousand the total numberof ideasis Q = F(H,L) whereH is a
�x edamountof humancapital,L is thelaborinputandF is aconstantreturn
to scaleconcave productionfunction. Sincehumancapitalserves in this
modelonly to absorbtherentsfrom ideas,we mayaswell write Q = f (L)
where f is adiminishingreturnproductionfunction.While wedonot think
that ideasare like automobiles- moreor lessperfectsubstitutesstamped
off a productionline - we canconstructa total monopolyrevenueschedule
correspondingto GrossmanandLai'sproductionfunction,andby doingso
give an interpretationof their assumptionin our framework. Observe that
whenw = 1 the total labor costof producingQ ideasis f −1(Q), andthe
correspondingmarginalcostis 1/ f ′(L). Sinceall ideasareequallyvaluable,
wemayaswell supposethey generaterevenue1, soin our terminology, the
privatereturnof theideaproducedby theLth unit of laborinput is revenue
divided by the cost of producingthe idea, that is, ρ = f ′(L). The total
revenueto ideaswith privatereturnρ or betteris thenthe total numberof
ideasproducedby thecorrespondingamountof labor

M(ρ) = f ([ f ′]−1(ρ)).

From this we may easilyderive that the elasticityϒ of M is the sameas
GrossmanandLai's elasticityof researchoutputwith respectto labor.2 In
theCobb-Douglascase,which is thebenchmarkcasestudiedby Grossman
and Lai, f (L) = La , and so M(ρ) = αa=(1−a)ρ−a=(1−a), which is to say
that M hasconstantelasticity. Also of interestis their CES case,where
f (L) = (a+Lb)1=bfor β ≤ 1. We have f ′(L) = (aL−b +1)(1−b)=b,

M(ρ) = a1=b
�

1
1−ρ−b=(1−b)

� 1=b

ϒ(ρ) =
1

1−β
1

�
ρb=(1−b) −1

� .

For β < 0, M(ρ) is de�ned for ρ ≤ 1, with M(1) = 0, and elasticity is
increasingin ρ. Thecase0 < β ≤ 1 implies thatevenwith no labor input,
a1=b ideaswill beproduced.This is not ridiculous: evenin theabsenceof
any effort, someideaswith apositivereturnmaybediscoveredby accident.
Also in this caseM(ρ) is de�ned for ρ > 1 with M(1) = ∞, that is, the

2In theirnotation,this elasticityis γ.
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revenuegeneratedby ideasgoesto in�nity , evenbeforeall ideasof positive
qualityareexhausted.Herewehavedecreasingelasticity.

4. THE ELASTICITY OF TOTAL MONOPOLY REVENUE

Thequestionthenis, which assumptionis mostappropriateon theelas-
ticity of thetotalmonopolyrevenuefunction?Weaddressit herefrom both
a theoreticalandempiricalperspective. First we look at distributionsthat
are interestingeither becausethey satisfy intuitive propertiesor because
they allow for explicit computationsandarewidely usedin practicalexam-
ples.With theexceptionof thePareto,we �nd thattheelasticityof M(ρ) is
increasing.Next we look at empiricaldistributionsof income/revenuefor
differentkindsof inventiveactivity, and�nd thatthey exhibit rapidly rising
elasticity. Finally, we derive the implicationsof theconstantelasticityas-
sumptionfor theequilibriumdemandof laborin theideasector, asthescale
of themarket increases;we show thatassumptionsof constantor decreas-
ing elasticityis grosslyat oddswith any availabledata,andprobablyalso
with commonsense.

4.1. Theoretical Analysis. First, we considerfrom a theoreticalpoint of
view what

M(ρ) =

Z ¥

r
ρ′µ(ρ′)dρ′,

might look like. Under the plausibleassumptionthat thereare ideasso
bad that they have a negative privatereturnwe expectµ(0) to be strictly
positive, and �nite. This implies that M(0) is �nite, and M ′(0) = 0, so
limr →0ϒ(ρ) = 0. Sinceϒ(ρ) ≥ 0, thismeansϒ′(0) ≥ 0, thatis theincreas-
ing elasticitycase.In otherwords,theoreticalconsiderationsalonesuggest
thatthefunctionM(ρ) is �nite and�at at ρ = 0, andhasincreasingelastic-
ity there;we shouldnot expectsituationssuchasthat implied by theCES
productionfunctionfor 0< β ≤ 1 in whichelasticityis globallydecreasing,
or evenconstant.

4.1.1. The Pareto Distribution. If µ(ρ) is Pareto,thenM(ρ) = ρ−z, which
corresponds,up to a scalefactor, to the functional form implied by the
Cobb-Douglasproductionfunction. Sincethe Paretodensitygoesto in-
�nity for �nite ρ, aswe have observed, this is not a terribly goodglobal
modelof the distribution of ideas,andwe would not expectit to hold for
ρ closeto zero.Nevertheless,it cancertainlybearguedthatwe arestill in
theuppertail of thedistribution of quality of ideas.And thereis certainly
a greatdealof economicdatathatappearsto have Paretouppertails, so it
is possiblein principle thatwe arestill experiencingvaluesof ρ for which
ϒ′(ρ) ≤ 0,. Or, perhaps,thetails areeventhicker thanPareto,with a lump
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of ideaswith zerocost,asis thecasefor theCESproductionfunctionwith
0 < β ≤ 1. This is anempiricalissue,andwe will addressit shortly.

Next wequickly runthroughvariousfunctionalformsfor µ(ρ) thatmight
be useful to model the distribution of ideas,andseewhat they imply for
M(ρ), andϒ(ρ).

4.1.2. The Exponential, Normal and Lognormal Distributions. Consider
�rst the Exponential,whereµ(ρ) = ζ3e−zr . ThenM(ρ) = ζ(ζρ + 1)e−zr

and
ϒ(ρ) = (ζρ)2/(1+ζρ)

which is increasingin ρ. For theNormaldistribution,sayµ(ρ) = e−zr 2
, we

have that M(ρ) = (2ζ)−1e−zr 2
andϒ(ρ) = 2ζρ2, which is alsoincreasing

for all valuesof ρ > 0. Similar calculationsyield the sameresultsfor a
Lognormaldistribution of privatereturns.Shouldwe restrictourselves,as
it it reasonable,to positiveandlargevaluesof ρ theresultsdonotchange,in
fact they arestrengthened.For theNormaldistribution, ϒ(ρ) is increasing
in ρ over the whole interval (0,∞), constantat ρ = 0 anddecreasingfor
negative valuesof ρ. For theExponential,ϒ(ρ) is increasingfor all ρ > 0
andfor ρ < −2/ζ aswell.

4.1.3. The Truncated Pareto Distribution. In principle, a Paretodistribu-
tion with a �nite upperboundis appealing,andit allows for explicit com-
putations.It amountsto assumethat privatereturnsaredistributedPareto
andthereis anideaof highestpossiblequality, soµ(ρ) = ρ−z for ρ ≤ ρ, and
µ(ρ) = 0 for ρ > ρ, with ζ < 2 (but noticethatfor valuesof ζ < 0 thissays
that the frequency of ideasincreaseswith their quality, andthensuddenly
dropsto zeroafter themaximumvalueρ is reached,which doesnot make
muchpracticalsense.soassumeζ > 0.) In thiscase,again,elasticityrather
thanbeingconstantis increasing.In fact,wehave

M(ρ) =
1

2−ζ

h
ρ2−z −ρ2−z

i

ϒ(ρ) =
2−ζ

(ρ/ρ)2−z −1

ϒ′(ρ) =
(2−ζ)2(ρ)2−zρz−3

�
(ρ/ρ)2−z −1

� 2 > 0.

In thecaseζ = 1 weseethatM(ρ) is linear, andwecanexplicitly solve the
NOC

NOC(λ,φ) =
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i 1
λφρ−1

− (νC−νM) = 0.
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Werewrite theNOCas

λρ(νC−νM)φ2+φ−νC = 0

andthen�nd thepositiveroot

φ =

q
1+4λρ(νC−νM)νC−1

2λρ(νC−νM)
.

If wenormalizeρ = 1, thenfor largeλ this canbeapproximatedby

φ ≈

 
νM

νC−νM

! 1=2

λ−1=2

which impliesanelasticityof protectionwith respectto scaleof market of
1/2. That is, quadruplingthe scaleof the market implies that protection
shouldbereducedby abouta factorof two.

Returningto thecaseof generalζ, considertheNOCfor φ = 1.

NOC(λ,1) =
�
νM −1

�
ϒ(1/λ)− (νC−νM)

If λ > 1/ρ holds, that is, the size of the economyis large enough,then
NOC(λ,1) < 0 implying aninteriorsolution.Thisshowsthatthesizeof the
economyandtheupperboundontheachievableprivatereturnonideasplay
a similar role in our model;a smalleconomywherevery highly pro�table
ideasareavailableis equivalent,from theviewpoint of optimalprotection,
to a largeonein whichonly not-so-pro�tableideasareavailable.

Now, let ρλ ≤ 1 hold, so thatNOC(λ,1) > 0, soφ = 1 is optimal. This
is aneconomyeitherof very smallsizeor in which theprivatereturnfrom
new ideasis very low. In this caseeven completemonopolycannothelp:
with φ = 1 themarginalideaproducedis ρ = 1/λ implying thatρ≥ ρ holds,
thatis, no ideais ever implemented.

Finally, noticethat,in general,labordemandis

LD = g(λ)
Z r

1=lf
ρ−zdρ =

g(λ)

ζ−1
[(φλ)z−1−ρz−1]

while labor supply is LS = Lλ. Supposethe labor constraintis binding;
equilibriumis achievedeitherby loweringlabordemandthroughthewage
rate,or throughtheprotectionlevel φ. We know socialoptimality requires
keepingthe wagerate at 1, and equilibratingthe labor market using the
protectionlevel φ. Thisgive theoptimalprotectionlevel of

φ =

" �
1

λρ

� z−1

+
(ζ−1)L
g(λ)λz−2

#1=z−1

which,onceagain,is strictly decreasingin λ andρ.
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4.2. Empirical Analysis of Total Monopoly Revenue. Up until now we
have beenthinking of ideasasemptyboxesto be �lled in by individuals.
Fromanempiricalperspective, it is moreusefulto think of eachindividual
beingassociatedwith her own ideas;that is, to think of ω asindexing in-
dividualsor, rather, individuals' privatereturnfrom investingin ideas. In
this caseonecanidentify ω with ρ, andjust usethe latter. Thenh(ρ) be-
comesequalto thecostof personρ's time,or if laboris equallyproductive
in the“leisure” sector, h(ρ) wouldbethesamefor all individuals.This is a
strong,but not incredibleassumptionthatis moreor lesstheoppositeof the
productionfunctionapproach;wewill adoptit to startwith andconsiderits
weaknesseslater. Thatis, seth(ρ) = 1; then,any individualwith anideaof
expectedvaluehigherthan1 would try to implementit. We thenthink of
individualsasequivalentto theexpectedvalueof their ideas,with thelatter
beingdrawn from anunderlyingdistributionµ(ρ) satisfyingtherestrictions
discussedearlier. We areinterestedin the shapeof µ(ρ) asthis would al-
low us to computethe elasticity of M(ρ) at the “cutoff idea-individual”
ρ = 1/φλ.

An issueariseswhengoingto thedatabecause,for eachindividualρ, we
seldomobservetheexpectedvalueof heridea,i.e. ρ itself, but, instead,one
or morerealizationsxr = ρ+εr , whereεr is someuncontrollablesourceof
randomness,possiblydependenton ρ itself. To theextentthatthevariance
of εr is small relative to ρ, the sampledistribution of xr is an acceptable
approximationfor the underlyingµ(ρ), andour empiricalanalysismakes
sense.When(thevarianceof) εr is large,ouranalysisis invalidated,further
still whenthedependenceon ρ is relevant; the impactof this limitation if
discussedattheendof thesection.Undertheassumptionthatεr is smallwe
now makeseveralattemptsatusingavailabledatato measureM(ρ) directly,
focusingespeciallyoncaseswhereit is likely thatεr is small.

4.2.1. Personal Income Distribution. Our�rst attemptusesdatafor theUS
incomedistribution. That is, we make the furtherassumptionthat thedis-
tributionof incomeamongcreative individualsis thesameasfor thepopu-
lation at large. This is probablyincorrectwhenit comesto levels: creative
individualsarelikely to beconcentratedin theuppertail of thedistribution
of personalincome.However, it is a plausibleassumptionabouttheshape
of thedistributionof incomefromcreativeactivity. In any case,to theextent
that the largestshareof personalincomeis dueto labor effort andpeople
usetheir creativity in accumulatingskills andchoosinganoccupation,this
is a reasonablestartingpoint. CurrentPopulationSurvey Dataon income
from 2001is shown in Figure4.1. Abusingnotationslightly, let ρ denote
personalincomehere,thecorrespondingM(ρ) is plottedin Figure4.2.
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FIGURE 4.1. U.S.IncomeDistribution2001
Incomein USD1,000s Population

0-10 9.0
10-20 6.9
20-30 13.3
30-40 12.4
40-50 15.4
50-75 18.4
75-100 10.8
100+ 13.8

Source:U.S.CensusBureau,HistoricalIncomeTables,Households,All
Raceshttp://www.census.gov/hhes/income/histinc/h17.html

FIGURE 4.2. U.S.IncomeDistribution2001

Sophisticatedeconometricand statisticalknowledgeis not requiredto
seethat this curve is well �t by a straightline andpoorly by a Paretodis-
tribution. TheUS cumulative distribution of personalincome,clearly, has
increasingelasticity.

4.2.2. Revenue from Authorship of Fiction Books. We now examinea par-
ticular category of creative individuals: authorsof �ctional books. Ideally
onewould like to observe revenuesfor variousdraws of xr (i.e. books)for
eachauthorρ, to accountfor the possibleimpactof εr . Suchdatais not
available,hencewe proceedwith what is. Although we do not have data
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on life time incomeof individual authors,we do have dataon therevenue
generatedby individualbooksales.Lookingdirectlyat revenuesfrom book
salesis interestingbecause,asnoticed,authorsmayearnaboveaveragein-
come,andindeedmaybelargely in theuppertail of theincomedistribution
- which is not measuredat all by the incomedatawe reportedearlier. It
might well be thatwhile thebulk of thedistribution of personalincomeis
linear, it is Paretoin theuppertail, andtheincomeof authorsmight turnout
to bedistributedlike theuppertail of overall personalincome. Assuming
h(ρ) constantin this casemeansthatall thosethat“give it a try” at writing
�ction haveequivalentopportunitycosts.It is hardto point to ameasurable
sourceof heterogeneityin thevalueof leisureamong�ction writersbefore
theirsuccess,or failure,is revealedthroughrepeatedsalesof variousbooks.
Ex-post, obviously, successfulwritersaresuccessfulandtheir opportunity
costof timeis high;but how predictablesuccessandfailurewerewhenthey
decidedto write their �rst coupleof novels?For our dataanalysisto make
senseoneneedsto assumethatauthorsroughlyknow how much(eachof)
theirbookswill sell. Supposethat

• All authorstake the sameamountof time to producea novel and
have thesameopportunitycostsoh(ρ) is constant.

• Authorsearnall their incomefrom thesaleof their novels.
• Expectedrevenuesfrom thesaleof abookareperfectlyanticipated.

Then incomeper unit of time taken to producea book is r = λφρ and,
given currentcopyright laws, one can safely set φ = 1 in what follows.
We cancomputethe aggregateincomeof all authorswho earnat leasta
given amount,Mr(r), andof courseM(ρ) = (1/λ)Mr(ρ/λ) hasthe same
elasticity. We also ignorethe fact that it is costly to producebooksonce
they arewritten, which is largely irrelevant to our endsto the extent that
the costof producingeachcopy of a book is independentof the number
of copiesproducedandsold. We also ignorethat, for new authors,there
is anoptionvalueto producingthe�rst book- sinceif it is a failure,there
is no reasonto continueasan author. Our staticmodeldoesnot capture
this typeof optionvalue.But if we assumethatthecostof writing the�rst
book is small relative to the lifetime costof beingan author, this will not
mattermuch. With thesecaveats,we gathereddataon revenuesfor 1223
and1235�ction bookspublishedin September2003andSeptember2004
respectively. Figure4.3showsM(ρ) for September2003.Figure4.4shows
aplot onlogarithmicaxes,includingacloseupdoillustratemoreclearlythe
increasingnatureof the elasticity. on both ordinaryandlogarithmicaxes.
Figure4.5shows theSeptember2004data,.

Examiningtheseplots,four thingsstandout. First, they arevery similar
bothin shapeandabsolutevalues;this suggeststhat(i) thepatternreported
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FIGURE 4.3.

FIGURE 4.4.

hereis quiterobust,and,(ii), evenfor successfulbooksmostsalestakeplace
in the�rst few monthsafterpublication.3 Second,thattheM(ρ)functionis
piecewise nearly linear andexhibits increasingelasticity - a fact that can
beseenmoreclearly in the logarithmicplots. The third striking featureis
how little salesbetweenroughly$150,000and$300,000contributeto total
revenue.4 Thefourth is how low theindivisibility wh(ρ) maybefor writing
andpublishing�ction; in 2003,1181books,out of a total of 1223,earned
$50,000or less(correspondingto totalrevenueof approximately$300,000.)
Thesebooksaccountedfor 50 percentof total revenue,that is $6M out of
$12M. Thenumbersfor 2004aresimilar. In theSeptember2003vintage,

3Datafor themonthsof March2003and2004con�rm this is indeedthecase.
4Thesalesdataarefrom a singledistributor Ingram,constitutingabout1/6thof theUS

bookmarket,sototal USrevenueswouldbeaboutsix timesthis number.
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FIGURE 4.5.

984 booksearnedlessthan $10,000,henceour estimateof the marginal
author's opportunitycost wh(ρ) shouldbe placedat $60,000or less. In
the light of our earlier discussion,suchconclusionis valid only if those
authors,and their publishers,correctly predictedactualsales. Certainly
booksearning$300,000in revenuesarepayingtheopportunitycostsof the
authors,andit is hardto imaginethat 1235bookswerepublishedduring
September2004 in hopesof being one of the 5 that generatemore than
$300,000in revenue.

4.2.3. Patent Values. A similaranalysisof thevalueof patentsis possible-
with thereservationthatit is lesslikely for patentsthatex post valuecanbe
anticipatedex ante. In this case,by disaggregatingby industry, it is at least
plausiblethat the �x edcostof the innovation is not systematicallyrelated
to the ex post privatereturn. We useex post dataon the valueof patents
from Lanjouw [1993] for four Germanindustries- estimatedfrom patent
renewal ratesanddataon thecostof renewal. We graphthecorresponding
M(ρ)curvesin Figure4.6.

We computethe elasticitiesof the linear spline at the midpoint of the
intervalsin Figure4.7.

As canbeseen,in no casearethe tails similar to thatof a Paretodistri-
bution - thecurvesfall far toocloseto zero.Moreover, with the(irrelevant)
exceptionof thehighestcategoryof ρ for computers,they exhibit increasing
elasticityovereveryportionof their range.Figure4.7alsoreportsin square
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FIGURE 4.6.

FIGURE 4.7. 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]

brackets−ρM′(ρ). This is relevantbecausethesameφ (i.e. 20 years)ap-
plies acrosssectors.Hencethe relevant distribution is M(ρ) = ∑i Mi(ρ),
wherei indexesthevariousindustriessubjectto patenting.Unfortunately,
the fact that eachMi(ρ) function hasincreasingelasticitydoesnot imply
thatthisis truein theaggregate.Henceit is of interestto examine−ρM ′

i(ρ).
If this is increasing,thenthecorrespondingelasticityis increasingaswell,
andincreasing−ρM′

i (ρ) is a conditionthatdoesaggregate. While not in-
creasingin virtually every caseasis the elasticity, −ρM ′

i (ρ) is increasing
at the lower end(neartheexisting threshold)andincreasesin mostcases.
Thismeansthattheseresultscanbeexpectedto aggregateoverthedifferent
industries.

Onething thatshouldbeclearaboutthis analysisis thatexisting datais
not ideally suitedto examiningthe M(ρ) function. In particular, estimate
of theanticipatedandunanticipatedcomponentsof return,andof the�x ed
costh(ω) wouldgreatlyimprovetheanalysis.
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Our �ndings for patentsappearto accordwell with existing,andtechni-
cally moresophisticated,empiricalliteratureon thesamesubject.To name
but a few recentstudies,Harhoff, Scherer, andVopel (1997)usea dataset
of full-term patentsappliedfor in 1977andheldby WestGermanandU.S.
residents.They comparethe performancesof variousempiricaldistribu-
tions, including Pareto's, to �t the dataand�nd that a two-parameterlog
normaldistribution providesthebest�t. Silverberg andVerspagen(2004)
usea variety of different datasources(Europeanand US PatentOf�ces,
aswell asdataseton CT scanners),anddifferentmeasuresof ρ (citations
andmonetaryvalues)in their estimation.They �nd that,while theoverall
distributionsarewell approximatedby exponentialones,it is theupper tail
thatis bettercapturedby a Paretodistribution. As our concernhereis with
the shapeof the µ(ρ) nearthe lower cutoff valueρ, this is supportive of
our claim. Interestingly, SampatandZiedonis(2002)�nd thatcitationsare
not a goodpredictorof revenuesearnedfrom licensedpatents.The older
literatureon the valueof patents,stemmingfrom the path-breakingpaper
of Pakes[1986] (seeHall, Jaffe, andTratjenberg [2004] for a recentupdate
andnew results),seemsto �nd, almostalwaysthat the appropriatedistri-
bution is a log-normalor anexponential,for bothof which theelasticityof
thetotal revenuefunctionis increasing.Interestingly, SampatandZiedonis
(2002)�nd thatcitationsarenot a goodpredictorof revenuesearnedfrom
licensedpatents.

4.2.4. Analysis of Labor Demand: Theory. Anotherrouteto determining
whetherelasticityis increasingor decreasingis to studyits implicationsfor
thelabordemandin theideasector. This is

LD(λ) = g(λ)
Z ¥

r =1=fl
µ(ρ)dρ = g(λ)`(ρ),

andletting El denotetheelasticityoperator, its elasticityis

Ell [LD(λ)] = Ell [g(λ)]−Elr [`(ρ)]

Dependingon which assumptionsone makes aboutg(λ), the �rst factor
rangesfrom zeroto any largepositivenumber. For example,Grossmanand
Lai [2004] identify g(λ) with aggregatehumancapitalH in their model,
andassumethis is constantrelative to market size; henceEll [g(λ)] = 0.
As pointedout in Section3, in modelsof growth andinnovationdueto ex-
ternalities,suchasGrossmanandHelpman[1991,1994,1995],or Romer
[1990], g(λ) increasesfasterthanλ, henceEll [g(λ)] > 1. A benchmark
caseis that in which eachindividual draws her own ideasfrom the same
urn, with or without replacement.If samplingis without replacement,and
eachpersondraws thesamenumberof ideasfor eachcharacteristicω, then
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g(λ) = λ andEll [g(λ)] = 1; if samplingis with replacementthen,in gen-
eral,wewouldhaveEll [g(λ)] =< 1.

As for thesecondfactor, notice�rst thatthedemandfor laboris

`(ρ) =
Z ¥

r
−[DM(ρ′)/ρ′]dρ′.

Now, assumethat µ(ρ) = ρ−(z), with ζ > 2 so M(ρ) < ∞, which is the
constantelasticitycase.Then

`(ρ) =
(ρ)1−a

α−1
and

El(LD(λ)) = El(g(λ))+α−1> 1.

Noticethat,whenEl(g(λ)) > 0 theelasticityof labordemandis predicted
to besubstantially larger thanone.This impliesthat in thedatawe should
observe that,asthesizeof theeconomygrows, theshare of workersin the
ideasectorgrows morethanproportionally. This predictionis reinforced
whentheelasticityof thetotalmonopolyrevenuefunctionis decreasing,as
weshow next.

Proposition. Consider two different aggregate monopoly revenue functions
M1,M2 that have the same value M1(ρ) = M2(ρ) and derivative DM1(ρ) =
DM2(ρ) (hence, elasticity ϒ1(ρ) = ϒ2(ρ)) at ρ. If Dϒ1(ρ′) < Dϒ2(ρ′) for
ρ′ ≥ ρ. Then

(1) Labor demandassociatedto M1 is smallerthanthe oneassociated
to M2, thatis,

Z ¥

r
−[DM1(ρ′)/ρ′]dρ′ <

Z ¥

r
−[DM2(ρ′)/ρ′]dρ′.

(2) Theelasticityof labordemandassociatedto M1 is greaterthanthe
elasticityof labordemandfrom M2, thatis El[M`1(ρ)] > El[`2(ρ)].

(3) As theelasticityof total revenuegoesfrom increasing,to constant,
to decreasing,the elasticityof the associatedlabor demandfunc-
tionsincreasemonotonically.

Proof. Step1: M1(ρ′) > M2(ρ′)
Hereandin whatfollows,ρ′ ≥ ρ holds.Then,Dϒ1(ρ)−Dϒ2(ρ) < 0 by

assumption.Moreover

Dϒ(ρ) = D[−ρDM(ρ)/M(ρ)] =

=
1
ρ
[ϒ(ρ)+ϒ2(ρ)]−ρD2M(ρ)/M(ρ)
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soD2M2(ρ)−D2M1(ρ) = (M(ρ)/ρ)[Dϒ1(ρ)−Dϒ2(ρ)] < 0, whereM(ρ)
is thecommonvalueof M1 andM2 at ρ. Then,for ρ′ nearρ wehave

M1(ρ′)−M2(ρ′) ≈ (1/2)[D2M1(ρ)−D2M2(ρ)](ρ′−ρ)2 > 0

Moreover, if M1(ρ′′)−M2(ρ′′) < 0 for somelargerρ′′, thenM1(ρ′)−M2(ρ′) =
0 for someρ′′ > ρ′ > ρ, sinceboth functionsare continuous. Let ρ̂′ be
the smallestsuch ρ′, that is, the �rst point to the right of ρ where M1
andM2 cross. Thenϒ(ρ̂′) = −ρ′DM(ρ̂′)/M(ρ̂′) andthe assumptionthat
ϒ1(ρ̂′) < ϒ2(ρ̂′) imply DM1(ρ̂′) > DM2(ρ̂′), that is, M1 crossesM2 from
below, which is impossiblesinceto the left of ρ̂′ we alreadyknow that
M1 > M2.

Step2:
R¥

r −[DM1(ρ′)/ρ′]dρ′ <
R¥

r −[DM2(ρ′)/ρ′]dρ′

RecallthatM(∞) = 0. Integrationby partsgives
Z ¥

r
−[DM(ρ′)/ρ′]dρ′ = −M(ρ′)/ρ′|¥r −

Z ¥

r
M(ρ′)/(ρ′)2dρ′ =

= M(ρ)/ρ−
Z ¥

r
M(ρ′)/(ρ′)2dρ′

from which
Z ¥

r
−[DM1(ρ′)/ρ′]dρ′−

Z ¥

r
−[DM2(ρ′)/ρ′]dρ′ =

= −
Z ¥

r
[M1(ρ′)−M2(ρ′)]/(ρ′)2dρ′ < 0

Step3: El[`1(ρ)] > El[`2(ρ)]
Because

El[`(ρ)] = El[
Z ¥

r
−[DM(ρ′)/ρ′]dρ′] =

=
−ρDM(ρ)/ρ

R¥
r −[DM(ρ′)/ρ′]dρ′

=

=
−DM(ρ)

R¥
r −[DM(ρ′)/ρ′]dρ′

.

El[`1(ρ)] andEl[`2(ρ)] have the samenumerator, and,becauseof Step
2, the�rst hasasmallerdenominator. Hencetheconclusion. �

In plain words: if a constantelasticityrevenuefunction impliesanelastic-
ity of labor supply respectto market size larger thanone, thena revenue
functionwith decreasingelasticitywould imply anevenlargerelasticityof
laborsupply. Playingthis backward: shouldtheempiricalelasticityof la-
bor supplywith respectto changesin market sizebe clearly smallerthan
one,thentheassociatedtotal revenuefunctionwould have to have increas-
ing elasticity, which is our claim. Notice that even commonsenseseems
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FIGURE 4.8. U.S.PerCapitaCopyrights

enoughto rejectthehypothesisthattheelasticityof thetotal revenuefunc-
tion is constantor decreasing.In fact,this impliesthatwheneverthemarket
sizedoublestheshareof populationdedicatedto creativeactivity morethan
double.Recallthat,during the lastcentury, theeffective sizeof theworld
market hasbeenmultiplied, roughly, by a factorof onehundred.This im-
pliesthat,by now, at leastin theUSA everybody shouldbeworking in the
ideasector, which,alas,wehavenotyet achieved.

4.2.5. Analysis of Labor Demand: Data. With thisbackground,let uslook
atsomedata.Firstwe look at thetimeseries.Herewemustassumethatthe
distribution M(ρ) is not changingover time - for example,becauseall the
goodideashavebeenusedup. Wealsomustassumethatφ is eitherconstant
or increasingover time- asin factit is. We look �rst atU.S.copyright data
in Figure4.8. Weseethatit growssigni�cantly slowerthanU.S.population,
andindeedis relatively staticfrom theearly1900sto about1970- aperiod
in whichU.S.populationmorethandoubles.

Turning to patentableideas,R&D expenditure,insofar asit is an accu-
ratemeasureandnot simply a responseto changingtax laws is a measure
of labor in the ideasector. Figure4.9 shows U.S. R&D expenditureasa
fractionof GDP(therelevantsizeof market variable).Herefrom theearly
1960sto thecurrenttime,thishasremainedrelatively static- sinceU.S.has
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FIGURE 4.9. U.S.R&D Expenditure

increasedsubstantiallyover this time period,againthis is strongevidence
againsta linearincreaseof laborin theideasector.

Finally, we look at thecross-section.We examineR&D asa fractionof
GDPacrosscountries.If weassumethatthedomesticmarket is whatis sig-
ni�cant, we cancombinedataon GDPfrom the1990CIA World Factbook
with R&D dataanddataon the strengthof IPRsfrom Kanwar andEvan-
son[2001] (takingtheaveragefrom thetwo periods)andregressthelog of
R&D asa fractionof GDPonthelog λ. Oneissuethatarisesis whetherwe
shouldmeasureλ by populationor by GDP. Increasesin per capitalGDP
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:doublethepercapitalincomemay
meantwiceasmany ideas.Wereportresultsfor GDPwith thecorrespond-
ing populationcoef�cient in squarebracketsin Figure4.10- asit turnsout
it doesnot makemuchdifference.

As canbe seen,the elasticity is nowherecloseto unity. However, this
assumesthat the relevant market for R&D is the domesticmarket. More
generally, we would measureλ = λdomestic + λworld where λworld is the
fractionof world GDPavailableasa market for domesticR&D. Sincere-
gressinglog R&D on λ givesessentiallythe sameresultasregressingon
λdomestic/λaverage andregressingon log(λdomestic +λworld) givesessentially
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FIGURE 4.10. CrossSectionalData
IPRsStrength SizeElasticity[Population] N AverageGDPUSDbillions Exports

1 0.21[0.21] 7 108 14
2 0.38[0.22] 7 94 33
3 0.38[-0.04] 12 394 85
4 0.13[0.14] 4 1586 178

the sameresult as regressingon λdomestic/λworld, theseregressioncoef�-
cient shouldbemultiplied by λworld/λaverage. Thusif the ratio of revenue
earnedonR&D in foreignmarketsto domesticmarketsis ontheorderof 3-
5, it is possiblethattheelasticityof percapitalR&D with respectto sizeof
market is nearunitary. However, thisratio is implausiblylarge.Sinceworld
GDPis on theorderof $20,586billion, thepotentialsizeof theworld mar-
ket is muchlarger than3-5 timestheGDPof eventhe largestsetof coun-
tries.However, thisgrosslyoverstatestherelevantsizeof theworld market.
Exportsarea fraction,not a multiple of GDP. Consequentlya ratio of 3-5
wouldbepossibleonly if R&D is muchmoreintensivein export industries
thandomesticindustries- by a factorof considerablymorethan3-5. Using
Lo's [2003] detaileddatafrom Taiwan,in 1991export intensive industries
spentabout1.8timesasmuchonR&D asdomesticorientedindustries.Us-
ing microdataon renewal ratesto estimatethe valueof patentsLanjouw,
Pakesand Putnam[1998] �nd the highestvalueof the “implicit subsidy
from patentingabroad”at35%for theU.K. andGermany, with mostcoun-
triesreceiving 15-20%of incomefrom apatentfrom rightsheldabroad.So
theevidencehardlysupportstheideathatλworld/λaverage is on theorderof
3-5.

4.2.6. Conclusion on the Elasticity of Total Monopoly Revenue. Weexam-
ine a varietyof datafrom differentsources,rangingfrom bookrevenuesto
patentvaluesestimatedby renewal rates,to R&D expenditures.We look
both at cross-sectionalandtime-seriesdata. Eachindividual analysishas
many caveats- andthis is clearlyanareawith a high rateof returnto care-
ful empiricalwork. However, giventhatall of thedifferentsourcesof data
saythesamething, we think it a fairly safeconclusionthat in practicethe
elasticityof total monopolyrevenueis increasing.Our bestguessasto the
functional form for M(ρ) would be that it is approximatelylinear in the
relevantrange.

5. EXTENSIONS

5.1. Return Nonneutrality. In this sectionwe dropthequality neutrality
assumptionand study the optimal degreeof protectionwhenprivateand
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socialvaluesarenot in a constantproportionto eachother. Notethat,asa
functionof privatereturnundermonopoly, socialvalueundermonopolyis
νM(ρ)ρ while socialvalueundercompetitionis νC(ρ)ρ so that, for given
φ, expectedsocialvalueis ρ[φνM(ρ)+ (1−φ)νC(ρ)]. Thetwo polarcases
in which privatereturnandsocialvaluesare, respectively, positively and
negatively relatedareworthconsidering.

If goodswith lower private returnhave also lower social value, in the
sensethat DνM(ρ) > 0 and/orDνC(ρ) > 0 , commonsenseand simple
calculationsshow thatthis is a furtherreasonfor thelengthof protectionto
declinewith thescaleof themarket. Ontheotherhand,if eitherDνM(ρ)< 0
and/orDνC(ρ) < 0, or both,thenthis weakenstheconnectionbetweenthe
scaleof the market andthe decliningoptimal protection. In particular, in
this case,it becomespossibleto have the optimal degreeof IP protection
increasingwith market scale,even whenthe elasticityof total monopoly
revenueis increasing,sothatthelaborconstraintneverbinds.

On the otherhand,while DνM(ρ) < 0, DνC(ρ) < 0 may seemto rein-
force the casefor increasingIP protection,in fact it weakensit. That is,
DνM(ρ) < 0, DνC(ρ) < 0 meansthat private return is poorly correlated
with public bene�t. In the extremecase,theremayactuallybe a negative
correlationbetweenprivateandpublicbene�t. In this case,theprivatesec-
tor producestheideasof leastsocialmerit �rst, soit is certainlynotworthy
of IP protectionwhenthescaleof themarket is smallasthis would simply
leadto productionof ideasof little socialvalue.Theargumentfor strength-
eningprotectionasthe scaleof the market increases,is that the increased
scaleof themarketeventuallyleadstheprivatesectorto produceideasthat
do have somesigni�cant socialvalue,andat this point,we cantry to com-
pensatefor the weaknessof private incentivesby increasingthe level of
protection.While this is formally correct,it clearly is a lopsidedargument
whenit comesto designingwelfare-improvingpolicies.It takesasgiventhe
policy instrument,patents,even if the latter is the leastadequateto maxi-
mizesocialwelfare(becausesocialvaluemovesoppositeto privatevalue.)
If it werereally thecasein practicethatprivatelyvaluableinnovationshave
little or no socialvalue,andvice versa,thena form of governmentinter-
ventionotherthanIP wouldberecommendable,suchaspublicly sponsored
researchprojects,or auctioningof productionrights,or subsidiesfor inno-
vatorsproducingthesociallyvaluableideas,for example.Patents,certainly
not.

Alternatives To Government Grants of Monopoly. The latter remarks,that
whenprivateandsocialvaluesof new ideasarenot alignedIP protection
is theleastappropriatepolicy instrument,suggestwe should,albeitbrie�y ,
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considerhow alternative formsof governmentinterventionfarein our en-
vironment.An obviousalternative to having thegovernmentawardprivate
monopoliesis to have the governmentaward prizesfor innovation. This
canbe�nancedin muchthesameway thatprivatemonopoliesraisemoney
- by imposinga salestax on salesof new goods. Unlike the award of a
privatemonopoly, the tax ratedoesnot needto be setso high as to give
themonopolyrevenue,andGilbert andShapiro[1990] show in effect that
having a low tax throughoutthe life ot the goodis preferableto having a
high tax (monopoly)for part of the life of a goodand low tax (after the
copyright/patentexpires)for theremaininglife of thegoods.Hence,sucha
systemof taxes,is intrinsically lessdistortionarythanawardingprivatemo-
nopolies.Insofar astheprizemoney is simply paidbackto the innovator,
this is essentiallythesameasasystemof mandatorylicensing,in whichthe
holderof theprivatemonopolyis requiredto sellatagovernmentmandated
prices.Systemsof mandatorylicensingarewidely used- in copyright, for
examplesuchthingsasradioplayof musicandxeroxingof copyrightedma-
terialsarecoveredby mandatorylicensingprovisions.In thecaseof patent,
mandatorylicensingwaswidely usedin Taiwan until they wereforcedto
reformtheir patentsystemby theUnitedStates.Sothis kind of mandatory
licensingrepresents,aswe might expect,theef�ciency improvementfrom
replacinganunregulatedmonopolywith a regulatedmonopoly.

However, thereis little reasonthat the proceedsof taxeson new goods
shouldbepaidbackto the innovator. Fromanef�ciency perspective, it is
betterthat the proceedsbe usedto defray the costsof producinginnova-
tionsof high socialvalue. This hasseveraladvantagesover an intellectual
propertysystem.First, to minimize the monopoly/taxdistortion,themin-
imum necessaryto get innovationshouldbe paid. In particular, it is best
to pay h(ω), the indivisibility, to the innovator ratherthan the full social
value. The intellectualpropertysystemmakes little useof social knowl-
edgeof h(ω); with theexceptionof thenon-obviousnessrequirement(now
largely defunct)of patentlaw, patentsandcopyright baserewardon social
valueratherthansocialcost.Second,aswe notedabove, if it is indeedthe
casethatsocialvalueis poorly correlatedwith privatevalue(thestrongest
casefor increasingintellectualpropertyprotectionasthescaleof themar-
ket increases)a systemof rewardsbasedon otherinformationaboutsocial
valueis likely to leadto a muchbettermix of innovationsbeingproduced.
It is importantto notethat,likemandatorylicensing,systemsof public(and
private)prizeshave beenwidely usedandare of demonstratedpractical-
ity. Historiansof aviation have arguedthatprizesplayedanimportantrole
in the developmentof the airplane.The currentX-prize hasunleashedan
enormousamountof innovationin aerospacetechnology, with the�rst pri-
vatelyfundedsupersonic�ight takingplacewithin thelastyear.
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The issue,also in the context of our model, boils down to the public
knowledgeof thetruesocialcostof introducinganew idea.Whenthelatter
is known,apublicsubsidyto innovatorsequalto theamounth(ω), �nanced
by aconsumptiontax andfollowedby unconstrainedcompetition,is easily
shown to provide theleastdistortionarymechanism.Whentheinformation
aboutthe true costh(ω) of innovating is privatethe problemappearsless
straightforwardandworthyof furtherinvestigation.

5.2. Consequencesof CompetitiveRents. Asarguedin BoldrinandLevine
[1999, 2002, 2004] it is by no meanstrue that in the absenceof any IP
protectionpro�ts for innovatorsarenegligible or even zero. At eachmo-
mentof time, andespeciallyshortly after innovation took place,a capac-
ity constraintis presentthatwill give rise to non-distortionarycompetitive
rents.Most likely, therearealso�rst-moveradvantages,suchasthosedoc-
umentedby Tofuno[1989] in themarket for �nancial securities.

We canmodelthis by assuminga capacityconstraintz(ω) on percapita
productionaftertheIP protectionexpires.In thiscase,assumingthecapac-
ity constraintis not bindingduringtheIP protectionperiod,theinnovator's
total revenuefrom anideaω is

φλzM(ω)vz(zM(ω),ω)+(1−φ)λz(ω)vz(z(ω),ω).

Assumingthelaborconstraintdoesnotbind,hencew = 1, dividing through
by h(ω), wemaywrite theconditionfor goodω to beproducedas

φλρ(ω)+(1−φ)λρC(ω) ≥ 1

whereρC(ω) = z(ω)vz(z(ω),ω)/h(ω) is the competitive rent per unit of
indivisibility cost. Let ususethesimplifying assumptionthat competitive
rentis proportionalto monopolyrevenue,perunit of indivisibility cost;that
is ρC(ω) = ϑρ(ω), with 0 < ϑ < 1. Note that this is strongerthan our
earlierneutralityassumptions,which had to hold only in expectedvalue.
Thenwe mayagainwrite socialwelfareentirely in termsof ρ andtheonly
modi�cation of our earlierexpressionfor socialwelfareis that ρ = [(ϑ +

φ(1−ϑ))λ]−1. ThecorrespondingNOCis

NOC(λ,φ) = (1−ϑ)
h
(1/(ϑ+φ(1−ϑ)))

n
φνM +(1−φ)νC

o
−1

i

×ϒ(1/(ϑ+φ(1−ϑ))λ)

− (νC−νM)

from which weseethatit continuesto betruethatif

ϒ′(1/(ϑ+φ(1−ϑ))λ) > 0
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then φ̂(λ) is uniqueandnon-decreasing.In this case,we may alsocheck
thatNOCJ < 0, so thathighercompetitive rentsleadto a reductionin the
optimallevel of protection.

Finally, considerthattheNOC atφ = 0 is

(1−ϑ)
h
(1/ϑ)νC−1

i
ϒ(1/ϑλ)− (νC−νM)

andasλ → ∞ this approaches−(νC−νM) < 0. Hence,whencompetitive
rentsarepresent,theoptimallevel of protectionshouldbesetequalto zero
at a �nite market size,not just asymptoticallyasin theextremecaseof no
competitiverents.

5.3. Consequencesof Rent-Seeking.Supposethatthesizeof theindivis-
ibility doesnot vary systematicallywith private return. Then ideaswith
high returnsalsohave high absolutelevelsof pro�t associatedwith them.
Supposeit is possibleto purchase“extensions”of protection,in theform of
a ∆φ, from thegovernmentsectorat a cost.Thenit is ownersof ideaswith
high ρ thathave thegreatestincentive to do so,asthey can“leverage”the
∆φ morethananyoneelse.Thismeansthatthemarginal �rms, who from a
socialpoint of view arethereasonfor IP protection, do not getmuchsay
over thelengthof protection.In theextremecasethemarginal �rms getno
protection,so the setof ideasproducedis the sameaswithout IP, andIP
servesonly to introducea monopolydistortion.Ratherremarkably, Lerner
andPosner[2001] suggestembodyingsucha schemein law.

5.4. Variations on the Utility Function. We assumedthatutility is linear
in theoutputof theideasectorandin labor. Wecanconsidermoregenerally,
thefunctionalform

U
 

g(λ)
Z ¥

r
[φνM +(1−φ)νC]µ(ρ)dρ

!

+V
 

L− (1/λ)
Z ¥

r
µ(ρ)dρ

!

.

Theempirically relevantcaseis that in which U(·) displays,aftera point,
sharplydecreasingmarginal utility while V (·) hasdisplaysa fairly high
marginal utility evenat L. To seehow this works,examine�rst the sharp
casein whichU is linearly increasingto anupperlimit, thenconstant,while
V is linearall thoroughits domain.In otherwords,oncetotal outputin the
ideasectoris largeenough,no furtherutility is generated,or U(x) = x for
x ≤ X andU(x) = X for x > X . This is a simple way of modelingthe
intuitive case,following from the assumptionthat g(λ)/λ is increasingin
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λ, in which marginal utility of consumptiondecreasesfasterthanthemar-
ginal utility of leisureasthe formergoesto in�nity andthe latter remains
boundedaboveby L. As longasλ is smallenough,satiationdoesnotaffect
theoriginal equilibrium,andthepriceof outputin theideasectoris P = 1.
However, onceλ grows largeenough,thesatiationconstraintbinds.5 Equi-
librium requiresthatexactly X beproducedin the ideasector, so theprice
in theideasectorP < 1 mustfall to discouragelaborfrom �o wing into that
sector. But a moreef�cient way to discouragelabor from �o wing into the
ideasectoris simply to lower φ. This simpleresultis themirror imageof
thelaborconstraintbindingin thepreviousanalysis.

Moregeneralnon-linearitiesin U haveasimilareffectaslongasourba-
sic assumptionaboutrelative marginal utilities of consumptionandleisure
holds. The latter canbe reformulatedin the following way: asthesizeof
themarket grows andmoreideasareproduced,thepricein theideasector
declinesfasterthanthemarginal utility of leisurefor �x edφ, hencetherel-
ativepriceof laborgoesup. Thisseemsto bere�ected,in therealworld, by
thecentury-longdeclinein hoursworkedpercapita.Noticethatit is imma-
terial to our argumentif theincreasein thesizeof themarket is duepurely
to anincreasein thepopulation,or to anincreasein trade,or to unmodeled
technologicaladvancesthat reducethe sizeof the indivisibility h(ω). In
generalit will be bestto exploit the opportunityofferedby an increasein
the sizeof the market by reducingφ, ratherthanby allowing the relative
priceof laborto riseasthelatterdoesnot engenderany ef�ciency gainbut
purelyredistributeswealthfrom thegeneralpopulationto theskilled labor
usedin theproductionof ideas.Theeffect of V beingnon-linearis similar.
As leisuredeclines,wagesof skilled workersrisegraduallyrelative to the
wageof peoplenot employed in the ideasector. Like before,it is bestto
offsetthispurelyre-distributionaleffectby reducingφ.

5.5. Positive Mar ginal Cost of Distrib uting Ideas. So far we have as-
sumedthat thereis no marginal costof reproducinganddistributing ideas
or goodsthatuseideas(for short:reproduceideas.)Thereareseveralpossi-
blecases,dependingonwhich inputsareneededto do this. Onepossibility
is that thesamelaborusedto createideasis usedto reproducethem. This
caseis rathercomplex, becauseit introducesa third margin into thechoice
of φ - the monopolyfor inframarginal ideas,the marginal ideas,and the
amountof laborusedto reproduceexisting ideas.

However, in practicethe type of labor usedto reproduceideasis prob-
ably not a terribly goodsubstitutefor the labor usedto producethe ideas
themselves. If we introducean additionalfactorof production- unskilled

5NoticethatU0(X) < V0(L) is prettymuchall thatis neededhere.
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labor, call it - and assumethat this is usedto reproduceideas,provided
that this factor is in plentiful supplyso that marginal cost is constant,lit-
tle changeis neededin our analysis. In particular, insteadof examining
v(z,ω), weshouldexaminepercapitalutility netof thecostof reproducing
the idea: v(z,ω)−mc(ω)z. This may have an impacton whetherquality
is neutral,sinceit maybeneutralfor v(z,ω), but not for v(z,ω)−mc(ω)z,
but, for example,with quadraticutility (linear demand)we have neutral-
ity in bothcases.In general,we would expectthis modi�cation to make it
morelikely that privatereturnandsocialvalueof an ideamove together.
This is becauseoneintuitivereasonwhy socialvalueincreaseswith private
returnis thatthemarginalcostof producingadditionalcopiesof anideain-
creasemoreslowly thanutility from theadditionalcopies.As wehaveseen
in Section5, this reinforcesour mainprediction,that IP protectionshould
decreasewhenmarket sizeincreases.

If theunskilledlaborconstraintbindsbeforetheskilled laborconstraint
does- somethingwe think is unlikely, but sincethe demandfor unskilled
labor in this modelgrows muchmorerapidly thanthe demandfor skilled
laborasλ increases,somethingwe recognizeis a possibility - thenthesit-
uationagainis complicatedby the existenceof a third margin. Unskilled
labormustbeallocatedbetweenproducingmorecopiesof particulargoods,
versusproducingmorekindsof goods.Thepoint is, though,thatthecentral
�nding from our analysisof thebasiccasedoesnot change.As thesizeof
themarket increases,if theunskilledlaborconstraintbindsbeforetheone
for skilled labordoes,thechoiceis betweenshifting moreunskilledlabor
to activities thatmakeuseof new ideasor to activities thatmake useof old
ideas.Whenthemarginal socialvalueof thelatter is largerthanthatof the
formera reductionin the level of IP protectionφ is recommended.6 When
the oppositeis true,andassumingagainthat privateandsocialvaluesare
properlyaligned,unskilledlaborbecomes,in thismodel,are-scaledversion
of skilled labor andthe previousanalysis,which recommendsa reduction
in φ whenthesizeof themarket increases,applies.

6. INTERNATIONAL TRADE AND HARMONIZATION

We now turn to theissueof IP protectionin theworld economy. We as-
sumethattherearek countriesandthateachcountryi hasa�x edfractionθi
of world demand,laborandworld ideas.Thetotal sizeof theworld econ-
omyis still λ.Weexaminethecasein whichcountriesmaynotdiscriminate
againstforeign inventors.While de-facto violatedin someoccasions,this
re�ects currentlegal practicesaroundthe world, andit allows us to focus

6Also in this case,as before,shouldthe privateand social valuesmove in opposite
directiontheanalysisacquirea furtherdegreeof complication.
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onthespeci�c roleof IP protection.We let φi denotethelevel of IP protec-
tion in countryi. Throughoutthis sectionwe assumethereis completeand
costlessfreetradeof goods,thatthelaborconstraintdoesnotbind,andthat
theelasticityof totalmonopolyrevenueis increasing.

Fromaninventor'sperspective,whatis relevantis theeffective(weighted
by market shares)total protectionreceivedworld wide. This is simply φ =
∑i φiθi , henceρ = 1/φλ determinesthemarginalinventionworldwide.Each
countryis assumedto maximizeown socialwelfare,which is givenby

g(λ)

Z ¥

r
[φiνMρ+(1−φi)νCρ−1/λ]µ(ρ)dρ+L,

thesigni�cant featureof which is that themonopolydistortiondependson
φi andnotonφ. Notethatin thisworld,eachcountryis assumedto getapro
rata shareθi of thetotalmassof world innovations,sothatnetrevenueto a
countryfrom selling/purchasingIP-protectedproductson theworld market
is zero.

With standardnotation, the NOC correspondingto the social welfare
problemfor countryi is

NOCk(φi ,φ−i) = θi

h
(1/φ)

n
φiνM +(1−φi)νC

o
−1

i
ϒ(1/φλ)− (νC−νM)

Becausetheelasticityof totalmonopolyrevenueis assumedincreasing,this
is strictly concave in φi andcontinuousasa function of (φi ,φ−i) so hasa
purestrategy Nashequilibrium,characterizedby the �rst orderconditions
NOC(φi,φ−i) = 0.

Consider�rst a symmetricequilibrium of a symmetricmodel in which
θi = 1/k. In equilibriumwemusthaveφ = φi , or

NOCk(φ) = (1/k)
h
(1/φ)

n
φνM +(1−φ)νC

o
−1

i
ϒ(1/φλ)−(νC−νM) = 0.

Holdingconstantthetotalmarket sizeλ, let φ1 bethesolutionto thesingle
countryproblemandφkthesymmetricsolutionto thesymmetrick country
problem.Becausethe�rst termin NOCk(φ) is positiveandθi < 1 we have
thatNOCk(φ1) < 0, implying, sinceNOCkf < 0 undertheelasticitycondi-
tion, thatφk < φ1. Noticethatφk is decreasingin k sothat,asthenumberof
countriesincreasesthe symmetricNashequilibrium convergesto the case
of no IP, which is suboptimalin oursetting.Theintuition behindthis result
is simple: by decreasingφk a country losesbecauseit createsfewer new
goodsandgainsbecauseit consumesat thecompetitivelevel thegoodscre-
atedby the remainingk − 1 countries. As k increasesthe secondmargin
strictly dominatesthe�rst.

The concavity of the objective function in φi implies that eachcountry
choosingthesolutionto thesinglecountryproblemis in factat theunique



INTELLECTUAL PROPERTY AND THE SCALE OF THE MARKET 35

socialoptimumfor theworld asawhole.Moreover, if eachcountryis con-
strainedto setthesamelevelof protectionasall others,for examplethrough
a legal mechanismsuchas the WTO, they would all agreeto choosethe
socialoptimumφ1. This is thestandardharmonizationresult:in theuncon-
strainedprotectiongamecountriesunder-protectdue to the public goods
natureof IP protection,andaWTO-likemechanismthatforcesharmoniza-
tion leadsthemto thesecondbest.

Unfortunately, this analysis,while mathematicallycorrect,haslittle rel-
evanceto policy analysisfor two reason.First, it assumesthat countries
choosepolicies to maximizetheir own social welfare. The evidenceof
vastlyincreasedlevelsof protectionin responseto vastlyincreasedmarket
sizeprovidesrelatively conclusive evidencethat this is not how countries
choosetheir levelsof protection;ratherit suggeststhat levelsof protection
aredeterminedlargely by rent-seeking.Thefact thatcopyright extensions
have appliedretroactively is yet anotherpieceof evidencethat the level of
protectionis drivenby rent-seekingandnot socialef�ciency. Second,cur-
rentextensionsof IP arenotbetweencountriesof equalsizewith currently
equallevelsof IP, who by harmonizingwill agreeto a commonhigherand
moreef�cient level of protection.Rather, extensionof IP protectionis tak-
ing placebetweenlargecountrieswith high levelsof protectionandsmall
countrieswith noprotection.To studythis, therelevantmodelis notoneof
k identicalcountries,but ratherof onelargecountry(theU.S.andtheE.U.)
andk−1 identicalsmallcountries.

Considerthen,a situationwherethereis onelargecountrywith shareθ1
andk−1 smallcountrieswith sharesθi = (1−θ1)/(k−1) < θ1. First we
show that, in this case,regardlessof k the equilibrium level of aggregate
protection,φ, is boundedawayfrom zero.TheNOCfor thelargecountryis

NOC1(φ1,φ) = θ1

h
(1/φ)

n
φ1νM +(1−φ1)νC

o
−1

i
ϒ(1/φλ)−νC−νM) = 0.

Observethatφ≥ θ1φ1 andrecallthatNOC1(φ1,φ) isdecreasingin φ. Hence,
NOC(φ1,θ1φ1) ≥ 0. Sincethis latterexpressionis alsodecreasingin φ1 a
solutionto NOC(eφ1,θ1eφ1) = 0 mustsatisfyφ1 ≥ eφ1 > 0. This in turn im-
pliesthat in equilibriumφ ≥ θ1eφ1 > 0. This shows thatφ is boundedaway
from zeroindependentof k becausethe large countrywill never imposea
negligible amountof protection.

Wenow turn to theNOCfor thesmallcountries.At φi = 0 this is

NOCk(0,φ) = (1−θ1)/(k−1)
h
(1/φ)νC−1

i
ϒ(1/φλ)− (νC−νM)

≤ (1−θ1)/(k−1)
h
(1/θ1eφ1)νC−1

i
ϒ(1/θ1eφ1λ)− (νC−νM)
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which is strictly negativefor k largerthan

K =
(νC−νM)

(1−θ1)
h
(1/θ1eφ1)νC−1

i
ϒ(1/θ1eφ1λ)

+1.

Sincethereis alwaysa uniquesolution to NOCk(φi,φ) = 0, for k > K it
occursatφi = 0. In this casethesolutionfor thelargecountryis simply the
solutionto thesocialoptimumproblemwhich ignoresdemandandsupply
from therestof theworld; that is, thechoiceof φ1 is theonethatwould be
optimal for a populationof θ1λ. By the usualscaleof market effect, that
meanstheequilibriumsolutionfor φ1is largerthanthevaluethatmaximizes
world socialwelfare, that is, the solution to the socialoptimumproblem
with populationλ.

In short,in theempiricallyrelevantcasewheretherearesmallcountries
with no IP andlarge countrieswith excessive IP, effective harmonization
requiresnot only that all countriesbe constrainedto setthe samelevel of
IP protection,but thatthelevel of IP protectionchosenbesubstantiallyless
thantheexisting levelsof protectionin thelargecountries.

Notice,incidentally, thatourbaseassumptionis thatcountriescannotin-
creasethe level of domesticinnovationby changingtheir IP laws, astheir
shareof total innovationis �x edatθi . Insofarascountriescanincreasetheir
shareof world-wideinnovativeproductionby changingtheir nationallevel
of IP protection,they bene�t from thefact that they geta disproportionate
shareof the total revenuefrom innovation. In fact thereis someevidence
thatfavorableIP treatmentcanattractinnovation.Thereareseveralreasons
for this. First,favorableIP legislationmaybeasignalof favorabletreatment
of innovatorsin general(for example,asin Ireland,throughtax law). Sec-
ond,althoughlegal discriminationagainstforeigninventorsis forbiddenin
principle,theremaybeavarietyof informalreasonswhy it is advantageous
to bea domesticinnovatorto take advantageof stronglocal IP protection.
Finally, thedistributionof innovationacrosscountriescanbedrivenby the
explicit rent-seekingbehavior of innovators,who may chooseto reward
countriesthatprovide favorableIP protectionwith increasedrevenuefrom
domesticinnovation. The movie industry, for example,hasgoneto some
lengthto rewardandpunishits political foeswith movie production.

Insofar as increasingIP protectionlures innovation, a secondtype of
equilibrium distortionarises. Ratherthan underprotectingin an effort to
freeride off of innovationin othercountries,theincentive is to overprotect
to try to getadisproportionateshareof IP revenue.
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7. CONCLUSION

7.1. Relation with Previous Literatur e. Besidesthe work of Grossman
andLai [2002,2004]thereis awidepartialequilibriumliteratureontheop-
timal lengthof patentprotection.This literature,stemmingfrom thepaper
of GilbertandShapiro[1990]examinesthetrade-off betweenpatentlength
andbreadthfor a singleinnovation. Gilbert andShapirogive assumptions
underwhichoptimallengthis in�nite, while Gallini [1992]showsthatwith
a more realisticmodel of the “breadth” of protection,this result may be
reversed.This literaturedoesnot examinethebroaderquestionof optimal
policy thatcoversmany differentideas,andtakesasgiventhatpolicy may
easilydetermine“breadth”aswell as“length.” We think that “breadth” is
muchmoredif�cult to legislatethan“length,” andbecauseit is lessvis-
ible, moresubjectto rent-seeking,regardlessof legislative intent. In our
model,unlike this literature,weeffectively take the“breadth”of protection
asexogenousandfocuson length.Insofar as“breadth”aswell as“length”
canbe legislated,our parameterφ mayberegardedaskind of a summary
of lengthandbreadthcombined.Hence,it would begoodpublic policy to
reducebreadthas the scaleof the market increasesaswell as length. In
particular, it might beagoodideato introducethe“independentinvention”
defenseassuggestedby Scotchmer[2002], or to eliminateproductpatents
in favor of processpatentsonly. However, it is clearlymorepracticalto tie a
timelimit to thegrowth of theeconomythanaparticularscopeof coverage.

A numberof reasons,otherthanthe invarianceof theoptimal lengthof
patentsto thesizeof themarket,have beeninvokedto justify policiesask-
ing for anincreaseof thedegreeof IP protectionasaconsequence/condition
of tradeliberalization. First, asDiwanandRodrik (1991)argue,northern
andsoutherncountriesgenerallyhavedifferenttechnologyneedsand,with-
out thesouthernprotectionof IPRs,northerncountrieswould not develop
technologieslargely neededby the South. This seemsratherat oddswith
both basicprinciplesandhistorical facts. Developingcountrieshave de-
veloped,almostalwaysandinvariably, by adoptingtechnologiesthat had
beendevelopedby the advancedones. Indeed,the very samenotion of
“convergence”would make no senseif this werenot the case.Examples
of countriesthat have developedlate by inventing technologiessubstan-
tially differentfrom thoseinventedby thealreadydevelopedones,arecon-
spicuouslyabsent.ChinaandIndia arecurrentlyachieving unusuallyhigh
growth ratesby adoptingexactly thesametechnologiesadoptedearlierby
developedcountries;this is currently called “outsourcing,” and it means
just that. Somuchfor historyandfacts.But evenin anabstractandpurely
theoreticalsense,theDiwan andRodrik story canmake senseif andonly
if onearguesthatpoorcountrieshave naturalandun-modi�able resources
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andskills thatarecompletelydifferentandorthogonalto thosethat richer
countrieshadwhenthey wereatthesamestageadevelopment.Further, one
needsto alsoassume,or show, that the technologiesadoptedby advanced
countriescanneitherbe learned,or transportedto thepoorerones,or that
doingso is clearlymorecostly thandevelopingcompletelynew, andasof
now yet unknown, technologies.Bothclaimssoundratherimplausible.All
historicalevidence,includingthedevelopmentof theUSA in thenineteenth
century, shows that“convergence”or “catching-up”takesplaceonly when
the followers imitate the technologiesof the leaders. Hence,facilitating
technologicalimitation (call it “pirating” if you like) is the key to economic
developmentfor newcomers.No imitation,no (development)party.

A secondline of thoughtarguesthatnorthern�rms mayreactto thelack
of IPRsin theSouthby makingtheir technologiesmoredif�cult to imitate,
which can result in lessef�cient researchtechnologiesand lessnorthern
innovations(Taylor, 1993,1994;YangandMaskus,2001).This is possible,
in principle; againfactsseemto contradictit, though. In theory, the very
oppositeeffect is alsopossible:themoretheSouthimitatestheNorth, the
moretheNorthern�rms will reactby innovatingin orderto stayaheadand
preserve thevalueof their �x ed or immobile factors. In this case,lack of
IP protectionin the Southfostershigherratesof innovation in the North.
Indeed,this seemsexactly what is going on and hasalways goneon in
the history of economicdevelopment.Like it or not, imitation is the key
ingredientof competition,a fact economistshave recentlytried to forget,
but which wasquite clear to Adam Smith. Historically, IP protectionin
theunderdevelopedcountrieswasevenweaker thannow in thenineteenth
century, andthis doesnot seemto have lead�rms in advancedcountriesto
investheavily in secrecy and/orinnovateless.If secrecy wassohighwhen,
say, theU.K. wastheleadingcountryandmostof economicallybackward
Europehadno IP protectionlaws, how did thoseEuropeancountriesever
manageto imitateandadopttheBritish technologies?Thesame,rhetorical,
questioncould be asked, for Japan,SouthKoreaand a long list of now
developedcountries.

Third, somecommentatorson intellectualproperty, suchasLandesand
Posner[2003] have becomeconfusedon thepoint of optimal lengthof in-
tellectualpropertyprotection,arguing for a systemof perpetualcopyright
renewal that would have little effect in increasingthe incentive to innova-
tion, while perpetuatingthemonopolylosseson inframarginalproductions.
Thereis no sensein which suchinformal arguments,often developedby
confusing“pecuniary”with “real” externalities,canbederivedfrom agen-
eralequilibriumtheoryof optimalIP protection.

Finally, it shouldbenotedthatthetheoryproposedheredoesnotsaythat
theSouthshouldhave systematicallylessIP protectionthantheNorth but,
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instead,that both shouldhave a commonIP protectionat a level substan-
tially lower thanit is currentlyin theNorth,e.g.theUSA andtheEU.

7.2. Shortcomings and Future Research. The most importantmissing
aspectof ouranalysisis thedynamicfeaturethatideasbuild onotherideas.
As pointedout in Scotchmer[1991] andBoldrin andLevine [1999,2003],
ideasthatuseotherideasasinputsgreatlyweakenthecasefor IP because
the latter, while it encouragesinnovationsby improving the return to the
�rst inventor, discouragesfurther innovationsthroughraisingtheir cost. In
this sense,there is no reasonto think that addingtrue dynamicfeatures
to themodelis likely to make IP moresociallydesirable.In fact,whenthe
complexity of innovationsincreasesbecausenew onesneedto usemoreand
moreold ideasasinputs,thepresenceof widespreadIPnaturallydetermines
a hold-upproblemwhereeven oneresidualmonopolistmay prevent new
ideasfrom beingimplemented(seeBoldrin andLevine[2004b]for asimple
formalversionof thisargument.)

As we observed,neitherthatthenumberof ideasmayincreasewith size
atdifferentratesfor differentcharacteristics,northattheindivisibility varies
with the sizeof the economyarepossibilitiesconsideredhere. Theseare
valuable,but theoreticaldemanding,extensionsfor variousreasons.The
�rst extensionis valuablebecause,to theextent that new ideasarenot all
equallyuseful,thefact thatmarket sizemaymake ideaswith certainchar-
acteristicsmoreabundantthanotheris relevant for welfare. Therelevance
comesfrom the fact that ideaswith high privatereturnsneednot be ideas
with highsocialvalues,andviceversa;anoptimalinnovationpolicy should
be designedby taking this effect into account. This is a hardproblemto
tackleonpurelytheoreticalgrounds,and,unfortunately, weareawareof no
empirical researchmeasuringthe relationshipbetweenprivate returnand
socialvalueof new ideas.

The secondextension,allowing for variationsin the indivisibility h(ω)
that are due to variationsin market size, is also interesting. In theory,
onemayarguethata largereconomyimpliesmorecompetitionto develop
ideaspotentiallyalreadyavailable,andfew additionalpotentialideas;that
is h(ω,λ) increaseswith λ while g(λ) is practically�at. Theoppositecase
is, clearly, alsoatheoreticalpossibility. Whichof thetwo is empiricallyrel-
evantis importantto provide guidanceto theoreticalresearch.To discrimi-
natebetweenthetwo polarhypothesesoneneedsto beableto measurethe
portionof h(ω) that is wastedwhenonedoesnot win the innovationrace,
versusthecomplementaryportionthatmaybeusedto comeupwith further
anddifferentinnovations.Thatis,how muchdopast,evenunsuccessful,re-
searchefforts contributeto futuresuccesses?Anecdotalevidenceis mixed,
andseriousempiricalwork is completelymissing. Similarly, the function
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g(λ) alsoneedsto bemeasured.Are weall drawing from thesamePlatonic
urn of ideas?Doesschoolingallow us,at least,to samplewithout replace-
ment,so thatmorepeoplemeansfasterdrawing of new ideas?Or arewe,
instead,samplingfrom thesameurnwith replacement,in which casemore
andmoreuselessduplicatesaredrawn asλ increases?Or, maybe,adding
morepeopleincreasesthenumberof original ideasin theurn from which
wesample,makingg(λ) increasequitefast?Theseareimportantempirical
andtheoreticalquestionsthatcurrentresearchhasnotyet considered.

Turningto thepolicy implicationsof our results:if φλ is held �x ed,the
quality of ideasproducedremainsunchanged.This is not the socialopti-
mum: generallywe will wantto take advantageof theincreasedλ to allow
somemarginal ideasto enter the market. A simple rule of thumb is to
observe that for largeλ a linearM(ρ) impliesthatprotectionshouldbere-
ducedby abouthalf theincreasein scaleof market. Thus,thesimpleruleof
thumbwouldbethatif thesizeof marketdoubles,theamountof protection
shouldbereducedby about1/3 - that is, a 50%increasein 2/3rdsthelevel
of protectionis half of the100%increasein thesizeof themarket. Taking
a real interestrateof 2% peryear, observe that1−φ = e−rTwhereT is the
lengthof IP protection.Usinglog(1+ x) ≈ x thisgives∆T ≈ 50∆φ.

For example, the G7 nationsaccountfor about2/3rdsof world GDP.
If we think of the intellectualpropertychangesin the WTO asextending
theprotectionthatexists in theG7 to therestof theworld, this suggestsa
reductionin protectionby about1/6th.Thismeansapproximatelyan8 year
reductionin term.Similarly, if theworld economyis growing at2%ayear,
asimpleruleof thumbwouldbeto reduceprotectiontermsby 1%peryear,
or about6 monthsperyear.

A paradigmaticcaseis that of popularmusic. Forty yearsago,at the
time of Elvis Presley and The Beatles,new recordingsselling a million
unitswereconsideredexceptionalsuccessesandawarded“goldenrecords”
while in the current times a successfulrecordsells easily ten or twenty
millions copies.The effective sizeof the market has,therefore,increased
of at leasta factor of ten. At the sametime, advancesin recordingand
digital technologieshave reducedthe �x edcostrequiredto producea new
recordto aboutone�fth of its earlierlevel. This suggeststhat thesocially
optimallengthof copyrightprotectionshouldhavedroppedof aboutafactor
of twenty-�ve. Unfortunately, in the caseof copyright, termshave been
moving in theoppositedirection;copyright termshavegrown by afactorof
aboutfour sinceearlyin thetwentiethcentury. Thismeansthat,at leastfor
recordedmusic,they currentlyareon theorderof a hundredtimeslonger
thanthey shouldbe. A similar calculationcanbeperformedfor booksand
movies. Considerthe fact that, sincethe beginning of the pastcentury,
world GDPhasgrown by nearlytwo ordersof magnitude.It is reasonable
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to arguethatthesizeof themarket for booksandmoviesmusthave grown
of grown of at leastasmuch,asliteracy hassurgedandtheavailability of
playingdeviceshasincreasedmorethanproportionallydueto thedramatic
dropin their relativeprices.Hence,if thecopyright termof 28 yearsat the
beginningof the20thcenturywassociallyoptimal,thecurrenttermshould
beabout6 months,ratherthanthecurrenttermof approximately100years.
This givesa ratio of two hundredbetweenthe actualcopyright termsand
their sociallyoptimalvalue.

Our resultsarerelevantfor thedebateon theimpactof IP harmonization
policieson developingcountries.Romer[1994], amongother, haspointed
out thatin thepresenceof �x edcoststhewelfarelossfrom tariff protection
maybeordersof magnitudelargerthantheusualHarberger's triangle.The
samelogic appliesto thewelfarelossesdueto IP protection.Thepoint to
noticehere,is thatmonopolypricesdueto patentsandcopyright have the
sameeffectastaxesonex-postpro�ts andleadto thenon-creationof anew
goodor thenon-adoptionof anew productionprocesswhentheindivisibil-
ity is relevant.
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APPENDIX : BOOK REVENUE DATA

Wecollectedall thetitles,ISBNnumbers,andsalepriceslistedbywww.amazon.com
for thequeryhardcover fiction books andfor thetwo publicationperiodsof
September2003andSeptember2004. The salesdatais from the Ingram
stock statistics,automatictelephoneline at 615-213-6803. The Ingram
stockstatisticssystemgivesthefollowing statisticsfor eachISBN number
punchedin: “Totalsalesthisyear”,“Totalsaleslastyear”,“Totalcurrentun-
adjusteddemand”,“Total lastweekdemand.” Total revenuefor eachbook
is calculatedusingthetotal saledatafrom IngramandtheNovember2004
salespricelistedon www.amazon.com.Ingramis a largebookdistributor,
andgenerallythoughtto generateroughly 1/6 of all booksales.It should
benotedthatthesalespricesonwww.amazon.comarechangingover time,
mostoftendecreasing,sowemighthaveunderestimatedtherevenueduring
the �rst yearfor bookspublishedduringSeptember2003. Becauseof the
large numberof observations,we do not reproducethe datahere,but it is
availablefrom http://www.dklevine.com/data.htm.
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