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1. INTRODUCTION

TheU.S.ConstitutiongivesCongresshepowerto “To promotethe Progress

of Scienceanduseful Arts, by securingfor limited Timesto Authorsand
Inventorsthe exclusive Right to their respectre Writings andDiscoveries:
This recognizeghe two basiceconomicfeaturesof intellectual property
protection: on the one handexclusie rights createmonopolypower and
so shouldbe limited in time. On the other monopolypower providesan
incentwve for creationandinnovation. For practicalreasonghe sametime
limit appliesacrossa wide variety of differentcreationsand innovations:
In U.S. law, copyright is life of authorplus 70 yearsfor individual works;
95 yearsfor worksfor hire; designpatentsare20 yearsandornamentation
patentsare14 years.Sincethe privatepro tability of creatingandinnovat-
ing varieswidely, this meanghatfor ary x edtime limit mary ideaswill
earnpro ts above andbeyondthe level neededo recoupthe costof inno-
vation. In alarger market pro ts will be greater andinframaginal ideas
will earnadditionaleconomicallyunnecessaryents. Hence,asthe market
expands,it becomegossibleto reducethe length of term without reduc-
ing the productionof new ideas. But, asthe market expands,someideas
thatwerenot pro table to producewill becomeso,andreducingthelength
of termwill discouragehesemaminal entrepreneursWhich of thesetwo
competingforcesshouldmattermorefor goodpolicy?

In this paperwe look at the generalequilibrium interactionthat deter
mineshow optimalprotectionvarieswith thescaleof themarket. Pro tabil-
ity of aninnovationdependsiponthreefactors:theinitial costof discovery,
the elasticity of demandand, nally, the size of the market; all theseele-
mentsvarywidely andunsystematicallpcrossnnovations.We concentrate
on market sizefor threereasonsContraryto the othertwo factors,market
sizeis straightforvard to measuresecondly growth in per capitaincome
andthe expansionof internationakradehave increasednarket sizeby two
ordersof magnitudesincewhen our patentand copyright legislationwas

rst introduced Finally, theongoingproces®f tradeexpansiorthroughhas
put the internationalharmonizatiorof intellectualpropertyrights at center
stagethroughthe WTO-TRIPSagreement.

Our basicresultis anintuitive one. Optimal copyright and patentterm
lengthinvolves a tradeof betweenincreasingthe distortionaryimpact of
unnecessaryonopolyon inframaginal ideas,andincreasinghe number
of mamginal ideas. As the scaleof the market increasesit will generally
be desirableto give up someof the additionalmarginal ideasin exchange
for reductionof monopolyacrossthe broadvariety of inframaginal ideas
thatwill be producedanyway, andsothe optimalpolicy shouldreducethe
lengthof protectionasthe scaleof themarketincreases.
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We male this point in the context of a simple model, intentionally de-
signedto renderintellectualpropertyprotectionsocially bene cial. Ideas
arecreatedsubjecto anindivisibility. Therearemary possibleédeasandto
modelthe factthateachshouldhave dovnwardslopingdemandwe adopt
theDixit-Stiglitz modelof preferencesTheprivate return onanideais the
ratio of expectednonopolyrevenueto its costof creation.We considerrst
the casein which the privatereturnhasa neutraleffect on the relationship
betweertheprivateandsocialbene t of anidea.We shav thatthe complex
heterogeneousiassof ideascanbe analyzedoy examiningthe total mo-
nopolyrevenuefrom all ideaswith a privatereturnabove a thresholdevel
p. We referto this functionasM(p). Usingthis tool, we show thatwhen
the marketis sufciently small,it may be optimalto provide anunlimited
monopoly but whenthe marketis largeenoughatime limit shouldalways
beimposedandthis limit shouldstrictly decreasasthe sizeof the market
grows.

This modelis relatedto a seriesof papersby Grossmarand Helpman
[1991,1994,1995] studyinginnovationin a Dixit-Stiglitz framework. It is
mostcloselyrelated,however, to GrossmarandLai [2002, 2004]. Their
approachdiffers from oursin two respects. First, wherewe usea static
analysisthey embedhestaticmodelin adynamicsettingby treatingcosts
andpro ts astime- ows. While this approactdoesnotanswerall dynamic
issuessuchasthe depletionof existing ideasandideasthatuseotherideas
asinputs,it is a valid dynamicinterpretationof the modelwe use. Since
GrossmarandLai have alreadyprovided this interpretationwe do not do
so here. Second their model usesa productionfunction approachto the
creationof new ideas. Thatis, ideasare of homogeneousguality, andare
producedusinga constanteturnstechnologywith humancapitalandlabor
asinputs. Althoughwe do not think thatthis approacho the productionof
ideasis asusefulasour disaggrgatedmodelof heterogeneousleas,under
theassumptiorof symmetryit is possibleto translateproductionfunctions
into equialenttotal monopolyrevenuefunctions, so this model hasthe
samereducedorm asours,andwe shov how to make the connection.

The mostsigni cant differencebetweenour resultsandthoseof Gross-
manandLai arethatthey focuson the casein which the productionfunc-
tion is Cobb-DouglasBoth they andwe shaw thatthis meanghatoptimal
protectiondoesnot changewith the sizeof themarket. If, though,thetotal
monopolyrevenuefunctionhasincreasingelasticitythenoptimalprotection
locally decreaseandvice versa;the Cobb-Douglazases thenthe bound-
ary betweenthesetwo generalcases. Although we also show, as noted
above, thatwhenmarket sizeis large enough,optimal protectionmustal-
waysdecrease evenin the Cobb-Douglasase- the questionarises:are
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we currentlyin aregion of the total monopolyrevenuefunctionwhereop-
timal protectionmight be constanor increasing/Ve give boththeoretical
reasoningandempiricalevidencethatthis is notthe case.

GrossmarandLai focusalsoon “harmonization’andNorth-Southtrade.
Becausethey provide a detailedtreatment,especiallyof issuesinvolving
who bene ts from harmonizationwe examineonly a simple examplein-
volving multiple countries. Our goal is to shov how - contraryto their

nding - in the empirically relevant caseof increasingelasticity of total
monopolyrevenue,the North shouldreduceprotectionasa resultof har
monization.In the caseof two countriesof equalsize,becaussomeof the
bene ts of a highertime limit arereceved by the othercountrythereis a
tendeny to setprotectiontoo low, andthereis a“harmonization”argument
to bemadefor internationatreatiesraisingthetimelimit. However, this ar-
gumentappliesonly to two countriesof equalsize.Whenthe countriesfwo
or more,are of unequalsize,smallercountriestendsto setlow limits and
freeride off of thelarge country- but the large countrytendsto setlimits
thataretoo highbecaus@ doesnotaccounfor thesocialbene t of innova-
tion to thesmallercountries An implicationof thisresultis thatthe process
of tradeexpansionshouldbe accompanietby a parallelprocesof intellec-
tual propertyreduction.In this case*harmonization”doesnot meansetting
limits equalto or higherthanthosein thelargerandmoreprotectedccountry
but ratheradjustingthetime limits to lie in betweerthelargerprotectionof
thelargercountryandthe smallerprotectionof the smallercountries.

We emphasizeeveralotherpoints.Increasinghescaleof themarketcan
increasehe demandfor the specializedabor neededo createideas. For
givenamountof intellectualpropertyprotectionthis senesto drive up the
wagesof thatkind of labor. We show thattheseincreasedeconomicrents
do not sene a usefuleconomicpurpose becausehey do not increasethe
numberof ideasthatareproduced Noticethatthis agumentis relevant, at
leastin principle,for understandingheincreasedvagegapbetweerskilled
andunskilledworkers. To the extentthatactwvities with high IP protection
employ alargeshareof skilledworkers,anincreasen thesizeof themarket
increaseghe rentsaccruingto the skilled workers, at leastaslong asthe
supplyof thelatterdoesnotincreasan proportionwith the market.

The generalequilibrium approachemphasizeshe connectionbetween
broadeirfeaturesof theeconomyandintellectualproperty We illustratethis
throughvariouscomparatre staticresults. We also considera numberof
extensionsof the basicmodel. The mostimportantis to relaxthe assump-
tion thatquality is neutralin therelationbetweerprivateandsocialvalues
of anidea. As eitherthe scaleof the marlket or the term of intellectual
propertyprotectionincreasesideasthat are more maginal from a private
pointof view areproduced.If the socialvalueof theseideasdeclineseven
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faster thenthe argumentfor decreasinghe lengthof protectionwith mar
ket scaleis strengthened.If ideasthat are more mamginal from a private
perspectie aremorebene cial from a socialperspectre, thena systemof
exclusiverightsis a poormethodof encouraginghe productionof valuable
ideas:it leadsto the productionof the least,ratherthanthe most,socially
usefulideas.Whenlegislationis in placethatallocatesmonopolypowerto
the producersf certaingoodsandnot of others(patentandcopyright pro-
tectionvary widely acrosseconomicsectors)a naturalconsequences the
emegenceof sociallywastefullobbying andrent-seekingctuities. In our
framavork rent-seekingvould consistof paymentggyoing from producers
to legislatorsto increasdhelengthof intellectualpropertyprotection.The
basicresultis thatthe entrepreneurs/ho have accesgo the lessmamginal
projectsaremorewilling to payfor the legal monopolyto be continuedor
extended Hencejn presencef rent-seekindpehaior, intellectualproperty
protectionleadsto an equilibriumin which its lengthis determinedat the
maigin, by thoseinnovatorswho needit theleast.

One may wonderwhy the relation betweenthe size of the market and
the optimallevel of IP protection(thatis, the optimal degreeof monopoly
power) is not emphasizedn the “new” growth literature,which hasat its
coreamodelof adoptionof new commaoditiessimilar to theoneusedhere.
Therearetwo answers:rst, becausehe questionis never explicitly asled
asthatliteratureassumeghatmonopolypower andIP protectionaregood,
in fact: necessaryfor innovation. Second becausdhe impactof market
sizeon the optimal length of IP protectionis buried behindthe so called
“size effect; accordingto which increasingthe size of the market speeds
upthegrowth procesdecausef increasingeturns.So,for example,in the
Romer[1990] paperon endogenousechnologicalchangeone readsthat
(p. S95)"... thesemodelshase anunderlyingform of increasingeturnsin
researchAs aresult,anincreasen ascalevariableinducesanincreasan
therateof growth.”

2. THE MODEL

Ideasareindexed by their characteristicen € Q. The spaceof charac-
teristicsQ is a compactsubsetof a topologicalmeasurespace.Eachidea
requiresa minimumamounti() > 0 of the only primary input, labor, to
beinvented whereh(w) is a measurabléunction. We referto h(w) asthe
indivisibility or the minimum ssizefor producinga new idea. Therecanbe
mary ideaswith givencharacteristicsyve describethis by a positive mea-
suren(m) representinghe“number”of ideaswith characteristics in an
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economyof unit size.We will laterfocusonthecasewheren(m) is aprob-
ability distribution, andinnovators nd their individual ideasby drawving
from this underlyingdistribution, but this interpretationis not essential.

Thereis alsoa continuumpopulationof agentsf sizeA; with theparam-
eterA we measurghe scaleof theeconomy The numberof availableideas
may dependon the size of the economy so the total numberof ideaswith
characteristicen availablein an economyof size is g(A)n(w). To cap-
ture the principle thatin a larger populationmoreideasof a given quality
areavailableg() is assumedhon-decreasinm A; we mayassumevithout
lossof generalitythatg(1) = 1. In the casein which n(m) is a probability
distribution from which innovatorsdraw their ideas,twice as mary inno-
vatorsmeantwice as mary ideaswith given characteristicsso g(A) = A.
Neitherthat the numberof ideasincreaseswith size at differentratesfor
differentcharacteristicsjor thattheindivisibility varieswith thesizeof the
economyis apossibilityconsideredere.

We assumeaenitially thatonceanideais createdjt maybereproducedt
no costandwithout limit. If theinput of labor y(®) usedin producingm
is belov thethreshold,.e. y(®) < h(®) no prototypewill emege andno
consumptions possible.If theamountof laborusedin producingtheidea
exceedgheindivisibility, i.e. y(®) > h(w), thenconsumption(w) > 0. It
is corvenientalsoto measureonsumptiorpercapitaasz(®) = x(®)/A.

The utility of a representatie individual hasa Dixit-Stiglitz form over
goodsof differentcharacteristicsWhenconsuming; units of a goodwith
characteristicgo, consumergeceve a utility of v(z, m), wherev(z,®) >
0 is assumectontinuousin ® andin z, non-decreasingn the latter, and
at leastup to a limit z*, smoothand strictly increasing. We also assume
lim,_y v(z,®) = v¢(w) < o and,to simplify the analysisof qualitiesthat
arenot producedy(0,®) = 0. Sincev(z,) is boundedzv,(z,w) — 0 as
7 — oo, thatis per capitarevenuefalls to zeroas per capitaconsumption
growswithoutbound.We alsoassumehatzv(z, ®) hasauniqguemaximum
atzV(o). Notethatwe areassuminghattheutility from eachcharacteristic
is certain,or what amountsto the samething, that v measuresxpected
utility. Apart from consumptiorof idea-goodsconsumerseceve a utility
of £ from leisure0 < ¢ < L, whereL is theindividualendavmentof time; L
hastwo alternatve uses:leisureor production.Leisurehereis a shorthand
for all actwities that take place outsideof the idea sector so it includes
the productionof goodsthat do not involve ideas,or goodsthat useideas
thatalreadyexist. Sinceg(A)n(w) of type ® ideasarepotentiallyavailable,
individual utility is

Z
v(z(®),®)g(A)n(dw) + £.
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Notethatthe maginal utility of leisureis normalizedto one. We will con-
sider later the possibility that the mamginal utility of leisurechangeswith
the scaleof the economyfor exampleincreasesn percapitaGDP mayin-
creasdheproductvity of laborin thenon-ideasector Thesocialfeasibility
constraintis that the amountof leisureconsumedequalsthe amountleft
over afterthe productionof prototg/pes.

ML—=0) = y(0)g(A)n(dw).

Pro t maximizationandef ciency bothrequirey(®) = h(w) for all ideas
for which x(®) > 0, andy(w) = 0, otherwise. It is also olbvious that, as
a consequencef the extremeform of the productiontechnology no good
would be producedn this economyabsenpatentprotection;we look later
at the lessextremecasein which a capacityconstraintexists and making
copiesinvolvesa positive maiginal cost.

Patent Equilibrium. Ournotionof equilibriumis thatof a patent equilib-
rium in which thereis a x ed commonlength of patentprotectionfor all
ideas. This meanghat, in termsof presentvalueof the o w of consump-
tion, a fraction 0 < ¢ < 1 occursundermonopoly anda fraction (1 — ¢)
occursundercompetition.We referto ¢ asthelevel or theextentof protec-
tion. We assumehattherearepotentiallymary individualswho caninvent
ary particularidea; certainlythe numberof individualswho have histori-
cally hadtruly uniqueideasis minuscule.We do not explicitly modelthe
“patentrace” by which patentis awarded,andsimply assumehatthrough
someprocedurea particularindividualis awardeda “patent” for ideaswith
characteristics. This providesherwith monopolyover thosen () ideas
and,while the patentlasts,shechoosesow mary copiesshouldbe taken
to the market to maximizepro ts. Under patentprotection,our economy
is similar to thetraditional Dixit-Stiglitz “monopolisticcompetition”econ-
omy. Oncea patentexpires,anyonewho wishesto do somay make copies
of ideasthathadbeenpreviously introducedunderthe patentregime. Once
competitionsetsin, outputand consumptiorjump to in nity while prices
andrevenuefall to zero. The latter we have assumedor the sale of sim-
plicity; aspointedoutin Boldrin andLevine [1999], this neednot be, and
it is notin generalthecase A typeof goodis producedf, giventhe patent
length¢, the prospectre monopolist nds it pro table to overcomethein-
divisibility. This notion of equilibriumis closelyconnectedo thatof Hart
[1979] and Makowski [1980], andit hasbeenused,for example,by Ace-
mogluandZilibotti [1996]in arelatedcontext.

The market for innovationis equilibratedthroughthe wagerateof labor
w. Thehigheris w thecostlierit is to producenew ideasandfewer of them
will thereforebe producedlf theamountof laborusedin the productionof



INTELLECTUAL PROPERTY AND THE SCALE OF THE MARKET 7

ideasis strictly lessthanthe total endavmentAL, wagesw = 1. Otherwise,
w mustbechoserto reducedemandor laborto thepointwheretheamount
of leisureis 0.

A patentholder monopolist,for agoodwith characteristice who sells
z unitsof outputto eachof the A consumersecevesthe pricev,(z,®). Re-
call thatrevenuelz(m)v;(z(m), ®) is assumedo have a uniguemaximum
at zM(w), andthe costfacedby the monopolistis wh(w). For acommod-
ity with characteristice, p(®) = 2M(0)v, (M (o), ®)/h(0) expresseshe
ratio of (per capita)private value to the innovation cost. In factp(w)/w
representeneplustherateof returnoninvestmentwhich would accrueto
the inventorof commodityw if patentdastedforever andthe market size
wasA = 1. Wereferto p(w) asthe private return for . The monopolist
recevesa fraction ¢ of the privatereturn,timesthe size A of the market.
Hence,agoodis producedf

p(®) = w/oL=p.

In otherwords,no ideaswith privatereturnlowerthanp will beintroduced
in thepatentequilibriumandall ideaswith ap (w) above p will beproduced.
Notice that p is strictly decreasindgn ¢A, meaningthatasthe scaleof the
marketor theextentof protectionincreaseideaswith alower privatereturn
areintroduced.Noticealsothat,in generalthereneednotbeany monotone
relation betweenthe private returnp(w) of anideaandits social return;
henceideasof high socialreturnmaybeintroducedonly for high valuesof
A, or evenneveratall, if their privatereturnp(m) is particularlylow.

Percapitasocialwelfarein a patentequilibriumis derivedby integrating
utility Zfor thosegoodsthatareproducedessthe costof producingthem

[ov(M (@), @) +(1— )y (0) —h(@) /Mg(Mn(dw) + L

r(w)>r

We assumehatfor p >0

=Tz,

L° = g(M)h(o)n(do) < e,

r(w)>r
so that the amountof labor requiredto produceall ideasexceedingary
particularprivatevaluethresholds nite.
Noticethatp(w)h(w)n(w) is thetotal revenueof a monopolistinvesting

in goodswith characteristice in aneconomyof unit size. For ary given

cutoff p we mayde ne
¥
M(p) = p(@)h(0)n(dw).
r(w)>r
ThenM (p) is thesumof monopolyrevenueoverall ideaswith privatevalue
of p, or greater We assumehatM is differentiableandde ne theelasticity
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of total monopoly revenue, With respecto variationsin the maginal idea,
asY(p) = —pM'(p)/M(p) > 0. We alsomale the regularity assumption
thatY(p) is differentiable.

Let VW (0) = v(zM(0), 0)/[h(@)p(w)] andvE(w) = v¢(w)/[A(0)p(w)
betheratio of socialvalueto privatereturnof acommaodityof type® under
monopolyand undercompetition,respectiely. To x ideas,considerthe
casein which utility hasthe quadraticform

v(0,2) = b(®) Z(0)? [z Z())?

for z < Z(m) andv(m,z) = b(®)Z(w)? for z > Z(w). Thenwe havevM (w) =
3/2 andv®(m) = 2 independentlyof characteristicsMore generally we
cande ne the notion of return neutrality. 1f the ratios of social values
to privatereturnvM(w) andv®(w) are both constantwe have strong re-
turn neutrality. Formally, obsene thatthe measure:(o)n(w) represents,
in an economyof unit size, the quantity of labor neededto produceall
ideaswith characteristica. Considerthe measure:(®)n(w), which we
refer to asthe mass of ideas, restrictedto the c-subalgebraof the Borel
setsof Q generatedy the subsetf Q on which p(®) is constantmalke
theregularity asgpimptiorthatit canberepresentetly a continuousdensity
functionu(p) = | (w)—r H(@)N(dw). For ary function f(w) we mayde ne

a conditionalvalue f(p) in muchthe sameway asa conditionalexpecta-
tion is de nedRSEeci cally, 7(p|}Q is de ned, u-almosteverywhere by the
conditionthat g f(p)u(p)dp = gf(w)h(w)n(dw) for every setB in the
c-subalgebraf the Borel setsof Q on which p(®) is constant.By return

neutrality we meanthatv™ (p),v°(p) are constant Below, we consider

rst theneutralthenthenon-neutratase.

3. RETURN NEUTRALITY

We rst examinethe caseof returnneutrality andaskhow socially opti-
mal protectiond(L) depend®nmarketsize.We nd that,if theelasticityof
total monopolyrevenueis well beharednearp = 0 thenfor largeenoughi
socially optimal protectionmustbe decliningwith A. Further if theelastic-
ity of total monopolyrevenueis increasingwith p, a conditionthat, contra
GrossmarandLai [2002,2004]we argueis likely to be the case thenso-
cially optimal protectionis in factdecreasin@sa functionof A. Basically
therearetwo caseslf theelasticityof totalmonopolyrevenueis increasing
with p ando (L) < 1 wecanshowv fromthe rst orderconditionsandimplicit
functiontheorenthaté(?») is strictly decreasinglf, insteadtheelasticityof
total monopolyrevenueis decreasingvith p, thenlabordemands growing

1By assumingll ideasareidenticalfrom the point of view of consumer&rossmarand
Lai [2004] implicitly assumestrongreturnneutrality
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fasterthanlabor supply andso the labor constraintmusteventually bind.
We show thatwheneer the labor constraintbinds,it mustbe the casethat

A

o (1) is strictly decreasing.

Proposition. Suppose return neutrality. If for some p and 0 < p < p,
Y'(p) # O then there exists A such that §(\) is unique and strictly decreas-
ing for > . If Y'(1/MB(L)) > O then §(A) is unique and non-increasing;
if O(X) < 1 it is strictly decreasing.

Proof. Userzeturn neutralityto rewrite socialwelfareas
09+ (1= 0)VEp' — 1/M g (Mu(p')dp' + L

We begin by analyzingthe casein which thelaborconstraintdoesnotbind,
sow = 1. Differentiatingwith respectto ¢ anddividing out the constant
g(A) we getthe rst orderconditionfor asocialoptimum.

FOC(\,0)

h: n 0 i

<;/¢> VM + (1—9)V° —1 (1/A%%)u(1/0L)
T @ Mu(p)dp

1%' n 0 i

=— (1/0) ¢V +(1-0)VC —1 (1/A0)M'(1/¢])
— (v = v")m(1/90)
Dividethroughb%M(l/(rgk) > 0, theresulgng%pression
NOC(h,0) = (1/9) ¢V +(1-0)vC —1 T(1/a¢)— (¢ —¥")

hasthe samequalitative propertiesas FOC(A,¢): it hasthe samezeroes,

the samesign on the boundaryand NOCs (A, ¢) < O is sufcient for azero
to bealocal maximum.

We next differentiatewith respecto ¢ to nd thesecondrdercondition

for asocialoptimum

NOC; = .

h n o I

1/9) VM +(1—0)vC —1 (1/26%)Y'(1/29)

VC

- @Y(l/ A)
The secondiermsis unambiguogslynegative. Thegrst term hastwo fac-
tors of interest. We have (1/¢) ¢vM + (1—)v® — 1 representingso-

cial surplusof the maiginal idea produced;since privately it yields zero
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prot, it mustyield positive socialsurplus.If the otherfactorY’(1/A¢) >
0 thenthereis a unique solution to the social optimization problem; if
NOC(A,1) > 0 thenthat solutionis ¢(A) = 1, otherwiseit is the unique
solutionto the rst orderconditionNOC(A,$) = 0.

In thelattercasewe mayusetheimplicit functiontheoremto compute

dy  NOG
d.  NOCs

=< NOC| =

h n o i
=— (1/0) oW+ (19" -1 (1/A%0)Y'(1/A0)

which is negative if andonly if Y/(1/A¢) > 0. This coversthe seconchalf
of the propositionwhenthelaborconstraindoesnot bind.

If the labor constraintdoesbind, increasingd only increaseghe wage
rate. Hence,if the socialoptimumis to allow the labor constraintto bind,
0 mustbe chosermassmallaspossiblesubjectto the constraintof full labor
utilization andw = 1. Consequentlyconcaity of welfarein the interior
implies a uniqueoptimal choiceof ¢. This establishes uniqueoptimal
policy functiond(A).

Finally, we turn to the rst half of the proposition. For x ed ¢ andall
large enoughh we may assumehateitherY’(1/A¢) > 0 or Y'(1/A¢) < O.
In eithercase Y (p) musthave a (possiblyin nite) limit asp — 0. Obsere
that Y(p) = —pM’'(p)/M(p), andthat M(p) is non-increasing. Suppose
rst that—pM’(p) doesnotcornvergeto in nity . If it is boundedaway from
zero,M(p) — oo, implying Y(0) = 0. If it is not boundedaway from zero,
sinceM(p) is boundedaway from zero, again, Y(0) = 0. Hence, either
—pM'(p) — o or Y(p) = 0. Thelatter caseimplies Y'(1/A¢) > 0, so x
0 = 1 andexamine

NOC(M,1) = [6—1] Y(1/A) — (V¢ —v™).

SinceY (0) = O for A sufciently large NOC(A, 1) < 0implying (1) < 1.
Finally, then,suppose-pM’(p) — «. Thedemandor laboris
Zy

L°=g(A)  u(p)dp.
1=A
Differentiatingwith respecto A yields
Zy

DILP=g/() _ u(p)dp+g(h)(1/0N))u(1/oM).
Laborsupplyis AL soif D, LP > L+ ¢ for all sufciently large A thelabor
constraintmust eventually bind. But —pM’(p) = p?u(p) — « asp — 0
so, for ¢ boundedaway from zero, D; LP — o, soin this casethe labor
constrainimustbind. O
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Threelmplications. Theoristsof innovationandgrowth dueto aggreate
increasingeturnsofteninsistthatthelatteraredueto massve externalities
in the creationof new ideas. In our framework this requiresg(A)/A to be
increasingn A, thatis thenumberof availableideasincreasesnorerapidly
thanthe scaleof the economy This leadsto a numberof extravagantpre-
dictions, which we will compareto the empirical evidencelater Hereit
sufces to remarkthat,asamatterof theory g(A) /A increasingn A implies
thatthe labor constraintmustbind eventually; whenit doesthe privatere-
turnfrom themaginalideaadoptedncreasesatherthandecreasesihile
this doesnot imply thatideaswith a highersocialvaluewill be produced,
it certainly doesimply that the optimal length of protection¢ is strictly
decreasingn A.

Thatintellectualpropertyprotectioncandrive up the wageratefor the
relevant supply of highly skilled labor, is empirically relevant for grow-
ing andadvancedeconomieslike. Lobbyistgroups,especiallyin the en-
tertainmentand pharmaceuticaindustries,often point to the high costof
producingnen goodsas a reasonfor strongIP protection. Examination
of thebalancesheetf eithermovie productionor pharmaceuticatompa-
niesshawvs thatmuchof this high costis dueto the earningsof the “highly
skilled” laborthese andotherlIP protectedndustriesemplgy. Considetthe
entertainmenindustry: costsarehigh herebecause few “stars” earnlarge
amountsof money, Sincethe opportunitycostof thesepeopleis generally
guitesmallanimportanteffect of reducingcopyright protectionwill simply
be to lower the rentsearnedby these"stars; andconsequentlyeducethe
costof producingmovies of a given quality. In suchindustries,the mar
ginal workersare paid closeto their opportunitycost,andso standto lose
little throughreducedcopyright protection. A similar, evenif admittedly
lessstraightforvard, agumentcanbe appliedto the drugindustrywith re-
spectto the wagesof medicalresearchers relationto that of production
workers.

Other policy relevant, comparatie static resultsalso follow from the
previousanalysis.Any policy or technologicachangencreasinghe mar
ginal costof the skilled labor neededo introducenew ideasis equivalent
to decreasing\, so generallysuchchangesncreasethe socially optimal
lengthof protection.This obsenationis relevantwhenconfrontingpolicies
that increasethe protectionfrom foreign labor competition(for example,
by restrictingimmigration,or penalizingoutsourcingpf selectedyroupsof
skilled workers; in this case,protectionin the labor market inducesaddi-
tional intellectualpropertyprotectionandrent-seekingn the productmar
ket. Corversely technologicalmprovementgsuchastheincreasingpower
and reducedcost of computers,or the reconstructionof the DNA code)
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whichreducehesizeof theinitial indivisibility 4 aretantamounto increas-
ing A, henceshouldengender reductionof the socially optimal lengthof
protection.

The Production Function Approach. By way of contrastGrossmarand
Lai [2002, 2004] adopta productionfunction approachwhereideasare
homogenousndthe total numberof ideasis Q = F(H,L) whereH is a
x edamountof humancapital,L is thelaborinputandF is aconstanteturn
to scaleconcae productionfunction. Sincehumancapitalsenesin this
modelonly to absorbthe rentsfrom ideas,we mayaswell write Q = f(L)
wheref is adiminishingreturnproductionfunction. While we do notthink
thatideasarelike automobiles- more or lessperfectsubstitutesstamped
off aproductionline - we canconstructa total monopolyrevenueschedule
correspondingo GrossmarandLai's productionfunction,andby doingso
give aninterpretationof their assumptiorin our frameavork. Obsene that
whenw = 1 the total labor costof producingQ ideasis f~1(Q), andthe
correspondingnamginalcostis 1/ f'(L). Sinceall ideasareequallyvaluable,
we mayaswell supposehey generateevenuel, soin ourterminology the
privatereturnof theideaproducedoy the Lth unit of laborinputis revenue
divided by the costof producingthe idea, thatis, p = f/(L). The total
revenueto ideaswith privatereturnp or betteris thenthe total numberof
ideasproducedy the correspondingmountof labor

M(p) = f([f1*(p))-
From this we may easily derive that the elasticity Y of M is the sameas
GrossmarandLai's elasticity of researctoutputwith respecto labor? In
the Cobb-Douglasasewhichis the benchmarlcasestudiedby Grossman
andLai, f(L) = L?, andso M(p) = a@=(1-a)p=a=(1-3) ‘which is to say
that M hasconstantelasticity Also of interestis their CES case,where
f(L) = (a+LP)¥for B < 1. Wehave /(L) = (aL ™4 1)(1-0)=,
1 1=b

1— p—b=(1-b)

1 1
Tp) = 1-B pb=1-b) _1

For B < 0, M(p) is de ned for p < 1, with M(1) = 0, and elasticity is
increasingn p. Thecase0 < < 1 impliesthatevenwith no laborinput,
a'™ ideaswill be produced.This is notridiculous: evenin the absencef
ary effort, someideaswith apositive returnmaybediscoveredby accident.
Also in this caseM(p) is de ned for p > 1 with M(1) = o, thatis, the

M(p) =a'™®

2In their notationthis elasticityis y.
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revenuegeneratedby ideasgoesto in nity , evenbeforeall ideasof positive
guality areexhaustedHerewe have decreasinglasticity

4. THE ELASTICITY OF TOTAL MONOPOLY REVENUE

The questionthenis, which assumptions mostappropriateon the elas-
ticity of thetotal monopolyrevenuefunction?We addres$t herefrom both
a theoreticalandempirical perspectie. First we look at distributionsthat
are interestingeither becausehey satisfy intuitive propertiesor because
they allow for explicit computationsndarewidely usedin practicalexam-
ples.With theexceptionof the Pareto,we nd thattheelasticityof M(p) is
increasing.Next we look at empiricaldistributionsof income/re@enuefor
differentkindsof inventive actiity, and nd thatthey exhibit rapidly rising
elasticity Finally, we derive the implicationsof the constantlasticityas-
sumptionfor theequilibriumdemandf laborin theideasectorasthescale
of the market increasesye shov thatassumption®f constanior decreas-
ing elasticityis grosslyat oddswith ary availabledata,andprobablyalso
with commonsense.

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

M(p) = r p'u(p")dp’,

might look like. Underthe plausibleassumptiorthat there are ideasso
badthatthey have a negative privatereturnwe expectu(0) to be strictly
positive, and nite. This implies that M(0) is nite, andM’(0) = 0, so
lim; oY (p) =0. SinceY(p) > 0, thismeansy’(0) > 0, thatis theincreas-
ing elasticitycase.In otherwords,theoreticalconsiderationslonesuggest
thatthefunctionM(p) is nite and at atp = 0, andhasincreasingelastic-
ity there;we shouldnot expectsituationssuchasthatimplied by the CES
productionfunctionfor 0 < 3 < 1in whichelasticityis globally decreasing,
or evenconstant.

4.1.1. The Pareto Distribution. If u(p) is Pareto,thenM(p) = p~%, which
correspondsup to a scalefactor to the functional form implied by the
Cobb-Douglagproductionfunction. Sincethe Paretodensitygoesto in-
nity for nite p, aswe have obsered, this is not a terribly goodglobal
modelof the distribution of ideas,andwe would not expectit to hold for
p closeto zero. Neverthelessit cancertainlybe arguedthatwe arestill in
the uppertail of the distribution of quality of ideas.And thereis certainly
a greatdealof economicdatathatappearso have Paretouppertails, soit
is possiblein principle thatwe arestill experiencingvaluesof p for which
Y'(p) <0,. Or, perhapsthetails areeventhicker thanPareto,with alump
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of ideaswith zerocost,asis the casefor the CESproductionfunctionwith
0 < B < 1. Thisis anempiricalissue,andwe will addresst shortly.

Next we quickly runthroughvariousfunctionalformsfor u(p) thatmight
be usefulto modelthe distribution of ideas,and seewhat they imply for
M(p), andY(p).

4.1.2. The Exponential, Normal and Lognormal Distributions. Consider
rst the Exponentialwhereu(p) = {3¢=2". ThenM(p) = {({p + 1)e
and

Y(p) = (Lp)?/(1+Lp)

whichis increasingn p. For theNormaldistribution, sayu(p) = e~2 we

have thatM(p) = (ZC)—le—Zr2 andY(p) = 2{p?, which is alsoincreasing
for all valuesof p > 0. Similar calculationsyield the sameresultsfor a
Lognormaldistribution of privatereturns. Shouldwe restrictoursehes,as
it it reasonablep positive andlargevaluesof p theresultsdonotchangeijn

factthey arestrengthenedFor the Normal distribution, Y(p) is increasing
in p over the whole interval (0,0), constantat p = 0 and decreasingor

negative valuesof p. For the Exponential,Y(p) is increasingor all p > 0

andfor p < —2/C aswell.

4.1.3. The Truncated Pareto Distribution. In principle, a Paretodistribu-
tion with a nite upperboundis appealingandit allows for explicit com-
putations. It amountsto assumethat privatereturnsare distributed Pareto
andthereis anideaof highestpossiblequality, sou(p) = p % for p <p, and
u(p) =0for p > p, with { < 2 (but noticethatfor valuesof { < 0 this says
thatthe frequeng of ideasincreasewith their quality, andthensuddenly
dropsto zeroafterthe maximumvaluep is reachedwhich doesnot make
muchpracticalsensesoassumé > 0.) In this caseagain,elasticityrather
thanbeingconstanis increasingln fact,we have

|
Mip) =57 P p
2-¢

T e

, (2-4)%(p)* 2p* 3
Y (p) =
P a1 ?

In the casel = 1 we seethatM(p) is linear, andwe canexplicitly solvethe
NOC

> 0.

NOC(,0) = (1/9) n¢VM + (1—¢)VCO - 1I
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We rewrite theNOC as
APV —IM)p2+ —V° =

andthen nd thepositive root

1+4Ap(VC —vMWC -1
B 20p(V© —vM)
If we normalizep = 1, thenfor largeA this canbe approximatedy
M D=
O~ v A2
ve —vM

which implies an elasticityof protectionwith respecto scaleof market of
1/2. Thatis, quadruplingthe scaleof the market implies that protection
shouldbereducedy abouta factorof two.

Returningto the caseof generak, considethe NOCfor ¢ = 1.

NOC(A,1)= W™ —1 Y(1/A) — (WC —¥M)

If A > 1/p holds, thatis, the size of the economyis large enough,then
NOC(A,1) < 0implying aninterior solution. This shavsthatthesizeof the
economyandtheupperboundontheachievableprivatereturnonideasplay
a similar role in our model;a smalleconomywherevery highly pro table
ideasareavailableis equivalent,from the viewpoint of optimal protection,
to alargeonein which only not-so-pro tableideasareavailable.

Now, let pA < 1 hold, sothatNOC(A,1) > 0, so¢ = 1 is optimal. This
is aneconomyeitherof very smallsizeor in which the privatereturnfrom
new ideasis very low. In this caseeven completemonopolycannothelp:
with ¢ = 1 themaminalideaproduceds p = 1/A implying thatp > p holds,
thatis, noideais everimplemented.

Finally, noticethat,in generalJabordemands

Z r
D A ( ) —z 1

P =g0) o tdp= £ flOh -
while labor supplyis LS = LA. Supposethe labor constraintis binding;
equilibriumis achieved eitherby loweringlabordemandhroughthewage
rate,or throughthe protectionlevel ¢. We know socialoptimality requires
keepingthe wagerate at 1, and equilibratingthe labor market using the
protectionlevel ¢. This give the optimalprotectionlevel of

1 7t -1L
Mo g2

which, onceagain,is strictly decreasingn A andp.

0=
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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.
Fromanempiricalperspectie, it is moreusefulto think of eachindividual

beingassociatedvith her own ideas;thatis, to think of ® asindexing in-

dividualsor, rather individuals' privatereturnfrom investingin ideas. In

this caseonecanidentify o with p, andjust usethelatter Thenhi(p) be-
comesequalto the costof persorp’stime, or if laboris equallyproductve
in the“leisure” sector i(p) would bethe samefor all individuals. Thisis a
strong,but notincredibleassumptiorthatis moreor lessthe oppositeof the
productionfunctionapproachye will adoptit to startwith andconsideiits

weaknesselater Thatis, seth(p) = 1; then,ary individualwith anideaof

expectedvalue higherthan1 would try to implementit. We thenthink of

individualsasequvalentto the expectedvalueof theirideas with thelatter
beingdravn from anunderlyingdistribution u(p) satisfyingtherestrictions
discusseckarlier We areinterestedn the shapeof u(p) asthis would al-

low us to computethe elasticity of M(p) at the “cutoff idea-indvidual”

p=1/0A.

An issuearisesvhengoingto thedatabecausefor eachindividual p, we
seldomobsenetheexpectedvalueof heridea,i.e. p itself, but, insteadpone
or morerealizationsy, = p + ¢, whereg; is someuncontrollablesourceof
randomnesgyossiblydependenon p itself. To the extentthatthe variance
of g is smallrelative to p, the sampledistribution of x; is anacceptable
approximationfor the underlyingu(p), and our empiricalanalysismakes
senseWhen(thevarianceof) ¢, islarge,ouranalysigs invalidated further
still whenthe dependencen p is relevant; theimpactof this limitation if
discusse@ttheendof thesection.Undertheassumptiorthate, is smallwe
now malke severalattemptsatusingavailabledatato measuré/(p) directly,
focusingespeciallyon casesvhereit is likely thate, is small.

4.2.1. Personal Income Distribution. Our rst attemptusesdatafor theUS
incomedistribution. Thatis, we make the furtherassumptiorthatthe dis-
tribution of incomeamongcreatve individualsis the sameasfor the popu-
lation atlarge. Thisis probablyincorrectwhenit comesto levels: creatve
individualsarelik ely to be concentratedh the uppertail of the distribution
of personaincome.However, it is a plausibleassumptioraboutthe shape
of thedistributionof incomefrom creatve activity. In any caseto theextent
thatthe largestshareof personaincomeis dueto labor effort andpeople
usetheir creatvity in accumulatingskills andchoosingan occupationthis
is areasonablestartingpoint. CurrentPopulationSurwey Dataonincome
from 2001is shavn in Figure4.1 Abusingnotationslightly, let p denote
personaincomehere thecorrespondingd/(p) is plottedin Figure4.2
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FIGURE 4.1. U.S.IncomeDistribution 2001

Incomein USD 1,000s| Population

0-10 9.0
10-20 6.9
20-30 13.3
30-40 12.4
40-50 154
50-75 18.4
75-100 10.8
100+ 13.8

Source:U.S.CensufBureau HistoricalIncomeTables ,HouseholdsAll
Racettp://www.census.g@hhes/income/hignc/h17.himl

FIGURE 4.2. U.S.IncomeDistribution 2001
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Sophisticatececonometricand statisticalknowledgeis not requiredto
seethatthis curveis well t by a straightline andpoorly by a Paretodis-
tribution. The US cumulatve distribution of personaincome,clearly, has
increasingelasticity

4.2.2. Revenue from Authorship of Fiction Books. \We now examinea par
ticular category of creatve individuals: authorsof ctional books. Ideally
onewould like to obsene revenuedor variousdraws of x, (i.e. books)for
eachauthorp, to accountfor the possibleimpactof €,. Suchdatais not
available,hencewe proceedwith whatis. Althoughwe do not have data
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on life time incomeof individual authors we do have dataon the revenue
generatedby individualbooksales.Lookingdirectly atrevenuedrom book
salesis interestingbecauseasnoticed,authorsmay earnabove averagen-
come,andindeedmaybelargely in theuppertail of theincomedistribution
- which is not measuredat all by the incomedatawe reportedearlier It
might well be thatwhile the bulk of the distribution of personaincomeis
linear, it is Paretoin theuppertail, andtheincomeof authoramightturnout
to be distributedlik e the uppertail of overall personaincome. Assuming
h(p) constanin this casemeanghatall thosethat“giveit atry” atwriting
ction have equivalentopportunitycosts.lt is hardto pointto ameasurable
sourceof heterogeneityn the valueof leisureamong ction writers before
theirsuccessprfailure,is revealedthroughrepeatedalesof variousbooks.
Ex-post, obviously, successfulriters are successfuandtheir opportunity
costof timeis high; but how predictablesuccessndfailurewerewhenthey
decidedto write their rst coupleof novels? For our dataanalysisto make
senseoneneedgo assumeahatauthorsroughly know how much(eachof)
their bookswill sell. Supposehat

e All authorstake the sameamountof time to producea novel and
have the sameopportunitycostsoi(p) is constant.

e Authorsearnall theirincomefrom the saleof their novels.

e Expectedevenuedrom thesaleof abookareperfectlyanticipated.

Thenincome per unit of time taken to producea book is r = A¢p and,
given currentcopyright laws, one can safelyset$¢ = 1 in what follows.
We can computethe aggregateincomeof all authorswho earnat leasta
givenamount,M' (r), andof courseM(p) = (1/A)M"(p/L) hasthe same
elasticity We alsoignorethe factthatit is costly to producebooksonce
they arewritten, which is largely irrelevantto our endsto the extent that
the costof producingeachcopy of a book is independenbf the number
of copiesproducedandsold. We alsoignorethat, for nev authors,there
is anoptionvalueto producingthe rst book- sinceif it is afailure,there
is no reasonto continueas an author Our static modeldoesnot capture
thistype of optionvalue. But if we assumehatthe costof writing the rst
bookis small relative to the lifetime costof beingan author this will not
mattermuch. With thesecaveats,we gathereddataon revenuesfor 1223
and1235 ction bookspublishedin SeptembeR003and Septembe004
respectrely. Figure4.3shavs M (p) for SeptembeR003.Figure4.4shavs
aplot onlogarithmicaxes,includingacloseupdoillustratemoreclearlythe
increasingnatureof the elasticity on both ordinaryandlogarithmicaxes.
Figure4.5shawvs the Septembe2004data,.

Examiningtheseplots, four thingsstandout. First, they arevery similar
bothin shapeandabsolutevaluesithis suggestshat(i) the patternreported
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FIGURE 4.3.

Book Revenue (Fiction) - Sept. 2003
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hereis quiterobust,and,(ii), evenfor successfubooksmostsaledake place
in the rst few monthsafter publication® Secondthatthe M (p)functionis
piecavise nearly linear and exhibits increasingelasticity - a fact that can
be seenmoreclearly in the logarithmicplots. The third striking featureis
how little salesbetweerroughly$150,000and$300,000contributeto total
revenue? Thefourthis how low theindivisibility wia(p) maybefor writing
andpublishing ction; in 2003,1181books,out of atotal of 1223,earned
$50,0000r less(correspondingp totalrevenueof approximately$300,000.)
Thesebooksaccountedor 50 per centof total revenue thatis $6M out of
$12M. The numbersfor 2004 aresimilar. In the SeptembeR003vintage,

3Datafor themonthsof March2003and2004con rm thisis indeedthe case.

4Thesalesdataarefrom a singledistributor Ingram,constitutingabout1/6thof theUS
bookmarket, sototal US revenuesvould be aboutsix timesthis number
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FIGURE 4.5.

Book Revenue (Fiction) - Sept. 2004
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984 booksearnedlessthan $10,000,henceour estimateof the maiginal
authors opportunity costwh(p) shouldbe placedat $60,0000r less. In
the light of our earlier discussionsuchconclusionis valid only if those
authors,and their publishers,correctly predictedactual sales. Certainly
booksearning$300,000n revenuesarepayingthe opportunitycostsof the
authors,andit is hardto imaginethat 1235bookswere publishedduring
SeptembeR004 in hopesof being one of the 5 that generatemore than
$300,000n revenue.

4.2.3. Patent Values. A similaranalysisof thevalueof patentss possible
with theresenationthatit is lesslik ely for patentghatex post valuecanbe
anticipateckx ante. In this case by disaggregatingby industry it is atleast
plausiblethatthe x ed costof the innovationis not systematicallyrelated
to the ex post privatereturn. We useex post dataon the value of patents
from Lanjouw [1993] for four Germanindustries- estimatedrom patent
renaval ratesanddataon the costof renaval. We graphthe corresponding
M (p)curvesin Figure4.6.

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

As canbe seen,n no casearethe tails similar to that of a Paretodistri-
bution - thecurvesfall fartoo closeto zero.Moreover, with the (irrelevant)
exceptionof thehighestcategory of p for computersthey exhibit increasing
elasticityovereveryportionof theirrange.Figure4.7 alsoreportsin square
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FIGURE 4.6.
Patent Values
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FIGURE 4.7. Elasticities
Computerg Pharmaceuticals Textiles | Engines
22[.17] 14[.12] 19[.15] | .32[.23]
74[.40] 53[.33] .66[.38] | .95[.45]
.93[.30] 75[.30] .88[.31] | 1.12[.32]
3.76[.60] 2.35[.48] |2.42[.44]|3.04[.42]
2.73[12] 2.81[.16] |3.02[.14]|3.37[.12]

braclets—pM’(p). Thisis relevantbecausehe same¢ (i.e. 20 years)ap-

plies acrosssectors. Hencethe relevant distribution is M (p) = Y Mi(p),

wherei indexesthe variousindustriessubjectto patenting.Unfortunately
the fact that eachM;(p) function hasincreasingelasticity doesnot imply

thatthisis truein theaggreyate.Hencelt is of interesto examine—p; (p).

If thisis increasingthenthe correspondingelasticityis increasingaswell,

andincreasing—pM;(p) is a conditionthat doesaggreyate. While notin-

creasingn virtually every caseasis the elasticity —pM|(p) is increasing
at the lower end (nearthe existing threshold)andincreasesn mostcases.
Thismeanghattheseresultscanbeexpectedo aggreateoverthedifferent
industries.

Onething thatshouldbe clearaboutthis analysisis thatexisting datais
not ideally suitedto examiningthe M(p) function. In particular estimate
of the anticipatedandunanticipateccomponent®f return,andof the x ed
costh(w) would greatlyimprove theanalysis.
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Our ndings for patentsappearto accordwell with existing, andtechni-
cally moresophisticatedempiricalliteratureonthe samesubject.To name
but a few recentstudies Harhof, SchererandVopel (1997)usea dataset
of full-term patentsappliedfor in 1977andheld by WestGermanmandU.S.
residents. They comparethe performance®f variousempirical distribu-
tions, including Paretos, to t the dataand nd thata two-parametefog
normaldistribution providesthe best t. Silverbeg andVerspager{2004)
usea variety of differentdatasources(Europeanand US PatentOf ces,
aswell asdataseton CT scanners)anddifferentmeasure®f p (citations
andmonetaryvalues)in their estimation.They nd that, while the overall
distributionsarewell approximatedy exponentialonesiit is theupper tail
thatis bettercapturedby a Paretodistribution. As our concernhereis with
the shapeof the u(p) nearthe lower cutoff valuep, this is supportve of
our claim. Interestingly SampatindZiedonis(2002) nd thatcitationsare
not a good predictorof revenuesearnedfrom licensedpatents. The older
literatureon the value of patents stemmingfrom the path-breakingpaper
of Pakes[1986] (seeHall, Jafe, andTratjenbeg [2004]for arecentupdate
andnew results),seemdo nd, almostalwaysthatthe appropriatedistri-
butionis alog-normalor anexponential for both of which the elasticity of
thetotal revenuefunctionis increasinglInterestingly SampatndZiedonis
(2002) nd thatcitationsarenot a goodpredictorof revenuesearnedrom
licensedpatents.

4.2.4. Analysis of Labor Demand: Theory. Anotherrouteto determining
whetherelasticityis increasingor decreasings to studyits implicationsfor
thelabordemandn theideasezctor Thisis
¥
L°(A) = g() u(p)dp =g(A)t(p),
r =1
andletting E/ denotethe elasticityoperatorits elasticityis
El [LP(M)] = EL [g(V)] - El [£(p)]

Dependingon which assumption®ne makes aboutg(), the rst factor
rangedrom zeroto ary large positive number For example,Grossmarand
Lai [2004] identify g(A) with aggrgatehumancapital # in their model,
and assumethis is constantrelative to marlet size; henceEl [g(A)] = 0.
As pointedoutin Section3, in modelsof growth andinnovationdueto ex-
ternalities,suchas GrossmarandHelpman[1991, 1994,1995],or Romer
[1990], g(A) increasedasterthanA, henceEl, [g(A)] > 1. A benchmark
caseis thatin which eachindividual draws her own ideasfrom the same
urn, with or without replacementlf samplingis without replacementand
eachpersondraws the samenumberof ideasfor eachcharacteristia, then
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g(A) = A andE] [g(A)] = 1; if samplingis with replacementhen,in gen-
eral,wewouldhave E/, [g(A)] =< 1.
As for thesecondactor noéice rst thatthedemandor laboris
¥
)= —[DM(p")/p']dp’".

Now, assumethat u(p) = p~@, with { > 2 so M(p) < e, which is the
constantelasticitycase.Then

(E)l—a
—1

l(p) =

I

and
EI(LP(W)=El(g(\) +o—1>1.

Noticethat,whenEIl(g())) > O theelasticityof labordemands predicted
to be substantially largerthanone. Thisimpliesthatin the datawe should
obsenre that,asthe sizeof theeconomygrows, the share of workersin the
ideasectorgrows morethan proportionally This predictionis reinforced
whentheelasticityof thetotal monopolyrevenuefunctionis decreasingas
we show next.

Proposition. Consider two different aggregate monopoly revenue functions
M1, M> that have the same value M1(p) = M2(p) and derivative DM1(p) =
DM>(p) (hence, elasticity Y1(p) = Y2(p)) at p. If DY1(p") < DY2(p’) for
p' > p. Then

(1) Labordemandassociatedo M; is smallerthanthe oneassociated
to M», thatis,
Zy Zy
~[DMy(p)/pldp" < ~IDM(p)/p'ldp'.

(2) Theelasticityof labordemandassociatedo M; is greaterthanthe
elasticityof labordemandrom My, thatis EI[M{1(p)] > El[¢2(p)].

(3) As theelasticityof total revenuegoesfrom increasingfo constant,
to decreasingthe elasticity of the associatedabor demandfunc-
tionsincreasemonotonically

Proof. Step1: M1(p") > Ma(p’)
Hereandin whatfollows, p’ > p holds.Then,DY;(p) — DY2(p) < O by
assumptionMoreover

DY(p) =D[-pDM(p)/M(p)] =

_ gmm +Y2(p)] — pD?M(p)/M(p)
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s0D?Mz(p) — D’Mi(p) = (M(p)/p)[DY1(p) — DY2(p)] < O, whereM(p)
is thecommonvalueof M; andM; atp. Then,for p’ nearp we have

Ma(p') = M2(p') = (1/2)[D°M1(p) — D*M2(p))(p' —p)* > O
Moreover, if M1(p”)—My(p”) < 0for somdargerp”, thenM1(p’) —Ma(p') =
0 for somep” > p’ > p, sinceboth functionsare continuous. Let p’ be
the smallestsuch p’, that is, the rst point to the right of p where M1
andM> cross. ThenY(p') = —p’DM(p’)/M(p’) andthe assumptiorthat
Y1(p') < Yo(p’) imply DM1(p’') > DM>(p’), thatis, M1 crossesV;, from
belav, which is impossiblesinceto the left of p’ we alreadyknow that
M1 > M>. R R

Step2: ' —[DMy(p')/p/ldp’ < —[DM2(p')/p')dp’
Re%allthatM (e0) = 0. Integrationby partsgizves

M) ) = M) [0~ M(p) (0l =
4
M) M)/

r

from WhlchZ y Zy

—[DML(p')/p'ldp’ — —~[DM2(p")/p'ldp" =
Z
= ) — Mo} (02 <

r

Step3: El[1(p)] > El[t2(p)]

Because Z ¥
El[t(p)] = El] r —[DM(p")/p'ldp"] =
_ g —PPM{p)/p
5 —[DM(p')/pldp’
o —DM(p)

~ P —bM(p)/pldp”
El[¢1(p)] andEl[¢2(p)] have the samenumeratorand,becausef Step
2,the rst hasasmallerdenominatarHencethe conclusion. O

In plain words: if a constantelasticityrevenuefunctionimpliesan elastic-
ity of labor supplyrespecto market size larger thanone, thena revenue
functionwith decreasinglasticitywould imply anevenlargerelasticityof

labor supply Playingthis backward: shouldthe empiricalelasticity of la-

bor supplywith respecto changesn market size be clearly smallerthan
one,thenthe associatediotal 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
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enoughto rejectthe hypothesighatthe elasticityof the total revenuefunc-
tionis constanbr decreasingln fact,thisimpliesthatwheneerthemarlket
sizedoublegheshareof populationdedicatedo creatve actvity morethan
double. Recallthat, during the last century the effective size of the world
market hasbeenmultiplied, roughly, by a factorof onehundred.Thisim-
pliesthat, by now, atleastin the USA everybody shouldbeworking in the
ideasectorwhich, alas,we have notyetachieved.

4.2.5. Analysis of Labor Demand: Data. With thisbackgroundlet uslook
atsomedata.Firstwelook atthetime series Herewe mustassumehatthe
distribution M(p) is not changingover time - for example,becauseaill the
goodideashave beenusedup. We alsomustassumehat¢ is eitherconstant
or increasingovertime - asin factit is. We look rst atU.S.copyright data
in Figure4.8. We seethatit growssigni cantly slowerthanU.S.population,
andindeedis relatively staticfrom theearly 1900sto about1970- a period
in which U.S. populationmorethandoubles.

Turning to patentabladeas,R&D expenditure,insofar asit is anaccu-
ratemeasureandnot simply a responsdo changingtax laws is a measure
of laborin the ideasector Figure/4.9 shovs U.S. R&D expenditureasa
fractionof GDP (therelevantsize of market variable).Herefrom the early
1960sto thecurrenttime, this hasremainedelatively static- sinceU.S.has
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FIGURE 4.9. U.S.R&D Expenditure

f Investiments in R&D by American companies as a
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increasedsubstantiallyover this time period,againthis is strongevidence
againstalinearincreaseof laborin theideasector

Finally, we look at the cross-sectionWe examineR&D asa fraction of
GDPacroszountries If we assumehatthedomestianarketis whatis sig-
ni cant, we cancombinedataon GDP from the 1990CIA World Factbook
with R&D dataanddataon the strengthof IPRsfrom Kanwar and Evan-
son[2001] (takingthe averagefrom the two periods)andregressthe log of
R&D asafractionof GDPonthelog A. Oneissuethatarisess whethemwe
shouldmeasuré\ by populationor by GDP Increasesn per capital GDP
increasethe scaleof the market, but they increasethe opportunitycostof
laborin the non-ideasector(working with existing ideas)by the samepro-
portion,sohave noimpactontheeffective scaleof themarket. Ontheother
hand,increasegroductvity in the non-ideasectormayalsobere ectedin
increasegbroductvity in theideasector:doublethepercapitalincomemay
meantwice asmary ideas.We reportresultsfor GDP with the correspond-
ing populationcoefcient in squarebracletsin Figure4.10- asit turnsout
it doesnot make muchdifference.

As canbe seenthe elasticity is nowherecloseto unity. However, this
assumeshat the relevant market for R&D is the domesticmarket. More
generally we would measureh = Agomesic + Mworld Where Ayong is the
fraction of world GDP availableasa market for domesticR&D. Sincere-
gressingog R&D on A givesessentiallythe sameresultasregressingon
Adomesic/Aavermge @andregressingdn l0g(Adomesic + Aworld) givesessentially
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FIGURE 4.10. CrossSectionaData

IPRsStrength| SizeElasticity[Population]| N | AverageGDP USD billions | 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 Agomesic/Aworld, theseregressioncoef-
cientshouldbe multiplied by Aworid/Aaverge: Thusif theratio of revenue
earnebn R&D in foreignmarketsto domestianarketsis ontheorderof 3-
5, it is possiblethatthe elasticityof percapitalR&D with respecto sizeof
marketis nearunitary. However, thisratiois implausiblylarge. Sinceworld
GDPis ontheorderof $20,586billion, the potentialsizeof theworld mar
ketis muchlargerthan3-5 timesthe GDP of eventhe largestsetof coun-
tries. However, this grosslyoverstatesherelevantsizeof theworld market.
Exportsarea fraction, not a multiple of GDP. Consequentlya ratio of 3-5
would bepossibleonly if R&D is muchmoreintensvein exportindustries
thandomestiandustries- by afactorof considerablymorethan3-5. Using
Lo's [2003] detaileddatafrom Taiwan,in 1991exportintensve industries
spentaboutl.8timesasmuchonR&D asdomesticrientedindustries.Us-
ing microdataon renaval ratesto estimatethe value of patentsLanjouw
Pakes and Putnam[1998] nd the highestvalue of the “implicit subsidy
from patentingabroad”at 35%for the U.K. andGermauy, with mostcoun-
triesreceving 15-20%o0f incomefrom a patentfrom rightsheldabroad.So
the evidencehardly supportgheideathatAyor d/Aaverge is on the orderof
3-5.

4.2.6. Conclusion on the Elasticity of Total Monopoly Revenue. \Ne exam-
ine avariety of datafrom differentsourcesrangingfrom bookrevenueso
patentvaluesestimatedby renaval rates,to R&D expenditures.We look
both at cross-sectionahndtime-seriedata. Eachindividual analysishas
mary caveats- andthisis clearlyanareawith a high rateof returnto care-
ful empiricalwork. However, giventhatall of the differentsourcesf data
saythe samething, we think it a fairly safeconclusionthatin practicethe
elasticityof total monopolyrevenueis increasing.Our bestguessasto the
functionalform for M(p) would be that it is approximatelylinearin the
relevantrange.

5. EXTENSIONS

5.1. Return Nonneutrality. In this sectionwe dropthe quality neutrality
assumptiorand study the optimal degree of protectionwhen private and




INTELLECTUAL PROPERTY AND THE SCALE OF THE MARKET 28

socialvaluesarenotin a constanfproportionto eachother Notethat,asa

function of privatereturnundermonopoly socialvalueundermonopolyis

vM™(p)p while socialvalue undercompetitionis v°(p)p sothat, for given

0, expectedsocialvalueis p[ovM (p) + (1 — 6)v°(p)]. Thetwo polarcases
in which privatereturnand social valuesare, respectiely, positively and

negatively relatedareworth considering.

If goodswith lower private return have also lower social value,in the
sensethat DV (p) > 0 and/or DVv®(p) > 0 , commonsenseand simple
calculationsshaw thatthisis afurtherreasorfor thelengthof protectionto
declinewith thescaleof themarlet. Ontheotherhand,if eitherbvM (p) < 0
and/orDV°(p) < 0, or both, thenthis wealensthe connectiorbetweerthe
scaleof the market andthe declining optimal protection. In particular in
this case,it becomegossibleto have the optimal degreeof IP protection
increasingwith market scale,even whenthe elasticity of total monopoly
revenueis increasingsothatthelaborconstraintnever binds.

On the otherhand,while DV (p) < 0, DV®(p) < 0 may seemto rein-
force the casefor increasinglP protection,in factit wealensit. Thatis,
DV (p) < 0, DV(p) < 0 meansthat private returnis poorly correlated
with public bene t. In the extremecase theremay actuallybe a neggative
correlationbetweerprivateandpublic bene t. In this casethe privatesec-
tor producegheideasof leastsocialmerit rst, soit is certainlynotworthy
of IP protectionwhenthe scaleof the marketis smallasthis would simply
leadto productionof ideasof little socialvalue. Theargumentfor strength-
eningprotectionasthe scaleof the market increasesis thatthe increased
scaleof the market eventuallyleadsthe privatesectorto produceideasthat
do have somesigni cant socialvalue,andat this point, we cantry to com-
pensatdor the weaknesf private incentves by increasingthe level of
protection.While this is formally correct,it clearlyis alopsidedargument
whenit comedo designingwvelfare-impraving policies. It takesasgiventhe
policy instrumentpatentsevenif the latteris the leastadequatdo maxi-
mize socialwelfare(becauseocialvaluemovesoppositeto privatevalue.)
If it werereally the casein practicethatprivatelyvaluableinnovationshave
little or no socialvalue,andvice versa,thena form of governmentinter-
ventionotherthanlP would berecommendablesuchaspublicly sponsored
researchprojects,or auctioningof productionrights, or subsidiedor inno-
vatorsproducingthesociallyvaluableideas for example.Patentscertainly
not.

Alternatives To Government Grants of Monopoly. The latter remarks that
when private and socialvaluesof new ideasarenot alignedIP protection
is the leastappropriatepolicy instrumentsuggestve should,albeitbrie y,
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considerhow alternatve forms of governmentinterventionfarein our en-
vironment.An obviousalternatve to having the governmentaward private
monopoliesis to have the governmentaward prizesfor innovation. This
canbe nancedin muchthe sameway thatprivatemonopoliegaisemongy
- by imposinga salestax on salesof newv goods. Unlike the award of a
private monopoly the tax rate doesnot needto be setso high asto give
the monopolyrevenue,and Gilbert and Shapiro[1990] shaw 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 goodandlow tax (after the
copyright/patenexpires)for theremaininglife of thegoods.Hence sucha
systemof taxes,is intrinsically lessdistortionarythanawardingprivatemo-
nopolies. Insofar asthe prize money is simply paid backto the innovator,
thisis essentialljthe sameasa systemof mandatoryicensing,in whichthe
holderof theprivatemonopolyis requiredto sellatagovernmentmandated
prices. Systemsf mandatorylicensingarewidely used- in copyright, for
examplesuchthingsasradioplay of musicandxeroxingof copyrightedma-
terialsarecoveredby mandatoryicensingprovisions.In the caseof patent,
mandatorylicensingwaswidely usedin Taiwan until they wereforcedto
reformtheir patentsystemby the United States.Sothis kind of mandatory
licensingrepresentsaswe might expect,the ef ciency improvementfrom
replacinganunregulatedmonopolywith a regulatedmonopoly

However, thereis little reasonthat the proceedof taxeson new goods
shouldbe paid backto theinnovator Froman ef ciency perspectie, it is
betterthat the proceedse usedto defraythe costsof producinginnova-
tions of high socialvalue. This hasseveraladvantagesver anintellectual
propertysystem.First, to minimize the monopoly/taxdistortion,the min-
imum necessaryo getinnovation shouldbe paid. In particular it is best
to pay h(®), the indivisibility, to the innovator ratherthanthe full social
value. The intellectualpropertysystemmaleslittle useof social knowl-
edgeof i(); with the exceptionof the non-olviousnessequiremen{now
largely defunct)of patentlaw, patentsandcopyright basereward on social
valueratherthansocialcost. Secondaswe notedabove, if it is indeedthe
casethatsocialvalueis poorly correlatedwith privatevalue (the strongest
casefor increasingntellectualpropertyprotectionasthe scaleof the mar
ketincreasesa systemof rewardsbasedon otherinformationaboutsocial
valueis likely to leadto a muchbettermix of innovationsbeingproduced.
It isimportantto notethat, like mandatorylicensing,systemf public (and
private) prizeshave beenwidely usedand are of demonstrategbractical-
ity. Historiansof aviation have amguedthat prizesplayedanimportantrole
in the developmentof the airplane. The currentX-prize hasunleashedn
enormousamountof innovationin aerospacéechnologywith the rst pri-
vatelyfundedsupersonicight takingplacewithin thelastyeat
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The issue,alsoin the context of our model, boils down to the public
knowledgeof thetruesocialcostof introducinganew idea. Whenthelatter
is known, a public subsidyto innovatorsequalto theamount:(®), nanced
by a consumptiortax andfollowedby unconstrained¢ompetition,is easily
shawvn to provide theleastdistortionarymechanismWhentheinformation
aboutthe true costi() of innovatingis privatethe problemappeardess
straightforvardandworthy of furtherinvestigation.

5.2. Consequencesf Competitive Rents. Asarguedin BoldrinandLevine
[1999, 2002, 2004] it is by no meanstrue thatin the absenceof ary IP
protectionpro ts for innovatorsare neggligible or even zero. At eachmo-
mentof time, and especiallyshortly after innovation took place,a capac-
ity constraintis presenthatwill give riseto non-distortionarycompetitve
rents.Mostlik ely, therearealso rst-moveradwantagessuchasthosedoc-
umentedoy Tofuno[1989]in themarket for nancial securities.

We canmodelthis by assuminga capacityconstraintz(®) on per capita
productionafterthe IP protectionexpires.In this case assuminghecapac-
ity constrainis notbindingduringtheIP protectionperiod,theinnovator's
total revenuefrom anideaw is

Az (@)v2(M (@), @) + (1~ 9)Az(0)v2(z(), ).

Assumingthelaborconstraindoesnotbind, hencew = 1, dividing through
by h(w), we maywrite the conditionfor goodw to be producedas

OAp(®) + (1—0)Ap%(0) > 1

wherep®(m) = z(0)v,(z(0), ) /h(o) is the competitive rent per unit of
indivisibility cost. Let us usethe simplifying assumptiorthat competitve
rentis proportionalto monopolyrevenue perunit of indivisibility cost;that
is p¢(w) = ¥p(w), with 0 < & < 1. Note that this is strongerthan our
earlier neutrality assumptionswhich hadto hold only in expectedvalue.
Thenwe may againwrite socialwelfareentirelyin termsof p andtheonly
modi cation of our earlierexpressionfor socialwelfareis thatp = [(O +
0(1—9))A]~L. ThecorrespondinglOCis
h n o i

NOC(L,0) = (1-1) (L/(0+6(1-9))) 6"+ (1-¢)v¢ -1

XY(1/(3+6(1—9))A)
— (Ve -
from which we seethatit continuego betruethatif

Y/(1/(0+0(1—9))A) > 0
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then¢()) is uniqueand non-decreasingln this case,we may alsocheck
that NOC; < 0, sothathighercompetitve rentsleadto a reductionin the
optimallevel of protection.

Finally, considerthattheNOCatp =0 is
h [

(1-9) (1/9)V°—1 Y(1/0h) — (V¢ —vM™)

andasA — o this approache&(vC — VM) < 0. Hence ,whencompetitve
rentsarepresentthe optimallevel of protectionshouldbe setequalto zero
ata nite marketsize,notjustasymptoticallyasin the extremecaseof no
competitverents.

5.3. Consequencesf Rent-Seeking. Supposehatthe sizeof theindivis-
ibility doesnot vary systematicallywith private return. Thenideaswith
high returnsalsohave high absolutelevels of pro t associatedvith them.
Supposaét is possibleto purchaséextensions’of protection,n theform of
a Ao, from thegovernmentsectorat a cost. Thenit is ownersof ideaswith
high p thathave the greatesincentive to do so, asthey can“leverage”the
Ad morethanarnyoneelse.This meanghatthe mamginal rms, whofrom a
socialpoint of view arethe reasorfor IP protection, do not getmuchsay
overthelengthof protection.In the extremecasethe marginal rms getno
protection,so the setof ideasproduceds the sameaswithout IP, andIP
senesonly to introducea monopolydistortion. Ratherremarkably Lerner
andPosnef2001] suggesembodyingsucha schemen law.

5.4. Variations on the Utility Function. We assumedhatutility is linear
in theoutputof theideasectorandin labor. We canconsidemoregenerally
thefunctionalform |
Zy )
U ) o7+ (1-0)¥u(p)dp
r ., |
+V L—(1/A)  w(p)dp

r

The empirically relevant caseis thatin which U (-) displays,aftera point,
sharplydecreasingnaginal utility while V (-) hasdisplaysa fairly high
maiginal utility evenat L. To seehow this works, examine rst the sharp
casdan whichU islinearlyincreasingo anuppetimit, thenconstantyhile
V is linearall thoroughits domain.In otherwords,oncetotal outputin the
ideasectoris large enoughno further utility is generatedor U (x) = x for
x <X andU(x) = X for x > X. Thisis a simple way of modelingthe
intuitive case following from the assumptiorthat g(A) /A is increasingn
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A, in which maginal utility of consumptiordecreasefasterthanthe mar
ginal utility of leisureasthe formergoesto in nity andthe latterremains
boundedabore by L. AslongasA is smallenough satiationdoesnot affect
theoriginal equilibrium,andthe price of outputin theideasectoris P = 1.
However, oncel grows IargeenoughIhesatiationconstraimbindsE’ Equi-
librium requiresthatexactly X be producedn the ideasector sothe price
in theideasectorP < 1 mustfall to discouragdaborfrom o wing into that
sector But a moreef cient way to discouragdaborfrom o wing into the
ideasectoris simply to lower ¢. This simpleresultis the mirror imageof
thelaborconstraintbindingin the previousanalysis.

More generahon-linearitiesn U have asimilar effectaslong asourba-
sic assumptioraboutrelative mamginal utilities of consumptiorandleisure
holds. The latter canbe reformulatedn the following way: asthe size of
themarket grows andmoreideasareproducedthe pricein theideasector
declinedfasterthanthe maginal utility of leisurefor x ed¢, hencetherel-
ative priceof laborgoesup. Thisseemso bere ected,in therealworld, by
thecentury-longdeclinein hoursworkedpercapita.Noticethatit isimma-
terial to our agumentif theincreasen the sizeof the marketis duepurely
to anincreasen the population,or to anincreasean trade,or to unmodeled
technologicaladvancesthat reducethe size of the indivisibility (). In
generalit will be bestto exploit the opportunityofferedby anincreasan
the size of the market by reducingo, ratherthanby allowing the relatve
price of laborto rise asthelatterdoesnot engenderry ef ciency gainbut
purelyredistrituteswealthfrom the generalpopulationto the skilled labor
usedin the productionof ideas.Theeffect of V beingnon-linearis similar.
As leisuredeclines,wagesof skilled workersrise graduallyrelative to the
wageof peoplenot employedin theideasector Like before,it is bestto
offsetthis purelyre-distritutional effect by reducingé.

5.5. Positive Mar ginal Cost of Distrib uting Ideas. So far we have as-
sumedthatthereis no mamginal costof reproducinganddistributing ideas
or goodsthatuseideas(for short:reproducedeas.)Thereareseveralpossi-
ble casesdependingpnwhichinputsareneededo do this. Onepossibility
is thatthe samelabor usedto createideasis usedto reproducehem. This
caseis rathercomple, becausét introducesathird magin into the choice
of ¢ - the monopolyfor inframaginal ideas,the maginal ideas,andthe
amountof laborusedto reproducesxisting ideas.

However, in practicethe type of labor usedto reproducddeasis prob-
ably not a terribly good substitutefor the labor usedto producethe ideas
themseles. If we introducean additionalfactorof production- unskilled

SNoticethatUX) < VL) is prettymuchall thatis needechere.
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labor, call it - and assumehat this is usedto reproduceideas, provided
thatthis factoris in plentiful supply so that mamginal costis constant|it-
tle changeis neededn our analysis. In particular insteadof examining
v(z, ®), we shouldexamineper capitalutility netof the costof reproducing
theidea: v(z,0) — mc(m)z. This may have animpacton whetherquality
is neutral,sinceit may be neutralfor v(z,®), but not for v(z, ®) — mc()z,
but, for example,with quadraticutility (linear demand)we have neutral-
ity in bothcases.n generalwe would expectthis modi cation to make it
morelikely that private returnand social value of anideamove together
Thisis becaus@neintuitive reasonwhy socialvalueincreasesvith private
returnis thatthe maginal costof producingadditionalcopiesof anideain-
creasemoreslowly thanutility from theadditionalcopies.As we have seen
in Sectionb, this reinforcesour main prediction,that IP protectionshould
decreassvhenmarket sizeincreases.

If the unskilledlabor constraintbindsbeforethe skilled labor constraint
does- somethingwe think is unlikely, but sincethe demandfor unskilled
laborin this modelgrows muchmorerapidly thanthe demandfor skilled
laborasA increasessomethingwe recognizes a possibility - thenthe sit-
uationagainis complicatedby the existenceof a third magin. Unskilled
labormustbeallocatedbetweemroducingmorecopiesof particulargoods,
versugproducingmorekindsof goods.Thepointis, though thatthecentral

nding from our analysisof the basiccasedoesnot change As the size of
the marlet increasesif the unskilledlabor constraintbindsbeforethe one
for skilled labor does,the choiceis betweenshifting more unskilledlabor
to actwities thatmake useof new ideasor to actwvities thatmake useof old
ideas.Whenthe maginal socialvalueof thelatteris largerthanthatof the
formerareductionin thelevel of IP protection¢ is recommended.When
the oppositeis true, andassumingagainthat privateandsocialvaluesare
properlyaligned,unskilledlaborbecomesin thismodel,are-scaledrersion
of skilled laborandthe previous analysis,which recommends reduction
in ¢ whenthesizeof themarketincreasesapplies.

6. INTERNATIONAL TRADE AND HARMONIZATION

We now turn to theissueof IP protectionin the world economy We as-
sumethattherearek countriesandthateachcountryi hasa x edfraction;
of world demand)aborandworld ideas. Thetotal size of the world econ-
omy s still A.We examinethe casen which countriesnaynotdiscriminate
againstforeigninventors. While de-facto violatedin someoccasionsthis
re ects currentlegal practicesaroundthe world, andit allows usto focus

6Also in this case,as before, shouldthe private and social valuesmove in opposite
directionthe analysisacquirea furtherdegreeof complication.
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onthespeci c role of IP protection.We let ¢; denotethelevel of IP protec-
tion in countryi. Throughouthis sectionwe assumehereis completeand
costlesdreetradeof goods thatthelaborconstraindoesnot bind, andthat
theelasticityof total monopolyrevenueis increasing.

Fromaninventors perspectie,whatis relevantis theeffective (weighted
by market shares}otal protectionrecevedworld wide. Thisis simply ¢ =
Y. 0i6;, hencep = 1/0\ determineshemaninalinventionworldwide. Each
countryis assﬁmgdo maximizeown socialwelfare,whichis givenby

¥
gd)  [0iVVp+(1—0)Vop —1/Au(p)dp +L,

r

the signi cant featureof which is thatthe monopolydistortiondepend®n
0; andnoton ¢. Notethatin thisworld, eachcountryis assumedo getapro
rata shared; of thetotal massof world innovations,sothatnetrevenueto a
countryfrom selling/purchasingP-protectedroductson theworld market
is zero.

With standardnotation, the NOC correspondingo the social welfare

problemfor countr?/]i is
n 0

NOC(91,9-i) =6i (1/9) oV +(1—01)v¢ —1l Y(1/01) — (v =v™)

Becauséheelasticityof totalmonopolyrevenues assumedhcreasingthis
is strictly concae in ¢; and continuousasa function of (¢;,¢_;j) sohasa
purestratg)y Nashequilibrium, characterizedby the rst orderconditions
NOC(¢i,9-i) = 0.
Consider rst a symmetricequilibrium of a symmetricmodelin which
0 =1/k. In equilir?riumwe musthave ¢ = ¢, or.
n 0

|
NOC(9) = (1/k) (1/9) WM +(1 -0V —1 Y(L/¢A)— (V") =0.

Holding constanthetotal market size, let ¢* bethe solutionto the single
countryproblemand¢*the symmetricsolutionto the symmetrick country
problem.Becauséhe rst termin NOC(0) is positive andf; < 1 we have
that NOCy(¢1) < 0, implying, sinceNOCys < 0 underthe elasticitycondi-
tion, thato* < ¢1. Noticethat¢ is decreasingn k sothat,asthenumberof
countriesincreaseshe symmetricNashequilibrium corvergesto the case
of noIP, whichis suboptimaln our setting. Theintuition behindthis result
is simple: by decreasing a countrylosesbecauset createsewer nev
goodsandgainsbecausé consumestthecompetitve level thegoodscre-
atedby the remainingk — 1 countries. As k increaseghe secondmamgin
strictly dominateghe rst.

The concaity of the objective functionin ¢; implies that eachcountry
choosingthe solutionto the singlecountryproblemis in factatthe unique
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socialoptimumfor theworld asawhole. Moreover, if eachcountryis con-
strainedo setthesamedevel of protectionasall others for examplethrough
a legal mechanisnsuchasthe WTO, they would all agreeto choosethe
socialoptimum¢?. Thisis the standarcharmonizatiorresult:in theuncon-
strainedprotectiongamecountriesunderprotectdue to the public goods
natureof IP protectionanda WTO-like mechanisnthatforcesharmoniza-
tion leadsthemto the secondbest.

Unfortunately this analysis while mathematicallycorrect,haslittle rel-
evanceto policy analysisfor two reason. First, it assumeshat countries
choosepolicies to maximizetheir own social welfare. The evidenceof
vastlyincreasedevelsof protectionin responseo vastlyincreasednarket
sizeprovidesrelatively conclusve evidencethat this is not how countries
choosetheir levelsof protection;ratherit suggestshatlevelsof protection
aredeterminedargely by rent-seeking.The factthat copyright extensions
have appliedretroactvely is yet anotherpieceof evidencethatthe level of
protectionis drivenby rent-seekingandnot socialef ciency. Secondcur-
rentextensionf IP arenot betweerncountriesof equalsizewith currently
equallevelsof IP, who by harmonizingwill agreeto acommonhigherand
moreef cient level of protection.Rather extensionof IP protectionis tak-
ing placebetweenlarge countrieswith high levels of protectionandsmall
countrieswith no protection.To studythis, therelevantmodelis not oneof
k identicalcountries put ratherof onelarge country(theU.S.andtheE.U.)
andk — 1 identicalsmallcountries.

Considerthen,a situationwherethereis onelarge countrywith sharef
andk — 1 smallcountrieswith share®; = (1—-61)/(k—1) < 01. Firstwe
show that, in this case,regardlessof k the equilibrium level of aggreate
protection, is boundedaway from zero. The NOC for thelarge countryis

h n 0 i
NOC1(01,0) =01 (1/0) 02V +(1—01)v¢ —1 Y(1/91)—vC—vM)=0.

Obsenrethato > 6191 andrecallthatNOC1 (91, ¢) isdecreasingn ¢. Hence,
NOC(61,0101) > 0. Sincethis latter expressionis alsodecreasingn ¢1 a
solutionto NOC(81,0181) = 0 mustsatisfy$, > 61 > 0. Thisin turnim-
pliesthatin equilibrium¢ > 618; > 0. This shawvs that¢ is boundedaway
from zeroindependenof k becausehe large countrywill neverimposea
negligible amountof protection.

We now turnto the NOC for the smallcountries At ¢; = O thisis

h i
NOC(0,9) = (1—61)/(k—1) h(1/¢>v* —1 Y(1/91) — (V¢ —¥M)
|
<(1-01)/(k—1) (1/6:82)v°—1 Y(1/62811) — (V¢ — VM)



INTELLECTUAL PROPERTY AND THE SCALE OF THE MARKET 36

whichis strictly negative for k largerthan

C M
K= h (V==VT), +1.

(1-01) (1/0:81)vC—1 Y(1/6:812)

Sincethereis always a uniquesolutionto NOCy(¢i,¢) = 0, for k > K it

occursat¢; = 0. In this casethe solutionfor thelarge countryis simply the
solutionto the socialoptimumproblemwhich ignoresdemandandsupply
from therestof theworld; thatis, the choiceof ¢4 is the onethatwould be
optimal for a populationof 6;A. By the usualscaleof market effect, that
meangheequilibriumsolutionfor ¢1is largerthanthevaluethatmaximizes
world socialwelfare, that is, the solutionto the social optimum problem
with populationi.

In short,in the empiricallyrelevantcasewheretherearesmall countries
with no IP andlarge countrieswith excessve IP, effective harmonization
requiresnot only thatall countriesbe constrainedo setthe samelevel of
IP protection but thatthelevel of IP protectionchoserbesubstantiallyjless
thanthe existing levelsof protectionin the large countries.

Notice,incidentally thatour baseassumptiors thatcountriescannotin-
creasehe level of domesticinnovation by changingtheir IP laws, astheir
shareof totalinnovationis x edat®;. Insofarascountriescanincreaseheir
shareof world-wide innovative productionby changingtheir nationallevel
of IP protection,they bene t from the factthatthey geta disproportionate
shareof the total revenuefrom innovation. In factthereis someevidence
thatfavorablelP treatmentanattractinnovation. Thereareseveralreasons
for this. First,favorablelP legislationmaybeasignalof favorabletreatment
of innovatorsin generalfor example,asin Ireland,throughtax law). Sec-
ond,althoughlegal discriminationagainstforeigninventorsis forbiddenin
principle,theremaybeavarietyof informalreasonsvhy it is advantageous
to be a domesticinnovatorto take advantageof stronglocal IP protection.
Finally, thedistribution of innovationacrosscountriescanbedrivenby the
explicit rent-seekingoehaior of innovators,who may chooseto reward
countriesthat provide favorablelP protectionwith increasedevenuefrom
domesticinnovation. The movie industry for example,hasgoneto some
lengthto rewardandpunishits political foeswith movie production.

Insofar as increasinglP protectionlures innovation, a secondtype of
equilibrium distortion arises. Ratherthan underprotectingn an effort to
freeride off of innovationin othercountriestheincentiveis 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 awide partialequilibriumliteratureontheop-
timal lengthof patentprotection.This literature,stemmingfrom the paper
of GilbertandShapirg1990] examineghetrade-of betweempatentiength
andbreadthfor a singleinnovation. Gilbert and Shapirogive assumptions
underwhich optimallengthis in nite, while Gallini [1992] shavs thatwith
a more realistic model of the “breadth” of protection,this resultmay be
reversed.This literaturedoesnot examinethe broaderquestionof optimal
policy thatcoversmary differentideas,andtakesasgiventhatpolicy may
easilydetermine‘'breadth”aswell as“length” We think that“breadth”is
much more dif cult to legislatethan“length; andbecauset is lessvis-
ible, more subjectto rent-seekingregardlessof legislative intent. In our
model,unlike this literature,we effectively take the “breadth” of protection
asexogenousandfocuson length. Insofar as“breadth”aswell as“length”
canbe legislated,our parameter) may be regardedaskind of a summary
of lengthandbreadthcombined.Hence, it would be goodpublic policy to
reducebreadthasthe scaleof the market increasesaswell aslength. In
particular it mightbea goodideato introducethe“independentnvention”
defenseassuggestedy Scotchmef2002], or to eliminateproductpatents
in favor of procesgatentonly. However, it is clearlymorepracticalto tie a
time limit to thegrowth of theeconomythana particularscopeof coverage.
A numberof reasonsptherthanthe invarianceof the optimal length of
patentdo the size of the market, have beeninvokedto justify policiesask-
ing for anincreasef thedegreeof IP protectionasaconsequence/condition
of tradeliberalization. First, as Diwan and Rodrik (1991) argue, northern
andsoutherrcountrieggenerallyhave differenttechnologyneedsand,with-
out the southernprotectionof IPRs, northerncountrieswould not develop
technologiedargely neededoy the South. This seemgatherat oddswith
both basicprinciplesand historical facts. Developing countrieshave de-
veloped,almostalways andinvariably, by adoptingtechnologieghat had
beendevelopedby the advancedones. Indeed,the very samenotion of
“convergence”would make no sensef this were not the case. Examples
of countriesthat have developedlate by inventing technologiessubstan-
tially differentfrom thoseinventedby the alreadydevelopedones,arecon-
spicuouslyabsent.ChinaandIndia arecurrentlyachiezing unusuallyhigh
growth ratesby adoptingexactly the sametechnologiesadoptedearlierby
developedcountries;this is currently called “outsourcing, andit means
justthat. Somuchfor historyandfacts.But evenin anabstractandpurely
theoreticalsensethe Diwan and Rodrik story canmake sensaf andonly
if onearguesthatpoor countrieshave naturalandun-modi able resources
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andskills that are completelydifferentand orthogonailto thosethatricher
countrieshadwhenthey wereatthesamestageadevelopmentFurther one
needgo alsoassumepr shaw, thatthe technologiesadoptedby adwanced
countriescanneitherbe learned,or transportedo the poorerones,or that
doingsois clearly more costly thandevelopingcompletelynew, andasof
now yetunknowvn, technologiesBoth claimssoundratherimplausible.All
historicalevidence jncludingthedevelopmenbf theUSA in thenineteenth
century shavs that“convergence”or “catching-up”takesplaceonly when
the followers imitate the technologiesof the leaders. Hence,facilitating
technologicalmitation (call it “pirating” if youlike)is the key to economic
developmenfor newcomers.No imitation, no (development)party.

A secondine of thoughtarguesthatnorthernrms mayreactto thelack
of IPRsin the Southby makingtheir technologiesnoredif cult to imitate,
which canresultin lessefcient researchtechnologiesand lessnorthern
innovations(Taylor, 1993,1994;YangandMaskus2001).Thisis possible,
in principle; againfactsseemto contradictit, though. In theory the very
oppositeeffectis alsopossible:the morethe Southimitatesthe North, the
morethe Northern rms will reactby innovatingin orderto stayaheadand
presere the valueof their x ed or immobile factors. In this case Jack of
IP protectionin the Southfostershigherratesof innovationin 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 was quite clearto Adam Smith. Historically, IP protectionin
the underdeelopedcountrieswasevenwealer thannow in the nineteenth
century andthis doesnot seemto have lead rms in advancedcountriesto
investheavily in secreg and/orinnovateless.If secreg wassohighwhen,
say the U.K. wastheleadingcountryandmostof economicallybackward
Europehadno IP protectionlaws, how did thoseEuropearcountriesever
manageo imitateandadoptthe British technologiesThesamerhetorical,
guestioncould be asled, for Japan,SouthKoreaand a long list of now
developedcountries.

Third, somecommentatoren intellectualproperty suchasLandesand
Posne[2003] have becomeconfusedon the point of optimallengthof in-
tellectualpropertyprotection,arguing for a systemof perpetualkcopyright
renaval thatwould have little effectin increasingthe incentve to innova-
tion, while perpetuatinghe monopolylosseson inframaginal productions.
Thereis no sensein which suchinformal aguments,often developedby
confusing‘pecuniary”with “real” externalities,canbederivedfrom agen-
eralequilibriumtheoryof optimallP protection.

Finally, it shouldbe notedthatthetheoryproposederedoesnot saythat
the Southshouldhave systematicallyesslP protectionthanthe North but,
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instead that both shouldhave a commonlIP protectionat a level substan-
tially lowerthanit is currentlyin the North, e.g.the USA andthe EU.

7.2. Shortcomings and Future Reseach. The mostimportantmissing
aspecbf ouranalysigs thedynamicfeaturethatideasbuild onotherideas.
As pointedoutin Scotchmef1991] andBoldrin andLevine [1999,2003],
ideasthatuseotherideasasinputsgreatlywealenthe casefor IP because
the latter, while it encouragesnovationsby improving the returnto the
rst inventor discouragesurtherinnovationsthroughraisingtheir cost. In
this sensethereis no reasonto think that addingtrue dynamicfeatures
to themodelis likely to make IP moresocially desirable.In fact,whenthe
complity of innovationsincreasebecaus@en onesneedo usemoreand
moreoldideasasinputs,thepresencef widespreadP naturallydetermines
a hold-up problemwhereeven one residualmonopolistmay prevent nev
ideasfrom beingimplementedseeBoldrin andLevine [2004b]for asimple
formal versionof this algument.)

As we obsenred, neitherthatthe numberof ideasmayincreasewith size
atdifferentratedfor differentcharacteristicgjorthattheindivisibility varies
with the size of the economyare possibilitiesconsiderechere. Theseare
valuable,but theoreticaldemanding gxtensionsfor variousreasons.The

rst extensionis valuablebecauseto the extentthat new ideasarenot all

equallyuseful,thefactthat market size may make ideaswith certainchar

acteristicanorealundantthanotheris relevantfor welfare. Therelevance
comesfrom the factthatideaswith high privatereturnsneednot be ideas
with high socialvalues,andviceversa;anoptimalinnovationpolicy should
be designedby taking this effect into account. This is a hard problemto
tackleonpurelytheoreticagroundsand,unfortunatelywe areawareof no
empirical researchmeasuringthe relationshipbetweenprivate return and
socialvalueof new ideas.

The secondextension,allowing for variationsin the indivisibility 4(w)
that are due to variationsin market size, is also interesting. In theory
onemay arguethata largereconomyimplies more competitionto develop
ideaspotentiallyalreadyavailable,andfew additionalpotentialideas;that
is h(w,A) increasesvith A while g(A) is practically at. The oppositecase
is, clearly, alsoatheoreticapossibility Which of thetwo is empiricallyrel-
evantis importantto provide guidanceto theoreticakesearchTo discrimi-
natebetweernthetwo polarhypothesesneneeddo be ableto measureghe
portion of () thatis wastedwhenonedoesnot win theinnovationrace,
versughecomplementaryportionthatmaybeusedto comeup with further
anddifferentinnovations.Thatis, how muchdo past,evenunsuccessfute-
searchefforts contributeto future successesRnecdotalevidenceis mixed,
andseriousempiricalwork is completelymissing. Similarly, the function
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g(M\) alsoneedgo bemeasuredAre we all drawing from thesamePlatonic
urn of ideas?Doesschoolingallow us, at least,to samplewithout replace-
ment,sothatmore peoplemeandasterdraving of new ideas?Or arewe,
instead samplingfrom the sameurn with replacementin which casemore
andmoreuselesgluplicatesaredravn as increases?r, maybe,adding
more peopleincreaseshe numberof original ideasin the urn from which
we samplemakingg()) increasequitefast?Theseareimportantempirical
andtheoreticalquestionghatcurrentresearcthasnotyet considered.

Turningto the policy implicationsof our results:if oA is held x ed,the
guality of ideasproducedremainsunchanged.This is not the social opti-
mum: generallywe will wantto take advantageof theincreased to allow
somemamginal ideasto enterthe market. A simple rule of thumbis to
obsenethatfor large A alinearM(p) impliesthatprotectionshouldbe re-
ducedby abouthalf theincreasen scaleof market. Thus,thesimplerule of
thumbwould bethatif the sizeof marketdoublestheamountof protection
shouldbereducedoy aboutl/3 - thatis, a50%increaséan 2/3rdsthelevel
of protectionis half of the 100%increasean the sizeof the market. Taking
arealinterestrateof 2% peryeat obsenethatl — ¢ = e~"TwhereT is the
lengthof IP protection.Usinglog(1+ x) = x this givesSAT ~ 50A¢.

For example, the G7 nationsaccountfor about2/3rdsof world GDP
If we think of the intellectualpropertychangesn the WTO asextending
the protectionthat existsin the G7 to therestof the world, this suggesta
reductionin protectionby aboutl/6th. Thismeansapproximatelyan8 year
reductionin term. Similarly, if theworld economyis growing at2% ayear
asimplerule of thumbwould beto reduceprotectiontermsby 1% peryear
or about6 monthsperyeatr

A paradigmaticcaseis that of popularmusic. Forty yearsago, at the
time of Elvis Preslg and The Beatles,new recordingsselling a million
unitswereconsidereadxceptionalsuccesseandawarded‘goldenrecords”
while in the currenttimes a successfurecord sells easily ten or twenty
millions copies. The effective size of the market has,therefore,increased
of at leasta factorof ten. At the sametime, advancesin recordingand
digital technologiehave reducedhe x ed costrequiredto producea nev
recordto aboutone fth of its earlierlevel. This suggestshatthe socially
optimallengthof copyright protectionshouldhave droppedf aboutafactor
of twenty- ve. Unfortunately in the caseof copyright, termshave been
moving in theoppositedirection;copyright termshave grown by afactorof
aboutfour sinceearlyin thetwentiethcentury This meanghat,atleastfor
recordedmusic,they currentlyareon the orderof a hundredtimeslonger
thanthey shouldbe. A similar calculationcanbe performedfor booksand
movies. Considerthe fact that, sincethe beginning of the pastcentury
world GDP hasgrown by nearlytwo ordersof magnitude.lt is reasonable
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to aguethatthe sizeof the market for booksandmovies musthave grown

of grown of at leastasmuch,asliteracy hassuigedandthe availability of

playingdeviceshasincreaseanorethanproportionallydueto the dramatic
dropin theirrelative prices.Hence,if the copyright termof 28 yearsat the
beginningof the 20thcenturywassocially optimal,the currenttermshould
beabout6 months ratherthanthe currenttermof approximatelyLlOOyears.
This givesa ratio of two hundredbetweenthe actualcopyright termsand
their sociallyoptimalvalue.

Ourresultsarerelevantfor thedebateon theimpactof IP harmonization
policieson developingcountries.Romer[1994], amongothet haspointed
outthatin thepresence®f x edcoststhewelfarelossfrom tariff protection
may be ordersof magnituddargerthanthe usualHarbeger'striangle. The
samelogic appliesto the welfarelossesdueto IP protection. The point to
notice here,is that monopolypricesdueto patentsandcopyright have the
sameeffect astaxeson ex-postpro ts andleadto the non-creatiorof anewn
goodor thenon-adoptiorof a new productionprocessvhentheindivisibil-
ity is relevant.
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APPENDIX: BOOK REVENUE DATA

We collectedall thetitles,ISBN numbersandsalepriceslistedby www.amazon.com
for thequeryhardcover fiction books andfor thetwo publicationperiodsof
Septembel003and Septembef004. The salesdatais from the Ingram
stock statistics,automatictelephoneline at 615-213-6803. The Ingram
stockstatisticssystemgivesthe following statisticsfor eachISBN number
punchedn: “Totalsaleghisyear”,“Total saledastyear”,“Total currentun-
adjusteddemand”, Total lastweekdemand. Total revenuefor eachbook
is calculatedusingthetotal saledatafrom Ingramandthe November2004
salesprice listed on www.amazon.comlngramis a large book distributor,
andgenerallythoughtto generateoughly 1/6 of all book sales.It should
be notedthatthe salespriceson www.amazon.comarechangingovertime,
mostoftendecreasingsowe mighthave underestimatetherevenueduring
the rst yearfor bookspublishedduring Septembef003. Becauseof the
large numberof obsenations,we do not reproducethe datahere,but it is
availablefrom http://www.dklevine.com/data.htm.
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