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Abstra
tThis thesis 
onsists of three essays on the regulation of Intelle
tual PropertyRights (IPRs) and trade in open e
onomies.The �rst 
hapter investigates the di�eren
es in Intelle
tual Property Rightsbetween 
ountries. The analysis of a 
ross-
ountry panel reveals that the pro-te
tion of IPRs is higher in 
ountries that are (i) ri
her, (ii) more produ
tivein R&D and (iii) more open to trade. It is then shown that the �rst two fa
ts
an be explained in a model where innovations are a global publi
 good andwhere demand for innovations is non-homotheti
 in in
ome.The se
ond 
hapter addresses the third observation. If trade is driven by largedi�eren
es in produ
tivities a
ross 
ountries and se
tors then having strongIPR prote
tion 
an be
ome more bene�
ial for the individual 
ountry, sin
e apart of the asso
iated 
osts are passed onto the trading partners.The third 
hapter aims to explain why and when 
ountries link agreementson trade with agreements that regulate the provision of global publi
 goods.It shows that a linkage is parti
ularly attra
tive if 
ountries are di�erent in size.ResumAquesta tesi es 
omposa de tres assaigs sobre la regula
i�o dels Drets de laPropietat Intel·le
tual (IPRs) i el 
omer�
 en e
onomies obertes.El primer 
ap��tol investiga les difer�en
ies en els Drets de la Propietat In-tel·le
tual entre pa��sos. L'an�alisi emp��ri
 mostra que la prote

i�o dels IPRs �esm�es alta en pa��sos que s�on (i) m�es ri
s, (ii) m�es produ
tius en I+D i (iii) m�esoberts al 
omer�
. Es mostra que els dos primers fets es poden expli
ar en unmodel on les innova
ions s�on un b�e p�ubli
 global, i on la demanda d'innova
ions�es no homot�eti
a en els ingressos.El segon 
ap��tol tra
ta la ter
era observa
i�o. Si el 
omer�
 �es 
ondu��t per gransdifer�en
ies de produ
tivitat entre pa��sos i se
tors, tenir una forta prote

i�o delsIPRs pot �esser bene�
i�os per al pa��s individual, degut a qu�e una part dels 
ostsasso
iats es traspassa als pa��sos amb els quals es 
omer
ia. El ter
er 
ap��tol t�eper obje
tiu expli
ar per qu�e i quan els pa��sos vin
ulen a
ords sobre 
omer�
amb a
ords sobre la regula
i�o dels bens p�ubli
s globals. Es mostra que unvin
le �es parti
ularment atra
tiu si els pa��sos s�on diferents en mida.vii





PrologDuring De
ember last year, delegates from the 192 member 
ountries of theUnited Nations Framework Convention on Climate Change (UNFCCC) metfor a 11-day 
onferen
e in the Danish 
apital of Copenhagen to agree uponmeasures to redu
e CO2 emissions. Despite almost universal a
knowledgmentof man-made global warming, negotiations proved utterly 
ontentious and anyprospe
t of a binding agreement was deferred to the next meeting in Mexi
oat the end of this year.At the same time, demands to strengthen 
limate 
hange poli
ies by linkingthem to trade poli
ies are gaining support. Proposals in
lude both multilateralapproa
hes su
h as the introdu
tion of environmental obje
tives in the WTOas well as unilateral approa
hes su
h as border tax measures to 
ompensatedi�eren
es in national 
limate legislation.The diÆ
ulty of rea
hing a binding 
ompromise should not have been toosurprising. Multilateral agreements are generally pre
eded by long and 
ontro-versial negotiations, regardless of whether these 
on
ern measures designed tomitigate 
limate 
hange or poli
ies aimed at the preservation of �shing sto
ksor other endangered spe
ies.What these issues have in 
ommon is that they 
an be 
hara
terized as pub-li
 goods that are transnational or even global in s
ope. A stable 
limateand an inta
t fauna and 
ora are amenities that are enjoyed by all, even ifdomesti
 poli
ies 
ontribute little to their preservation. The disputes at theinternational negotiation rounds are 
onsequently not about whether redu
ingCO2 emissions or prote
ting endangered spe
ies are desirable aims, but ratherabout how (mu
h) ea
h 
ountry should 
ontribute to the 
ommon good.A parti
ular example for a global publi
 good are innovations that are �-nan
ed through Intelle
tual Property Rights (IPRs). Insofar as innovationsdi�use and thereby 
ontribute to a global sto
k of knowledge, they are glob-al publi
 goods. Sin
e IPRs raise produ
tion 
osts and are 
reated throughnational legislation, they represent the national 
ontributions to this 
ommongood, just as more environmentally-friendly produ
tion mandated by nationallegislation on CO2 emissions are national 
ontributions to the global 
limate.Consequently, a 
ountry has little in
entives to prote
t Intelle
tual Propertyif it 
an free-ride by a

essing the innovations �nan
ed by the other 
ountries'IPRs while enjoying the lower pri
es that result from weak, domesti
 IPRs.International agreements on IPRs that aim to mitigate the free-riding in
en-ix



tives have existed at least sin
e the Paris Convention on 
ommon standardsand mutual re
ognition for patents in 1883 and the Bern Convention on 
opy-right prote
tion in 1886. However, the e�e
tiveness of these treaties was oftenlimited as enfor
ement me
hanisms were absent. This de�
ien
y was remediedwith the TRIPS agreement that be
ame part of the WTO framework in 1994.It pres
ribes minimum IPR standards that 
an be enfor
ed through the or-ganization's dispute settlement pro
edures. Thereby, the in
orporation of theTRIPS agreement into the WTO e�e
tively links an agreement on Intelle
tualProperty Rights with the agreement(s) on trade liberalization.This thesis wants to 
ontribute to the understanding of the relationshipbetween trade and the international regulation of 
ommon goods in generaland the regulation of Intelle
tual Property Rights in parti
ular.In the �rst 
hapter, we examine the publi
-goods hypothesis of IPRs. For thispurpose, we model ea
h 
ountries' de
ision on the strength its national IPRregulation as a non-
ooperative game. The main predi
tions of this model- that large 
ountries, ri
h 
ountries and those that are produ
tive in R&Dhave stronger IPR laws - are 
on�rmed in a 
ross-
ountry panel using theGinarte-Park (1997) measure of Intelle
tual Property Rights legislation.The empiri
al analysis also unveils trade openness as an additional fa
torasso
iated with high Intelle
tual Property Rights, an observation that seemsto be at odds with the publi
-goods hypothesis of IPR 
reation. If anything,trade should improve the spill-over of innovations, enabling 
ountries to evenbetter free-ride on the fruits of foreign IPR prote
tion.In the se
ond 
hapter, we o�er an alternative view on the relationship betweentrade and IPRs whi
h is able to explain the positive asso
iation between thetwo. If the produ
tivity di�eren
es a
ross 
ountries and se
tors that shapethe pattern of trade are large 
ompared to the pri
e mark-up 
aused by IPRs,then the IPRs of the produ
ing 
ountry 
ontinue to determine the pri
e inthe importing 
ountry, independently of its own IPRs. A strong pattern ofspe
ialization thereby leads 
ountries to internalize only partially the bene�tsof IPRs - the global sto
k of innovations - as well as to internalize only partiallythe 
osts of IPRs - the globally higher pri
es.Linking two issues in one single agreement, as happened with the TRIPSagreement in the WTO, weakly improves enfor
eability, sin
e it 
reates thepossibility of retaliating a brea
h in one issue by withdrawing 
on
essions inthe other. However, when the issues are independent and the 
ountries aresymmetri
, linkage 
an improve 
ooperation in one issue only at the expensex



of a worse out
ome in the other issue.In the third 
hapter, we 
onsider the 
ase for issue linkage when 
ountries di�erin size. This introdu
es an asymmetry in the enfor
eability of 
ooperationwith respe
t to issues and 
ountries. For the larger 
ountry, 
ooperation inregulation is better enfor
eable 
ompared to either the smaller 
ountry orto 
ooperation in trade. Linking the issues then provides an opportunity toex
hange 
on
essions a
ross issues and 
ountries, where the larger 
ountryredu
es the tari� and weakens its regulation, while the smaller 
ountry in
reaseits regulation and tari� rate.

xi
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Chapter 1Cross-
ountry di�eren
es inIntelle
tual Property Rights
1.1 Introdu
tionIdeas manifest as produ
t innovations, literary works or industry designs. Theyare valuable, 
ostly to 
ome up with, but free for use by everyone else. These
hara
teristi
s merit the 
reation of property rights that give the innovatormore ex
lusive possibilities to 
ommer
ialize his idea. Su
h Intelle
tual Prop-erty Rights (IPRs) in
lude patents, 
opyrights and trademark prote
tion. Thes
ope of these rights, their prote
tion and their priority in the legal systemdi�er a
ross 
ountries and a
ross time. The most extensive IPRs are grantedin the United States, followed by several OECD 
ountries. In those 
ountries,the s
ope of patentable produ
ts 
ontinues to be extended to in
lude soft-ware, plant varieties and animals. Other, mostly developing 
ountries 
reatemu
h more restri
ted IPRs and do not grant patents on, say, pharma
euti
alprodu
ts, mu
h less on plant or animal varieties.The obje
tive of this paper is to explain those 
ross-
ountry di�eren
es inIntelle
tual Property Rights. This is worthwhile as di�eren
es in the nation-al IPR systems have been permanent sour
es of international disputes. Overthe past de
ades, the United States and other OECD 
ountries have exertedpressure on developing 
ountries to raise their levels of Intelle
tual PropertyRights, whi
h they per
eived to be too low. This �nally led to the Agreementon Trade-Related Intelle
tual Property Rights (TRIPS), whi
h be
ame in 1994part of the World Trade Organization's founding treaty. The minimum levels1



Regulation of IPRs and Tradeof IPRs stipulated in this treaty imply a substantial in
rease in the level ofpatent prote
tion and other IPRs granted. The often 
ited rationale for 
oor-dinating the IPR regulations on a high level is the idea that ea
h 
ountry, bygranting IPRs, is e�e
tively 
ontributing to a global publi
 good, namely thesto
k of innovations. Without 
oordination, 
ountries will have in
entives toprovide only little patent prote
tion themselves and to free-ride on the resear
h�nan
ed by patent-prote
tion abroad. The larger the 
ountry, the more will itinternalize the bene�
ial, innovations-generating e�e
t of patents and therebyinstall a higher level of IPRs. Our model formalizes this publi
 goods 
ontri-bution argument, generates predi
tions analyti
ally and numeri
ally, and teststhose on the data.Two assumptions are 
ru
ial. The �rst is that innovations are indeed aglobal publi
 good, so that the knowledge of how to produ
e any newly inno-vated good immediately 'spills over' to all other 
ountries alike. The se
ond
on
erns a 
hara
teristi
 of the IPR system. It is assumed that the same Intel-le
tual Property Rights that are given to domesti
 innovators are also grantedto foreigners. This implies that the patent prote
tion produ
ers enjoy onlydepends on the IPR prote
tion granted in the market where the good is sold,not where it is produ
ed. To give an example: assume that IPR prote
tionis lower in the South than in the North. Then Southern produ
ts sold in theNorth enjoy the North's higher patent prote
tion, although Northern produ
tssold in the South are only prote
ted by the weaker Southern standards. Thisso-
alled National Treatment is one of the main prin
iples required by theTRIPS agreement, but it also was a feature of most national IPR legislationbefore.The seminal paper on optimal patent prote
tion, albeit in a single e
onomy,is Nordhaus (1969). He models the trade-o� between the dynami
 gains of moreinnovations that are brought by higher patent prote
tion and the stati
 lossesthat are in
urred when the patent-prote
ted goods are pri
ed with a monopolymark-up. In an international e
onomy setting, there are several more re
entpapers dealing with di�erential Intelle
tual Property Rights a
ross 
ountries.Helpman (1993) analyzes the growth and trade impli
ations of lower IPRs inthe South. However, in this model innovation is only done in the North andthe innovating �rms there do not re
eive any pro�ts from selling their produ
tsin the South, sin
e IPRs in the South are understood as determining the rateof imitation, not the 
ontribution to the innovator's pro�t. This is di�erent inGan
ia (2006), where national treatment is not assumed. Instead, the IPRs inone region a�e
t the pro�ts made of the goods produ
ed in that same region,2



Cross-
ountry differen
es in Intelle
tual Property Rightsregardless of where they are sold. This biases innovations towards se
torslo
ated in high-IPR regions.The idea of national IPRs as 
ontributions to the global, publi
-goods,knowledge sto
k, is due to Lai and Qiu (2002) and Grossman and Lai (2004),whi
h is the theoreti
al paper most 
losely related to ours. In their as inour model, IPRs are determined endogenously by the regional poli
ymakersthat maximize the welfare of their regions' respe
tive representative household.They also assume national treatment, e.g. IPRs are granted in a nondis
rim-inatory manner to all goods sold in one jurisdi
tion, regardless of the originof the produ
er. Equally similar, they 
onsider the e�e
ts of di�erent R&D
apa
ities by introdu
ing a se
ond fa
tor, human 
apital, that is used, alongwith unsophisti
ated labor, in R&D, but not in manufa
turing. They di�erin their spe
i�
ation of preferen
es. In their model, demand for di�erentiat-ed produ
ts is quasilinear and therefore unrelated to in
ome levels. This isproblemati
 sin
e empiri
ally it is the per-
apita in
ome that has a �rst-ordere�e
t on the level of a 
ountry's Intelle
tual Property Rights. The authorsseem aware of this when they suggest that the population variable in theirmodel should be re-interpreted as the s
ale of the demand for innovative prod-u
ts. However, this is not inno
uous, sin
e the pri
e for innovative produ
tswhi
h determines the demand is itself a fun
tion of the IPRs granted.In the empiri
al literature, Maskus and Penubarti (1995) and Ginarte andPark (1997) have investigated the determinants of IPRs a
ross 
ountries anda
ross time. Their results are broadly 
onsistent with our �ndings and aredes
ribed in more detail in the empiri
al se
tion.The paper is organized as follows. Se
tion 1.2 develops the theory. Firstthe model is presented and then 
omparative stati
s exer
ises are performed bymeans of numeri
al simulation to analyze the e�e
t of 
hanges in relative size,produ
tivity and human 
apital endowment on the IPRs. Se
tion 3 empiri
allytests the model, se
tion 4 
on
ludes.1.2 The ModelThere are two 
ountries, the North and the South, that di�er in their popu-lation size (Mk), in their relative fa
tor endowments (hk), produ
tivities (Ak),and level of Intelle
tual Property Rights (�k). "Complete" IPRs 
onfer theentire monopoly rights to the produ
er and allow him to 
harge the full mo-3



Regulation of IPRs and Tradenopolisti
 mark-up. Without any IPRs 
ompetitors are free to enter the marketat no 
ost, hen
e the produ
er has to set the pri
e equal to marginal 
osts. Un-der "Partial" IPRs there are entry 
osts for imitators. The produ
er will set apri
e somewhere between the monopolisti
 pri
e and the marginal 
ost pri
e soas to just deter entry. "Partial" IPRs 
ould mean a narrow patent prote
tionthat allows potential 
ompetitors to "invent around" the original innovationat some 
ost or 
ompulsory li
en
ing or other regulations that prohibit theinventor to 
harge the full monopolisti
 mark-up.1.2.1 Preferen
es and Te
hnologyConsumers in all regions share the same preferen
es over the di�erentiated andhomogeneous goods, representable by a Stone-Geary utility fun
tionU = (z � �)�X1�� (1.1)where z is 
onsumption of a homogeneous, undi�erentiated good and X isan aggregate of di�erentiated goods. � represents the subsisten
e 
onsump-tion level of basi
 ne
essities, su
h as a minimum amount of 
alorie intakeor shelter. These are undi�erentiated goods. For 
onsumption beyond meresubsisten
e, variety is appre
iated as represented by X; whi
h is an aggregateof a 
ontinuum of N di�erentiated goods jX = �Z N0 x�jdj� 1� (1.2)with � 2 (0; 1), so that the di�erentiated goods are substitutes, and � 2 (0; 1),so that both 
lasses of goods are 
onsumed. Note that these preferen
es arenon-homotheti
. The higher the subsisten
e level of 
onsumption �, the moreluxury are the di�erentiated goods. As it will be
ome 
lear when dis
ussing theresults from the simulations, this implies that in
ome and size have di�erente�e
ts on IPR provision. Following demand fun
tions are asso
iated with thesepreferen
es z = � �Ipz + (1� �)� for I � pz�Ipz for I < pz� (1.3)for the homogeneous good andxj = ( p� 11��j (1��)(I�pz�)P for I � pz�0 for I < pz� (1.4)4



Cross-
ountry differen
es in Intelle
tual Property Rightsfor the di�erentiated good. I is the total in
ome spent on z and X, pz is thepri
e of z, pj is the pri
e of the di�erentiated good j and P is the CES-pri
eaggregator for the good x P � �Z N0 p� �1��j dj�� 1��� (1.5)In both regions, households provide one unit either of unskilled (L) or ofskilled labor (H) Mk = Lk +Hk: (1.6)The fa
tors are used in three se
tors, the homogeneous good se
tor, the di�er-entiated goods se
tor and the R&D se
tor whi
h produ
es new varieties of thedi�erentiated good. Produ
tion of both goods is linear in labor, while inno-vations are developed via a Cobb-Douglas fun
tion using skilled and unskilledlabor N = Xk AkH1��k L�R&D;k (1.7)xSj;k = AkLxj ;k (1.8)zSk = AkLz;k (1.9)where LR&D, Lx and Lz are unskilled labor in, respe
tively, R&D, di�erentiat-ed and homogeneous goods produ
tion. Note that sin
e knowledge is a publi
good, its total sto
k equals the resear
h 
ontributions from all regions. Theregions di�er in their fa
tor produ
tivity Ak and in their fa
tor endowments.Manufa
turing and R&D are done in the North and the South, sin
e, by as-sumption, te
hnology, demand and fa
tor endowments are su
h that the fa
torpri
es equalize when measured in eÆ
ien
y units.w � wkAk and s � skAk 8k 2 fN; Sg ; ! � sw (1.10)where w is the wage paid to generi
 labor and s is the wage paid to skilledlabor. The relative wage of skilled to unskilled labor is de�ned as !.1.2.2 Market Stru
tureThe homogeneous goods se
tor is 
ompetitively organized, equalizing prizesand wages pz = w (1.11)5



Regulation of IPRs and TradeIn the di�erentiated goods se
tor the pri
es that produ
ers 
an 
harge dependon the level of patent prote
tion. A patent works as an entry barrier againstpotential 
ompetitors. The stronger the patent, the more 
ostly is entry. Thestrength of the patent is meant to 
apture all di�eren
es in the various dimen-sions along whi
h a
tual patent rights and their enfor
ements 
an di�er.1 Thein
umbent patent holder then sets a limit pri
e that is just high enough todeter entry. At their maximum, patents are strong enough so that the patentholder 
an 
harge the monopoly pri
e. At their minimum, they are so weakthat they do not pose any barrier to 
ompetitors' entries. If that is the 
ase,the patent holder pri
es at marginal 
ost. The pri
e of good j in region k thenequals pj;k = w�k (1.12)where � 2 h1; 1�i is the mark-up over marginal 
ost the produ
er 
an 
hargeand as su
h a measure of the strength of IPRs.The R&D se
tor is 
ompetitively organized and entry into the di�erentiatedgoods se
tor is free. This property �rst relates the fa
tor shares to fa
tor pri
esvia the �rst-order 
onditionsLR&D;k = �1� �!Hk (1.13)and se
ond ensures that all pro�ts are spent on R&D, so that expenditure ongoods equals the fa
tor in
omeIk = wkLk + skHk (1.14)To avoid trivial out
omes, we assume that the average household 
an a�ordthe subsisten
e level of 
onsumption. A suÆ
ient 
ondition for this to holdis that the share of in
ome from unskilled labor alone suÆ
es to pay for thene
essities, so that � � Ak LkLk+Hk : To ensure that also the skilled householdshave enough in
ome, we assume the existen
e of an intra-
ountry so
ial insur-an
e, that 
ostlessly redistributes in
ome so that all households are at least attheir subsisten
e level. This helps to aggregate the demand for ea
h regionzDk = �Ak(Lk + !Hk) + (1� �)�Mk (1.15)xDj;k = 1� �N �Ak(Lk + !Hk)��1k � �Mk��1k � (1.16)1That in
ludes patent breadth (e.g. how di�erent 
ompeting produ
ts have to be inorder not to be 
onsidered a patent infringement), eligibility (in whi
h �elds patents 
an begranted), and various other requirements on patents, su
h as novelty and non-obviousness.6



Cross-
ountry differen
es in Intelle
tual Property Rights1.2.3 Market EquilibriumSubstituting the equations on fa
tor-shares in R&D (1.13) into the produ
tionfun
tion for knowledge we 
an relate the total number of goods N to therelative wage and the aggregate endowment of Human CapitalN = �! �1� ���Xk AkHk (1.17)World demand for goods must equal world supplyXk �zDk + Z N0 xDj;kdj� =Xk �zSk + Z N0 xSj;kdj� (1.18)Substituting for the demand in (1.15) and (1.16), for the supply in (1.8) and(1.9) and rearranging, we 
an express the relative wage as! = (1� �)Pk [AkLk � �Mk℄ �1� ��1k �Pk AkHk �� + (1� �)��1k + �1��� (1.19)The relative wage for skilled labor is falling in its relative world supply, in
reas-ing in the share of skilled labor in R&D (1� �), de
reasing in the subsisten
elevel of 
onsumption, for whi
h no innovation is needed, and in
reasing in thelevel of IPR prote
tion �:1.3 Strategi
 IPR ProvisionPoli
ymakers will set the IPRs su
h as to maximize welfare of the representa-tive, national individual, whi
h isuk = (zk=Mk � �)� �Z N0 x�j;kdj� 1��� (1.20)Substituting in the equilibrium values for 
onsumption and the number ofdi�erentiated goods to get the indire
t utility fun
tionUk = �� (1� �)(1��)N (1��)(1��)� ���1k [Ak(lk + !hk)� �℄ (1.21)7



Regulation of IPRs and Tradewhere the small-letter values lk and hk represent the fra
tion of unskilled andskilled workers in the population: lk � Lk=Mk and hk � Hk=Mk. As 
an beseen, the utility of ea
h region's representative household not only dependson the IPR-regulation in that region, but also, by the variety of di�erentiatedgoods N and by the relative fa
tor pri
es !, on the IPR-regulation in all theother regions. To illustrate, 
onsider the small-
ountry 
ase where the poli
y-maker takes the latter two variables, that are determined in global equilibrium,as given. The optimal strategy for him is to set � = 1, e.g. he will not grantany IPRs. In the general 
ase, poli
ymakers take this interdependen
e intoa

ount and set their regions' IPRs so as to maximize utility of their regions'households only, responding optimally to the IPRs present in the other regions�0k (�j 6=k) = arg max�2[1; 1� ℄Uk (1.22)The resulting Nash-Equilibrium, with all regions mutually and optimally re-sponding to ea
h other in their IPR setting, then maps the di�erent size,produ
tivity and fa
tor endowments of the regions into di�erent IPR prote
-tion.1.3.1 The one-fa
tor 
aseA 
losed-form solution 
hara
terizing the Nash-equilibrium is obtainable forthe 
ase with only one fa
tor (� = 1). Produ
t innovations are now produ
edusing unskilled labor only, so that, to solve the model, the equation relatingthe fa
tor shares to fa
tor pri
es in R&D (1.13) is repla
ed by a 'free-entry-
ondition'. Entry by produ
ers of new varieties will o

ur as long as thepro�ts made by the �rm ex
eed the 
osts of inventing the new variety. Hen
ein equilibrium pro�ts will equal the 
osts of R&D.Xk �j;k = w 8j 2 N (1.23)The pro�t made in ea
h 
ountry is simply the quantity demanded times themark-up �j;k = xDj;k (pj;k � w) (1.24)substituting in the demand - equations (1.15) and (1.16) - and the pri
es -equation (1.12) - into (1.23), taking into a

ount that the expenditure on the8



Cross-
ountry differen
es in Intelle
tual Property Rightsgoods now only 
onsists of unskilled labor in
ome Ik = wkLk and rearrangingwe get N = (1� �)Xk AkLk �1� ��1k � (1.25)where Ak � (Ak � �) : Substituting the equilibrium 
onsumption into the util-ity fun
tion Uk = �� (1� �)(1��)N (1��)(1��)� ���1k AkLk (1.26)and maximizing w.r.t. �k 2 h1; 1�i results in the rea
tion fun
tion�0k = max8<: AkLk� hAkLk +Pj 6=kAjLj �1� ��1j �i ; 19=; (1.27)The kink in the rea
tion fun
tion is resulting from the lower bound on �.Countries that are small enough will �nd it optimal not to grant any IPRs. Ifthe size of all 
ountries is suÆ
iently similar so that all 
reate some positiveIPRs, the Nash-Equilibrium level of Intelle
tual Property Rights is�NE0k = 1 + � (K � 1)� AkLkPk AkLk for AkLk � �1 + �(K � 1)Xk AkLk 8k(1.28)where K is the total number of 
ountries and the 
ondition on the relativesize of ea
h 
ountry ensures that ea
h 
ountry is at an interior solution whenmaximizing equation (1.26).In the general 
ase with no size restri
tions, the NE set of IPRs 
an be
hara
terized in the following way. First, order the 
ountries de
reasing inAkLk, so that 8bk;ek 2 K bk > ek ! AbkLbk � AekLek. Then, de�ne as j 2 [1; K℄the smallest 
ountry that is still big enough to optimally provide IPRs, so thatAjLj � �1 + �(j � 1) jXk=1 AkLkAj+1Lj+1 < �1 + �(j � 1) jXk=1 AkLkThe Nash Equilibrium 
an then be 
hara
terized as�NE0k = ( 1+�(j�1)� AkLkPjk=1 AkLk for k � j1 for k > j (1.29)9



Regulation of IPRs and Trade� = 13 �low = 0� = 13 �high = 0:5� = 23Table 1.1: Parameter values for the simulationIf the 
ountry is large enough to provide some IPRs, then the prote
tion islinear in the size of the 
ountry, relative to the total size of all the 
ountriesthat provide patent prote
tion.1.3.2 The two-fa
tor 
aseThe equilibrium IPRs in the general model dis
ussed previously and 
hara
ter-ized in (1.22) are solved numeri
ally, for the 
ase of two 
ountries, representingthe North and the South. This is done by sear
hing over a dis
rete grid of �0s,to �nd the pair (�N ; �S)NE that maximizes the best-response fun
tions. Com-parative stati
 exer
ises are then performed to see how the equilibrium IPRs
hange with the 
ountries' di�eren
es in population size, produ
tivity and rel-ative fa
tor endowment.Table 1.1 informs about the parameters 
hosen for this purpose. The 
hoi
eof � = 1=3 
orresponds to an expenditure share for the homogeneous goods -without the ne
essities � - of one-third, and the 
hoi
e of � = 1=3 indi
ates thesame share of unskilled labor in R&D. Setting � = 2=3 leads to a monopolisti
mark-up over marginal 
osts of 50%. First, we simulate the IPR setting with-out a subsisten
e 
onsumption level (� = 0). To analyze its impa
t we thenset � = 0:5, whi
h indi
ates an expenditure on ne
essities as a share of theunskilled households in
ome of 0:5=A. By default, the North and the Southare identi
al with a produ
tivity normalized to one (A = 1), world populationtotals 10, equally divided between the two regions (MN = MS = 5), and skilledlabor has a 10% share in population (h = 0:1). To analyze the e�e
t of pro-du
tivity di�eren
es, only AN is 
hanged so that it is a measure of the relativeprodu
tivity. The share of world population living in the North is varied tounderstand the e�e
t of population size on IPRs. To investigate the impa
t ofhuman 
apital, the share of skilled labor in population is varied in the North,while the share in the South is held 
onstant at the default level.IPRs diverge in produ
tivity, population and human 
apital di�eren
es.10



Cross-
ountry differen
es in Intelle
tual Property Rights

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

Productivity differences

IP
R

s

North 

South 

Figure 1.1: The e�e
t of produ
tivity di�eren
es on IPRs.Produ
tivity di�eren
es are expressed as the produ
tivity in the North relative tothe produ
tivity in the South.Figure 1.1 plots the equilibrium IPRs for the North and for the South asthe relative produ
tivity of the North in
reases. AN = 1 marks a situationwhere the 
ountries are exa
tly identi
al. They then both grant the same levelof IPRs. However, as the relative produ
tivity of the North in
reases, theNorth provides more and the South less IPRs.2 For the range of produ
tivitydi�eren
es where both regions grant some IPRs, the simulations suggest alinear relationship, a result that is wel
ome when spe
ifying the regression2It 
an be observed that even when �S hits the lower bound of one and the South stopsto provide any IPR prote
tion at all, the Northern IPRs 
ontinue to in
rease in relativeprodu
tivity, although at a smaller rate. The reason for this is that even if there are noIPRs in the South, resear
h 
ontinues to be done there, as long as there is some skilled laborin the South and some positive IPR-levels - and hen
e in
entives for resear
h - abroad. Themore important the South's 
ontribution to supply R&D is - and it will be
ome negligibleonly if the relative produ
tivity of the North goes to in�nity - the smaller the levels of IPRsthe North will �nd optimal to provide. 11



Regulation of IPRs and Tradeequations in the next se
tion.Figure 1.2 demonstrates how the equilibrium level of IPRs rea
t to 
hangesin population, produ
tivity and the share of human 
apital. Sin
e North andSouth share the same rea
tion fun
tion, for dispositional 
larity only the North-ern IPRs are plotted. All three variables have a positive impa
t on IPR pro-vision. Graphs 1 and 2 point to a linear relationship for relative produ
tivityand population share. Moreover, varying population size (Graph 1), or hu-man 
apital (Graph 2) seems only to shift the graph, with no e�e
t on it'sshape. By 
ontrast, Graph 4 suggests that the marginal e�e
t of skilled laboris de
reasing. This is the result of two e�e
ts. A larger share of skilled laborinitially raises the in
entives to provide IPR prote
tion, sin
e having a highershare of the world supply of skilled labor means that more of the 
ontributionsto the R&D 
osts are spent domesti
ally. However, with an in
reasing globalendowment, the relative wage of skilled labor de
reases. By this the in
ome inthe e
onomy with the high endowment of skilled labor is de
reasing and hen
ethe demand for di�erentiated produ
ts and therefore the in
entives to provideIPR prote
tion fall. However, sin
e the latter e�e
t relates to the total worldendowment of skilled labor, it should not show up in a 
ross-se
tional analysisof the 
ountries' levels of Intelle
tual Property Rights.A higher subsisten
e level for 
onsumption of the homogeneous good makesthe impa
t of produ
tivity on the IPRs more pronoun
ed, but does not 
hangethe e�e
t of population size. Graph 3 plots the e�e
ts of an in
rease in rela-tive produ
tivity for the default of no subsisten
e 
onsumption (� = 0) and forthe 
ase of � = 0:5, whi
h implies that about half of the Southern householdspending goes to bare ne
essities. For this 
ase the slope of the plot is 
onsid-erably steeper. In 
ontrast to this, varying � does not 
hange the e�e
t thatpopulation size has on IPR provision, sin
e the plots in Graph 2 are invariantto 
hanges in �. The intuition is that sin
e ri
her individuals 
onsume a small-er share of their in
ome on ne
essities, the e�e
t of an in
rease in per-
apitain
ome on the relative demand for di�erentiated goods is the greater the higheris the level of ne
essities 
onsumption. The impa
t of shifts in the populationon the IPRs is independent of the level of �, sin
e - with equal produ
tivities- Northern and Southern households have the same in
ome.We are now in a position to test the model on the data. The linearity of theplots and the fa
t that variations in the other variables seem just to shift thoseplots suggest a linear and additive spe
i�
ation for the regression equation.
12
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Figure 1.2: The e�e
t of di�eren
es in produ
tivity, human 
apital and popu-lation on the IPRs in the North.Graph 1 shows the IPR e�e
t of produ
tivity di�eren
e for di�erent populationdistributions, graph 3 shows the same e�e
t for di�eren
e in the ne
esity of thebasi
 good, graph 2 show the IPR e�e
t of di�eren
es in relative population andgraph 4 shows the IPR e�e
t of di�eren
e in human 
apital.1.4 Empiri
al Eviden
eOne of the major 
hallenges fa
ing the empiri
al literature is the measurementof Intelle
tual Property Rights. Two main approa
hes to assign a number tothe level of IPRs 
an be distinguished. One is based on surveys. In these,the respondents, usually managers of multinational �rms, are asked for theirpersonal assessment on the level of e�e
tive IPR prote
tion that is grantedin di�erent 
ountries. The most popular survey is entertained by the WorldE
onomi
 Forum and published annually in its World Competitiveness Report.The other approa
h is based on assessments of the national IPR legislation.The relevant IPR laws and regulations are 
he
ked for whether and how strong-ly they in
orporate 
ertain features, su
h as length and s
ope of patents and13



Regulation of IPRs and Trademembership in international IPR 
ooperation treaties. The main reservationagainst the use of surveys is that their responses are subje
tive and possiblybiased by exogenous fa
tors su
h as 
ompetitiveness of the lo
al market or thegrowth perspe
tives of the parti
ular �rm. While indi
es based on the legalregulations do not fa
e this distortion, they are often met with skepti
ism 
on-
erning their ability to represent di�eren
es in the e�e
tive IPRs. After all, thestatutory IPRs that are 
odi�ed in the legal texts still have to be interpretedby judges and be enfor
ed by the bureau
ra
y. However, Ginarte and Park(1997), who 
reated the most extensive legal index system on IPRs, provideeviden
e that the di�eren
es between e�e
tive and statutory rights on intel-le
tual property are not too signi�
ant. They show, for instan
e, that most
omplaints �led by US �rms are statutory, e.g. about the la
k of laws and notabout bad enfor
ement.Rapp and Rozek (1990) are the �rst ones to develop su
h a 
ross-
ountryindex based on statutory IPR laws. Their approa
h has been extended byGinarte and Park (1997) to in
lude more 
ountries, more time periods and awider range of features of IPR laws. Hen
e, in this paper we use the index byGinarte and Park (GP-index), 
ontaining observations in 5-year intervals from1960 to 1995 and over a sample of 110 
ountries. The index is reprodu
ed inthe appendix.The question of what determines Intelle
tual Property Rights has been in-vestigated most notably by Maskus and Penubarti (1995), Ginarte and Park(1997) and Maskus (2000). 3 The �rst paper by Maskus and Penubarti usesthe index by Rapp and Rozek (RR-index), while in his later work Maskusrevisits the analysis using the GP-index. Both groups of authors 
ontrol forthe in
uen
e of per-
apita in
ome, R&D 
apa
ity and politi
al institutions onIntelle
tual Property Rights. Both �nd that the last two fa
tors matter. Con-
erning per-
apita in
ome Ginarte and Park 
ould not dis
over a signi�
antimpa
t on IPR 
reation, unlike Maskus and Penubarti, who �nd a signi�
ant,albeit u-shaped, relationship between the two.Ri
her 
ountries have higher levels of Intelle
tual Property Rights. This issuggested by visual inspe
tion of the s
atter plot in Figure 1.3 and 
on�rmedin a simple regression of the log of GDP per 
apita on the GP-index, as seenin 
olumn 1 of Table 1.2). It mirrors the �ndings of Ginarte and Park and ofMaskus and Penubarti.3Rapp and Rozek use their index only as an explanatory variable in a 
ross-
ounty in
omeregression. 14
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tual Property Rights legislation a
ross 
ountriesGP-Index vs In
ome for 1995.The graphs plots the index devised by Ginarte and Park (1997) measuring thestatutory strength of national IPR legislation versus the per-
apita in
ome, both for1995.Following this �rst, simple spe
i�
ation, both pair of authors then 
ontinuetesting for the IPR determinants by 
ontrolling for R&D 
apa
ity and politi-
al institutions. Both groups of authors �nd that 
ountries with higher R&D
apa
ity 
reate more IPRs. To measure this variable, Ginarte and Park usethe share of R&D expenditure in GDP, while Maskus and Penubarti take thenumber of S
ientists and Te
hni
ians employed in R&D. A third measure forthe R&D 
apa
ity is the share of population that attended higher s
hooling.This is preferable for two reasons. First, R&D expenditure be
omes insigni�-
ant when regressed together with s
hooling on IPR. Se
ond, data on the shareof R&D expenditure and on the s
ientists and te
hni
ians in R&D are onlyavailable for some 
ountries and the most re
ent time periods.To assess the impa
t of trade on the provision of Intelle
tual PropertyRights, Ginarte and Park as well as Maskus and Penubarti use the Sa
hs-Warner Openness-to-Trade dummy.4 Both �nd that so-de�ned more open4See Sa
hs and Warner (1995). 15



Regulation of IPRs and TradeIPR-Index (1) (2) (3) (4) (5) [IV℄ (6)Inter
ept 0.155 0.595 0.665 -0.448 -0.871 -0.087(0.567) (0.653) (0.636) (1.23) (1.11) (0.551)GDP per 
apita (log) 0.162** 0.246** 0.169** 0.295** 0.344**� 0.170**(0.030) (0.037) (0.033) (0.115) (0.130) (0.031)Population (log) 0.057* -0.010 0.036 0.038 0.033 0.066**(0.034) (0.038) (0.034) (0.048) (0.035) (0.031)Human Capital 0.033** 0.016** 0.031** 0.029** 0.024** 0.030**(share of population withhigher s
hooling) (0.003) (0.004) (0.003) (0.011) (0.007) (0.003)Fren
h Legal Origin -0.364** -0.397** -0.370** -0.345** -0.350**(0.137) (0.127) (0.166) (0.136) (0.125)EU member 0.227** 0.433** 0.700** 0.377** 0.461**(0.089) (0.081) (0.258) (0.101) (0.079)Afri
an 
ountry 0.669** 0.779** 0.740** 0.881** 0.646**(0.157) (0.160) (0.201) (0.239) (0.143)Openness 0.090**(0.041)Remoteness -0.061**(distan
e in 1000km from ei-ther Rotterdam, Tokyo orNew York) (0.029)Rule of Law -0.162(0.189)Observations 686 526 643 91 643 686R2 0.24 0.42 0.46 0.46 0.44 0.43Table 1.2: Regression Results� In (5) GDP per 
apita is instrumented by Fren
h and British legal origin, remote-ness and the Afri
an 
ountry dummy. A Random E�e
ts spe
i�
ation was 
hosenon the basis of a Hausman test. Standard errors are reported in parenthesis, **denotes signi�
an
e at the 5% level, * at 10%e
onomies have higher levels of IPRs, a result our analysis 
on�rms, as seen in
olumn 2 in the regression results reported in table 1.2. The index essentiallymeasures the presen
e or strength of 
ertain poli
ies deemed important for freetrade, su
h as the existen
e of state monopolies for exports or the extent of tar-i� and non-tari� barriers. One 
ould argue against using this poli
y index asan explanatory variable for another poli
y index, namely the IPR-index.5 For5In parti
ular, the same poli
y 
an be understood as a weak prote
tion for Intelle
tualProperty Rights and as a barrier to trade. This is the 
ase for so-
alled 'working require-ments' that are present in some national IPR legislation. These regulations require that, tobe eligible for patent prote
tion, the good has to be produ
ed domesti
ally, either entirelyor in parts. Materially, this is the same as a lo
al-
ontent requirement, whi
h is a non-tari�barrier to trade. 16



Cross-
ountry differen
es in Intelle
tual Property Rightsthis reason, we also use a geographi
 variable in order to 
apture the in
uen
eof trade. This is done in the third regression, where a measure of 'remote-ness' is in
luded among the explanatory variables. This variable, taken fromGallup and Sa
hs (1999), is the population-weighted, average distan
e to thenext '
ore e
onomi
 zone'. Core e
onomi
 zones are de�ned as the 
ities NewYork, Rotterdam and Tokyo. Trade 
osts 
an plausibly assumed to be high forthose e
onomies that are far away from any of these 
ities. As the regression
on�rms, e
onomies with high trade 
osts and hen
e lower trade volumes haveindeed lower levels of IPRs, about one-half of an index point for ea
h 10,000kilometers.A fundamental institutional determinant of IPRs is the legal system. Coun-tries have often adopted their legal institutions from others. For instan
e, afterrea
hing independen
e new 
ountries have usually modeled their legal systemafter the one prevailing in their former 
olonizing 
ountry. It is reasonable toassume that at least the statutory level of IPRs is a�e
ted by the legal his-tory. To 
ontrol for this, we use a set of data 
ompiled by La Porta, Lopezde Silanes, Shleifer and Vishny (1998). They 
lassify 152 
ountries as havingeither English, Fren
h, German, S
andinavian or So
ialist legal origins. Test-ing down, we �nd signi�
an
e only for Fren
h legal origin. Countries whoselegal system is in this tradition - those in
lude not only the former Fren
h
olonies in Afri
a and Asia, but also most Latin Ameri
an 
ountries, sin
e theSpanish legal system is of Fren
h origin as well - will have about one{thirdof an index point less Intelle
tual Property Rights than 
ountries with otherlegal traditions.An index aimed to dire
tly 
apture the di�eren
e between formal, legal pro-visions and their enfor
ements is 
onstru
ted by Kaufman, Kraay and Mas-truzzi (2004). Their 'rule of law' measure is based on a 
olle
tion of surveysasking the respondents to assess the quality of law enfor
ement. While thisvariable is indeed positively 
orrelated with the IPR index, it be
omes in-signi�
ant on
e the other explanatory variables are in
luded, as 
an be seenin the fourth regression. However, the variable 
an still be informative aboutthe measurement error. Only the e�e
tive prote
tion is important and thatis what theory aims to explain. Sin
e the index is based on an evaluation ofthe formal IPR laws, its measurement error is larger, the lower the quality oflaw enfor
ement. To 
he
k for this, we run a �xed-e�e
ts regression.6 The'rule of law' index is then regressed on the absolute values of the resulting6In all other 
ases we use the random-e�e
ts spe
i�
ation, as the Hausman test does notpoint to systemati
 
ountry-spe
i�
 di�eren
es.17
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Rule of LawFigure 1.4: Fixed Country e�e
t versus Rule of Law.
ountry-spe
i�
 error terms (the '�xed e�e
ts' in the panel regression). Thereis indeed a negative 
orrelation, 
on�rming that the predi
tion error is higherin 
ountries with a weak 'rule of law', supporting the idea that the IPR indexis more 'noisy' when the quality of law enfor
ement is bad. Figure 1.4 plotsthe absolute values of the 
ountry �xed-e�e
ts on the rule of law index.The European Union is the most far-rea
hing union between 
ountries, withan in
reasing number of e
onomi
 poli
ies set jointly. Certainly in the areaof Intelle
tual Property Rights most de
isions are 
oordinated, with patentgranting and administration 
entralized at the European Patent Agen
y (EPA)and patent legislation in
reasingly made by the European Commission and theEuropean Parliament. One does not need to assume the EU member states toa
t as one - and indeed the Index shows some, albeit minor, variation amongthe EU 
ountries even for the later time periods. But 
ertainly one shouldexpe
t that the IPRs among the member 
ountries re
e
t the higher degree of
ooperation. This is 
on�rmed in the data. EU member states have about anone-half index point higher IPRs than non-members.To 
ontrol for possible endogeneity, we instrument in
ome per 
apita by thegeographi
 and 'deep institutions' variables at hand (those are distan
e, legal18



Cross-
ountry differen
es in Intelle
tual Property Rightsorigin and the Afri
a dummy), resulting in an R2 of 50% in the �rst stageregression. In the se
ond stage regression, neither size nor relative magnitudesof the 
oeÆ
ients are 
hanged, although population is now insigni�
ant, asdo
umented in 
olumn 5 in Table 1.2.We 
on
lude that the empiri
al results supporting the theory are stable tomeasurement errors and endogeneity problems. The results of a more parsimo-nious spe
i�
ation are presented in 
olumn 6. GDP per 
apita and Populationsize have both a signi�
ant and positive impa
t on the level of IPRs, 
on�rm-ing the main predi
tions of the model. Moreover, the 
oeÆ
ient on in
ome issigni�
antly greater than the 
oeÆ
ient on population. A 1% in
rease in GDPper 
apita raises the IPR-index by 0.17 points, while a 1% higher population isasso
iated with only a 0.07 index point in
rease, although both variations raisethe market size - total GDP - by the same amount. These unequal magnitudesare 
aptured by introdu
ing the subsisten
e 
onsumption level of unsophisti-
ated goods in the model. As the simulations 
on�rmed, a higher subsisten
elevel � raises the e�e
t of produ
tivity (A) on IPRs, but not that of populationsize (M). Human 
apital - the share of skilled labor - also has the expe
tedpositive sign and is signi�
ant.1.5 Con
lusionThis paper provides a link between the theoreti
al and the empiri
al parts ofthe literature that aim to understand the determinants of Intelle
tual Proper-ty Rights a
ross 
ountries. The 
entral elements of the model are the globalpubli
-goods nature of innovation and the non-dis
rimination of foreign anddomesti
 innovators by national IPR legislation and enfor
ement. Both ele-ments turn the 
reation of Intelle
tual Property Rights by the 
ountries intoa publi
-goods 
ontribution game, where larger players give more. The 
on-tribution of the paper here is that it disentangles the e�e
ts of 'being large'along di�erent dimensions: produ
tivity, population size and human 
apitalendowment. For the �rst two dimensions, the presen
e of a size e�e
t is shownanalyti
ally. For the general 
ase with all three variables, this is done numer-i
ally, simulating the responses of IPRs to variations along these dimensions.The results from this exer
ise guide the spe
i�
ation for the empiri
al testing,whi
h 
on�rms the dire
tions and relative magnitudes of all e�e
ts.The empiri
al analysis points to another fa
tor that seems important in19



Regulation of IPRs and Tradedetermining the strength of a 
ountry�s Intelle
tual Property Rights - thedegree to whi
h a 
ountry is open to trade. The e�e
t of this fa
tor, whi
h
an not so readily be explained in the present model, will be analyzed in thenext 
hapter.

20



Chapter 2Trade Openness and Intelle
tualProperty Rights
2.1 Introdu
tionWithin the last two de
ades trade agreements have been broadened to in
ludeissues related to Intelle
tual Property Rights (IPRs). The most prominent
ase is the agreement on Trade Related Intelle
tual Property Rights (TRIPS)that in 1994 be
ame part of the World Trade Organization's founding treaty;though many other re
ent multi- and bilateral agreements also in
lude pro-visions on IPRs, su
h as the North Ameri
an Free Trade Agreement. Thesetreaties pres
ribe minimum standards of IPRs, su
h as the s
ope and durationof patents or 
opyright and trademark prote
tion, whi
h in parti
ular requireless developed 
ountries to strengthen their national IPR laws. This 
ontin-ues to generate a substantial amount of poli
y debate, not only on the rightlevel of Intelle
tual Property prote
tion in these 
ountries, but also on theappropriateness of in
luding IPR issues in trade agreements.Previous resear
h motivated by these debates has established a link betweentrade and IPRs, showing that 
ountries with higher levels of trade also havestronger IPR prote
tion. However, this stylized fa
t has not yet been explained.This is parti
ularly unfortunate sin
e an understanding of the relationshipbetween trade and Intelle
tual Property Rights 
ould be informative on howto properly bundle these two issues in poli
y negotiations su
h as the WTO.This is the gap the paper aims to 
lose.21



Regulation of IPRs and TradeWe analyze the e�e
t of trade openness on a 
ountry's 
hoi
e of IPRs. Trade-indu
ed spe
ialization 
hanges the way 
ountries internalize the bene�ts and
osts of providing IPRs. This o�ers an explanation for why 
ountries thattrade more also 
reate more IPRs.IPRs are ne
essary be
ause innovations are a publi
 good. On
e a new goodor pro
ess is invented, it 
an be imitated at a fra
tion of the original resear
h
osts. In a 
ompetitive market where imitations are allowed, few innovationswould happen as the inventor would not be able to re
oup his resear
h anddevelopment 
osts. Intelle
tual Property Rights restri
t the entry of imitatorsby 
onferring market power to the inventor in form of a patent that gives itsholder 
ontrol over produ
tion and sale. This 
auses a stati
 loss of eÆ
ien
ydue to the monopolisti
 distortion, but leads to a dynami
 eÆ
ien
y gain sin
ethe in
entives to innovate are restored. A poli
ymaker balan
es these twoe�e
ts when optimally 
hoosing the level of patent prote
tion.The optimal balan
e between stimulating resear
h and maintaining 
ompe-tition 
hanges if the world is divided into di�erent 
ountries. As long as thatdivision does not a�e
t the set of te
hnology and knowledge that the individu-als 
an a

ess, then they 
ontinue to bene�t from the same 
ow of innovations,regardless of the 
ountry they reside in. Whereas innovations are global anddepend on a weighted average of all 
ountries' IPRs, the monopolisti
 pri
emark-ups will be determined - so the standard argument goes - only by thedomesti
 IPRs. If 
ountries do not 
ooperate and hen
e do not internalize thebene�
ial e�e
t that their own IPRs exert on the welfare of the foreign 
on-sumer through a higher rate of innovations, then they provide an ineÆ
ientlylow amount of IPRs. E�e
tively, 
ountries are playing a private-provision-to-a-publi
-good's game with the predi
table out
ome that large players 
ontributemore. This is 
on�rmed by empiri
al studies that show that 
ountries that areri
h and/or good at resear
h provide more IPRs.1The intuition is straightforward; suppose a 
ountry stops granting patentson pharma
euti
als, allowing free entry for generi
 drugs. Their pri
es wouldre
e
t only the marginal produ
tion 
osts, supposedly a fra
tion of the previousmonopoly pri
es. The in
entives for the �rms to innovate would fall, but if the
ountry is small, then the loss of this market has only little impa
t on the totalpro�t the pharma
euti
al �rm re
eives from selling the drug in all markets.However, if all 
ountries a
t similarly and try to freeride on the IPRs grantedabroad, then the global innovation a
tivity will be low redu
ing everyone's1See Maskus and Penubarti (1995), Ginarte and Park (1997) and Maskus (2000).22



Trade Openness and Intelle
tual Property RightsTrade Openness (exports + imports)/GDP 0.160**(0.053)Size GDP per 
apita (log) 0.153**(0.035)Human Capital (share of population withhigher s
hooling) 0.030**(0.003)Controls Inter
ept 1.01(0.265)EU member 0.425**(0.081)Observations 593R2 0.36Table 2.1: Regression resultsThe explained variable is the IPR Index by Ginarte and Park (1997) for a panelof 110 
ountries from 1960 to 1995. A �xed e�e
ts spe
i�
ation was 
hosen on thebasis of a Hausman test. Standard errors are reported in parenthesis, ** denotessigni�
an
e at the 5% level, * at 10%.welfare. This provides a strong motivation for 
ountries to jointly 
oordinateon a higher and more eÆ
ient level of IP prote
tion. While this is pre
isely theaim of the TRIPS and other IPR agreements, note that the argument itselfdoes not provide a rationale to in
lude IPRs into trade agreements, sin
e what
auses the interdependen
e of 
ountries's IPRs is not trade, but the publi
goods nature of innovations.The empiri
al literature has used di�eren
es in legal regulations to measurethe strength of Intelle
tual Property Rights a
ross 
ountries and time. Themost extensive index has been devised by Ginarte and Park (1997), extendingthe measure 
onstru
ted by Rapp and Roze
k (1990). They 
olle
t informa-tion on issues su
h as the s
ope and duration of patents, legal enfor
ementprovisions and 
ompulsory li
ensing and other patent revo
ation pro
eduresfrom a sample of 110 
ountries in �ve-year intervals from 1960 to 1995. Theindex has been widely used in the analysis of 
ountry di�eren
es in IPRs. Twofa
ts have emerged: 
ountries that are large and 
ountries that are open totrade have higher IPRs. Table 2.1 shows our own regressions results.The relationship between a 
ountry's openness to trade and its Intelle
tualProperty Rights is signi�
ant and relevant. A swit
h from autarky to free tradeimplies an estimated in
rease in IPR prote
tion that 
orresponds to extendingpatent prote
tion to pharma
euti
als and transgeneti
 plant varieties, two ofthe most 
ontroversially debated issues in the TRIPS agreement.23



Regulation of IPRs and TradeTo analyze the link between trade and IPRs we introdu
e innovation in atwo-
ountry Ri
ardian, Dornbus
h-Fis
her-Samuelson trade model. The Ri-
ardian produ
tivity di�eren
es a
ross se
tors and 
ountries lead to spe
ial-ization in produ
tion that is only restri
ted by the degree of trade openness,whi
h we model by the standard division of se
tors into tradeables and non-tradeables. With a spe
ialized produ
tion, one 
ountry's IPRs also a�e
t - viaits exports - the pri
es in the other 
ountry. This redu
es the 
ountry's private
osts of higher IPRs and gives it in
entives to enfor
e Intelle
tual PropertyRights. In e�e
t, while the publi
 goods nature of innovations leads 
ountriesto only partly internalize the bene�ts of IPRs, the spe
ialization in produ
tion
auses them to only partly internalize the 
osts of IPRs as well.To illustrate the argument, 
onsider a simple and hypotheti
al example.Suppose that Switzerland grants strong and extensive patents whereas Italydoes not provide any prote
tion for inventions. Then any �rm that wants ei-ther to produ
e, to use or to sell the invented produ
t or pro
ess in Switzerlandneeds to buy a li
ense - a permission - from the inventor that holds the patent.In Italy, no �rm would need to buy su
h a li
ense, sin
e imitation is te
hnolog-i
ally possible and freely permitted. The standard argument 
on
ludes thatItalian 
onsumers would enjoy the low marginal-
ost pri
es and free-ride onthe Swiss, that, through the monopoly pri
es they pay, �nan
e all innovations.Now assume that Intelle
tual Property Rights are not the only 
ost fa
torthat might be di�erent a
ross 
ountries. Imagine that the 
hemi
al industry ismore produ
tive in Switzerland than in Italy be
ause there are more engineersin Switzerland, or be
ause of agglomeration e�e
ts or be
ause of other institu-tional di�eren
es unrelated to IPRs. Moreover suppose that this 
omparativeadvantage is so strong, that even after in
luding the li
ense payments the Swissprodu
tion 
osts are below the Italian. If this is the 
ase, and if 
ountries areopen to trade, then all 
hemi
als sold in Italy would be imports from the north-ern neighbor and the rewards to the inventors of these produ
ts would dependsolely on the Swiss - and not the Italian - IPRs. The Swiss government valuesthe in
reased e�e
tiveness of their IPRs on innovations in 
hemi
als, but doesnot internalize the stati
 eÆ
ien
y losses that their strong patent laws in
i
ton the Italian 
onsumers. Likewise, the Italian government realizes that theirlow IPRs do not a�e
t the pri
es of their imports, but do hinder innovationin the - say - fashion industry, where domesti
 �rms are so produ
tive thatonly their 
ost 
onditions determine apparel pri
es in Switzerland, shifting thebalan
e towards high IP prote
tion also in Italy.
24



Trade Openness and Intelle
tual Property RightsThe importan
e of Intelle
tual Property Rights for innovation has long beenre
ognized; Nordhaus (1969) is the 
lassi
 paper. While most of the resear
hon IPRs has had a mi
roe
onomi
, industrial organizations perspe
tive, Judd(1985) extended the insight that the publi
 goods nature of innovation is 
ru-
ial to a dynami
 setting. This subsequently led to the in
lusion of IPRs inthe then-emerging growth models by Romer (1990), Grossman and Helpman(1991) and Aghion and Howitt (1992). This has further been extended to aninternational 
ontext by Helpman (1993), Dinopoulos and Segerstrom (1999)and Thoenig and Verdier (2003) who study the e�e
ts of IPRs on produ
tion,trade, innovation and relative in
ome; Saint-Paul (2005) and Gan
ia (2006)share with us the analysis of IPRs in a world of Ri
ardian produ
tivity di�er-en
es.Most of this literature is more 
on
erned with the 
onsequen
es than withthe 
auses of IPR di�eren
es a
ross 
ountries; notable ex
eptions that are 
lose-ly related to our paper are the arti
les by Lai and Qui (2003) and Grossmanand Lai (2005); they are the seminal 
ontributions that des
ribe the free-ridinge�e
t in a 
ountry's provision of IPRs. However, they 
an not a

ount for thee�e
t of trade on IPRs. Our 
ontribution is to extend their analysis to a worldin whi
h 
ountries have di�erent produ
tivities in di�erent se
tors and bene�tfrom trade.The paper is organized as follows. Se
tion 2.2 presents the model, des
ribesthe te
hnology and solves for the equilibrium. Se
tion 2.3 �rst presents 
om-parative stati
s of the IP di�eren
es on welfare before, in a se
ond step, thepoli
y game is solved and the equilibrium IPR levels explained. Se
tion 2.4
on
ludes.2.2 The ModelThe two 
ountries, Home and Foreign, indexed by k 2 fH;Fg, are ea
h en-dowed with an equal amount of labor whi
h we normalize to one. The di�erentse
tors are lo
ated on a unit-interval i 2 [0; 1℄. Only the output of some se
-tors is tradeable; output is produ
ed by 
ombining se
tor-spe
i�
 intermediateinputs. A greater variety of intermediates raises the produ
tivity of the �nalgoods produ
tion. Innovation in
reases the variety: ea
h intermediate inputis one invention. Intelle
tual Property Rights are patents on these inventionsthat grant ex
lusive rights to 
ontrol the produ
tion and the sales of the input.25



Regulation of IPRs and TradeEa
h 
ountry 
hooses the level of its IPRs that maximizes the welfare of theirown 
itizens.2.2.1 Preferen
es and Te
hnologyConsumers' preferen
es are symmetri
 and representable by a Cobb-DouglasUtility fun
tion Uk = Z 10 lnCi;kdi (2.1)This implies that expenditure is the same a
ross se
tors and equal to thetotal 
onsumption expenditure. Sin
e labor is the only fa
tor, expenditureon 
onsumption equals labor earnings wk, so that the demand in ea
h se
torequals Ci;k = wkPi;k (2.2)Output in ea
h se
tor is produ
ed by 
ombining a variety ni of di�erentand spe
ialized produ
tion inputs xi;j. These intermediate goods are spe
i�
to a se
tor and enter produ
tion with an elasti
ity of substitution � that isthe same for all se
tors. To guarantee a solution for the market equilibrium,we assume the elasti
ity to be greater than two, � > 2.Xi = �Z ni x��1�i;j dj� ���1 (2.3)Intermediate inputs are produ
ed with labor, with a unit-requirement ai;kthat di�ers a
ross 
ountries and se
tors. We 
onventionally order the se
torssu
h that the relative produ
tivity advantage for Home, Ai � ai;fai;h , is de
reasingin the se
tor index, �Ai�i � 0.Inventing a new intermediate requires a prototype that is build using oneunit of the se
tor output and that is eventually destroyed in the resear
hpro
ess. Hen
e, the produ
tion and the invention of an input are subje
t tothe same se
tor- and 
ountry-spe
i�
 produ
tivities.Innovations are global and publi
 goods. Imitation of an existing interme-diate is 
ostless, so that its produ
tion 
an take pla
e in any �rm and 
ountry.26



Trade Openness and Intelle
tual Property RightsIntermediates are lo
al and spe
i�
 goods in the sense that they must beprodu
ed within the same plant where they enter into the assembly of the�nal good. This re
e
ts a 
omplex produ
tion pro
ess, where many di�erentparts and pro
esses need to be 
ombined to produ
e a single, tradeable good.Te
hni
al or 
ontra
tual diÆ
ulties prohibit outsour
ing and trading of thespe
ialized parts.The �nal goods are tradeable only in some se
tors i 2 T . Let t denotethe size of this set of tradeables. By ex
lusion, 1 � t is the size of the setof non-tradeables N . Note that the tradeability of a se
tor's �nal good andthe relative produ
tivity of it's intermediates are unrelated. This ensures that
hanges in the tradeability, whi
h we will interpret as 
hanges in trade 
ostsor regulations, do not bias the pattern of 
omparative advantage and do nota�e
t by themselves the terms-of-trade.This 
on
ludes the des
ription of te
hnology. Labor produ
es the interme-diates that are then 
ombined into the �nal good, whi
h in turn is used for
onsumption and innovation. Note that the division of the produ
tion pro
essinto an intermediate and a �nal step allows us to de
ompose the aggregatelabor produ
tivity in the produ
tion of the �nal 
onsumption good into twoparts, a level of te
hnology ni that depends on the amount of innovative a
tiv-ities and a Ri
ardian produ
tivity ai;k that is exogenously given. This re
e
tsthe assumption of a unique, global set of te
hnologies that is a

essible fromanywhere, whereas the geographi
 lo
ation only matters in how eÆ
ient thete
hnologies are used. The di�eren
es in the appli
ation of te
hnology are
aptured by the 
ountry- and se
tor-spe
i�
 Ri
ardian parameter and 
ouldbe due to se
toral fa
tor intensities and national fa
tor endowments, or due tose
toral 
ontra
t-imperfe
tions and national legal institutions. Besides te
h-nology, IPRs are the other important determinant for pri
es and produ
tionlo
ation.2.2.2 Intelle
tual Property Rights and the Pattern ofProdu
tionInnovation raises the produ
tivity, but requires resour
es, while imitation is
ostless and lowers pri
es, but also redu
es the in
entives for innovation. Therole of Intelle
tual Property Rights is to regulate this trade-o�. In our modelthey a
hieve this by a�e
ting the 
ost of produ
ing imitated goods, whi
h inturn determines the produ
tion 
osts and the pri
e of the �nal good and the27



Regulation of IPRs and Traderewards to the inventor.Sin
e the intermediates are spe
i�
 goods, their produ
tion and the subse-quent assembly of the �nal good must take pla
e at the same plant and withinthe same �rm. However, the intermediates are invented by separate �rms, su
has spe
ialized resear
h labs. Ea
h inventor re
eives a patent on the intermedi-ate he 
reated; this 
onfers to him the right to 
ontrol the produ
tion and thesale of the input. The produ
er thus needs to buy a li
ense from the inventorin order to be able to produ
e and use the input. The pri
e of the li
ense isbounded by the alternative option of the produ
er, whi
h is the produ
tion ofan input that is suÆ
iently modi�ed so that it would be 
onsidered a di�erentprodu
t that does not infringe the patent on the original. Di�erentiating theinput in su
h a way as to 
ir
umvent the patent is 
ostly. More extensive andmore 
ostly modi�
ations are ne
essary for stronger patent regulations.This is the margin through whi
h the IPR poli
y of a 
ountry operates. Ifthe patent prote
tion is very weak, than small 
hanges in the produ
t, e.g. the
olor, would be suÆ
ient in order to fend o� patent infringement 
harges; inthis 
ase the pri
e of a li
ense would be very low and in the limit of no patentprote
tion equal to zero. Strong patent laws would make their 
ir
umventionprohibitively expensive; in this 
ase, the inventor would set the unrestri
ted,pro�t-maximizing li
ense fee.2We assume that the imitation 
osts - the 
ost of modifying the produ
tas to disguise its intelle
tual origins, are proportional to the units produ
ed.This implies that li
ense payments are also per-unit and that the IPRs leadto limit pri
ing, taking the form of a simple mark-up on the labor 
osts ofprodu
ing the intermediate. This mark-up is bounded between one - if patentprote
tion is nil - and the full monopolisti
 markup � � ���1 if the patentprote
tion is very strong. The IPR poli
y of a 
ountry is thus summarized by�, this restri
tion on the mark-up is binding for � 2 [1; �℄ and determines theprodu
ers' total 
ost of an input - the labor 
ost plus the li
ense 
ost - aspi;j;k = ai;kwk�k (2.4)The pri
es are the same for intermediates of the same se
tor and 
ountry; tosimplify notation we hen
eforth drop the variety-index j.The market for the �nal good is 
ompetitive and produ
ers are maximizing2IPRs 
ould also be understood as limiting the quality of imitations. The breath of thepatent would then determine the maximum quality level that an imitation 
an have withoutinfringing the patent. This alternative interpretation is isomorphi
 to ours.28



Trade Openness and Intelle
tual Property Rightspro�ts given their produ
tion fun
tion in equation (2.3). The pri
e of the �nalgood thus equals the produ
tion 
ost of the most eÆ
ient produ
er, whi
h isa lo
al �rm in the non-tradeable, but a global one in the tradeable se
tors.Pi;k = ( n1=(1��)i pi;k if i 2 Nn1=(1��)i mink pi;k if i 2 T (2.5)Note that relative produ
tivities, wages and IPR prote
tion are 
ountry 
har-a
teristi
s that, via the pri
es for the produ
tion inputs in equation (2.4),translate into di�eren
es in the produ
tion 
osts for the �nal goods, as seenin equation (2.5). In 
ontrast, the level of te
hnology ni is the same for both
ountries and thus does not a�e
t relative 
osts. Costs are equal in the se
torz whi
h is given by A(z) = !�h�f (2.6)where we de�ne ! as the relative wage ! � whwf . As shown in Figure 2.1, this
ost 
ondition separates the se
tors into those where Home has a 
omparativesadvantage, i 2 [0; z), and those that are 
heaper produ
ed abroad, i 2 (z; 1℄.Produ
tion in the tradeable se
tors will lo
ate a

ordingly and take pla
e ineither Home or Foreign, while non-tradeables will be produ
ed in both pla
es.Note that tradeability only restri
ts the produ
tion for the �nal goods usedin 
onsumption. The prototypes used in innovation will always be produ
edin the lowest 
ost lo
ation, given their publi
 goods nature. The pattern ofprodu
tion is thus summarized as followsXi;h = 8<: Ci;h + Ci;f + ni for i 2 THCi;h + ni for i 2 NHCi;h for i 2 NF (2.7)Xi;f = 8<: Ci;h + Ci;f + ni for i 2 T FCi;f + ni for i 2 NFCi;f for i 2 NH (2.8)where we denote by TH the set of tradeables in whi
h Home as a 
ompar-ative advantage, TH � fi : i 2 [0; z℄ \ Tg. By extension, T F are the trade-ables where the 
omparative advantage is in Foreign, T F � fi : i 2 [z; 1℄ \ Tg;whereas NH and NF are the 
omplementary sets for the non-tradeables, for-mally de�ned as NH � fi : i 2 [0; z℄ \Ng and NF � fi : i 2 [z; 1℄ \Ng.This 
on
ludes the des
ription of Intelle
tual Property Rights. They deter-mine the 
osts at whi
h an invention 
an be imitated. Imitation is the pro-du
er's outside option; it does not happen in equilibrium, but its possibility29



Regulation of IPRs and Trade

Figure 2.1: Pattern of Comparative AdvantageAt the marginal se
tor z, relative labor produ
tivity times relative IPR prote
tionjust equals relative wages.�xes the pri
e of the li
ense that the produ
er obtains from the inventor. Theli
ense payments are a mark-up on the labor produ
tion 
osts. Di�eren
es inboth the labor 
osts, the relative wage, and the li
ense payments, the relativeIPRs, determines the relative produ
tion 
osts of the �nal goods and thereby
omparative advantage and the lo
ation of produ
tion. This e�e
t is summa-rized by the relative supply equation (2.6), whi
h is the standard Ri
ardian,Dornbus
h-Fis
her-Samuelson 
ondition for 
omparative advantage augment-ed by relative IPR di�eren
es. Having shown how the IPRs shape the marketstru
ture, we 
an now turn to the des
ription of the market equilibrium.2.2.3 Innovation and In
omeTo solve for the equilibrium of this e
onomy, we yet need to determine therelative wages ! and the level of te
hnology in ea
h se
tor ni. For this purpose,30



Trade Openness and Intelle
tual Property Rightswe use two more equilibrium 
onditions, one re
e
ting that entry into resear
his free and the other that trade needs to be balan
ed.If there are no restri
tions that prevent a resear
her from inventing a newinput, than the value of an invention will equal its 
ost. The value of aninnovation is simply the value of the patents in both 
ountries, whi
h in turngenerate li
ense payments. The 
ost is given by the minimum pri
e of theprototype needed in the innovation pro
essXk �i;k = mink Pi;k (2.9)The value of a patent is derived from the li
ense payments it 
auses�i;k = (pi;k � wkai;k)xi;k (2.10)where the per-unit li
ense fee is the di�eren
e between the pri
e and the pro-du
tion 
ost of an input and the amount of li
enses sold is given by the pro-du
er's input demand as derived from the produ
tion fun
tion (2.7)xi;k = � pi;kPi;k��� Xi;k (2.11)Using this equation on the input demand (2.11) together with the equations forthe pattern of produ
tion (2.7), 
onsumption demand (2.2) and pri
es (2.5),we 
an sum the patent values in (2.10) and express the value of an innovationas a fun
tion of the IPR regulationsXk �i;k = 8>>>>>><>>>>>>:
�1� ��1h � �wh+wfni + Pi;h� for i 2 TH�1� ��1f � �wh+wfni + Pi;f� for i 2 T F�1� ��1h � �whni + Pi;h�+ �1� ��1f � wfni for i 2 NH�1� ��1h � whni + �1� ��1f � �wfni + Pi;f� for i 2 NF (2.12)

This reveals that the value of an innovation in a tradeables se
tor dependsonly on the IPRs of a single 
ountry, whereas an innovation in a non-tradeablese
tor is a fun
tion of the patent prote
tion granted by both 
ountries. Thevalue of an innovation in equation (2.12) and the resear
h arbitrage 
onditionin (2.9) determine the equilibrium innovation as a fun
tion of IPRs and relative31



Regulation of IPRs and Tradewages ni = 8>>>>>>>><>>>>>>>>:
�(1���1h )(!+1)ai;h! ���1��2 for i 2 TH�(1���1f )(!+1)ai;f ���1��2 for i 2 T F� (1���1h )!+(1���1f )min(!ai;h;ai;f ) � ��1��2 for i 2 N (2.13)

To solve for relative wages we use the requirement that trade between Homeand Foreign must be balan
ed in equilibrium.Trade takes pla
e in goods and li
enses. In the tradeable se
tors the �nalgood used for 
onsumption is shipped. In the non-tradeable se
tors the inven-tors sell a li
ense to produ
ers in the other 
ountry. Trade in goods and tradein servi
es - the li
enses - are both determined by the pattern of produ
tion inequation (2.7). A 
ountry imports in se
tors where it has a 
omparative dis-advantage. If trade in goods is possible, the 
onsumption goods are imported.If trade in goods is not possible, li
enses for domesti
 produ
tion are importedfrom the foreign innovators. Trade in goods and servi
es is balan
ed fort (zwf � (1� z)wh)| {z }trade in goods = (1� t) (z �1� ��1f �wf � (1� z) �1� ��1h �wh)| {z }trade in li
enses (2.14)Rearranging the terms allows us to express relative wages as a fun
tion of theindustry allo
ation and IPR levels! = z1� z 1� ��1f (1� t)1� ��1h (1� t) (2.15)This shows that an in
rease in domesti
 IPRs lowers relative wages by in
reas-ing the li
ense transfers of domesti
 produ
ers to foreign innovators. Thise�e
t is limited to the non-tradeable se
tors, sin
e for the tradeables produ
-tion and innovation always takes pla
e in the same 
ountry, so that produ
-tion li
enses are not traded between 
ountries. Note that when all se
tors aretraded (t=1), the demand 
ondition is the same as in the standard Dornbus
h-Fis
her-Samuelson model and does not depend on di�eren
es in the Intelle
tualProperty Rights.This 
on
ludes the des
ription of the model. It integrates innovation into anotherwise standard Ri
ardian, Dornbus
h-Fis
her-Samuelson model, maintain-ing the stru
ture of the equilibrium: relative supply (2.6) and relative demand32



Trade Openness and Intelle
tual Property Rights(2.15) determine the relative wage ! and the se
tor allo
ation z, whi
h in turnpin down the remaining endogenous variables - the level of te
hnology, whi
hin di�eren
e to DFS is endogenous by equation (2.13), and the relative pri
esin (2.4) and (2.5) - all of whi
h enter 
onsumption and ultimately welfare via(2.2) and (2.1).Intelle
tual Property Rights 
onfer market power to the inventors. Thisraises innovation, but also the produ
tion 
osts. In the traded se
tors whereall produ
tion is lo
ated in the 
ountry with the relative 
ost advantage, higherIPRs in the produ
er 
ountry raise pri
es in both 
ountries; while in the non-traded se
tors only domesti
 IPRs matter. However, any 
hange in the relativeIPR prote
tion 
an a�e
t relative in
ome and the se
tor lo
ation. The nextse
tion presents some 
omparative stati
s to build intuition on these e�e
ts. Ina se
ond step we endogenize the Intelle
tual Property Rights; ea
h 
ountry now
hooses the IPRs that maximize the welfare of their own 
itizens, disregardinge�e
ts on foreigners. Finally we analyze the ensuing poli
y game and dis
ussthe e�e
ts of trade on its equilibrium.2.3 Intelle
tual Property Rights ProvisionIntelle
tual Property Rights have two opposing e�e
ts on welfare; they raise thelevel of te
hnology by stimulating innovation, but they a
hieve this throughhigher pri
es for the produ
tion inputs. A poli
ymaker that maximizes thewelfare of its 
itizens will 
hoose the IPRs that optimally balan
e these twoe�e
ts. We analyze how this balan
e is a�e
ted by the presen
e of two 
ountriesthat share a 
ommon set of te
hnologies, but that do not 
oordinate their IPprote
tion. For this purpose we �rst look at how a given set of IPRs a�e
tequilibrium 
onsumption and welfare. In a se
ond step we analyze how thepoli
ymakers 
hoose their IPRs and 
ompare the out
ome of this poli
y gameto the IPRs that a uni�ed government, that sets the same IPRs for both
ountries, would 
hoose. At last we show how the 
hoi
e of IPRs depends onthe possibility to trade goods.2.3.1 The e�e
t of IPR di�eren
es on welfareThe e�e
ts of IPRs on the equilibrium 
onsumption levels 
an be summarizedusing the equations on demand (2.2) and pri
es (2.4) and (2.5) to express the33
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onsumption in ea
h se
tor aslnCi;h = 1� � 1 lnni � � ln ai;h � ln�h for i 2 TH [Nln ai;f � ln�f + ln! for i 2 T F (2.16)revealing the positive te
hnology and the negative pri
e e�e
t on the 
on-sumption levels. Remember that lo
al pri
es depend on lo
al 
ost 
onditionsin those tradeable se
tors where Home as a 
omparative advantage (TH) andin all non-tradeable se
tors (N), whereas the foreign 
onditions only a�e
tpri
es in the tradeables with a foreign 
omparative advantage (T F ). Note thatthis double se
tioning of the se
tors by their tradeability and by their relativeprodu
tivity is also important for the level of te
hnology as determined byequation (2.13). The same se
tor partitioning applies for the IPR e�e
ts onwelfare, whi
h we derive by valuing the 
onsumption in (2.16) via equation(2.1)Uh = 1� � 1 Z 10 lnnidi| {z }innovation � Zi2TH[N ln(ai;h�h)di� Zi2TF ln ai;f�f! di| {z }pri
es (2.17)However, in a multi-
ountry world IPRs not only e�e
t welfare via te
hnologyand pri
es, but also by in
uen
ing relative wages and the lo
ation of produ
-tion, whi
h are the missing elements to 
ompletely des
ribe welfare through(2.17) and (2.13). Wages and se
tor lo
ation are determined jointly by the rel-ative supply and demand, equations (2.6) and (2.15), whi
h we here reprodu
eA relative supply B relative demandA(z) = ! �h�f ! = z1�z 1���1f (1�t)1���1h (1�t) (2.18)Relative IPR prote
tion has an unambiguously negative e�e
t on the relativewage. Higher IPRs in
rease the li
ense payments from produ
ers to inventorsand hen
e raise the relative produ
tion 
osts. For given relative wages, fewerof the tradeable se
tors will produ
e at Home, as demonstrated by a down-ward shift in the relative supply 
urve A in Figure 2.2. In the non-tradeablese
tors, the in
reased li
ense payments raise the dire
t transfer from domesti
produ
ers to foreign innovators leading to a downward shift in the relativedemand 
urve B. We express this e�e
t of IPRs using the elasti
ity of rela-tive wages with respe
t to domesti
 IPR prote
tion, �!j�h . Sin
e the e�e
t ofIPRs on relative 
osts and on transfers to abroad both point in the same di-re
tion, the elasti
ity is negative; for 
onvenien
e we de�ne � in absolute termsas �!j�h � ��� �!��h �h! ���. 34
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tual Property Rights

Figure 2.2: E�e
t of domesti
 IPRs on relative wagesAn in
rease in domesti
 IPRs 
auses a downward shift of both, the relative supply(A) and the relative demand (B) 
urve. This leads to a fall in relative wages, whilethe e�e
t on se
tor lo
ation is ambiguous.To what extent an in
rease in domesti
 IPRs leads to a de
rease in therelative wages depends of 
ourse on the strength of 
omparative advantageand on the trade openness. Next we dis
uss the two limiting 
ases.Separation Assume that 
ountries have separate governments, but are oth-erwise identi
al in their produ
tion stru
ture; in parti
ular, assume that thereare no di�eren
es in produ
tivities between 
ountries and a
ross se
tors, rep-resented by a 
at Ai 
urve as shown in left graph of Figure 2.3, A(i) = A 8i.There are no bene�ts from trade and even if trade is possible, it is indeter-minate and would in any 
ase 
ease if arbitrarily small 
osts of trading wereto be introdu
ed. In this 
ase any 
hange in the relative IP prote
tion wouldlead to an equally proportional de
rease in the relative wages; the elasti
ity ofrelative in
ome with respe
t to IPRs is unitary, �separation!j�h = 1.33Note that existing resear
h on the endogenous provision of IPRs has so far taken pla
ein this 
ase, with trade at best being indeterminate, as in the seminal paper by Grossmanand Lai (2005). 35
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Figure 2.3: Wage e�e
ts of IPRs under di�erent trade regimesThe left graph shows the wage e�e
t of IPRs if 
ountries are separated, but notspe
ialized. The right graph shows the IPR-wage e�e
t under full spe
ialization.Spe
ialization Now assume that 
ountries have separate governments, butalso spe
ialized e
onomies. If the pattern of produ
tivity di�eren
es is verystrong, then the lo
ation of a tradeable se
tor will only very weakly dependon lo
al 
ost 
onditions su
h as wages and IP regulation. In the extreme,the lo
ational assignment will based on te
hnology only; some se
tors 
anonly be produ
ed at Home while others must be based abroad. For su
ha te
hnologi
al separation into Home and Foreign industries the fun
tion ofrelative produ
tivity di�eren
es A(i) be
omes a step fun
tion as shown in theright-hand graph of Figure 2.3. In this 
ase trade does not o�set the in
reasein one lo
al 
ost 
omponent (e.g. the li
ense 
osts) by a de
rease in another(e.g. labor 
osts). This will lead to a stronger e�e
t of a single 
ountry'sIPRs, sin
e industries 
an not es
ape a stri
ter patent regulation by relo
atingabroad. With the se
tor lo
ation given by the pattern of labor-produ
tivitiesai;k, IPR di�eren
es only a�e
t wages through li
ense payments, and this onlyin the non-tradeable se
tors. With full trade integration of all se
tors (t=1) andwith an extreme pattern of 
omparative advantage, di�eren
es in Intelle
tualProperty Rights have no e�e
t on relative wages. This spe
ialization 
ase36
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tual Property Rights
ombines a strong te
hnologi
al motive - the extreme produ
tivity distribution- with an un
onstrained possibility for trade - all se
tors are tradeable.These two 
ases bound the e�e
ts of 
omparative advantage and thus limitthe range of possible values for the elasti
ity of relative wages with respe
t torelative patent prote
tion between zero and minus one. In the next se
tionwe analyze the 
hoi
e of IPR levels by the governments of ea
h 
ountry, �rstunder the general 
ase and then under the two limit distributions of the relativeprodu
tivities.
2.3.2 IPR Poli
iesIn this se
tion we endogenise the level of Intelle
tual Property Rights. IPRsare no longer an exogenous parameter, but instead are determined by ea
h
ountry. The poli
ymakers are aware of the welfare e�e
ts des
ribed in theprevious se
tion and 
hoose the level of IPRs that maximizes the welfare oftheir 
ountries' 
itizens without taking into a

ount the well-being of foreign-ers. Domesti
 welfare does, however, depend on domesti
 and on foreign IPlevels as a glan
e on the indire
t utility in equation (2.17) 
on�rms. This givesrise to an interdependen
y where the optimal domesti
 IPR level depends onforeign IP prote
tion and the optimal foreign IPs depend on the domesti
patent prote
tion.An expli
it 
losed-form solution for these mutual best-response fun
tions ishard to obtain given the very general pattern of relative produ
tivities in Ai.For this reason we impose an additional 
ondition on the produ
tivities; forea
h se
tor in whi
h Home has a produ
tivity advantage, there exists anotherse
tor in whi
h Foreign has an equally large 
ost advantage, using the orderingof the se
tors, this 
an be formalized as ai;h = a1�i;f 8i. Note that by thisassumption 
ountries are 
ompletely symmetri
, not only in their labor endow-ments, for whi
h we assumed equality throughout the model, but also for theirprodu
tivities. This symmetry is a ne
essary 
ondition for the existen
e of asymmetri
 poli
y equilibrium. Given that indire
t utility in equation (2.17) is
onvex and 
ontinuous in the IPR poli
ies �h and �f , symmetry in the 
oun-tries' parameters is also a suÆ
ient 
ondition for a poli
y equilibrium in whi
hboth 
ountries set equal IPRs. 37



Regulation of IPRs and TradeIntegration Before solving for the poli
y game, we analyze whi
h IPRswould be 
hosen by a uni�ed government - or by two governments that 
o-operate in the provision of Intelle
tual Property Rights; this Integration 
aseserves as a referen
e for the out
ome of the strategi
 poli
y game. Let � bethe IPR level 
hosen that is same for both 
ountries, �h = �f = �; by the sym-metri
 produ
tivities, this implies that wages are the same in both 
ountries,! = 1. Maximizing welfare in equation (2.17) under these 
onditions, we 
anexpress the welfare-e�e
ts of IPRs as�U�� ��integration = 1� � 2 1�(�� 1)| {z }innovation e�e
t � 1�|{z}pri
e e�e
t (2.19)As expe
ted, both e�e
ts have the 
orre
t signs - stronger patent prote
tionraises innovation whi
h is bene�
ial for welfare, but also raises produ
tion
osts. The level of IPRs that optimally balan
es these two e�e
ts is given by� = 1 + 1� � 2 (2.20)Note that this ex
eeds the mark-up that an un
onstraint monopolist would
hoose, � < � sin
e ���1 < ��1��2 . This implies that the optimal IPR prote
tionis always full prote
tion and is a result that is generi
 to the use of the Dixit-Stiglitz CES aggregator.We now investigate the poli
y game between non-
ooperating governments;we solve for the symmetri
 Nash-equilibrium by �rst maximizing domesti
welfare in (2.17) with respe
t to domesti
 IPRs �h and then imposing thesymmetry 
ondition of poli
ies �h = �f � �̂, wages ! = 1 and allo
ationsz = 1=2 on the �rst-order 
ondition; �nally we 
an de
ompose the in
uen
e ofthe equilibrium IPRs on the welfare e�e
ts of innovation and pri
es�Uk��k ���sym = 1� � 2 12�̂(�̂� 1)| {z }innovation e�e
t � 1� t2(1� �)�̂| {z }pri
e e�e
t (2.21)Note the innovation-e�e
t of IPRs is only half as strong if 
ountries areseparated; innovations are a global publi
 good and depend on the IPRs setin both 
ountry, although the national poli
ymakers do not internalize thise�e
t. Note moreover that the innovation e�e
t of IPRs is independent of tradeopenness t. In equilibrium, domesti
 IPRs have the same e�e
t on innovation38
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tual Property Rightsin tradeables than on innovation in the non-tradeable se
tor. This 
an be
on�rmed by evaluating innovation in (2.13) under the symmetri
 allo
ationand is the 
onsequen
e of two opposing for
es. Domesti
 IPRs only have ane�e
t on innovation in half of the tradeable se
tors, namely the ones whereHome has a 
omparative advantage; in those, however, the innovation e�e
tis leveraged by the demand from both 
ountries. In turn, domesti
 IPs a�e
tinnovation in all the non-tradeable se
tors, but only through domesti
 demand.By the symmetry of se
tor allo
ation, these two e�e
ts 
an
el out so trade doesnot a�e
t the innovation-bene�ts of IPRs.Trade openness does a�e
t the 
osts of IPRs, whi
h are given by the pri
ee�e
t. As the share of domesti
ally produ
ed goods in 
onsumption falls withtrade, and the import share in
reases, domesti
 
onsumers bear a smaller shareof the 
osts of higher domesti
 IPRs. Note that this e�e
t depends on howwages, and hen
e the relative pri
e of the imports, rea
t to IP di�eren
es, assummarized by �.Solving for the equilibrium level of IPRs in equation (2.21) we obtain thesymmetri
 Nash-equilibrium level of IPRs as�̂ = 1 + 1� � 2 12� t(1� �) (2.22)As expe
ted, the equilibrium IP provision in
reases with trade, as long as wagesare not fully elasti
 to IPRs (� < 1). Note that the strategi
 IPR regulationbe
omes binding only if it restri
ts the monopolisti
 mark-up �̂ < �. This isthe 
ase if the elasti
ity of substitution is suÆ
iently high, � > 3�2t(1��)1�t(1��) . Thelimit 
ases of Separation and Spe
ialization mark the range of the possible IPRlevels.Separation When trade is impossible or if 
ountries have no in
entives totrade be
ause their produ
tivity di�eren
es are uniform a
ross se
tors, thenIPRs are lowest and given by�̂separation = 1 + 12 1� � 2 (2.23)Spe
ialization If at the other extreme trade is possible in all se
tors anddriven by strong produ
tivity di�eren
es, then the equilibrium level of IPRs ishighest and equal to �̂spe
ialization = 1 + 1� � 2 (2.24)39



Regulation of IPRs and TradeIf a 
ountry behaves strategi
ally, it will not internalize the bene�
ial innovation-e�e
t of its Intelle
tual Property Rights on the welfare of the individuals in theother 
ountry. This gives the 
ountry's poli
ymaker an in
entive to weakenthe prote
tion on innovations. If both 
ountries behave strategi
ally, then anunderprovision of IPRs with respe
t to the 
hoi
e of an integrated governmentwill o

ur. However, strategi
ally behaving governments might also view thenegative pri
e e�e
t of IPRs di�erently than one integrated government would.Namely if produ
tion in the 
ountries is spe
ialized, then the ea
h 
ountries'IPRs also exert a negative welfare e�e
t on the other 
ountries' 
itizens, whi
hthe poli
ymakers also not internalize. In the limit of a 
omplete spe
ializationdriven by free trade and a strong pattern of 
omparative advantage, 
ountrieswould 
hoose exa
tly the same, optimal level of IPRs that also an integratedgovernment would 
hoose.2.4 Con
lusionOpen 
ountries tend to provide more Intelle
tual Property Rights be
ause partof the asso
iated monopolisti
 distortion 
osts are borne by foreign 
onsumers,raising in
entives for strong domesti
 IP prote
tion. The me
hanism builds onthe fa
t that a patent grants an ex
lusive right not only to sell in a given mar-ket, but also to produ
e there. The stronger the di�eren
es in the produ
tion
osts a
ross 
ountries and se
tors, the more important 
ontrol on a 
ountry's
ost stru
ture be
omes for determining world-wide pri
es.We 
on
lude by dis
ussing two possible extensions. First, the paper hasassumed that innovations take pla
e in intermediate inputs whi
h 
an notbe traded, but need to be lo
ally assembled into the then tradeable, �nalgoods. While this assumption seems to be a reasonable des
ription for theprodu
tion of many 
omplex produ
ts where di�erent lo
ally produ
ed andpatentable parts and pro
esses are 
ombined, it is apparently 
hallenged bythe outsour
ing observed in other industries. The di�eren
e is relevant. If theintermediate inputs themselves are traded, then they must 
omply with thepatent prote
tion in the 
ountry where the good is produ
ed and with theIPRs in the 
ountry where the good is sold. This gives rise to an asymmetryin the 'spillover' e�e
ts of national IPRs; only the 
ountry with the higher IPRprote
tion 
an shift some of the asso
iated 
osts to its neighbor, whi
h 
auseseven identi
al 
ountries to 
hoose di�erent levels of IPR prote
tion, therebyintrodu
ing an additional and endogenous sour
e of IPR variation.40
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tual Property RightsSe
ond, trade openness has been taken as given, whereas in reality the open-ness of a 
ountry is, to a large extent, shaped by its trade poli
ies. While sofar the paper has established a 
ausal e�e
t of trade openness on IPR poli
y,an extension will explore the reverse 
ausality of IPR prote
tion on trade pol-i
y. The argument builds on the strategi
 trade poli
y literature, whi
h hasshown how a restri
tion of trade 
an lead to a welfare-improving 
hange in a
ountry's terms-of-trade. On the downside, those restri
tions 
ause domesti
�rms to enter se
tors with a 
omparative disadvantage. However, innovationsin these se
tors 
ontinue to take pla
e in the low-
ost 
ountry. If patternsof 
omparative advantage in produ
tion and in innovation are aligned, thenthe domesti
 �rms that entered these se
tors need to buy their li
enses fromforeign innovators. These transfers are higher for stronger domesti
 IP prote
-tion, redu
ing the terms-of-trade gains from trade restri
tions and shifting thebalan
e towards freer trade. If strong IPRs favor a free-trade poli
y and freetrade favors strong IPR prote
tion, then the integration of IPRs into tradeagreements 
an be seen as a way to 
oordinate on the poli
y equilibrium thateÆ
iently 
ombines free-trade and IPR-prote
tion.
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Chapter 3Linkage between trade andregulation poli
y agreements
3.1 Introdu
tionCountries share spe
ialization bene�ts through trade, but they also sharepubli
-good bene�ts, su
h as a global 
limate or a global te
hnology fron-tier, through produ
t regulation. However, any agreements lowering tari�s orstrengthening environmental or patent prote
tion provide in
entives for devia-tion. Ea
h 
ountry gains individually by imposing optimal tari�s that improveits terms-of-trade and weaker regulation that lowers its 
ost of produ
tion.Among sovereign 
ountries, these deviations 
an only be dis
ouraged throughthe threat of 
an
eling the agreement. The self-enfor
eability 
an be improvedby linking the issues in one single agreement, so that a deviation in either orin both issues is retaliated by a break-down of the 
ooperation in both issues.The most prominent example of a linkage in the enfor
ement of a trade anda non-trade, produ
t-regulation issue is the TRIPS agreements on Intelle
tualProperty Rights in the WTO. By linking these issues, the 
omplian
e with thepres
ribed standards on patent and 
opyrights 
an be enfor
ed via retaliatorytari�s and, vi
e versa, 
omplian
e in the agreed trade measures 
an be enfor
edvia retaliatory measures in IPRs. The ongoing attempts to form an interna-tional agreement on the redu
tion of 
limate-
hanging gas emissions renewsthe interest in the issue of linking trade and environmental regulations.1 In a1It is not in the WTO that a deal on 
limate 
hange 
an be stru
k, but rather in an en-43
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ent 
ontribution fo
used on the legal aspe
ts of the relationship between theWTO rules and 
limate-
hange agreements, Charnovitz et al. (2009) expli
itlypropose using the WTO's dispute settlement me
hanism to enfor
e 
omplian
ein any global agreement on 
limate 
hange.The 
ase for linking the agreements on two issues is more obvious if the issuesare related, for example in the 
ase of trade in CO2-intensive produ
ts. Ad-vantages from linkage are less obvious when the two issues are independent,whi
h is the 
ase when trade poli
ies do not have any e�e
t on the amount ofthe publi
 good provided and when the regulation has no e�e
t on trade. Inthis 
ase, linkage of issues among symmetri
 
ountries either does not bringany bene�ts or it improves the 
ooperation in one issue at the expense of aworse 
ooperative out
ome in the other issue, as shown in a general, game-theoreti
 
ontext by Spagnolo (2001) and in the 
ontext of a trade model byLim~ao (2005). This re
e
ts the 
on
ern among some poli
ymakers that thein
orporation of non-trade issues in the WTO might well improve 
ooperationin these issues, but only at the expense of redu
ed e�orts to liberalize trade.I analyze the welfare bene�ts and poli
y e�e
ts when issues are independent,but 
ountries are asymmetri
. I argue that this is the relevant 
ase to 
onsidersin
e most of the situations where trade and non-trade issues are linked ordis
ussed to be linked involve (blo
s of) 
ountries that are asymmetri
 withrespe
t to (e
onomi
) size: the developing and the developed 
ountries. TheIntelle
tual Property Rights were in
orporated in the WTO at the demandsof the US and other developed 
ountries and against obje
tions from 
ountriessu
h as India, South Afri
a and other 'Southern' 
ountries. The debate on a
ommon 
limate-poli
y agreement in the Copenhagen summit also exhibiteda similar division between the so 
alled developed and developing 
ountries.I show that a di�eren
e between the size of the negotiating 
ountries is initself an important sour
e of gains when linking the agreements a
ross issues.The relative size of a 
ountry has a di�erent e�e
t on its ability to 
ooperatein a trade or in a regulation agreement. Larger 
ountries internalize better thee�e
t of their regulation on the global, publi
 good, while smaller 
ountrieshave stronger free-ride in
entives. Hen
e, any 
ommon level of regulation willvironmental forum, su
h as the United Nations Framework Convention on Climate Change.Su
h an agreement must then send the WTO an appropriate signal on how its rules maybest be put to the servi
e of sustainable development; in other words, a signal on how thisparti
ular toolbox of rules should be employed in the �ght against 
limate 
hange.Dire
tor-General Pas
al Lamy in a spee
h at the Informal Trade Ministers' Dialogue onClimate Change in Bali on 8-9 De
ember 2007, in: WTO News, Spee
hes, DG Pas
al Lamy,www.wto.org 44



Linkage between trade and regulation poli
y agreementsbe easier enfor
eable in the larger 
ountry. In trade, this size e�e
t is notpresent or even goes the other way if the small 
ountry has little 
han
e of im-proving its terms-of-trade by imposing optimal tari�s. Linking the issues thenallows the large 
ountry to redu
e its tari� and the small 
ountry to in
reaseits regulation beyond what would have been possible under a separation of theissues.In the literature on trade negotiations, produ
t regulation issues were mostlytreated as purely domesti
 externalities, su
h as in Bagwell and Staiger (2001)and Ederington (2001a). The e�e
ts of linking two issues that both exhibit
ross-border externalities were �rst investigated outside the trade literature,namely in the literature on industrial organization - see Bernheim and Whin-ston (1990), and in the politi
al s
ien
e literature - see Sebenius (1983). In ageneral set-up, Spagnolo (2001) analyzes the e�e
t of linking two symmetri
issues among two symmetri
 players; he shows that when issues are indepen-dent, gains from linkage only 
ome from shifting enfor
ement power from oneissue, where 
ooperation is worsened, to the other issue, where 
ooperationis improved. Ederington (2001b) and Lim~ao (2005) 
on�rm this result in agenuine trade model with the environment as the global, publi
 good.Linkage among issues and asymmetri
 
ountries is analyzed in Cesar and deZeeuw (1996) and in Lim~ao (2005). However, and in di�eren
e to my model,in both of these papers the asymmetry is dire
tly imposed on the 
ountries'preferen
es and te
hnology. Cesar and de Zeeuw show that if ea
h 
ountryonly 
ares about one issue, the issues need to be linked to a
hieve any 
o-operation. In Lim~ao's model, only the larger 
ountry 
ares about the publi
good and 
an set tari�s; this set-up allows him to analyze whether regionalagreements between a large and a small 
ountry, that link the trade with theregulation issue, are stepping stones or stumbling blo
s for a multilateral tradeliberalization between various pairs of large and small 
ountries.The rest of the paper is stru
tured as follows. Se
tion 3.2 presents themodel, Se
tion 3.3 the stru
ture of self-enfor
ing poli
y agreements. Se
tion3.4 presents the results and Se
tion 3.5 
on
ludes.3.2 The ModelThe world is populated by a 
ontinuum of individuals (individual persons, orindividual regions) i, whose mass is normalized to one: i 2 [0; 1℄. A fra
tion45



Regulation of IPRs and Trades 2 [0; 1℄ lives in the home 
ountry (h), 1� s are living in the foreign 
ountry(f).3.2.1 Preferen
es and Te
hnologyAll individuals have the same, time-separable preferen
es and the same dis-
ount fa
tor, Æ 2 [0; 1℄. U = 1Xt=0 Ætut; (3.1)Contemporaneous utility is derived from the 
onsumption of a publi
 good(A), an aggregate of di�erentiated goods (X), and a homogeneous good (y);when possible and 
onvenient, we drop the time subs
ript to simplify notation.u = A +X + y (3.2)The 
ommon, publi
 good A is produ
ed from intermediate goods with anelasti
ity of substitution greater than one (� > 1).A = ��� 1 Zi a��1�i di (3.3)Similarly, the private good X is produ
ed from di�erentiated, intermediategoods with an elasti
ity of substitution greater than one (� > 1).X = �� � 1 Zi x��1�i di (3.4)Ea
h individual 
an produ
e the homogeneous good, one variety of the dif-ferentiated, private good and one variety of the di�erentiated, publi
 good.Hen
e, s of the di�erentiated goods are produ
ed at Home and 1� s are pro-du
ed at Foreign. It takes one unit of labor to produ
e one unit of any good;and ea
h individual is endowed with l units of labor. Labor is the only fa
torof produ
tion.3.2.2 Regulation and Trade Poli
iesRegulation and Trade poli
ies are national poli
ies that are determined byea
h 
ountry on their own. The publi
 good produ
tion is regulated. For ea
h46



Linkage between trade and regulation poli
y agreementsl units of labor, r 2 [0; l℄ units must be used in the produ
tion of the publi
good, and only the remaining l�r units of labor 
an be used for the produ
tionof the private goods. The aggregate, global publi
 good is then determined bythe national regulations, weighted with their relative population share.A = ��� 1 �sr ��1�h + (1� s)r ��1�f � (3.5)Examples for regulations that share this publi
 good 
hara
ter are regulationson the use of abatement te
hniques or restri
tions on pollution in 
ase thatthe publi
 good is the global environment, or regulation on patent prote
tionor 
opyrights in 
ase that the publi
 good is the global rate of innovation. Theelasti
ity � then determines the extent to whi
h the '
ontributions' of ea
h
ountry are substitutable.The private goods are produ
ed in 
ompetitive markets within ea
h 
ountry.Trade of the di�erentiated goods is subje
t to an export tari�, t. The revenuesfrom the tari� are distributed lump-sum to the individuals of the 
ountry.Trade in the homogeneous good is unrestri
ted and serves to balan
e the a
-
ounts.Trade poli
y determines the good pri
es. The pri
e of the homogeneous goodis normalized to one. The pri
es of the di�erentiated goods are then given byph;h = 1; ph;f = tfpf;h = th; pf;f = 1 (3.6)where the �rst subindex denotes the pla
e of 
onsumption and the se
ond onedenotes the pla
e where the di�erentiated good is produ
ed.3.2.3 Market EquilibriumIndividuals maximize their utility in equation (3.2), subje
t to the 
onstraint ofbalan
ing their budget ea
h period. The budget 
onstraint for a home-
ountryindividual is then given byyh + sph;hxh;h + (1� s)ph;fxh;f = l � rh + qh (3.7)where the left-hand side of the equation sums the expenditure on the privategoods and the right-hand side the labor in
ome, (l � rh), and the tari� rev-enue share, qh; a similar 
ondition holds for the foreign individual�s budget47



Regulation of IPRs and Trade
onstraint. Given that the in
ome is suÆ
ient to pur
hase at least some of thehomogeneous good the demand of the di�erentiated goods is given byxi;j = p��i;j (3.8)The tari� revenue that is distributed to ea
h individual is given by the totaldemand for the exported goods times the di�eren
e between the foreign andthe domesti
 pri
es. Evaluating at the pri
es and the demand in equations(3.6) and (3.8), the per-person tari� revenue is determined asqh = (1� s)(1� t�1h )t1��hqf = s(1� t�1f )t1��f (3.9)Colle
ting the terms in equations (3.5) to (3.9), we 
an express the utilityas a fun
tion that is linearly separable in the trade and regulation poli
ies.uh = l + Rh(rh; rf) + Th(th; tf)uf = l + Rf(rh; rf) + Tf(th; tf ) (3.10)The value of the regulation poli
ies for ea
h 
ountry is the di�eren
e betweenthe 
ommon, publi
 good and the national, private 
ontributions.Rh = A � rhRf = A � rf (3.11)Similarly, the value of the trade poli
ies 
an be written as the sum of the tari�revenue plus the 
onsumer surplus on all varieties of the di�erentiated good.Th = s+ (1� s)(1� t�1h )t1��h + �s+ (1� s)t1��f � =(� � 1)Tf = 1� s+ s(1� t�1f )t1��f + �1� s+ st1��h � =(� � 1) (3.12)3.3 Poli
y Agreements3.3.1 Non-
ooperative Poli
y EquilibriumIf 
ountries do not 
ooperate when determining their regulation and tradepoli
ies, they will 
hoose the poli
ies that maximize the welfare of their 
itizens,irrespe
tive of the externality that their 
hoi
e imposes on the individuals inthe other 
ountry. 48



Linkage between trade and regulation poli
y agreementsThe domesti
ally optimal, best-response level of regulation that maximizesequation (3.11) is given by rdh = s�rdf = (1� s)� (3.13)Note that sin
e the domesti
ally optimal regulation does not depend on theregulation in the other 
ountry, it is also the Nash-equilibrium level of regula-tion. This regulation depends on the relative size of the 
ountry. The largerthe 
ountry, the more it internalizes the e�e
t of its national regulation onthe level of the global, publi
 good. More pre
isely, the e�e
t of the relativesize on the domesti
ally optimal level of regulation depends on the elasti
i-ty of substitution between the 
ontributions of ea
h individual, �. The moresubstitutable the 
ontributions are - the higher � - the better 
an a 
ountryfree-ride on the 
ontributions of the other 
ountry and hen
e the stronger isthe relative size e�e
t; the elasti
ity of the optimal regulation with respe
t tothe relative size is just equal to the substitution elasti
ity of the 
ontributions:�rdh�s srdh = �.Positive export tari�s serve to transfer foreign 
onsumers' surplus to domes-ti
 
onsumers. Maximizing (3.12), governments set the tari�s in the absen
eof 
oordination equal to tnh = �=(� � 1)tnf = �=(� � 1) (3.14)As with the level of regulation, the domesti
ally optimal tari� rate does notdepend on the other 
ountry's tari� rate, so that this best-response tari� rateis also the Nash-equilibrium tari� rate. Note also that this optimal tari� rateis the usual mark-up over the marginal 
osts, where the size of the mark-updepends on the elasti
ity of substitution.3.3.2 Self-enfor
ing poli
y agreementsPoli
y agreements do not by themselves remove the poli
y externalities. Inorder to be stable, any agreement needs to be self-enfor
ing. One way toa
hieve a self-enfor
eability is by using trigger strategies whi
h 
ondition the
urrent a
tions on past behavior.Here, we 
onsider simple trigger strategies in whi
h a single deviation trig-gers a permanent reversion to the Nash-equilibrium. Under these strategies, a49
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Figure 3.1: Utility possibility frontiers when 
ountries are symmetri
.Elasti
ity of substitution in publi
 good: � = 2. Elasti
ity of substitution in theprivate good: � = 2. Countries are symmetri
 with s = 0:5.poli
y 
ooperation is stable if the utility from a 
ontinuous 
ooperation is larg-er or equal to the utility from a one-period deviation followed by a permanentNash poli
y equilibrium. Sin
e future out
omes are dis
ounted at the rate Æas given in equation (3.1), the value of 
ooperation is the dis
ounted sum ofa permanent 
ooperation in all periods, u
=(1� Æ), whereas the value from adeviation is given by ud + Æ=(1 � Æ)un, so that 
ooperation 
an be sustainedvia the trigger me
hanism as long the per-period value from 
ooperation isnot smaller than the average between the Nash and the deviation utilities,weighted by the dis
ount fa
tor.u
 � Æun + (1� Æ)ud (3.15)Equation (3.15) illustrates that the extent to whi
h 
ooperation is possibledepends fundamentally on the dis
ount fa
tor Æ. If individuals are 
ompletelypatient (Æ = 1), any 
ombination of poli
ies that are at least as good as the non-
ooperative Nash-poli
ies 
an be implemented as a 
ooperative equilibrium.50



Linkage between trade and regulation poli
y agreementsContrary, if individuals are 
ompletely impatient, no meaningful 
ooperationis possible sin
e the only '
ooperative' poli
ies that 
omply with 
ondition 3.15under Æ = 0 are the Nash-poli
ies themselves. Figure 3.1 shows the e�e
t ofthe dis
ount fa
tor on the possibilities for 
ooperation.
3.4 Linkage of Poli
y AgreementsThe enfor
ement of the poli
y agreement 
an be linked a
ross issues or theissues 
an be treated separately. If the enfor
ement is linked a
ross issues, thena deviation in any of the two issues will be punished by a reversion to the Nash-equilibrium poli
ies in both issues. Hen
e and by 
ondition (3.15), the dis
ount-fa
tor weighted sum of any deviation plus the utility under no-
ooperationmust not ex
eed the utility of 
ooperation. Sin
e this in
entive 
ompatibility
onstraint must hold for any deviation, it suÆ
es to test whether is holdsfor the strongest deviation, that is, a simultaneous deviation in both issuesthat maximizes the 
ontemporaneous utility of the 
ountry that is breakingthe agreement. From the poli
y-utility fun
tions in (3.10) and from the best-response tari� and regulation rates in equations (3.13) and (3.14), it followsthat the enfor
ement 
onstraints under linkage, for Home and Foreign, 
an beexpressed as followsRh(r
h; r
f) + Th(t
h; t
f) � Æ �Rh(rdh; rdf) + Th(tdh; tdf)�+ (1� Æ) �Rh(rdh; r
f) + Th(tdh; t
f )�Rf(r
h; r
f) + Tf (t
h; t
f) � Æ �Rf(rdh; rdf) + Tf (tdh; tdf)�+ (1� Æ) �Rf (r
h; rdf) + Tf (t
h; tdf)� (3.16)
where the 
ooperative poli
ies are marked with a super-index 
.If poli
y agreements are separated, then a deviation in both issues must bedetered by a reversion to the Nash-equilibrium poli
ies in both issues, as inthe 
ase under linkage above. However and in addition to the linkage 
ase,the breakdown of 
ooperation in only one issue must be suÆ
ient to deter adeviation in that same issue. Hen
e, a deviation from the 
ooperative tari�sthat is retaliated only with tari�s - as well as a deviation from the agreed-uponregulation rates that is punished only with 
hanges in regulation - must alsobe dis
ouraged. This 
reates the following, additional enfor
ement 
onstraints51



Regulation of IPRs and Tradeunder separationRh(r
h; r
f) � ÆRh(rdh; rdf) + (1� Æ)Rh(rdh; r
f)Rf (r
h; r
f) � ÆRf (rdh; rdf) + (1� Æ)Rf(r
h; rff )Th(t
h; t
f) � ÆTh(tdh; tdf) + (1� Æ)Th(tdh; t
f)Tf(t
h; t
f ) � ÆTf(tdh; tdf) + (1� Æ)Tf(t
h; tff) (3.17)where similar 
onditions holds for the Foreign 
ountry. The fa
t that the poli
y
ooperation under separation entails two additional enfor
ement 
onstraintsfor ea
h 
ountry implies that the welfare from an agreement under linkage 
annot be worse than the welfare from an agreement under separation.3.4.1 Welfare gains and poli
y 
hanges when 
ountriesare symmetri
In this se
tion we 
onsider symmetri
 agreements for 
ountries that are sym-metri
 in size and bargaining power. In this situation, the enfor
ement restri
-tions under linkage in equation (3.16) redu
e to one, the enfor
ement restri
-tions under separation in (3.17) redu
e to two and the optimal, 
ooperativepoli
y under these 
onstraints is the same a
ross 
ountries, r
h = r
f and t
h = t
f .This redu
tion in the number of 
onstraints and the fa
t that the poli
ies arelinearly separable implies that the 
onstraints hold with equality in the opti-mal, 
ooperative poli
y equilibrium, for the linkage 
ase in (3.16) as well asfor the 
ase under separation in (3.17).If linking two previously separate agreements entails any welfare gains, thenthe 
ooperative poli
ies that are optimal under linkage are di�erent from theones that are optimal under separation, r
link 6= r
sep and t
link 6= t
sep. This, to-gether with the linearity of the 
onstraints implies that under the optimal link-age poli
ies one separation 
onstraint is violated while the other one is sla
k,whereas under the optional separation poli
ies both separation 
onstraints arebinding. A separation 
onstraint that be
omes sla
k when moving from theseparation to the linkage equilibrium implies that the 
ooperation in this issueis de
reasing, while 
ooperation in the other issue is in
reasing. It follows thatany welfare gain that is realized by linking the two issues is 
aused by a better
ooperation in one issue at the expense of a worse 
ooperation in the otherissue. 52
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Figure 3.2: Shifting of 
ooperation a
ross issues due to linkage when 
ountriesare symmetri
.The graph shows the optimal, 
ooperative poli
ies under linkage, separation and withno enfor
ement 
onstraints as well as the Nash-equilibrium poli
ies. Depending onthe elasti
ity of substitution in the private and the publi
 good, � and �, linkage 
an(i) improve 
ooperation in regulation at the expense of 
ooperation in trade (upperpanel), (ii) improve 
ooperation in trade at the expense of 
ooperation in regulation(lower panel) or (iii) have no e�e
t on the 
ooperation in trade nor in regulation(middle panel).
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ooperative Nash and Nash-Bargaining poli
ies when 
oun-tries are asymmetri
The Figure shows the Nash-Bargaining poli
ies under the separation enfor
ement
onstraints, under the linkage enfor
ement 
onstraints and in the un
onstrained 
ase.The elasti
ity of substitution in the publi
 good is set to � = 2, the elasti
ity ofsubstitution in the private good at � = 2. Home is three times larger than Foreign:s = 0:75.3.4.2 Welfare gains and poli
y 
hanges when 
ountriesare asymmetri
In this se
tion we 
onsider the e�e
t of linkage on the welfare on the poli
iesfor 
ountries for di�erent size. Figure 3.3 shows the 
ooperative poli
ies andthe Nash equilibrium poli
ies when Home has three times the population offoreign (H = 3F ). Cooperation takes the form of a Nash Bargaining, so thatthe resulting, 
ooperative poli
ies are those that maximize the produ
t of thein
rease in the utility of ea
h 
ountries' representative individual with respe
tto the non-
ooperative Nash out
ome: NBS = (u
h � unh)(u
f � unf ).Size has an e�e
t on the regulation issue. The larger 
ountry better internal-izes the e�e
t of the domesti
 regulation in the global, publi
 good, while thesmaller 
ountry has a strong in
entive to free-ride on the regulation e�orts of54



Linkage between trade and regulation poli
y agreementsthe larger 
ountry. Consequently, the non-
ooperative, Nash regulation ratesare larger for the bigger 
ountry, as shown in equation (3.13). By 
onstru
-tion, there is no size e�e
t in the trade issue as the number of di�erentiatedgoods produ
ed in ea
h 
ountry is �xed and proportional to the population;hen
e, the non-
ooperative tari� rates are independent of size and just a fun
-tion of the substitution elasti
ity of the traded goods. The di�eren
e in thenon-
ooperative poli
ies between 
ountries and issues 
arries over to the 
oop-erative poli
ies under separation, where the regulation rate is higher for larger
ountry, but where the tari� rates are the same.By linking the issues the 
ountries 
an redu
e these relative di�eren
esa
ross poli
ies. To enti
e the smaller 
ountry to in
rease its regulation, itis o�ered a better deal on the trade issue, so that it 
ooperates in regulationin order to maintain a more favorable trade agreement. Likewise, the larger
ountry lowers its tari� in order to preserve a better 
ooperation on the regu-lation issue. The possibility to ex
hange poli
ies is welfare improving. The leftpanel in Figure 3.4 shows the in
rease in utility possibility set that asymmetri

ountries 
an a
hieve by linking their poli
y 
hoi
es. The right panel showsthe di�eren
e in the so
ial, Nash-Bargaining welfare under linkage and underseparation as a fun
tion of the size di�eren
e between the 
ountries.3.5 Con
lusionA di�eren
e in the enfor
eability of 
ooperation a
ross 
ountries and issues isin
reasing the welfare gains from linking the issues. The 
ontribution of thispaper is to show that this asymmetry arises naturally in the 
ontext of a largeand a small 
ountry that agree on trade and on the regulation of a publi
 good.This result should alleviate 
on
erns against using the WTO 'toolbox' toa
hieve 
ooperation in non-trade issues su
h as the �ght against 
limate 
hange.The enfor
ement-shifting e�e
t, by whi
h linkage in
reases the 
ooperation inone issue but weakens 
ooperation in the other issue, is less pronoun
ed amongasymmetri
 
ountries, whi
h 'ex
hange' 
on
essions a
ross issues when movingfrom separate to linked agreements.This yields a pra
ti
al predi
tion with regard to a 
limate-
hange agreement.If the WTO dispute settlement tool is used to improve 
omplian
e, the agreedCO2 redu
tion goals will less depend on the e
onomi
 development of ea
h
ountry than in a stand-alone agreement; the division of 
ountries into devel-oped and developing ones, respe
tively into annex-I and non-annex 
ountries,55
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Figure 3.4: Welfare gains from linkage when 
ountries are asymmetri
.The elasti
ity of substitution in publi
 goods is set to � = 2. The elasti
ity ofsubstitution in the private good is set to � = 2. Countries are asymmetri
 withs = 0:75 in the left panel. The right panel shows the utilitarian so
ial welfarein
rease due to linkage.will be less important for the 
limate poli
ies. At the same time, ri
her 
oun-tries will need to make trade 
on
essions.Two extensions 
ome to mind. First, in the present model di�eren
es insize a�e
t the non-
ooperative level of regulation, but not the non-
ooperativetari� rates. This results from assuming a spe
ialization that is independent ofthe market size: in the model, ea
h individual produ
es one di�erentiated goodno matter how large the market. In a model with endogenous spe
ialization -as in the standard CES-trade model where produ
ing a variety requires a �xed
ost - optimal non-
ooperative tari�s would intuitively de
rease with size. Itmight be worthwhile investigating how in su
h a set-up the 
ooperative poli
ies
hange when moving from separation to linkage.Se
ond, the model has assumed what 
ould be 
alled a 'power-based' (Nash-Bargaining) approa
h to negotiations on trade and non-trade issues. Bagwelland Staiger (2002) argue that real-world trade negotiations in the WTO arebetter 
hara
terized as 'rules-based' following the prin
iple of re
ipro
ity. It56



Linkage between trade and regulation poli
y agreementswould be interesting to see how a re
ipro
ity prin
iple 
ould be extended tothe 
ase of non-trade, global goods and what e�e
t su
h a prin
iple 
ould haveon the negotiated poli
ies.
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Ginarte-Park Index onIntelle
tual Property Rights
To measure the level of Intelle
tual Property Rights the index devised byGinarte and Park (1997) is used. The index 
overs 110 
ountries with ob-servations in 5-year intervals for the period 1960-1990. An update for 1995was kindly provided by Walter Park. The index is 
onstru
ted to measure thestrength of the legal patent prote
tion in ea
h 
ountry. The authors examinethe national patent laws along di�erent 
ategories whi
h in
lude patentabilityof innovations in pharma
euti
als, food, plants, animals and mi
roorganisms,membership in international patent agreements, 
onditionality of patent pro-te
tion2, enfor
ement of patent prote
tion and patent duration. Points wereawarded on whether and how strong these di�erent features are present in thenational patent regulations. These points are s
aled in a way su
h that the
umulative s
ore, the index of patent prote
tion, takes values between 0, fora 
omplete absen
e of patent prote
tion, and 5 for the highest possible patentprote
tion. A few 
ountries in the sample yield zero points, the US patentlaws s
ore highest with 4.52, the mean value is around 2.4.

2National patent regulations may require for patent prote
tion that the good is pro-du
ed domesti
ally (working requirement) or that li
enses to domesti
 produ
ers are issued(
ompulsory li
ensing). 59



Regulation of IPRs and TradeCountry 1960 1965 1970 1975 1980 1985 1990 1995Algeria 3.05 3.05 3.38 3.38 3.38 3.38 3.38 3.38Angola 0 0 0 0 0 0 0 1.65Argentina 1.93 1.93 2.26 2.26 2.26 2.26 2.26 3.19Australia 2.9 2.9 2.9 2.9 3.23 3.23 3.32 3.86Austria 3.38 3.38 3.48 3.48 3.81 3.81 4.24 4.57Bangladesh 1.99 1.99 1.99 1.99 1.99 1.99 1.99 2.32Belgium 3.05 3.38 3.38 3.38 3.38 4.05 3.9 3.9Benin 2.05 2.05 2.52 2.52 2.52 2.52 2.86 2.86Bolivia 2.12 2.12 1.98 1.98 1.98 1.98 1.98 2.31Botswana 1.7 1.7 1.7 1.7 1.9 1.9 1.9 1.9Brazil 1.64 1.64 1.64 1.51 1.85 1.85 1.85 3.05BurkinaFaso 1.76 2.1 2.24 2.24 2.24 2.24 2.24 2.57Burundi 2.52 2.52 2.52 2.52 2.86 2.86 2.86 2.86Cameroon 1.76 2.1 2.24 2.24 2.57 2.57 2.57 2.57Canada 2.76 2.76 2.76 2.76 2.76 2.76 2.76 3.57Central Afri
an Republi
 1.76 2.1 2.24 2.24 2.57 2.57 2.57 2.57Chad 2.05 2.38 2.38 2.38 2.71 2.71 2.71 2.71Chile 1.98 1.98 2.41 2.41 2.41 2.41 2.41 3.07China 1.55Colombia 2.08 2.08 1.62 1.8 1.12 1.12 1.12 2.57Congo, Dem. Rep. 2.52 2.52 2.52 2.86 2.86 2.86 2.86 2.86CongoRep 1.76 2.1 2.24 2.24 2.57 2.57 2.57 2.57Costa Ri
a 2.19 2.19 1.76 1.76 1.94 1.47 1.47 1.8Cote d'Ivoire 2.05 2.38 2.52 2.52 2.52 2.52 2.52 2.52Cyprus 1.9 1.9 2.24 2.24 2.24 2.24 2.24 2.24Denmark 2.33 2.66 2.8 2.8 3.62 3.76 3.9 4.05Domini
an Republi
 2.26 2.26 2.41 2.41 2.41 2.41 2.41 2.41E
uador 1.94 1.94 1.66 1.66 1.54 1.54 1.54 2.71Egypt 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99El Salvador 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.86Ethiopia 0 0 0 0 0 0 0 0Fiji 2.01 2.01 2.01 2.01 2.01 2.01 2.01 2.01Finland 1.99 1.99 2.14 2.14 2.95 2.95 2.95 4.19Fran
e 2.76 3.1 3.24 3.24 3.9 3.9 3.9 4.05Gabon 1.76 2.1 2.24 2.24 2.57 2.57 2.57 2.57Germany 2.33 2.66 3.09 3.09 3.86 3.71 3.71 3.86Ghana 2.23 2.23 2.37 2.37 2.9 2.9 2.9 2.07Gree
e 2.46 2.46 2.46 2.46 2.46 2.46 2.32 2.65Grenada 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7Guatemala 1.94 1.94 1.08 1.08 1.08 0.75 1.08 1.08Guyana 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42Haiti 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19Honduras 2.05 2.05 2.05 2.05 1.76 1.76 1.76 2.1Hong Kong 2.04 2.04 2.04 2.04 2.24 2.57 2.57 2.57I
eland 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.45India 1.85 1.85 1.42 1.62 1.62 1.62 1.48 1.51Indonesia 0.33 0.33 0.33 0.33 0.33 0.33 0.33 1.24Iran 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38Iraq 2.13 2.13 2.13 2.13 2.46 2.46 2.46 2.46Ireland 2.23 2.56 2.99 2.99 2.99 2.99 2.99 3.32Israel 3.04 3.37 3.57 3.57 3.57 3.57 3.57 3.57Italy 2.99 3.32 3.32 3.46 3.71 4.05 4.05 4.19Jamai
a 3.09 2.86 2.86 2.86 2.86 2.86 2.86 2.86Japan 2.85 3.18 3.32 3.61 3.94 3.94 3.94 3.94Jordan 1.52 1.52 1.52 1.86 1.86 1.86 1.86 2.19Kenya 2.37 2.37 2.37 2.37 2.57 2.57 2.57 2.9Korea 2.8 2.8 2.94 2.94 3.28 3.61 3.94 4.2Table 3.1: GP-Index of Intelle
tual Property Rights, Part I60



Ginarte-Park Index on Intelle
tual Property RightsCountry 1960 1965 1970 1975 1980 1985 1990 1995Liberia 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.86Lithuania 2.9Luxembourg 2.29 2.29 2.71 2.71 3.05 3.05 3.05 3.05Madagas
ar 1.05 1.38 1.52 1.52 1.86 1.86 1.86 2.27Malawi 2.37 2.7 2.7 2.7 3.04 3.24 3.24 3.24Malaysia 2.37 2.37 2.37 2.37 2.57 2.9 2.37 2.85Mali 1.9 1.9 1.9 1.9 1.9 2.57 2.57 2.57Malta 1.56 1.56 1.89 1.89 1.89 1.89 1.89 1.89Mauritania 1.76 2.1 2.24 2.24 2.24 2.57 2.57 2.57Mauritius 2.56 2.56 2.56 2.56 2.89 2.89 2.89 2.89Mexi
o 1.7 1.7 1.99 1.99 1.4 1.4 1.63 2.86Moro

o 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38Mozambique 0 0 0 0 0 0 0 0Myanmar 0 0 0 0 0 0 0 0Nepal 2.52 2.52 2.52 2.52 2.52 2.52 2.52 2.52Netherlands 2.85 3.18 3.18 3.18 3.32 3.32 3.32 3.86New Zealand 2.95 3.29 3.61 3.47 4.24 4.24 4.24 4.38Ni
aragua 1.78 1.78 0.92 0.92 0.92 0.92 0.92 0.92Niger 1.76 2.1 2.24 2.24 2.24 2.24 2.24 2.57Nigeria 2.71 3.05 3.05 3.05 3.05 3.05 3.05 3.05Norway 2.66 2.66 2.8 2.8 3.29 3.29 3.29 3.9Pakistan 0 0 0 0 0 0 0 0Panama 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99Papua New Guinea 2.41 2.41 2.41 2.41 2.41 2.41 2.41 3.52Paraguay 1.8 1.8 1.8 1.8 1.8 1.8 1.8 2.8Peru 1.17 1.17 1.31 1.31 1.02 1.02 1.02 2.71Philippines 2.19 2.52 2.67 2.67 2.67 2.67 2.67 2.67Portugal 1.98 1.98 1.98 1.98 1.98 1.98 1.98 2.98Romania 2.71Russia 3.04Rwanda 2.52 2.52 2.52 2.52 2.52 2.86 2.86 2.86Saudi Arabia 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05Senegal 1.76 2.1 2.24 2.24 2.24 2.57 2.57 2.57Sierra Leone 2.52 2.52 2.52 2.52 2.52 2.52 2.52 2.52Singapore 2.37 2.37 2.37 2.37 2.57 2.57 2.57 3.9Slovakia 3.19Somalia 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8South Afri
a 3.04 3.37 3.37 3.37 3.57 3.57 3.57 3.57Spain 2.95 3.29 3.29 3.29 3.29 3.29 3.62 4.05Sri Lanka 2.6 2.6 2.6 2.6 2.79 3.12 3.12 3.12Sudan 2.86 2.86 2.86 2.86 2.86 3.52 3.52 3.52Swaziland 2.19 2.19 2.19 2.19 2.19 2.19 2.19 2.86Sweden 2.33 2.66 2.8 2.8 3.47 3.47 3.9 4.24Switzerland 2.38 2.71 3.14 3.14 3.8 3.8 3.8 3.91Syria 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46Tanzania 2.7 2.7 2.7 2.7 2.9 2.9 2.9 2.9Thailand 1.51 1.51 1.51 1.51 1.85 1.85 1.85 2.24Togo 1.9 1.9 2.24 2.24 2.24 2.24 2.24 2.57Trinidad and Tobago 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.35Uganda 2.04 2.37 2.37 2.37 2.57 2.57 2.57 2.9United Kingdom 2.7 3.04 3.04 3.04 3.57 3.57 3.57 3.57United States 3.86 3.86 3.86 3.86 4.19 4.52 4.52 4.86Uruguay 1.79 1.79 2.26 2.26 2.26 2.26 2.26 2.6Venezuela 1.35 1.35 1.35 1.35 1.35 1.35 1.35 2.9Vietnam 3.13Zambia 3.52 3.52 3.52 3.52 3.52 3.52 3.52 3.52Zimbabwe 2.37 2.37 2.37 2.37 2.9 2.9 2.9 2.9Table 3.2: GP-Index of Intelle
tual Property Rights, Part II61
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