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Abstract

This article deals with the impact of legislation in the seed sector on incentives for
variety creation. Two categories of rules interact. The first category consists in intel-
lectual property rights and is intended to address a problem of sequential innovation
and R&D investments by the private sector. The second category concerns com-
mercial rules that are intended to correct a problem of adverse selection on the seed
market. We propose a dynamic model of market equilibrium with vertical product
differentiation that enables us to take into account the economic consequences of im-
posing either Plant Breeders’ Rights (PBRs) or patents as IPRs. We simultaneously
examine two kinds of commercial legislation: compulsory registration in a catalogue
and minimum standards for commercialisation. Analytical results are completed by
numerical simulations. The main result is that the combination between minimum
standards and PBRs provides higher incentives for sequential innovation and may be
preferred by a public regulator to maximise the expected and discounted total surplus
when sunk investment costs are low or when they are medium and the probability of
R&D success is sufficiently high. This solution differs from the combination of IPRs
and commercialisation rules used in both the US and Europe. Otherwise, PBRs have
to be replaced by patents, which yields a configuration close to that observed in the
US. The catalogue commercialisation rule is seldom preferred to minimum standards,
so that the combination of IPRs and commercialisation rules that prevails in Europe
is not supported by our model.
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Promoting innovation on the seed market and biodiversity

1 Introduction
Promoting biodiversity is an important facet of public policies targeting sustainable
development, both for developed, developing and less developed countries. More
specifically, since the early twentieth century, public authorities have been very ac-
tive/keen to set up instruments that aim to preserve and enhance the diversity of
plants and seeds used in the agricultural sector. Such diversity is seen as a pub-
lic good (non rivalry and non excludability) subject to underinvestment due to the
non-cooperative behaviour of private agents in the sector (see Polasky and al. (2005)
for a review of biodiversity’s economic aspects). The use of different varieties of the
same plant by neighbourhood farmers may, for instance, limit the risk of spreading
of plant diseases to the whole community of farmers. Two complementary types of
instruments have been set up.

Intellectual Property Rights (IPRs) are precisely the first type of instrument set
up to promote biodiversity in the agricultural sector. The rationale for defining in-
tellectual property rights for plant varieties is that anthropic intervention is essential
to obtain new varieties, thanks to seed selection, for instance. Such interventions
are costly and may thus be rewarded to occur as the outcome of research and de-
velopment activity of rational economic agents (Scotchmer, 2004). Though this
general idea is widely acknowledged and is part of the international agreement on
Trade-Related aspects of Intellectual Property Rights (TRIPS), whether sui generis
IPRs or patents have to be used is controversial. Partisans of sui generis IPRs
argue that inventions in the seed sector are essentially incremental/cumulative and
that a breeder’s exemption enabling breeders to freely develop new varieties from
protected varieties created by others is required to efficiently promote biodiversity.
The European Union shares this point of view and has set up specific Plant Breed-
ers’ Rights (PBRs) also known as Plant Variety Rights (PVRs) or Plant Variety
Protection (PVP), granted to the breeder of a new variety of plant that give him
exclusive control over its marketing and use for a predefined number of years. Par-
tisans of patents, and among them the United States, contest the fact that new
plant varieties have to be treated as specific inventions. Cumulative innovation was
discussed by Scotchmer (1991) who give an overview of the main related issues and
O’Donoghue et al. (1998) highlight problems arising from the length and breadth
of a patent in a context of cumulative inventions. So far, the economic literature
on PBRs has mainly focused on the empirical assessment of the effectiveness of in-
centives to innovate generated by intellectual property rights in the seed sector. No
definitive conclusions can be drawn from this literature. Like Alston and Venner
(2002), Carew and Devadoss (2003) attempts to test whether yields have been signif-
icantly increased by Plant Variety Rights for respectively wheat in the United States
and canola in Canada. They find no significant impact. In contrast, Diez (2002)
scrutinises the role of PBRs in Spain and concludes in favour of a positive impact.
Lesser (1997) and Srinivasan (2003) assess the value of PBRs, Srinivasan (2003)
with the aim of evaluating farmers’ rights in India. Ambec et al. (2008) and Per-

2



Promoting innovation on the seed market and biodiversity

rin and Fulginiti (2008) examine the Coase conjecture with different assumptions
concerning the behaviour of farmers and breeders and market conditions. Lence
et al. (2005) develop a theoretical model with three possible equilibria to look at
the impact of the appropriability level. More generally, literature lacks discussions
of the respective merits of patents and PBRs for stimulating innovation in the seed
sector. Noticeable exceptions are Moschini and Yerokhin (2008) and Yerokhin and
Moschini (2008) who find that when research cost is high, PBRs is not the best
option. Bessen and Maskin (2009) and Nagaoka and Aoki (2009) look at "innova-
tion imitation" which is quite similar to research exemption, however they do not
really compare PBRs and Patents. This article is an attempt to fill a gap in existing
literature.

Divergence across countries about the relevant IPRs overlaps divergence regard-
ing the second type of instrument; seed commercialisation rules. Commercialisation
rules are specifically designed to address the adverse selection problem that arises in
the seed market (Akerlof (1970)). When faced with the opportunity to buy seeds of
a new plant variety or of an old plant variety that is not widely grown, farmers need
a credible assessment of the characteristics of the variety. In the absence of such a
credible assessment, they would not accept to pay different prices for differentiated
seeds and the eviction of "high quality" varieties by "low quality" varieties would
occur. Without the opportunity to buy seeds that better fit their needs, farmers
would then incur a loss in terms of yields and profitability. Addressing the adverse
selection problem in the seed market thus not only matters for the promotion of
biodiversity but is also important in boosting agricultural production. Instruments
set up to circumvent the problem of adverse selection generally consist of regulatory
approval based on the fulfilment of minimum standards by commercialised seeds.
How stringent these minimum standards are greatly depends on the country. In
European Union, the marketing authorisation procedure relies on the Distinctness
Uniformity and Stability (DUS) tests carried out by the authority competent for
granting Plant Breeders’ Rights or by separate institutions, such as public research
institutes, acting on behalf of that authority. Commercialisation approval is thus
tightly linked to Plant Breeders’ Right in the European Union. By contrast, com-
mercialisation rules in the United States rely on less stringent criteria and, last but
not least, it is not tight to the grant of a patent on the commercialised variety. As
a result, a "free seed" movement has developed in Europe to stress that the way
Plants Breeders Rights are coupled with commercialisation rules is counterproduc-
tive to the promotion of biodiversity, or even contest the principle of property rights.
The key idea is that landrace varieties contributing to biodiversity can not be com-
mercialised because they do not fulfil one or several of the three DUS criteria. The
debate in Europe is thus bipolarised with opponents to current commercialisation
rules and/or property rights on the one side and partisans (mainly large firms from
the seed industry) of the current coupled system of PBRs and DUS based commer-
cialisation rules on the other side. This article tries to highlight the debate from
an academic perspective. Indeed, little has been said from an academic economist’s
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point of view about what combination of commercialisation rules and IPRs should
be preferred and which economic agents could gain or lose from a switch in the
current system to this combination, if different from the current system.

The article is organised as follows. Section 2 presents the institutional context
and more specifically outlines the different types of IPRs and commercialisation
rules that may be adopted. It starts with general rules defined in international
agreements and then examines how they are implemented in different countries or
coalitions of countries. Section 3 then proposes a theoretical model to analyse the
optimal combination of commercialisation rules and IPRs for the seed market. It
starts with an adaptation to the seed market of the vertical differentiation model
proposed by Prescott and Visscher (1977) and used by Bresnahan (1987) to describe
the US car market, the advantage of which being that a dynamic approach of mar-
ket equilibrium is used. Plant varieties are assumed to result from a sequence of
incremental inventions. The type of IPRs that are set up by public authorities is
assumed to affect market structure and thus influences the decision to proceed or
not with an incremental invention at each period. Section 4 introduces biodiversity
as a public good, the level of which modifies the productivity parameter of agricul-
tural land. Numerical simulations based on calibration of the model are examined.
Regarding commercialisation rules, we consider two scenarii where adverse selection
is corrected. In the first scenario, each breeder may subscribe on a voluntary basis
to a system of commercialisation rules that is assumed to convey a credible signal
regarding seed quality. In the second scenario, commercialisation rules are compul-
sory and rely on DUS tests so that they result in the eviction of landrace varieties,
unless an additional unit cost of production is incurred to make their seeds compat-
ible with the DUS tests. Regarding IPRs, we compare patents and PBRs. Patents
are assimilated to an exclusivity right on all uses of a plant variety and on the sub-
sequent varieties that could be obtained whereas PBRs are assumed to provide an
exclusivity right on the commercialisation of a plant variety but not on its use as
a raw material to generate new varieties. The obtention of each new plant variety
may be challenged by another breeder than the holder of the PBR on the initial
variety. As a result, PBRs are associated with an oligopolistic market structure of
the seeds market whereas patents are associated with a monopolistic structure. Sec-
tion 5 presents a dynamic framework of the theoretical model where combinations of
commercialisation rules and intellectual property rights are compared both in terms
of incentives to innovate and in terms of welfare for different levels of R&D costs
and R&D probability of success for obtaining a new variety. Section 6 concludes.

2 Institutional Context

2.1 Commercialisation rules

Compulsory registration in an official catalogue is an approach to regulate the seed
market chosen by many countries such as European Union (EU). Under a catalogue
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regime, breeders must register a seed variety in the catalogue to commercialise it.
In this aim, the variety passes two tests that are DUS (Distinction, Uniformity and
Stability) and VCU (Value for Cultivation and Use). Varieties must be sufficiently
different from other varieties at the date of application (distinction). They must have
the same features between them (seeds must be uniform). And, finally, after the
reproduction or multiplication, their characteristics must stay unchanged (stability).
Moreover, the VCU test requires an improvement in seed quality in relation to those
already registered in the catalogue. For example, in France, the first appearance of
the catalogue was in 1932 but it was just to regulate varieties denomination. The
"Comité Technique Permanent de la Sélection" (CTPS) was created in 1942 to test
varieties with DUS and VCU criteria. A decree, enacted in 1949, has forbidden sales
of varieties that are not registered in the catalogue. In the EU, two directives1 have
established catalogue for vegetables and agricultural species in 1970. In India, the
Seed Bill of 2004 set up a mandatory registration based only on the VCU criterion.
In others countries these registrations in a catalogue are not necessary. For the
commercialisation of seeds in the US, the Federal Seed Act (1932) requires different
standards like a germination rate, a weed rate, etc. A variety can be certified by
the Association of Official Seed Certifying Agencies2 (AOSCA) since 1919 but it is
not compulsory. To go further, Tripp and Louwaars (1997) describe the regulation
of the seed market for some countries.

For several environmental and agricultural NGOs, the catalogue is controversial
because it stops the commercialisation of traditional seeds (landraces) which cannot
meet the DUS criteria whereas, for others people, it provides a quality "guarantee"
for commercialised seeds. In European Countries, specific catalogues exist for tra-
ditional varieties and for conservation varieties but the registered varieties can only
be commercialised by garden centres3. Furthermore, many countries that regulate
the seed market with a catalogue are signatory of the Convention on Biological Di-
versity (CBD)4. The CBD emphasises the conservation of biodiversity both in-situ
and ex-situ. Exit of landraces of the seed market, caused by the catalogue, can be
seen as the opposite of the CBD objectives.

2.2 Intellectual Property Rights on plant

Both patents and PBRs provide intellectual property rights on plants. PBR comes
usually from the UPOV convention and patent are currently used by some countries
such as the US.

The concept of the patenting of living organisms was introduced in US law in
1930 with the Plant Patent Act (PPA) that is part of the Patent Act. Note that
we are concerned with patents on plants, which are allowed in the US but are
forbiden in the European Union, not with patents on plant related inventions (a new

1Directives 70/457/CEE and 70/458/CEE
2not only in US
3Directives 98/95, 2008/62
4established in Rio de Janeiro, 1992
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breeding process for instance) that are allowed both in the US in the EU. We do not
address the issue of the balance between IPRs on plants and IPRs on plant related
inventions mentionned, among others, by Hans Dons (2013). However, in 1930,
only the asexual species could be patentable in the US. In 1980, the Supreme Court
allowed all forms of patenting of living organisms because it believes all creations
or inventions made by man can be patented5. The use of utility patent for a plant
variety was approved by the Supreme Court in 2001 with a case between Pioneer
and JEM Ag Supply where Pioneer complained against JEM Ag Supply because
JEM Ag Supply sold proprietary seeds of Pioneer whereas these seeds were owned
by Pioneer and protected by a utility patent. JEM Ag Supply’s defence was that a
seed could be "proprietary" only under the Plant Variety Protection Act (PVPA)
or the PPA. The Supreme Court ruled that the PPA and the PVPA were not the
only way to get a federal monopoly on the commercialisation, reproduction or use
of a plant variety. As a consequence, all kinds of seed varieties can be patented
by a utility patent. In Europe, Germany was the first country to patent a plant
variety in 1932. The Strasbourg Convention (1963) has not constrained parties
to patent plant variety while the European Patent Convention, established in 1973,
prohibits the patenting of plant varieties. However, the EU and the European Patent
Office (EPO) provide the possibility for patenting processes that affect the biological
material. Directive 98/44 recalls that plant varieties are not patentable, but it also
gives indications on what is patentable. Thus, an invention that has a connection
with biological material or a process for producing the biological material may be
patentable. However, the new process must work on several varieties, it must be
independent of the new variety. On top of that, existing biological material is
patentable if a technical process creates it. For example, the BT gene, which confers
resistance to some insects, can be inserted into different varieties of plants, thus the
BT gene is patented. A patent is usually a way of protecting ones invention without
any exception. However, regarding the patenting of life in the EU, researchers have
access to varieties that have a patented technical process. Thus, the protection
afforded by patents is comparable to the protection of a PBR (presented in the next
paragraph). Finally, the exception provided for PBRs regarding the reproduction
of some plants species is also contained in the directive on the patenting of living
organisms. In the US, unlike the EU law there are no exceptions of reproduction
for researchers like for farmers. Thus, seed companies have a total monopoly on
commercialisation and reproduction of their varieties either for profit making or
not. Moreover, as EU, many developing countries do not authorise to patent a plant
variety such as Brazil, China, India, etc. Nevertheless, the international agreement
on Trade-Related aspects of Intellectual Property Rights (TRIPS), enacted in 1994,
requires an IPR on plant6. This IPR can be a patent system, a sui generis7 system
or a combination of the two systems.

5Following the Chakrabarty case, on patenting of micro-organism
6Article 27.3.B
7Sui generis means of its own kind. This term expresses here that members must create a

system unique to the living world and to the plants which can be similar to the patent system.
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The UPOV, created in 1961 by the International Convention for the Protection
of New Varieties of Plants, is a sui generis system for plant varieties. The last
version of this agreement was written in 19918. It has established an IPR for new
plant varieties that is different from patents. This agreement clearly defines what
are the rights of breeders (a person or organisation creating new varieties of seeds
or new plants) and also what they must respect to acquire these rights. In order
to acquire a PBR, breeders must respect five criteria: novelty, DUS (three criteria)
and administrative conditions whereas there are three for a patent: novelty, non-
obviousness and industrial applicability. In order to commercialise (importation,
exportation, donation, sale) a proprietary variety or a variety essentially derived
from the protected variety the permission of the breeder is required. This permis-
sion is not required for private use, different tests, researching new varieties with a
commercial purpose (research exemption) or for the output of agriculture. Regard-
ing farm-saved seed (farmers’ privilege), it was possible with the convention of 1978
whereas an agreement of the breeder is required with the convention of 1991. These
last points represent the main difference to a patent: there is no exception of use
for it. Rights last a minimum period of twenty years except for trees, grapevines or
potatoes where the minimum is twenty-five years.

France is a major protagonist in the UPOV as it is one of its initiators. France
adopted the first convention in 1970 but without the farmers’ exemption. For na-
tional protection, the PBR lasts for a period of twenty five years or thirty years if
the new plant is grapevine, trees, potatoes or inbred lines used for hybrid varieties9.
A new revision of law in 2011 enables the French legislation to respect the UPOV
Convention of 1991. In the US, the Plant Variety Act of 1970 has been created
for sexual plants in order to meet the criteria of the UPOV convention. Farm-saved
seeds were completely authorized without breeder agreement until 1994. After 1994,
selling farm-saved seeds was prohibited. The EU adopted the UPOV convention of
1991 in 1994. A European PBR is valid in all EU countries for twenty-five years
or thirty years if the new plant is grapevine, trees and potatoes. An exemption
for farm-saved seeds exists for farmers in addition to the research exemption but
it is only valid for some plants (twenty species)10. In Brazil, only the UPOV con-
vention of 1978 is enacted in order to keep the farmers’ exemption. India, unlike
the United States, France or Brazil, is not a member of the UPOV. Yet in 2001,
it has established an IPRs system for seeds similar to the UPOV11. In addition to
property rights on new varieties, this law has created three others types of IPRs
for plants: farmers’ varieties, varieties that already exist and essentially derivative
varieties. Regarding intellectual property rights on new varieties, they have been
largely derived from those of UPOV. Thus, seeds must comply with the DUS criteria
for acquiring a PBR and must pass the novelty test. These rights have a term of

8Available on
http://www.upov.int/export/sites/upov/en/publications/conventions/1991/pdf/act1991.pdf

9Article L623 of "Code de la propriété intellectuelle"
10Directives 2100/94 and 2100/44
11The Protection of Plant Varieties of Farmers Rights Act
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nine years renewable once for the grapevines and trees, six years renewable up to 15
years for others seeds. The Indian law is more detailed and discussed by Ramanna
(2003) and Ramanna (2006).

IPR on plant are criticised in two opposite way. For some chemical companies,
in the seed market, IPRs and especially PBRs are not strong enough to confer an
effective protection. Lesser (2000) tries to identify an effective sui generis protection
and highlights some approaches to enhance the existing PBRs. On the other side,
for many farmers farm-saved seed is a right, as the International Treaty on Plant
Genetic Resources for Food and Agriculture (ITPGRFA) promotes it, and should
not be prohibited.

3 The seed market in a static framework
Though innovation is intrinsically a dynamic process, we first attempt to develop a
static analysis of the seed market. The underlying idea is that the market structure
is influenced by the type of IPRs that prevails for plant varieties. Therefore, prior
considering the dynamic effects of IPRs on innovation, we have to determine their
static effects. For this purpose, we adapt a standard market equilibrium model with
vertical differentiation to our problem. We first characterise the demand addressed
by heterogenous farmers to different varieties of seeds for a same crop. We then turn
to the analysis of the supply side. We distinguish between a landrace variety and
"breeder" varieties. "Breeder" varieties are supplied and created by breeders whereas
the landrace already exists. Suppliers of the landrace variety have no market power
whereas breeders of created varieties have a market power that crucially depends
on the type of IPRs that prevail for plant varieties. In addition to the distinction
between a patent regime and PBRs, we furthermore examine the impact of opting
for minimum standards or a catalogue for regulating the commercialisation of seeds.

3.1 Farmers behavior

We consider farmers growing the same crop by means of three different types of
input: land L, seeds S and a vector Z of other inputs including capital and labor.
We more specifically consider the nested production function

Y = A Min [αS; βL; γf (Z)] εi (1)
where Y stands for the output level, f (Z) is a sub-production function with

constant returns to scale and εi is a random term with mean µi and standard devi-
ation σi. The underlying idea is that seeds land and the whole set of other inputs
are perfect complements but that substitution between other inputs (namely capital
and labour) is possible. A is a productivity parameter, the value of which may de-
pend on a measure of biodiversity assumed to be exogenous for the time being. The
random term εi captures the fact that the variety i of crop grown affects both the
average production level and its variability. The random profit level π̃i for a farmer
that chooses variety i with a unit price of seeds wi may be expressed as
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π̃i = P A α S εi − δi S (2)

where δi = wi + wz α/γ and wz is the minimum cost at which elements of the
vector Z of variable inputs may be combined to obtain the efficient aggregate level
f (Z) = S α/γ associated to a given quantity of seeds S. Land is treated as a fixed
input so that its price does not appear in the expression of the profit level. If land
was a variable input with unit price wL, then wLα/β would have to be added to δi.
The profit level is expressed in terms of S rather than in terms of L or Z in order
to focus on the demand of seeds.

Farmers are assumed to have a constant relative risk aversion index in the sense
that the risk premium they associate to their random profit level π̃i is proportional to
the surface of land they use and, as a direct consequence of perfect complementarity
between land and seeds, to the quantity of seeds they buy. In order to capture this
attitude toward risk, the mean-standard deviation version of Markowitz’s criteria
is used (Markowitz (1952)). Accordingly, the risk adjusted profit level of a farmer
choosing variety i of the crop is given by

πi = (P A α S µi − δi S)− θ (P A α S σi) (3)

where θ is a risk aversion parameter and θ (P A α S σi) is the risk premium.
Note that farmers are assumed to choose the same variety for the whole surface area
they use. Allocation of different plots of land to different varieties is not considered.
A reason for this may be, for instance, that such a mix implies too high organisa-
tional costs. In order to analyse the optimal choice of variety, it is more specifically
convenient to rewrite the risk adjusted profit level in the following form

πi = S (A P α (µi − θ σi)− δi) (4)

Thereafter, varieties are indexed according to their rank once sorted according
to the mean value of the random component εi in the production function, corrected
to take account of risk aversion (i.e. i > j ⇔ µi − θ σi > µj − θ σj). Furthermore,
it is assumed that there are two kinds of seeds. The first type is variety i = 0
referred to as the landrace variety, i.e. a variety that has been used since long ago
and generates the lowest per unit of seed expected value of production with the
highest risk (i.e. µ0 < µi ∀i > 0 and σ0 > σi ∀i > 0). The second type of seeds
gathers all other varieties and is referred to as the "breeder" type. Varieties of the
"breeder" type have to pass an uniformity and stability test that aims to provide
a guarantee that production will not vary due to heterogeneity among seeds of a
same variety. For these varieties, the risk affecting production is thus limited to
meteorological conditions and is thus assumed to be of the same magnitude for all
of them (i.e. σi = σ ∀i > 0). As a result, "breeders" varieties are differentiated only
in terms of their value of µi that may be thought of as a quality parameter. Farmers
are heterogeneous in terms of the productivity of their land measured by parameter
A. Under these additional assumptions, the optimal choice of variety for farmers
is formally identical to the optimal choice of quality by consumers in example 4
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of Prescott and Visscher (1977). More specifically, the linear utility function of
consumers with a heterogeneous marginal rate of substitution is replaced by the
risk adjusted profit level which is linear with respect of parameter A that captures
heterogeneity among farmers. Farmers prefer variety i to variety j if and only if
πi > πj. This inequality yields

A >
δi−δj

P α ((µi−θ σi)−(µj−θ σj)) if i > j

A <
δi−δj

P α ((µi−θ σi)−(µj−θ σj)) if i < j
(5)

Farmers who choose variety i among a set {0, · · · , I} of varieties of a same crop
are thus farmers with a productivity parameter A of land that satisfies

δ0
P α η0

< A < δ1−δ0
P α (η1−η0)

for i = 0
δi−δi−1

P α (ηi−ηi−1)
< A < δi+1−δi

P α (ηi+1−ηi) for 0 < i < N
δi−δi−1

P α (ηi−ηi−1)
< A for i = N

(6)

with ηi = µi − θ σi and ηj = µj − θ σj. The left hand side threshold for i = 0
follows the condition that farmers decide to grow variety i = 0 of the crop if and
only if they make a positive risk adjusted profit with that variety. If this condition
of a positive risk adjusted profit is satisfied for i = 0 then it is also satisfied when
farmers prefer a variety i > 0 because this choice implies that they reach a higher
level of risk adjusted profit.

For the problem to make sense, it is expected that the minimum costs δi (i ∈
{0, · · · , I}) per unit of seed are consistent with a positive demand for each variety.
Therefore, we assume that Amax > (δN − δN−1) / (P α (ηN − ηN−1)) (i.e. there is
a positive demand for variety i = N) and that Amin < (δ1 − δ0) / (P α (η1 − η0))
(i.e. there is a positive demand for variety i = 0). We also introduce the sim-
plifying assumption that production is profitable for all farmers. For this purpose,
assumption Amin > δ0/ (P α η0) is added. It guaranties that farmers with the lowest
productivity can make profits at least by choosing variety i = 0. Farmers may also
be heterogeneous as regard seeds S they use but their distribution in terms of S is
supposed to be independent of their distribution in terms of A. Given these assump-
tions and the fact that δi = wi +wz α/γ for all varieties, the demand system for the
different varieties may be expressed in terms of their prices wi (i ∈ {0, · · · , I}) as
follows

qi =


q
(

w1−w0

P α (η1−η0)
− Amin

)
for i = 0

q
(

wi+1−wi
P α (ηi+1−ηi) −

wi−wi−1

P α (ηi−ηi−1)

)
for 0 < i < N

q
(
Amax − wi−wi−1

P α (ηi−ηi−1)

)
for i = N

(7)

with q = ML 1
α
/Amax − Amin where M is the number of farmers and L the

average surface they use12. M L 1
α
is a measure of market size for seeds.

12The way the average surface appears in the demand system directly follows on from the sim-
plifying assumption that the distribution of surface and productivity are independent.
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3.2 Breeders behavior

In a static framework, the behaviour of breeders of created varieties is crucially in-
fluenced by the type of IPRs that prevails for plant varieties and that shapes the
structure of the seed market. We argue that a patent regime is associated with ei-
ther a monopolistic-monovariety structure or a monopolistic-multivariety structure
on the breeders side, whereas a PBRs regime more or less leads to an oligopolistic
market structure. Seeds for the landrace variety just have to be produced at a con-
stant unit cost c0, which implies that they are supplied in a competitive context and
are priced at their constant unit cost. We examine and compare pricing under the
two IPRs regimes and also discuss the incidence of switch from minimum standards
to a catalogue for commercialisation rules on the seed market.

3.2.1 Pricing with a patent system

For ease of presentation, we start with the case of a patent system to protect plant
varieties. It is necessary to remember that varieties of the "breeder" type are ranked
according to the increasing value of the quality parameter µi. The implicit assump-
tion is that the development of "breeder" type varieties begins with variety i = 1
and proceeds variety by variety from i to i+ 1 up to variety i = N with the highest
quality level. In this sense, varieties i > 1 are incremental inventions developed
from the initial invention i = 1. Since patents convey an exclusivity right on all
incremental inventions that may be derived from an initial invention, we consider
that the inventor of variety i = 1 has de facto a monopolistic position on all other
varieties13. For a given number N of developed varieties, the objective of the initial
inventor is to maximise the joint profit of supplying all varieties

Max
{wi,··· ,wN}

N∑
i=1

(wi − ci)qi (8)

where ci stands for the constant unit cost of producing seeds for variety i. The
corresponding first order conditions for i ∈ {i, . . . , N − 1} may be written as

wi =
ci
2

+
wi+1

2

ηi − ηi−1

ηi+1 − ηi−1

+
wi−1

2

ηi+1 − ηi
ηi+1 − ηi−1

+

(
wi+1 − ci+1

2

)
ηi − ηi−1

ηi+1 − ηi−1

+

(
wi−1 − ci−1

2

)
ηi+1 − ηi
ηi+1 − ηi−1

(9)

Note that for i = 1 we have wi−1 = c0 so that the last term vanishes. For i = N ,
the first order condition is

wN = P α
ηN − ηN−1

2
Amax +

cN
2

+
wN−1

2
+
wN−1 − cN−1

2
(10)

13If the production of incremental varieties is licensed to other firms then the inventor of the
initial variety is assumed to extract the rent of the licensee so that he formally behaves as if he
was in a monopolistic position.
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This set of first order conditions is linear with respect to the unknown prices wi
(i ∈ {1, . . . , N}) so that it is expected that one and only one solution exists. In order
to determine this solution, we re-express (9) and (10) in terms of the threshold values
of the productivity parameter involved in (6). Let Aii−1 denote the threshold value
wi−wi−1

Pα (ηi−ηi−1)
of the productivity parameter A above which a farmer prefers variety i

to variety i− 1. Then, (9) and (10) simplify to

Aii−1 =
Amax

2
+

1

2

ci − ci−1

P α (ηi − ηi−1)
∀i ∈ {1, . . . , N} (11)

that directly yields the optimal expression of each threshold. According to (11), a
monopolistic pricing implies that the value of thresholds remain unchanged when the
total number of varieties increases. It follows on from this first result and from the
demand system (7) that the equilibrium quantity sold for each variety is not affected
by an incremental invention taking the form of a new variety with a higher value
of parameter η except for the breeder variety prior to the new breeder variety due
to truncated demand resulting from the arrival of the latest variety. Furthermore,
the equation (11) enables us to determine a necessary and sufficient condition for
the monopolist to supply each of the varieties i ∈ {1, ..., N} in order to maximise
its total profit.

Proposition 1 A monopolist breeder optimally supplies each of varieties i ∈ {1, ..., N}
if and only if the sequence {ci, ηi} of unit costs and quality indexes forms a convex
curve in space {c, η}.

Proof 1 According to equation 11 and to the demand system 7, a positive demand
is addressed to each variety i ∈ {1, ..., N} if and only if ci−ci−1

ηi−ηi−1
increases with i,

which is equivalent to the stated convexity property.

Under the condition stated in Proposition 1 and using the expression wi−wi−1

P α (ηi−ηi−1)

of threshold Ann−1, we conclude that prices are defined by the following recursive
formula for a monopolist:

wi = wi−1 + Aii−1P α (ηi − ηi−1) ∀i ∈ {1, . . . , N} (12)

Given that w0 = c0 because multiple suppliers of the landrace variety compete
under perfect competition, formula (12) yields the following optimal value of prices:

wi = c0 +
Amax

2
P α (ηi − η0) +

1

2
(ci − c0) ∀i ∈ {1, . . . , N} (13)

Formula (13) is a key element in stating the Proposition 2

Proposition 2 Equilibrium prices for varieties optimally supplied by a multi-product
monopolist are unaffected by an incremental invention.

Proof 2 The result follows on from the fact that,according to 13, the equilibrium
price for a variety only depends on its unit cost and technical characteristics and on
that of the landrace variety.
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Conversely, Proposition 3 yields a necessary and sufficient condition for a mo-
nopolist breeder to supply only the highest quality.

Proposition 3 A monopolist breeder optimally supplies the sole highest quality va-
riety i = N if and only if the sequence {ci, ηi} of unit costs and quality indexes forms
a concave curve in space {c, η}.

Proof 3 According to equation 11 and to the demand system 7, a positive demand
is addressed to variety i = N whereas no positive demand is addressed to varieties
i ∈ {1, ..., N − 1} if and only if ci−ci−1

ηi−ηi−1
decreases with i, which is equivalent to the

stated concavity property.

Under the condition stated in Proposition 3, the formula (10) with η0 in place of
ηN−1 and c0 in place of cN−1 directly yields the optimal price wN . We then deduce
the following Proposition.

Proposition 4 The optimal price wN of the highest quality variety of seeds for a
monoproduct monopolist is identical to the optimal price of the same variety chosen
by a multiproduct monopolist breeder that would optimally supply all varieties i ∈
{1, ..., N − 1}.

Proof 4 Replacing ηN−1 by η0 and cN−1 by c0 in formula (10) and rearranging yields
the same optimal price for variety N than the one obtained with equation (13).

As will be emphasised later in the article, Propositions 2 and 4 play a crucial
role in analysing and comparing prices under a patent regime versus PBRs, at least
when N = 2.

In order to determine the impact of choosing either minimum standards or a
catalogue as commercial rules, we draw the isoprice and isoquant curves for a given
variety i in space {σ0, c0}. Indeed, the key difference between minimum standards
and a catalogue is that, in the event of a catalogue, seeds of the landrace variety
have to pass the same DUS test than seeds created by breeders. Therefore, the
standard deviation σ0 characterising the random component affecting the profit of
farmers that use the landrace has to be lowered to the same level than that of
farmers that use breeders’ varieties. This implies a higher unit cost c0 for seeds
of the landrace variety. Whether the breeder is a monoproduct monopolist or a
multiproduct monopolist does not matter for isoprice curves because the optimal
price is formally given by the same equation (13) whatever the variety i considered.
Moreover, one easily checks that these curves are linear and decreasing in space
{σ0, c0} and move upwards when they are associated to a higher price. Starting
from σ0 = σm0 and c0 = cm0 with minimum standards, the adoption of a catalogue
induces a move somewhere inside the grey area in Figure 1. If a small decrease
of σ0 is enough to pass the DUS test as required for registration in a catalogue
and this decrease results in a sufficiently high additional unit cost for the landrace
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Figure 1: Impact of a switch from minimum standards to the catalogue

variety i = 0, then the combination {σc0, cc0} associated with a catalogue will be
above the initial isoprice curve and the prices of varieties i ∈ {1, ..., N} supplied
by the monopolist breeder will increase. An opposite result is obtained if σc0 is
small compared to σm0 whereas cc0 is close to cm0 . If the breeder is a monoproduct
monopolist, the quantity qN of variety N optimally supplied is

qN = q

(
Amax

2
− 1

2P α

cN − c0

(µN − µ0)− θ (σN − σ0)

)
(14)

Then, the isoquant is also linear and decreasing in space {σ0, c0} and move upwards
when associated to a higher quantity. Thus, the consequence for the optimal supply
of variety N of a switch from minimum standards to a catalogue are similar to those
already obtained for the price of variety N . Whether the isoquant is higher than
the isoprice (as represented in Figure 1) or not is unclear. Nevertheless, combining
variations of the price and of the quantity, we conclude that the profit generated by
variety N will increase (respectively decrease) if σc0 is close to (respectively far from)
σm0 and cc0 is far from (respectively close to) cm0 . If the breeder is a multiproduct
monopolist, then the analysis for the quantity qN of the highest quality variety
is formally identical to that for the monoproduct monopolist. The analysis for
lower quality varieties is simpler because the corresponding optimal quantities qi i ∈
{1, ..., N −1} are invariant with respect to σ0 and c0.The sign of the variation of the
associated profits is thus identical to the sign of the variation for the corresponding
optimal prices. All these results are summarised in Proposition 5.

Proposition 5 Under a patent regime, if the switch from minimum standards to a
catalogue results in a small drop of σ0 but a sharp increase of c0, then prices, and
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the markup, of all the varieties that a monopolist breeder will find optimal to supply
and the associated profits will increase. The optimal quantity of the highest quality
variety will also increase whereas the quantities of lower quality optimally supplied,
if any, will remain unchanged.

Proof 5 See Figure 1 and the comments above.

According to Proposition 5, it is thus expected that, under a patent regime,
breeders will argue in favour of the catalogue rule rather than in favour of minimum
standards only if they think that the additional unit cost incurred by suppliers of
seeds for landraces to meet the DUS criteria is high enough compared to the resulting
reduction of productivity uncertainty that affects farmers. We now turn to the case
of a PBRs regime.

3.2.2 Pricing with a PBRs system

Due to the research exemption, we consider that with a PBRs system each variety is
created by a different firm so that the market structure for seeds is oligopolistic. Of
course, it may happen that a same firm creates several varieties, an eventuality that
we do not take into account for two reasons. First, we want to stress the difference
between PBRs and patents in terms of market structure and market equilibrium.
Second, in the dynamic framework introduced later in the paper, we focus on a
two-period analysis where only a monopolistic or a duopolistic market structure
may arise. In an oligopolistic framework, prices are obtained as the outcome of a
Bertand Nash game in prices. For a given number N of developed varieties, the
objective of each breeder i is to maximise his own profit vi of supplying variety i
given prices of all other varieties:

Max
wi

(wi − ci)qi (15)

The corresponding first order condition is

wi =
ci
2

+
wi+1

2

ηi − ηi−1

ηi+1 − ηi−1

+
wi−1

2

ηi+1 − ηi
ηi+1 − ηi−1

(16)

for i ∈ {i, . . . , N − 1} and

wN = P α
ηN − ηN−1

2
Amax +

cN
2

+
wN−1

2
(17)

for i = N . (16) and (17) define the reaction functions characterising the game
in prices. The linearity of theses reaction functions guarantees that if a solution
exists it is unique. Nevertheless, it seems that it is not possible to rearrange this
set of reaction functions in terms of the sole thresholds Aii−1. It is thus expected
that, contrary to what happens in the monopolistic context, both prices and the
values of thresholds vary when the total number of varieties increases. Note also
that, according to (16) and (17) and the fact that ηi > ηi−1 ∀i ∈ {1, ..., N}, reaction
functions have a positive slope. We thus obtain the following characteristic of the
game in prices:
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Proposition 6 There is strategic complementarity between prices.

Proof 6 Reaction functions are increasing with respect to strategic decisions of other
players which defines strategic complementarity.

Proposition 6 is a key element for the graphical comparison of monopolistic and
oligopolistic pricing when N = 2.

As in the case of a patent regime, isoprice and isoquant curves are useful to
highlight the consequences of adopting either minimum standards or a catalogue
for commercialisation rules. Nevertheless, we focus here on the case where N = 2
because we are not able to find a simple analytical expression of optimal prices for a
generic value of N . Proposition summarises the results as regards the consequences
of a change in commercialisation rules.

Proposition 7 If the corresponding change in the unit cost c0 and the standard
deviation σ0 of productivity are of limited magnitude and the variation of σ0 is small
enough compared to the variation of c0, then the strengthening of commercial rules
resulting from a switch from minimum standards to a catalogue induces an increase
of the price of breeders’ varieties and an increase of the quantities of seeds sold to
famers for these varieties.

Proof 7 See Appendix A.

In spite of the similitude between Propositions 5 and 7, these two Propositions
neither mean that the change in prices and quantities under a PBR regime and
under a patent regime will have the same magnitude, nor that it will have the same
sign. This is expected to happen only in the polar cases where the variation of σ0

is small compared to that of c0 (prices and quantities of breeders’ varieties then
increase) or where the variation of σ0 is high compared to that of c0 (prices and
quantities of breeders’ varieties then decrease).

3.2.3 Comparative analysis of pricing

Although a standard result in economics states that, for a single product, the markup
of a monopolist is higher than that for any other market structure, it is not that
obvious to extend it to a multiproduct context. Indeed, it is not intuitively un-
conceivable that in order to maximise its total profit a multiproduct monopolist
optimally chooses to charge a higher price for the high quality good but a lower
price for low quality goods, for instance. Moreover, when the monopolist optimally
decides to supply the sole highest quality good, the demand system is substantially
affected and the comparison of prices is complicated. Therefore, it is worth pro-
viding some analytical results as regards the comparison of optimal prices with an
oligopolistic versus monopolistic market structure. The focus is on the case of two
breeder varieties. The reason for this is that in the dynamic framework that is anal-
ysed latter in the paper, R&D investments have to be analysed backwards and the
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Figure 2: Bertrand-Nash equilibrium with N=2

model is limited to two periods for computational tractability so that N = 2 at the
best.

Figure 2 illustrates the Bertrand-Nash equilibrium of the price game in the second
period when two different firms have an exclusivity right on each variety of the
"breeder" type. Such a market structure may arise only under a PBR regime.The
dark line

(
AA
)
represents the reaction function w∗1 (w2) of the firm providing variety

1. The expression of this reaction function solves the first order condition (16) for
i = 1. One easily checks that, due to the assumption ηi > ηi−1 ∀i ∈ {1, ..., N},
the slope of the reaction function w∗1 (w2) in space {w1, w2} exceeds unity. By
construction, isoprofit curves for firm 1 admit their minimum in space {w1, w2} at
the crossing point with the reaction function w∗1 (w2). They decrease (respectively
increase) with w1 for all values of w1 lower (respectively higher) than this minimum.
They all admit w1 = c1 as an asymptote when w2 tends to infinity Similarly, the
dark line

(
BB

)
represents the reaction function w∗2 (w1) of the firm providing variety

2 and its expression solves the first order condition (17) for N = 2. The slope of the
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reaction function w∗2 (w1) in space {w1, w2} amounts to 1
2
. By construction, isoprofit

curves for firm 2 admit their minimum in space {w2, w1} at the crossing point with
the reaction function w∗2 (w1). They decrease (respectively increase) with w2 for all
values of w2 lower (respectively higher) than this minimum and admit w2 = c2 as
a horizontal asymptote in space {w1, w2}. Finally, isoprofit curves for both firms
are associated with higher profit levels as they shift further from the origin. The
oligopolistic equilibrium for the prices of varieties i = 1 and i = 2 is characterised by
the coordinates w1 = woli1 and w2 = woli2 of the intersection Eoli of the two reaction
functions if and only if the intersection lies above the bisectrix in space {w1, w2}.
Otherwise the demand for variety i = 1 as defined in (7) would generate a negative
value, thus indicating that variety i = 1 would actually be abandoned. Profit levels
at point Eoli for firm 1 and firm 2 are respectively denoted voli1 and voli2 .

Some indications on the relative position in Figure 2 of optimal prices for a mul-
tiproduct monopolist when N = 2, compared to the oligopolistic price equilibrium,
may also be obtained. Indeed, a standard result of the maximisation program (8)
of the sum of profits for N = 2 is that the unique interior solution to first order
conditions (16) and (17) is a point of tangency between isoprofit curves of varieties
1 and 2. Such a tangency may be obtained only on subsets of Figure 2 where iso-
profit curves for both firms are either decreasing or increasing in space {w1, w2}.
According to the previous discussion about the general shape of isocurves, we know
that isoprofit curves for variety 1 are decreasing in space {w1, w2} above the line
associated to the reaction function w∗1 (w2) and are increasing behind the same line
whereas isoprofit curves for variety 2 are decreasing in space {w1, w2} behind the
line associated to the reaction function w∗2 (w1) and are increasing above this line.
Thus a point of tangency between isoprofit curves may be found only inside the area
OAEoliB or inside the cone BEoliA. Inside the area OAEoliB isoprofit curves are
associated with a lower profit level than at point Eoli for both varieties of crops. A
monopolist would then be better off choosing Eoli rather than such a tangency point.
The solution for monopolistic pricing can thus only belong to the cone BEoliA where
isoprofit curves are associated with higher profit levels for both varieties. Moreover,
for a monopolist to supply variety 1 it is required that w2 exceeds w1 so that the
equilibrium point Emon (with coordinates w1 = wmon1 and w2 = wmon2 and profit
levels vmon1 and vmon2 ) lies above the bisectrix. Note that according to (12) this con-
dition is fulfilled if the technical condition ηi > ηi−1 ∀i ∈ {1, ..., N} and the cost
condition ci > ci−1 ∀i ∈ {1, ..., N} are satisfied (one of the two inequalities being
strict for each i). We can then write the following Proposition:

Proposition 8 The optimal price charged by a monopolist for a variety, whether it
optimally chooses to be monoproduct or it rather opts for multiproduction, is always
higher than the price of the variety when each variety is supplied by a different
breeder.

Proof 8 The result directly follows from the analysis of Figure 2 and Proposition
4.
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The point in Proposition 8 is that the result does not only applies to the case of
a multiproduct monopolist but also to the case of a monoproduct monopolist.

4 The effects of endogenous biodiversity
Biodiversity is often seen as a natural protection of crops against risks of a massive
attack by predators or as a natural mean for crops to adapt to environmental change
(see e.g. Altieri (1999), Polasky and al. (2005)). Nevertheless underinvestment in
the preservation and development of biodiversity is also often stressed. Such an
underinvestment may be thought off as the outcome of a "tragedy of the commons".
Indeed, efforts to preserve and develop biodiversity on his own fields by a farmer do
not only benefit to himself but also to the neighbouring farmers. The existence of
this spillover effect implies that a farmer can not fully internalize the benefits that
accrue from his efforts and symmetrically for his neighbours. Biodiversity is thus a
common resource for which each farmer is subject to a lack of incentives in terms
of preservation and development efforts. Endogenous biodiversity is dealt with in
this section by slightly modifying the specification of the model presented in the
previous section.

4.1 Biodiversity as a common resource

In order to tackle with the endogeneity of biodiversity and with its positive external
effects, it is assumed that the productivity parameter A introduced in the production
function (1) linearly depends on a measure bio of biodiversity:

A = A+ λbio (18)

where A is an heterogeneous component that varies from a farmer to an other one
and λ is a constant parameter. A reflects the minimum productivity level that would
be obtained in the absence of biodiversity and λbio is the part of productivity to be
attributed to biodiversity. We assume that A is uniformly distributed on the interval[
Amin, Amax

]
so that A is also uniformly distributed on an interval [Amin, Amax] with

Amin = Amin +λbio and Amax = Amax +λbio. A direct and convenient consequence of
this specification is that the derivation of the demand system and market equilibrium
for a given level bio of biodiversity is similar to that presented in the previous
section. What makes the model different is that most usual biodiversity measures
depend on the number of varieties and possibly on the quantity of each variety
that is effectively grown. The level of biodiversity is then endogenous and bio has
to be found as a fixed point of the model. Unfortunately the demand system and
equilibrium prices conditional on the level of bio are highly nonlinear with respect
to this biodiversity measurement so that we are not able to find the corresponding
fixed point analytically. The problem is compounded by the fact that commonly
used measures of biodiversity are themselves highly nonlinear expressions of the
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quantities of crops of the different varieties. We more specifically consider three
different index of biodiversity:

The first and simplest way to measure biodiversity is to count the number N
of varieties effectively grown at a given period of time. Note that for a variety to
be taken into account it is required that it is not only supplied but also effectively
bought and grown by farmers. Put another way, N is not the total number of
varieties listed in a catalogue but the total number of varieties effectively found
in fields (Baumgärtner, 2006). Even this simple measurement of biodiversity is
endogenous because firms at the two periods of the model can decide to invest in
R&D and create a new variety or not. It is expected, for instance, that above some
threshold of the sunk R&D cost K, firms prefer not to invest. The second way to
capture biodiversity is to use is the Simpson index defined as

D =
N∑
i=0

g2
i (19)

where gi is the share of variety i in the total quantity of seeds bought14. D reflects
the probability that two randomly selected units of land are cultivated with the
same variety. It is actually more convenient to use the index of diversity E defined
as 1−D. Indeed, E goes to zero when biodiversity decreases and is bounded by one
as biodiversity is very high, which is more consistent with the way biodiversity is
assumed to affect the production function (1) through the productivity parameter
defined in (18). The third way to measure biodiversity is to compute the Shannon-
Wiener index derived from the concept of entropy

H = −
N∑
i=0

gi ∗ ln (gi) (20)

with, by convention, gi∗ln (gi) = 0 for gi = 0. Again, it is convenient to introduce
a normalisation of this index known as the Pielou index

P =
H

ln(N)
(21)

When P = 1, each variety has exactly the same share of the total land cultivated
and biodiversity is at its maximum. When biodiversity is very low, P tends to zero.

In further section, the Simpson index of diversity is chosen for two reason: it is
similar to the Herfindahl and Hirschmann Index (HHI), commonly used in industrial
economics to measure market concentration, and it facilitates the search of a fixed
point needed to calibrate the model.

14Due to the perfect complementarity between seeds and land, this is also the share of total land
allocated to variety i.
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4.2 Model calibration

For the purpose of assessing the impact of endogenous biodiversity on market equi-
librium, a numerical calibration of the model is needed. This calibration enables us
to find a fixed point for the market shares given the biodiversity feedback effect on
productivity. Parameters numerical values are shown in Table 1, they all correspond
to the case of wheat in France. They were worked out using data from Groupement
National Interprofessionnel des Semences (GNIS), from the Farm Accountancy Data
Network (FADN) and from Banque de France. FADN provides average data on the
agricultural sector of the European Union, and the GNIS on the seed sector. In
addition, the GNIS performs tests to certify seeds.

Table 1: Parameters

P 19e/q µ0 1
Lmean 14.42 µ1 1.04
Mfarmers 356,070 µ2 1.08
c0standards 31.25e/q σ0standards 0.2
c0catalogue 40.56e/q σi 0.18
ci 49.85e/q λ 11
Amin 20 + λbio cz ∗ α/γ 722
Amax 110 + λbio θ 0.25

In order to calculate the first (constant) part of Amin and Amax we use the vari-
ation of yield by hectare of wheat in different populations of farmers available on
FADN. The second part enables us to take into account biodiversity. λ was set to
a value that makes the impact of biodiversity significant and close to estimates by
agronomists (it amounts to about 10% of the global productivity for the median
farmer in our simulations, under the assumption of uniform distribution for param-
eter A). Data for the unit cost cm0 of farm-saved seeds with minimum standards, for
the unit cost cm0 of farm-saved seeds with a catalogue and for the unit cost ci for
certified seeds were collected from GNIS. On the basis of information provided by
experts from the Institut National de la Recherche Agronomique (INRA), the unit
cost ci incurred to produce breeders varieties is assumed to be invariant with respect
to the quality index ηi = µi− θ σi of seeds. Consequently, the sequence of unit costs
{ci} is concave with respect to the sequence {ηi} of the quality index and, according
to Proposition 3, we conclude that a monopoly will prefer to supply only the higher
quality of seeds. Knowing that the seed unit cost represents roughly six percent15 of
the total cost, the cost cz ∗α/γ of other inputs was evaluated to 722e/q. The mean
of the random term ε0, µ0, is normalised to 1 and µi is worked out through a ratio of
the amount of seeds required to sow one hectare with farm-saved seeds and certified
seeds, here 1.4

1.3
= 1.076. Parameter σ0 and σi were set so as to obtain realistic prices

15According to FADN database
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for breeders varieties in our simulations. σi is lower than σ0 because of the homo-
geneity and stability criteria. There are 356,070 farmers in France with an average
acreage of 14.42 hectares of land allocated to wheat16. This information allows us
to calculate the market size (Lmean ∗Mfarmers ∗numbers of seeds by hectares). Fi-
nally, based on Brink and McCarl (1978) and Saha (1997), we set the risk aversion
parameter θ to 0.25.

4.3 Numerical Results

Prior presenting the results of our numerical simulations, it is worth recalling the
main policy options. The PBRs system leads to an oligopoly with Bertrand-Nash
equilibrium while the patent system gives a monopoly position to one breeder. An
alternative to varieties created by breeders consists in buying landrace seeds, which
are priced at their unit cost. In order to remedy to information asymmetries about
the quality of seeds, two kind of commercialisation rules are considered: minimum
standards or a catalogue. Registration in the catalogue requires to pass the DUS and
VCU tests. Landrace seeds can succeed in passing these tests only at an additional
unit cost. In counterpart, if they meet these criteria, the uncertainty surrounding the
performance of landrace seeds is lowered to the same level than the one characterising
seeds of the breeders varieties. Crossing the different criteria generates four cases.
Firstly, a "European case" with PBRs-catalogue rules. In contrast, there is a "US
case" with Patent-minimum standards rules. The two other possibilities are a PBR-
standards minimum case and a patent-catalogue case. These four cases, which
somewhat simplifies the reality (a PBRs system and a patent system can make
together) give an idea of the impact of regulation in the seed industry.

Note that, given the values of parameters reported in Table 1, some farmers will
have a negative profit and will prefer not to grow wheat. Two reasons can explain
this result: subsides provided by public authorities in the context of the Common
Agricultural Policy are disregarded and only a part of farmers output, and thus of
profit, is computed. Indeed, farmers with a low yield are mostly not specialised in
cereals.

With only one breeder variety that compete with the landrace (i.e. with N = 1),
results for the PBRs system and the Patent system are similar whatever the rule
for commercialisation of seeds. Recall that the profit for suppliers of the landrace
amounts to zero because this market segment constitutes a competitive fringe for
the monopoly breeder that supplies variety 1 (see Table 2). In the Catalogue Case
(CC) the seed market splits into roughly 45% for the landrace seeds and 55% for the
"breeder" seeds. In comparison, the monopolist, in the Minimum Standards Case
(MSC), supplies only 47% of the seed market. The difference is due to a higher ratio
between the price of the breeder variety and the price of the landrace variety in the
MSC (2.43584) than in the CC (1.85774). Biodiversity, as measured by the Simpson

16The FADN only takes professional farmers into account, for more information visit
http://ec.europa.eu/agriculture/rica/
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index, is slightly higher with minimum standards than with a catalogue rule, but it
seems that the result is highly sensitive to the values of parameters. Unsurprisingly,
the price of seeds for the breeder variety and the profit of the breeder are higher
for the CC than for MSC whereas the risk-adjusted profit of farmers is lower. The
net effect produces a higher total welfare in the MSC. Due to the less asymmetric
market shares, the Simpson biodiversity index is slightly higher in the CC.

Table 2: Results with one "breeder" seed

Minimum standards Catalogue
Varieties landrace breeder 1 landrace breeder 1
µi 1 1.04 1 1.04
wi (e/quintal) 31.25 76.12 40.56 76.8
qi (thousand) 3752 3435 3222 3966
πi (million) . 90 . 106.9
Amin(E) 26.5 26.4
threshold2 73.5 66.7
Amax(E) 116.5 116.4
πfarmers (euros) 3727 3445
Welfare (billion) 1.346 1334
E∗ 0.499 0.494

*E means Simpson index of diversity

With two breeder varieties (i.e. with N = 2), the four cases appear because
of dissociation between the PBR and the patent system (see Table 3). With the
oligopolistic market structure favoured by the PBRs system, the incremental in-
novation (variety 2) induces a decrease of the price of variety 1 compared to the
case N = 1 whereas this variety is no longer supplied under the patent regime (see
Proposition 3). In accordance with Proposition 8, the price of the variety 2 is higher
in the patent system than in the PBRs system, whatever the commercial rule that
is in force.

Comparing the European case with the American case, we notice that the US
system is better for breeders who will have a higher profit than in the context
of European rules. Regarding farmers, the EU system seems preferable because
the conjunction of competition between breeders, that is allowed with the PBRs
system, and sequential innovation pushes prices down for variety 1. Nevertheless,
the total welfare is lower in the European context because higher risk adjusted
profits for farmers do not counterbalance the lower profits of breeders. The Simpson
biodiversity index is slightly higher in the US system in spite of the absence of
variety 1. This results clearly emphasises that measuring biodiversity as a simple
count of varieties grown by farmers may be misleading and that the concentration
of market shares matters.
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Looking at the four cases all together, the maximum profit that a breeder can
earn is found in the patent-catalogue case thanks to higher prices whereas the PBR-
standards situation is the best for farmers due to lower prices of the seeds of both
breeder varieties and the landrace variety. As a consequence, the best situation for
total welfare is found in the PBR-standards case. By contrast, the value of the
Simpson biodiversity index is far from being the highest in the PBR-standards case.
This finding shows that although higher competition lowers market concentration, it
does not systematically enhance biodiversity in spite of the strong link between the
two concepts when biodiversity is measured by the Simpson index. Our simulations
indicate that, in a static framework, strengthening competition thanks to PBRs in
place of patents may lower the price of the highest quality of seeds more drastically
than it does for other qualities of seeds, which induces a concentration of the mar-
ket in favour of the two polar qualities (the highest quality of seeds and landrace
seeds) but at the detriment of biodiversity. More generally, our simulation results
stress that ceteris paribus (i.e. for unchanged commercialisation rules) PBRs do not
promote biodiversity compared to a patent regime, at least in a static framework.
Conversely, ceteris paribus (i.e. for an unchanged IPRs regime) minimum standards
in place of a catalogue commercialisation rule is more efficient at promoting biodi-
versity. Nevertheless the story can substantially differ if we consider incentives to
invest in R&D in a dynamic framework.
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5 Endogenous innovation in a dynamic framework
PBRs aim at generating higher incentives than patents in favour of variety creation
through incremental inventions. A comprehensive analysis of the respective merits
of PBRs and patents thus requires to extend the static analysis presented so far to
a dynamic framework. For this purpose, we consider a two periods model. Mar-
ket equilibrium at each period is determined in accordance with the static analysis
presented above but the number of varieties is endogenous. For a new variety to
be available, breeders have to invest a sunk cost in R&D and the outcome of the
innovation process is uncertain. This section examines how the incentives to par-
ticipate to the innovation race and the outcome of the innovation race at the two
periods are affected by the IPRs system and the commercialisation rules in force.
The problem is solved backwards, starting first with the incremental invention at
the second period and then proceeding with the initial, drastic, invention at period
one.

5.1 Incentives for an incremental invention

5.1.1 Incentives with a patent system

According to the calibration of the model presented in Table 1 and Proposition 3,
we know that a monopolist will always choose to supply only the highest quality
variety. Moreover, a patent regime confers the exclusivity of the opportunity to
research and develop the incremental variety to the breeder of the initial variety.
Hence, the breeder of the initial variety will engage in R&D in order to obtain the
second variety characterised by a higher quality if and only if

(Λvmon2 + (1− Λ)vmon1 )− FC > vmon1 (22)

where Λ is the probability of success, FC is the fixed cost of R&D, vmon1 is the flow
of profit for the monopolist with variety 1 whereas vmon2 > vmon1 is the flow of profit
for the monopolist with variety 2. The left-hand of equation (22) represents what
earns the breeder if he innovates minus its fixed cost of R&D and the right-hand
represents what he earns if it does not innovate. Equation (22) simplifies as follows

Λ(vmon2 − vmon1 ) > FC (23)

where the left-hand is the expected gross benefit of the breeder that accrues from
an engagement in R&D and the right-hand is the associated cost. According to the
calibration presented in Table 1, the increment vmon2 −vmon1 in profit flows is slightly
higher with a catalogue (144.1) than with minimum standards (142).

5.1.2 Incentives with a PBRs system

Under a PBRs system, either the incumbent breeder that already supplies variety
n = 1 or a new breeder are able to invest in a R&D program that aims at obtaining
the higher quality variety n = 2 at period 2. An innovation race occurs if the two
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breeders decide to engage in R&D. This innovation race has two opposite effects.
On the one hand, it increases the probability of the availability of the second variety
at period 2. This probability is given by Λ(1 − Λ) + (1 − Λ)Λ + Λ2 and increases
from zero to one for Λ ∈ [0, 1]. Indeed, with probability Λ(1−Λ), the R&D program
of the incumbent breeder is the only one to succeed, with probability (1 − Λ)Λ
the R&D program of the new breeder is the only one to succeed and, finally, with
probability Λ2 both programs succeed. On the other hand, as stresses the last term
in the expression of the probability that variety n = 2 is available in period 2, there
is a risk of an inefficient duplication of the R&D investment cost FC. In this last
case, the rights on the second variety are assumed to be randomly affected to one
of the two breeders.

Table 4: The matrix of the game for the incremental invention

Incumbent
R&D

Incumbent
no R&D

Entrant
R&D

aaaaaaa
V E
1

V I
1

aaaaaaaa
V E
2

V I
2

Entrant
no R&D

aaaaaaa
V E
3

V I
3

aaaaaaaa
V E
4

V I
4

Depending on the decision of each breeder to engage in R&D, four situations
may arise. These situations, referred to as situation s1 to s4, correspond to the
four cells in Table 4. V I

si
and V E

si
respectively denote the expected flow of profit of

the incumbent breeder and of the entrant in situation si. The first situation (s1)
correspond to an engagement of both breeders in R&D. The entrant then competes
to obtain the flow of profit voli2 generated by the supply of variety n = 2 given that
varieties 1 and 2 are supplied in an oligopolistic market structure. Accordingly, we
have

V E
1 = (1− Λ)20 + Λ(1− Λ)0 + (1− Λ)Λ voli2 + Λ2(

1

2
voli2 +

1

2
0)− FC (24)

For his part, the incumbent can switch to a monopolistic position with variety n = 2
if he wins the innovation race, or switch to an oligopolistic position where he supplies
the lower quality variety n = 1 if the entrant wins the innovation race, or stay on a
monopolistic position if neither him nor the new breeder succeed in obtaining variety
n = 2. Thus, we have

V I
1 = (1−Λ)2∗vmon1 +Λ(1−Λ)∗vmon2 +(1−Λ)Λ∗voli2 +Λ2(

1

2
voli1 +

1

2
vmon2 )−FC (25)

Where voli1 stands for the flow of profit generated by the supply of variety n = 1 given
that varieties 1 and 2 are supplied in an oligopolistic market structure.Following the
same logic, we obtain that
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V E
2 = Λvoli2 + (1− Λ)0− FC (26)

V I
2 = Λvoli1 + (1− Λ)vmon1 − FC (27)

and

V E
3 = 0 (28)

V I
3 = Λvmon2 + (1− Λ)vmon1 − FC (29)

Finally, the last situation (s4) is the simplest and is characterised by

V E
4 = 0 (30)

V I
4 = vmon1 (31)

The outcome of the Nash game for the incremental invention described in Table
4 crucially depends on the value of the different parameters. We make a special
emphasis on the sensitivity analysis with respect to the parameters Λ and FC that
are specific to the dynamic framework.

5.1.3 Outcome of the game for an incremental variety

Using the numerical results of section 4.3, the Nash equilibrium that emerges with a
PBRs system from the four strategic decisions presented in Table 4 are determined
for different values of Λ on the range ]0, 1] and different values of the fixed R&D
cost on the range ]0, 100]. Results are showed in figure 3. Multiple equilibria are
possible. In such an event, either only the incumbent invests or only the entrant
invests but there is an indeterminacy of who exactly invest. Figure 3 also presents
the frontier above which incentives to innovate under a patent regime are sufficient
for the incumbent to invest at period 2. This frontier is defined by the inequality
(23) .

The two Nash equilibria that more commonly occur are situations s1 and s4.
The first situation is characteristic of a high probability of success and low R&D
costs whereas the second situation occurs in the opposite context. Unsurprisingly,
situation s1 emerges as a Nash equilibrium for combinations of Λ and FC above the
frontier associated to the patent regime and conversely for situation s4. Situation
s3 where the incumbent breeder is the only one that engage in R&D emerges as a
Nash equilibrium for a high probability of success and a high R&D cost that would
justify engagement in R&D under a patent regime. Multiple equilibria occur when
the probability of success is slightly lower compared to those cases where s3 is the
sole Nash equilibrium. As regards the impact of commercialisation rules, the choice
between minimum standards on the one hand and a catalogue on the other hand
seems to have a limited impact on the outcome of the innovation game. Situations
where both breeders innovate are slightly more abundant in the catalogue case.
Interestingly, Figure 3 exhibits cases where the entrant is the only one to engage
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Figure 3: Nash equilibria and innovation frontiers

(a) Minimum standards

(b) Catalogue

in a R&D program under a PBRs regime (situation s2 in Table 4), whereas the
incumbent chooses not to invest under patent regime. In this sense, PBRs better
promote incremental innovation compared to patents.

The optimal choice of the type of IPRs used to protect variety creation and of
the type of commercial rules has been computed for each combination of values of
Λ and FC given the outcome of the Nash game reported in Table 4. This optimal
choice has to be understood as the outcome of a Stackelberg game. Indeed, breeders
decide to invest or not in a R&D program and choose their price given the IPRs
regime and the commercialisation rule set by the public regulator. Given the optimal
response of breeders, the public regulator chooses the combination of IPRs and
commercialisation rule that maximises the total surplus. Figure 4 indicates what
is this optimal pair of IPRs and commercialisation rule the public regulator should
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choose at period 2. Only three pair of rules are present: PBRs with minimum
standards, PBRs (or indifferently patents) with minimum standards and, finally,
PBRs coupled with a catalogue.

Figure 4: Welfare for the optimal choice of IPRs and commercial rules at period 2

The more effective pair of rules regarding the optimal welfare seems to be the
coupling of PBRs with minimum standards even if, for some rare combinations of
Λ and FC, a catalogue is preferable for commercial rules. The point is that patents
never emerge as an optimal system of IPRs for the public regulator or, at least, never
strictly dominates PBRs. The optimal coupling of PBRs with minimum standards
is the most represented in our results over the different levels of the sunk R&D cost
and of the probability of success. Moreover, even if there is no competition (only the
incumbent invests) a PBRs system provides a total welfare similar to that provided
by a patent system. More surprisingly, for some pair of parameters, the catalogue
rule coupled with PBRs provides a higher total welfare than minimum standards
coupled with PBRs. Such a result more specifically arises along the frontier above
which a monopolist would engage in R&D under a patent regime. The reason for
this is that a catalogue may rise profit flows compared to minimum standards and,
consequently, may favour the obtention of the new plant variety.

5.2 Incentives for a radical invention

When turning to the decision of breeders to engage in R&D for the initial drastic
invention at period 1 (obtention of variety n = 1), two important differences arises
compared to the decision to engage in R&D for the increment invention at period
2 (obtention of variety n = 2). The first difference is the symmetric position of
each of the two breeders. The second difference is that expected profit flows of the
two consecutive periods have to be accounted for when determining the monetary
incentives to engage in R&D at period 1. Assuming that the sunk cost of R&D is
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similar at the two periods, the expected discounted sum of profit flows associated
with the R&D investment at period one under a patent regime amounts to

Vpatents =(1− Λ)2(Max{
(1− Λ)Λvmon1 + Λ2

2
vmon1 − FC

1 + r
; 0})

+ ((1− Λ)Λ +
Λ2

2
)

∗ (vmon1 +
Max{(1− Λ)vmon1 + Λvmon2 − FC ; vmon1 }

1 + r
)− FC

(32)

where r is the discount rate. Indeed, if none of the two breeders succeeds in obtaining
the first variety n = 1 at period 1 (probability (1 − Λ)2), a new innovation race
occurs at period 2 for the same variety and generates a profit flow vmon1 at period 2
if the breeder wins the race. If the breeder is the only one to succeeds in period 1
(probability (1− Λ)Λ) or if the two breeders succeeds in period 1 but the patent is
randomly allocated to the breeder (probability Λ2/2 to succeed and to be granted
the property right), then the profit flow is received at period 1 and is augmented
by the discounted net profit flow associated with the optimal decision to engage in
R&D in order to obtain variety n = 2 or not at period 2.

Under a PBRs regime, the equivalent to (32) is given by

VPBRs =(1− Λ)2(Max{
(1− Λ)Λvmon1 + Λ2 1

2
vmon1 − FC

1 + r
; 0})

+ Λ(1− Λ)
V E
Nash

1 + r
+ (1− Λ)Λ(vmon1 +

V I
Nash

1 + r
)

+ Λ2(
1

2
(vmon1 +

V I
Nash

1 + r
) +

1

2

V E
Nash

1 + r
)− FC

(33)

where V I
Nash (respectively V E

Nash) stands for the expected profit flow of the incum-
bent breeder (respectively the entrant) at period 2 given the outcome of the Nash
equilibrium of the innovation game for obtaining variety n = 2.

We have to rely on numerical results in order to assess which combination of
IPRs and commercialisation rules yields the higher expected and discounted sum of
total surplus in an intertemporal perspective and may thus be chosen by the public
regulator. Figure 5 and 6 synthesises the result in function of the probability Λ of
success of R&D programs and of the sunk cost FC of R&D, under the assumption
that the discount rate from period 1 to period 2 amounts to 10%. Such a discount
rate may seem rather high but actually applies to the lapse of time required to
develop the incremental variety generally exceeds one year.

Figure 5 shows that it is more often optimal not to invest in the obtention of
the initial variety with minimum standards than with a catalogue. This result is
expected because minimum standards strengthen the threat on monopolistic rents
and consequently reduce the monetary incentives to invest in R&D. For a limited
subset of the space {FC,Λ}, a patent regime is required for innovation to occur at
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Figure 5: Innovation at period 1

(a) Minimum standards

(b) Catalogue

period 1. Such situations are encountered when both the R&D sunk cost FC and
the probability Λ of R&D success are high, or at the limit with the area for which
investing in R&D to obtain the initial breeder variety is not optimal. In such cases, it
is optimal for the public regulator to avoid replication of R&D sunk costs in order to
ensure that investment occurs, which is obtained by granting stronger property rights
in the form of patents rather PBRs. Note that for higher values of FC and Λ (on the
right and top of the Figure), innovation occurs whether IPRs correspond to PBRs or
patents because, at period 2, PBRs and patents are equivalent (only the incumbent
invests at period 2). The combination of IPRs regime and commercialisation rule
that a public regulator should use is illustrated by Figure 6. Below an ascendant
diagonal in space {FC,Λ}, none of the four possible combinations will create enough
incentives for investing in the obtention of the initial breeder variety. Above this
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Figure 6: Welfare for the optimal choice of IPRs and commercial rules at period 1

frontier, there is a clear distinction between an area where PBRs have to be preferred
to patents and conversely. Roughly speaking, PBRs are optimal from the view point
of the regulator when FC is inferior to a parabolic expression of Λ. The parabolic
form results form the requirement that Λ has to be sufficiently high to make sure
investment will occur at periods 1 and 2 with PBRs but not too high so that the
probability Λ2 of an inefficient duplication of R&D investment does not increase too
much and does not justifies adopting patents rather than PBRs to avoid the negative
impact of this replication on the total surplus. Results as regards commercialisation
rules are less clear. A catalogue rule may be optimal close to the frontier under which
investing at period 1 is never optimal. The catalogue is then used in combination
with patents to enhance the amount of rents that accrue to the monopolistic breeder
and create enough monetary incentives to innovate. More surprisingly, a catalogue
may be chosen by the regulator in combination with either PBRs or patents along a
thick ray that split the area where a combination of PBRs and minimum standards
dominates. A decomposition of the simulation results indicates that this is due to
the Max term in the first line of equations (32) and (33) which yields the expected
profit of a breeder associated to R&D investement at period 2 when none of the
R&D programs has succeeded at period 1. For a fixed value FC of sunk costs of
R&D, this maximum will be strictly positive if and only if Λ is sufficiently close
to one. If Λ is not sufficiently close to one, a switch from minimum standards to
a catalogue increases vmon1 and limits the risk of non innovation at all on the two
periods. The highest the value of FC the highest the risk of no innovation at all on
the two periods. Therefore, an increase in FC may justify to switch from PBRs to
patents in addition to the switch from minimum standards to a catalogue. With this
respect, our simulation results are consistent with the conclusion set by Moschini
and Yerokhin (2008) and Yerokhin and Moschini (2008). A noticeable point that
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is highlighted by Figure 6 is that our simulations results support the coupling of
PBRs and minimum standards which encountered neither in the US nor in Europe
when sunk costs of R&D FC are low and the coupling of patents and minimum
standards when these sunk costs are high. This latter case more or less corresponds
to the solution adopted in the US. By contrast, the solution adopted in Europe (i.e.
a coupling of PBRs and a catalogue) is supported by our simulation results only in
few specific cases. Such a result is all the more striking that the model is calibrated
in French data for wheat.

6 Conclusion
The dynamic vertical differentiation model developed in this article to tackle with
both the problem of asymmetric information and the problem of a lack of incentives
to innovate on the seed market, in connection with the role of biodiversity as a public
good subject to under-provision, suggests that the combination of IPRs regime and
commercialisation rule that a public regulator may choose to maximise the expected
and discounted total surplus crucially depends on the level of sunk R&D costs and
on the probability of R&D success.
Numerical simulations obtained with a calibration of the model for wheat in France
more or less confirm the intuitive idea that PBRs combined to minimum standards
have to be preferred when sunk costs of R&D are low or medium and the proba-
bility of R&D success is sufficiently high to justify investment in R&D programs.
Otherwise, patents combined with minimum standards have to be preferred, except
in some peculiar cases where patents may preferably be coupled with a catalogue.
Though calibrated on French data, our model thus only weakly supports the cou-
pling of PBRs and a catalogue adopted in Europe. Our simulation results better
support the coupling of patents and minimum standards that may be considered as
close to the solution adopted in the US or, even, the novel solution consisting in
coupling PBRs and minimum standards.

A result for the model developed in this article has not yet been discussed.
According to the model, landrace seeds are chosen by non-productive farms (farms
with a small productive parameter A), while industrial seeds are chosen by all other
farmers. We can see that the wide difference in terms of intellectual property rights
on plants between developing countries and developed countries may be because the
average farm size is very different between the two kinds of countries. Developing
countries still have many low productive farms for which there is a large production
of farm-saved seeds while farmers in developed countries are pushed to buy industrial
seeds. The modelling also gives this result because it is difficult for non-productive
farms to pay high industrial seed prices. Furthermore, it would be interesting to try
this model with crops other than the wheat in order to see if the consequences of
the catalogue and the choice of the intellectual property right system on this model
would be similar.
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A Comparative statics of oligopoly prices with re-
spect to c0 and σ0 when N = 2

Substituting c0 for w0, the reaction functions for the Bertrand-Nash game in prices
are given by:

w1 =
c1

2
+
w2

2

(µ1 − θσ1)− (µ0 − θσ0)

(µ2 − θσ2)− (µ0 − θσ0)
+
c0

2

(µ2 − θσ2)− (µ1 − θσ1)

(µ2 − θσ2)(µ0 − θσ0)

w2 = P α
(µ2 − θσ2)(µ1 − θσ1)

2
Amax +

c2

2
+
w1

2

We differentiate the two reaction functions with respect to c0 and w0 in the
neighborough of the equilibrium:

dw1 =
∂w1

∂c0

dc0 +
∂w1

∂σ0

dσ0 +
∂w1

∂w2

dw2

dw2 = 0dc0 + 0dσ0 +
1

2
dw1

The second relation just states that variations of w2 are half those of w1. More-
over, given that µi increases with i whereas σi decreases with i, one easily checks
that in the above equations we have

∂w1

∂w2

=
1

2

(µ1 − θσ1)− (µ0 − θσ0)

(µ2 − θσ2)− (µ0 − θσ0)
∈ [0,

1

2
]

∂w1

∂c0

=
(µ2 − θσ2)− (µ1 − θσ1)

2(µ2 − θσ2)− (µ0 − θσ0)
∈ [0,

1

2
]

∂w1

∂σ0

= θ(
w2 + c0

2
)

(µ2 − θσ2)− (µ1 − θσ1)

((µ2 − θσ2)− (µ0 − θσ0))2
> 0

We conclude that dw1

dc0
> 0 and dw1

dσ0
> 0 so that, in the neighborough of {σ0, c0}

we have the same type of isoprice curves than under a patent regime. As the demand
system is the same under a PBRs system and a patent regime, we also conclude that
in the neighborough of {σ0, c0} the isoquant curves are of the same type than under
a patent regime..

B Isoprofit equation for the first "breeder" variety
As we highlighted in section 3.2.1 the unit cost has to be a convex function of the
quality in order to obtain a multi-product monopoly. We examine the isoprofit of
the first "breeder" variety to look at consequences of this convexity or this non-
convexity.

v1 = (w∗1 − c1)q1
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where q1 =
(

w2−w1

Pα(η2−η1)
− w1−w0

Pα(η1−η0)

)
∗ M∗L∗ 1

α

Amax−Amin

To construct the figure 2 we rearrange the profit equation and we obtain the
isoprofit equation

w2 = w1 + w1
η2 − η1

η1 − η0

− w0
η2 − η1

η1 − η0

+ v1
Pα(η2 − η1)

w1 − c1

Amax − Amin
M ∗ L ∗ 1

α

The first and the second degree of partial derivatives of the isoprofit is analysed
to determine the isoprofit curve shape

∂w2

∂w1

= 1 +
η2 − η1

η1 − η0

− v1
Pα(η2 − η1)

(w1 − c1)2

Amax − Amin
M ∗ L ∗ 1

α

∂2w2

∂w2
1

= +2v1
Pα(η2 − η1)

(w1 − c1)3

Amax − Amin
M ∗ L ∗ 1

α

The first-degree is negative and the second-degree is positive, thus the isoprofit
curve is convex when the monopoly is multi-product (as figure 2 in section 3.2.3).
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