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ABSTRACT

In a developing country, government policy plays an important role when agricultural
biotechnology is introduced from abroad. This thesis models the strategic, sequential
interaction of the host government, the foreign intellectual property rights (IPR) holder,
and domestic producers, in the face of negative external effects (perceived or actual) of
agricultural biotechnology, such as loss of biodiversity, loss of traditional knowledge by
the farming community and concern about human health. As a policy response, the
government introduces either an optimal per unit corrective tax on the genetically
modified seed or an optimal per unit subsidy on the traditional seed. The relative
effectiveness of the two policy instruments is influenced by some producers’ ability to
infringe upon the IPRs on the GM variety without detection, and by the foreign
monopolist’s ability to re-price the GM seeds in response to the influences of either a tax

or a subsidy on the various seed varieties.
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CHAPTER ONE: INTRODUCTION

1.1 Overview of the problem

In recent years, two important developments have changed the ways through which
improved crop varieties and related technology are being invented, commercialized and
marketed to the farmers. The first is the development of methods and techniques in
genetic manipulation, commonly referred to as biotechnology. The second is the
expansion and strengthening of intellectual property rights (IPRs) that apply both to
processes and products. Although both developments have been underway for more than
20 years, their importance to governments, policy makers and private corporations that
are involved in the crop seed industry has increased many fold in recent years. An
important issue arising out of these developments is that of the welfare implications of
varying degrees of IPR enforcement in developing countries when innovations in
agricultural biotechnology are introduced from the developed world. A number of
economic analyses have been carried out to explore this issue. A common notion is that
the developing country generally gains in terms of social welfare by enforcing IPRs less

than perfectly.

Modern biotechnology uses recombinant DNA (DeoxyriboNucleic Acid) methods and
cell fusion methods to produce other organisms. The term genetically modified organism
(GMO) applies to any organism that has recombinant DNA, i.e., it has had DNA

transferred to it from another organism (Crespi, 1988).

Intellectual property rights (IPRs) are the rights granted by the state and which exclude
others from the use or benefit of the protected invention without the consent of the rights
holder (Crespi, 1988). The rights to use technological innovations are regarded as
intellectual property (IP), which is commercially valuable information. These IPRs are
instruments used by firms to protect their innovations. The major intellectual property
rights are patents, trade secrets, trade marks, copyrights, and, in the context of

biotechnology, plant breeders’ rights.
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The expansion of IPRs into modern biotechnology is the result of increased privatization

of knowledge and inventions and is under continuous debate. With a long tradition of
IPRs covering inventions in various sectors, the expansion of IPRs into the biotechnology
sector is relatively easier in the developed countries. With numerous ethical and
environmental issues concerning biotechnology products unresolved, there is a great deal
of opposition to the introduction of IPRs in agricultural biotechnology from some of the

developing countries (Santaniello et al., 2000).

One of the key issues in this context is the basis for the sharing of benefits related to
modern biotechnology and associated IPRs. According to one school of thought, it may
be unfavorable for a particular developed country to limit access to its knowledge pool of
genetic resources. One reason for this is that apportioning the benefits fairly may be
almost impossible or infeasible (Brush, 1994). On the other hand, according to some
other researchers, the ‘synergy’ between IPRs and biotechnology is strong. Without
protection of the property rights, the firms in the developed countries will have
insufficient incentive to innovate. This suggests that some of these products would not
exist without IPRs (Crespi, 1988).

In the current research, an attempt is made to evaluate the level of social welfare in the
developing country in the face of some negative external effects created by the use of a
genetically modified (GM) seed that is used for crop production. Specifically, this
research looks at some (perceived or actual) harmful effects that might be caused by the
use of GM seed and prescribes policy measures that could be adopted by the
government/policy maker to counter such effects. In general, the damaging components
or the negative externalities could arise from a number of sources or effects. Plantation
of a transgenic variety of seeds throughout a vast area may cause genetic uniformity of
plants through monoculture (Dutfield, 2000). Export of monoculture to the South causes
erosion of diverse traditional knowledge of the indigenous farming community, gained
through years of farming experience, which is particularly suited for the specific local

conditions (Brush, 1992). Alternatively, some consumers may express their concern



3
about negative health effects of the GM crop; such as when consumption of a GM crop

may transmit allergenic components affecting human health (Royal Society, 2002).

The current research shows that in the face of such negative external effects,
governmental policy, such as a corrective tax levied per unit of GM seed used or a
corrective subsidy levied per unit of traditional (non-GM) seed used may improve the
level of social welfare of the developing country, irrespective of the degree of IPR

enforcement.

1.2 The framework of the analysis
The current research can be viewed as an addition and modification to recent economic
analysis by Giannakas (2002).

In chapter 2, a brief introduction to recent developments in agricultural biotechnology
and related aspects of intellectual property protection is presented. Biotechnology is
defined as ‘the use of information on genetically controlled traits, combined with the
technical ability to alter the expression of those traits, to make or modify a product,
improve plants or animals, or develop microorganisms for specific uses’ (Persley and
Doyle, 1999). In chapter 2, both the positive and negative effects of biotechnology are
described. On the positive side, agricultural biotechnology is thought to be part of the
answer to growing poverty in the developing countries of the world. By developing
seeds of improved quality, such as those providing crops with higher yields, drought and
pest resistance, weed or pesticide resistance, agricultural biotechnology contributes to the
potential to provide world food security. On the other hand, focusing on the risks
associated with agricultural biotechnology, it might seem that food security problems
- may be further aggravated. Research in this area reveals that agricultural biotechnology
may lead to greater genetic uniformity and therefore loss in biodiversity. Agriculture or
monoculture based on a uniform variety of crop may be even more vulnerable to disease
and pests. Also, abundant use of a GM variety may cause erosion of indigenous farmers’
knowledge. Crop genetic resources, in the form of local crop varieties have been

nurtured by generations of subsistence farmers in the developing countries of the tropics.
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With the advancement of industrial agriculture, these resources have become more

vulnerable (Brush, 1992). In chapter 2, a concise literature review is also presented as a

background for the current research and to differentiate the current research from others.

Chapter 3 uses a four stage, strategic analysis of these issues under both perfect and
imperfect enforcement of IPRs by the developing country. Here it is shown how the
“host” government balances the competing interests of the foreign owned innovator of
the GM seed and the domestic crop producers. The analysis starts by recapitulating
Giannakas’ (2002) findings regarding the effects on the levels of social welfare of the
developing country under perfect and imperfect enforcement of IPRs by the developing
country. One interesting feature of Giannakas’ (2002) analysis is that under the imperfect
enforcement regime, the developing country enjoys a positive pecuniary externality in
terms of lower GM seed price. In the next stage of analysis, an external damage
component is added to the basic model of Giannakas (2002) to introduce the negative
externality; however, no corrective policy instrument is introduced. In the following
stage, a corrective tax per unit of GM seed is imposed to restrict the harmful effects of
biotechnology. Finally, a corrective subsidy per unit of traditional (non-GM) seed is used
as an alternative policy instrument to internalize the externality. Closed form analytical
solutions for the levels of social welfare and its components, such as producers’ surplus,
negative externality, and tax revenue/ subsidy payments are derived and compared in all

the stages.

In chapter 4, a numerical simulation is presented to illustrate the analytical results derived
in chapter 3. This is done by assigning hypothetical values to the parameters of the
model such that they follow the assumptions made to build the model. This is useful in
that some of the analytical solutions of chapter 3 are too complex to enable ready
comparison with others. This is particularly true under the assumption of imperfect
enforcement, where numerical analysis provides results which are easy to compare.
Using numerical analysis, it is found that the levels of welfare increase under both perfect
and imperfect enforcement regimes when the policy measures are applied to counter the

negative externality. In chapter 4, a comparative analysis is also carried out to study the
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relative effectiveness of the policy tools adopted, i.e., the tax and the subsidy. It is

observed that under the perfect enforcement scenario, either the tax or the subsidy is
equally efficient in raising domestic welfare. However, from a distributional perspective,
different researchers or policy makers might have different opinions. As it allocates
resources to the domestic producers, subsidy might be thought to be superior to the tax,
which takes away resources from the producers. Alternatively, the subsidy might seem
inefficient in achieving any distributional goals if it allocates resources to the land-
owning class; it could instead be used to help the poor. Using numerical analysis, it is
observed that under imperfect enforcement of IPRs, the optimal level of corrective tax is
more efficient in reducing the level of GM seed usage and thus internalizing the
externality than the optimal level of corrective subsidy. With the corrective tax, total
quantity of GM seed usage falls, however, the quantity of GM seed acquired illegally
increases. With the corrective subsidy, the total quantity of GM seed usage as well as the
quantity of illegally acquired GM seed decreases. Consequently, social welfare increases

more with tax than with subsidy.

Chapter 5 presents the summary and conclusions of the analysis carried out in chapters 3
and 4. One of the important contributions of this chapter is the presentation of directions
and scope for future research based on the current research. The current research could
be extended and improved by carrying out an empirical analysis of country specific
problems and/or by using a sensitivity analysis to examine the robustness of the current

model when some assumptions are altered.



CHAPTER TWO: LITERATURE REVIEW

Today, almost a billion people worldwide live in abject poverty and undernourishment
(Persley and Doyle, 1999). This phenomenon is prominent in the developing countries,
where most people depend on the primary sector of the economy for living. Natural
disasters such as drought, famine, floods and storms often cause substantial loss of crops
in the tropical region leading to financial uncertainties for the farmers and their families.
Moreover, epidemics of pests and weeds often ruin a large quantity of crops. Livestock
suffer from parasitic diseases, some of which also affect humans. In order to increase
agricultural production in these regions, farmers can resort to extensive and/ or intensive
adjustments. Under intensive adjustments, farmers take measures so as to increase the
output but keep the total area under cultivation constant. Extensive adjustments include
bringing more land under cultivation. In some cases, this leads to destruction of forests

and wildlife, which has a detrimental effect on the earth’s environment.

Given these many challenges, biotechnology has played a significant role in creating new
wealth in a few rich countries of the North. Given suitable conditions, the adoption of
biotechnology can help improve the health, well-being and lifestyle of mankind. The
issue at hand is whether biotechnology can be adopted and used in the developing
countries to address problems typical to these countries, such as poverty. Although
modern biotechnology may not be a panacea for all these problems, it can be critical

component of the solution if it is guided by appropriate policies (Flavell, 1999).

The next section describes briefly the revolution in genetic engineering within molecular
biology and the introduction of intellectual property rights in the agricultural sector.
Section 2.2 discusses the benefits and risks of this new technology, in the context of a
developing country. Section 2.3 addresses the negative external effects of biotechnology
such as loss in biodiversity, loss in traditional knowledge by the farming community and
threats to human health. Section 2.4 analyzes some of the existing models in the
economics literature that deal with this issue. Finally, section 2.5 summarizes and

concludes the chapter.
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2.1 Genetic modification of agricultural crops and application of intellectnal

property rights in biotechnology

From ancient times, human societies have carried out modifications of natural species
using means such as seed selection and controlled breeding. This practice reached
spectacular heights with the breakthroughs in basic genetic science in the early 20%
century which led to the emergence of hybrid seed varieties for important food crops, and
by the mid-century, to high-yielding variety of seed through the ‘Green Revolution.” In
1953, molecular biology was revolutionized with the discovery of the double helical
structure of DNA (DeoxyriboNucleic Acid) molecules that are the critical constituents of
genes. In 1973, scientists began engineering the recombination of DNA by moving
specific genes carrying desired traits from a source organism into the DNA of a living
target organism. This genetic transformation technique has been called genetic
engineering, and is now more commonly known as genetic modification (GM). In this
analysis, the term genetically modified organism (GMO) is used to mean any organism
that has recombinant DNA, implying it has had DNA transferred to it from another
organism (Gaisford, et al., 2001).

The modern commercial GM crop revolution began only in 1995-96 (Paarlberg, 2000).
A number of new GM corn, cotton and soybean varieties were engineered to resist pests
and viruses. These varieties received approval from regulators and were released for
commercial use in a number of countries, led by the United States. Farmers were quickly
attracted to these new varieties as these required less management and less pesticide or
herbicide usage. By 1999, Argentina, Canada and the United States accounted for 99
percent of total GM crop production in the world. The reason for this confinement of
GM crop acreage was that the private organizations developing GM varieties carried out
research and de;lelopment solely on a profit motive. Specifically, they initially designed
the new varieties for use by richer farmers in the developed world with the purchasing
power to support the new products. Subsistence farmers in the developing countries were

not targeted as consumers of these GM inputs (Paarlberg, 2000).
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In recent years, other important developments, namely the expansion and strengthening

of intellectual property rights (IPRs) that apply to processes and products, have changed
the way in which improved crop varieties and related technology are being innovated and
commercialized. Until recently, the research and development of new crop varieties were
largely undertaken in the public sector with limited incentivgs provided by the traditional
IPR systems. A new IPR, the ‘Breeders’ Right’, was established in the 1950s and 1960s,
which stimulated more private sector firms to carry out research in this emerging sector.
Later, the expansion of scope of the Patent Right and the emergence of the Farmers’
Right, which originated in the Convention on Biological Diversity (CBD) have provided
some form of ‘right to exclude’ others from using genetic resources. The expansion of
IPRs into biotechnology is part of the process of increased privatization of basic

knowledge (Santaniello et al., 2000).

Expansion of IPRs to protect modern biotechnology products is subject to tremendous
dispute and contention. Opposition to genetically modified organisms (GMOs) is strong
in many countries with bio-safety questions unsettled and ethical issues debated. While
some governments have taken a permissive regulatory attitude toward new GM crop
technologies, other governments have taken a more cautious view. The United States
took a more permissive approach with no new labeling and segregation restrictions
required on food produced using GM seeds. The governments of Canada and Argentina
followed a similar path. However, the European Union adopted a rather conservative
attitude in response to the issues of heath and environment. Motivated in part by the
experience of the ‘mad cow disease’ crisis that occurred in Europe in 1996, the
governments imposed labeling requirements on GM foods in 1997 and blocked any new

registration of GM varieties in 1998 (Paarlberg, 2000).

Genetically modified crops were first marketed in 1996 (Moschini, 2001). By 1999, GM
crops were cultivated on about 100 million acres of the total agricultural land world wide.
The major crops produced using the new technology were soybeans, corn, cotton and

canola. The element of the new technology for soybeans and canola was herbicide
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resistance. The ‘Roundup Ready’ varieties of these crops are resistant to glyphosate, an

effective post-emergence herbicide. For cotton and corn, the transgenic qualities are
herbicide resistance as well as insect resistance. During the period 1996 to 2000,
commercial production of GM crops was carried out in twelve countries; however, 99
percent of this production was in the United States, Canada and Argentina. In 1999,
soybeans accounted for over 50 percent of the GM crops produced, corn accounted for
about 25 percent and cotton and canola were about 10 percent each (Moschini, 2001,
Gaisford ef al., 2001)

2.2 Benefits and risks of biotechnology

The application of biotechnology in sectors such as agriculture has produced a growing
number of GMOs and products from them. The potential ecological, human health and
socio-economic effects of such applications have turned out to be the center of extensive

debate at national and international levels.

Benefits arising due to the introduction of agricultural biotechnology are accrued by the
farmers and the suppliers of complementary inputs such as the herbicide “Roundup.” In
particular, pest resistance and weed control characteristics of GM inputs help increase
crop yields. This in turn transfers higher surplus to the producers. A related benefit is
reduction in soil erosion — usage of pest resistant inputs implies less application of
chemicals to the soil enabling the soil to retain a higher level of moisture. Some indirect
benefits accrue to the consumers of such products as well. Increase of yield implies
reduced cost (per unit) of production, which sometimes leads to a fall in price of the

output. This helps the consumers to enjoy higher consumers’ surplus.

Developing countries of the world may benefit from genetically modified food, crops and
other GM organisms to a large extent. GM techniques for creating virus-resistant,
drought-tolerant and nutrient-enhanced crops can significantly reduce malnutrition and
other related problems. The risk of crop losses due to pests and weeds‘ are often higher in

developing countries and the conventional tools (for example, chemical and biological
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pesticides) to do away with these problems are either unavailable or unaffordable in

many cases. The need to produce more food is particularly imperative in developing
countries, home of nearly the entire world’s undernourished today as well as of 90

percent of the population growth (Tai, 2002).

Whether the new technology promises to be the key technological innovation in the
struggle for food security depends on how the associated risk factors are perceived,
separated and dealt with (Leisinger, 1999). Many researchers are of the opinion that
intellectual property rights of biotechnology products lead to more extensive use of GM
variety which in turn encourages monoculture and thereby causes erosion of biodiversity.
Assigning IPRs on biotechnology products makes research and development focus on
GM varieties as these are relatively profitable, thus leading to environmental
homogeneity. Crops in such cases may become more vulnerable to diseases and pests
(Dutfield, 2000).

The developing countries of the world are rich in traditional knowledge of the farming
community. Farmers, through generations of farming practices have acquired enormous
knowledge about crop varieties, soil type and related aspects. Monoculture implies that
these farmers would farm only a single crop variety over their entire available land. As it
is very likely that this single (GM) crop variety is not indigenous to the area, the farmers
would lose the usefulness of their traditional knowledge that relates to diverse varieties.
Thus monoculture might lead to erosion of traditional farming knowledge and

consequently to loss of numerous rare crop varieties.

Another important risk issue is associated with people’s concern regarding potential
detrimental effects on personal health from consuming products of biotechnology. A few
scientists believe that the process of genetic modification disrupts the host gene function
and results in unpredictable outcomes. As an example, there is concern about the

possibility of transmitting allergenic components from one GM crop to another causing
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unpredictable allergic reaction in humans. Therefore, consuming GM crops may lead to

unwanted health effects (Gaisford er al., 2001).

2.3 Negative external effects of biotechnology

In the current analysis, the potential negative external effects of GM technology are
addressed from the perspective of a developing economy. The objective of the analysis is
to design public policies to take into account these externalities. In this section the risk

issues of agricultural biotechnology are discussed in more detail.

2.3.1 Loss of biodiversity

The key question posed by the researchers in this context is whether the application of
biotechnology and the expansion of IPRs to incorporate biotechnology are leading to
genetic uniformity. As has been suggested by Dutfield (2000), protection of GM
technology products through IPRs creates incentive for developing only genetically
modified varieties of seeds since they have high demand. The organizations tend to carry
out research and development in those sectors that may yield huge profits in the short run.
Research is potentially centered on high-yielding variety seeds, for example. This in turn
leads to the danger of genetic uniformity by inducing farmers to cultivate a single variety
of crop as widely as possible. As described by Shand (1998), in the Philippines,
thousands of rice varieties used to be cultivated. By the mid-1980s, two Green
Revolution varieties occupied 98 percent of the entire rice growing area of the country.
Nearly 1.4 percent of the earth’s surface (constituting about one-third of the biodiversity)
is threatened today with complete ecological breakdown in the event of natural disaster or
further human encroachment (World Bank, 2002). Shand (1998) points out that the
erosion of crop diversity is detrimental to world food security — the long run

improvement of agriculture depends largely on the maintenance of biodiversity.

2.3.2 Loss of traditional knowledge
As a result of the introduction of biotechnology in agriculture, agricultural output in the

United States during the 20™ century, for example, increased about five fold. The
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striking feature is that, input usage has remained more or less the same, resulting in a

tremendous productivity gain. Examining the trend in production, it is observed that the
yields of corn and soybeans in the United States have increased enormously (Moschini,
2001). There are a few negative effects of this impressive success of the new technology
— namely, erosion of traditional knowledge of the indigenous farming community. This
remarkable success of industrial agriculture has nearly depleted the farming community’s
internal resources — their traditional knowledge. Shanél (1998) pointed out that the spread
of industrial agriculture caused displacement of more diverse, traditional agricultural
systems to some extent. Farmers are tempted to use the transgenic version of a high-
yielding variety of seeds in vast areas, instead of the diverse varieties created through
years of farming practice. This again leads to the issue of monoculture and possible
environmental damage. Researchers of transgenic traits are becoming more and more
worried about the availability of the ultimate source of crop genetic resources, the

traditional farming system of the tropical regions (Brush, 1992).

2.3.3 Threat to human health

People’s negative attitude towards the consumption of GM food is an important issue.
Introduction of a new gene into a plant or a change in the expression of the existing gene
may cause that plant to become allergenic. It may induce allergic responses in
individuals who are sensitive to that allergen or it may make individuals newly allergic to
that allergen. Another concern associated with GM food is that a gene introduced into
the plant may become incorporated into the consumer’s genetic make-up. However,
recent reports claim that the risk of allergy from the consumption of a GM variety has not

yet been proven to be greater than that from traditional crop (Royal Society, 2002).

Sections 2.2 and 2.3 have described the pros and cons of agricultural biotechnology and
the resultant use of genetically modified seeds for crop production. On the one hand,
agricultural biotechnology can provide food security to the poor of the developing
countries to some extent, through the development of high-yielding, or dr;)ught, or pest-

resistant seed varieties. On the other hand, extensive use of GM varieties may lead to
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harmful effects such as loss of agricultural biodiversity, loss of folk knowledge of the

farmers, or the possibilities of negative health effects. A separate literature and research
program explores those issues (Shand, 1998). It is sufficient for this research to point
toward the fact that there is a perception of harm for at least some crops produced using
GM seeds.

2.4 Existing models in the economics literature

In the modern knowledge-based economy, the economic prosperity of firms and nations
depends, to large extent, on their ability to innovate and exploit new technology.
Technological innovations are regarded as intellectual property (IP), which is-
commercially valuable information. Intellectual property rights (IPRs) are instruments
used by firms to protect their innovations. The major intellectual property rights are
patents, trade secrets, trade marks, copyrights, and, in the context of biotechnology, plant

breeders’ rights (Rafiquzzaman and Ghosh, 2001).

On a global scale, the international law of IPRs consists of multilateral treaties, regional
treaties and bilateral agreements. The multilateral treaties are mainly administered by the
World Intellectual Property Organization (WIPO). Important examples of these types of
treaties include the Patent Cooperation Treaty and the Paris Convention for the Protection
of Intellectual Property. An example of a regional treaty is the European Patent

Convention.

In the context of biotechnology, the most important of the IPR treaties are the Trade-
Related Aspects of Intellectual Property Rights (TRIPS) and the Convention of the
International Union for the Protection of New Varieties of Plants (The UPOV
Convention). The former, which is administered by the World Trade Organisation
(WTO), tries to enforce universal minimum standards for the protection of intellectual
property. The latter, administered by the International Union for the Protection of New

Varieties of Plants (UPOV) is important as it deals specifically with plant varieties.
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In the developed countries, a systematic enforcement of IPRs began only during the last

40 years. Importance of IPRs has grown many-fold in the developed world due to the
rapid rise of various knowledge-based economies — namely information technology (IT)
and biotechnology. On the other hand, in the developing world, there has been less
motivation to modernize IPR systems. This scenario is expected to change with the
enforcement of TRIPS under which all nations need to enforce minimum levels of IPR
protection (Girsberger, 1999; Crespi, 1988; Dutfield, 2000). One motivation for the
adoption of IPRs in any developing country is that the innovation may not be sold to that

country unless the IPR is enforced.

There exists a tradeoff between the incentives for innovation and the extent of monopoly
power. In particular, when a firm receives protection for its innovation in the form of
IPRs, it enjoys considerable monopoly power during the period for which the IPRs are
valid. Lack of protection for the innovator’s rights might lead to insufficient incentive
for research and developmenf. On the other hand, monopoly power may lead to
inefficiency in the form of static deadweight loss in social welfare. There has been
significant economics research on this issue. All these works attempt to develop a
structure for an optimal IPR regime (Gilbert and Shapiro, 1990; Green and Scotchmer,
1995).

There is a growing literature that explores theoretically and empirically the welfare
impacts of alternative IPR regimes. IPRs'may be enforced completely, so that every user
of the new technology product needs to pay a license fee to the innovator. In other cases,
IPRs may be enforced less than completely, in which case some users may have access to
the new technology product illegally. Deardorff (1992) examines the issue of extending
patent protection from the country where an invention takes place, i.e., the developed
country or the North, to a country which is a net consumer of the new technology
product, i.e., the developing country or the South, using a simple model of invention.
The analysis reveals that with extension of effective patent protection, the North gains in

terms of social welfare whereas the South loses. Moreover, the model shows that the loss
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in welfare experienced by the South more than offsets the gain to the North and therefore,

the aggregate world welfare falls. In another model of North—South technology transfer,
Taylor (1993) shows how a reduction in patent protection by South, rather than lowering
the incentives to conduct research and development (R&D) on the part of the North,

raises the North’s incentives to employ other barriers to imitation.

Vishwasrao (1994) incorporates asymmetric information in a partial equilibrium, game
theoretic setting and explores the issue of technology transfer from the North to the South
and the related welfare implications. Her paper shows that the gains to the South from
the lack of IPRs protection may be offset by strategic behavior by the firm in the North
that transfers technology through subsidiary or monopoly production. Zigic (1998) using
an applied duopoly model with technology spillovers; considers the issue of IPR
protection in North—South relations. The major insights provided by this paper are that
the common assumption the South is generally better off in terms of social welfare by
implementing a relaxed IPRs regime, is not robust. In other words, in the spillover
framework of Zigic (1998), IPRs infringement by the South might not always have

positive effects on its social welfare.

In most of the works described above, the focus is generally on how the provisions of
intellectual property rights in both the North and the South influence the incentive to
carry out research and development in the North and the transfer of technological
innovation between the two countries. These analyses point more toward potential gains

from improving North—South trade relations through intellectual property protections.

In a recent paper, Perrin (1999) describes how the South might benefit from stronger
IPRs because of a tilt of inventive activity toward more South-appropriate technology.
Other beneficial effects of stricter IPR protection in the South include a quality effect, a
technology transfer effect and a learning effect. The quality effect arises due to the fact
that distributors of pirated/ illegal products do not have the incentive to provide

warranties or similar quality assurances. The successful introduction and maintenance of



16
new technology in the South may require human or investment capital which can be

provided only by the innovators of the North — the technology transfer effect. In the
absence of IPRs in the South, the rights holder of the North may not have sufficient
incentive to provide these investments. Thus according to Perrin (1999), a strict IPRs
regime in the South leads to a successful technology transfer from the North to the South.
When a new technology is introduced to the South, it induces an advancement of
technical know-how among people in the South. This is referred to as the learning effect

by Perrin (1999), which increases the South’s capability to create further innovations.

In a more recently published economic analysis by Giannakas (2002), the issue of IPRs
piracy or ‘cheating’ has been explored from a slightly different angle. The analysis
examines intellectual property rights enforced by a developing country when an
innovator in the developed country introduces a new GM variety of seed. This paper
shows how the “host” government balances the competing interests of the foreign rights
holder, i.e., the innovator and the domestic crop producers by explicitly choosing to
enforce the IPRs imperfectly. One of the noteworthy findings of Giannakas’ (2002)
analysis is the recognition of a positive pecuniary externality in the process of imperfect
enforcement of IPRs. In particular, as the government implements less than complete
protection of the innovator’s rights, a new group of domestic producers emerges whose
members acquire the new technology product (GM seed) by illegal means, without
paying the price of the seed. In the presence of this phenomenon, the foreign innovator
needs to lower the price of legal GM seed to maximize profits. Giannakas (2002)
describes this as a positive externality enjoyed by the domestic producers who purchase

the GM seed; the positive externality is absent under perfect enforcement of IPRs.

In the next chapter, following Giannakas (2002), it is assumed that the developing
country’s government decides to allow the importation of a GM seed variety from a
developed country innovator, who becomes a monopolist in the GM seed market. The
problem here is unique as the monopolist is foreign and thus the rent earned by it is

repatriated to the foreign country. Thus the ‘first best’ outcome is ruled out because of
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the inefficiency arising from the existence of the monopoly power and the ‘second best’

outcome is also ruled out as the rent is not redistributed among the agents of the domestic
country, rather, it is lost altogether because of its repatriation by the foreign country.
Thus, the model introduces two forms of loss in the level of social welfare in the

developing country that accompany any gains from the new variety itself.

Following Giannakas (2002), the domestic producers considered here are assumed to
possess heterogeneous characteristics. Producers may be thought to differ in terms of
their farming environment, such as its climate and soil quality. In this case, it is assumed
that producers with low quality of soil for example, tend to gain the most from adoption

of the GM variety, whereas, those with improved conditions use the traditional variety.

The model introduced in chapter 3, extends the analysis of Giannakas (2002) to include a
new GM variety of seed that may also bring disadvantages to the adopting country. For
example, there may be risks related to the loss of environmental biodiversity, loss of
traditional knowledge by the indigenous farmers, and negative effects on human health
described in section 2.3 above. This model shows that in the presence of such negative
externalities, the positive effect introduced by Giannakas (2002) may be offset partially
or completely. The current model proposes government policy measures such as a
corrective tax or a corrective subsidy that may internalize the negative externality to
some extent. Closed form analytical solutions show that either the tax or the subsidy
raises the social welfare of the developing country, however, because of the presence of
the foreign monopolist (innovator), the “first best’ outcome cannot be attained by a single

corrective instrument. The model is analyzed in chapters 3 and 4.

2.5 Summary and conclusions

This chapter has provided a brief introduction to the history of genetic modifications of
agricultural crops and has reviewed some of the debate over the application of intellectual
property rights to the agricultural sector. In recent years, many researchers have

proposed that agricultural biotechnology should be thought of as an answer to the
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problems faced by the developing countries of the world, such as poverty and

malnutrition. For example, through the development of pest resistant seed varieties, the
quality and yield of crops can be improved significantly. On the other hand, research in
this sector reveals that use of a GM variety may be detrimental. Monoculture with a
single GM crop in a vast area might lead to genetic uniformity of crops, causing loss of
agricultural biodiversity and other related problems. The current research aims at
structuring some public policies relevant to the developing countries of the world. As is
shown using game theory and numerical simulations in chapters 3 and 4, adoption of a
policy tool such as a tax or a subsidy improves the level of social welfare of the

developing countries.
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CHAPTER THREE: REVISED MODEL OF IPR ENFORCEMENT IN

BIOTECHNOLOGY

In this chapter, an economic model of IPR enforcement is proposed that takes into
account both the beneficial and the potentially adverse effects of biotechnology on the
economy of the country that adopts the new technology. In particular, this model
incorporates any general kind of negative external effects arising due to the cultivation of
genetically modified (GM) crops, such as damages caused to human health and the
environment. The current model is an extension of the work described in Giannakas

(2002).

There are three sets of agents in the model, namely, the heterogeneous producers of a
crop in the developing country, an innovator who produces a genetically modified variety
of seed in the developed country for sale in the developing country and the social
planner/government in the developing country. Producers are assumed to face a
competitive market and they aim at maximizing their payoffs or net returns derived from
crop production (using either genetically modified or traditional varieties). The foreign
innovator is a monopolist vendor of GM seed in the developing country. Therefore, the
innovator determines the price of the GM seed by maximizing profits, and producers take
the price of GM seed as given. The developing country in the model is assumed to be a
small open economy. Therefore, the prices of the traditional seed and of all crops are
determined on the world market and are taken by the producers. Finally, the government
in the developing country faces the problem of maximizing social welfare. By having
already implemented intellectual property rights, the government balances the competing
interests of the domestic producers and the foreign innovators, and considers the use of a

new policy instrument to address externalities.

In the model, the developing country government has already decided to allow the
importation of a new GM variety of seeds from the innovator in the developed country.
The innovator is a monopolist in the GM seed market. Therefore, importing its product

implies the profits earned by the monopolist are repatriated to the foreign country. Thus,
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the domestic government incurs a related loss in the level of social welfare. Moreover,

the new variety may introduce both positive and negative externalities in addition to the
productivity gains to be experienced by domestic producers. Thus, the “host”
government may play a strategic role in enforcing IPRs and in regulating the use of a new
technology. The current analysis models the strategic, sequential interaction of the
domestic government, the foreign innovator, and domestic producers, all operating in a

small open economy.

In the next section, the case of perfect enforcement of IPRs on the part of the developing
country economy is presented. Later in the same section, taxation is introduced as a
government policy measure to counter the negative externalities and the tax’s
implications under perfect enforcement regime are discussed. This is followed in section
3.2 by the case of imperfect enforcement of IPRs in the developing country and taxation
aé a policy instrument under an imperfect enforcement regime. Sections 3.3 and 3.4
analyze subsidization as a policy instrument to counter the negative externalities
emanating from agricultural biotechnology under perfect and imperfect enforcement of

IPRs scenarios, respectively. Section 3.5 summarizes and concludes the chapter.

3.1 Perfect enforcement of intellectual property rights in the developing country

The problem is illustrated using an extensive form representation of a static game shown
in Figure 3.1. In this game, government in the developing country enforces the IPRs
perfectly, implying that the domestic producers act fully in accordance with the
provisions of the IPRs. In the first stage of the game, there is a decision node for the
government where it decides on either a tax (at rate ) or a subsidy (at rate 79) as a
policy instrument to counter negative externalities from the GM variety. Next, a decision
node for the innovator is reached where it decides on the price of the GM seed to be
charged in the developing country market. In the third stage of the game, domestic
producers decide the type of crop (GM or traditional) to produce. The game is solved

ﬁsing backward induction.
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The game described in Figure 3.1 is a non-cooperative, static game of complete and

perfect information, implying that the moves occur in sequence, all previous moves are
observed before the next move is chosen and the players’ payoffs from each feasible
combination are common knowledge. It is a single period game signifying the short run
nature of the analysis and ruling out entry and exit decisions on the part of the agents.
Moreover, it is assumed that the producers face a standard convex, monotonic production

technology.

The solution of the game is a backward induction outcome which does not involve non-
credible threats. In ruling out the possibility of non-credible threats, consider the concept
of a subgame perfect Nash equilibrium (SPNE). A subgame is a smaller game within the
complete game. Beginning at a particular point in the original game, a subgame includes
all subsequent choices that must be made if the agents actually reached that point in the
game. A strategy profile is a SPNE if the strategies are Nash equilibrium in every
subgame. There may be multiple Nash equilibria in a game, but only the SPNE is the one
associated with the backward induction outcome (Gibbons, 1992; Church and Ware,
2000; Varian, 1992).

Following the method of backward induction, the analysis begins at the last stage of the
game, i.e., the domestic producer’s move. Here, according to Giannakas (2002, 483),
‘producers differ in terms of age, education, experience, management skills, technology
adopted, size and location of the farm, degree of specialization, etc.” Let 4 denote the
quantifiable attribute that differentiates producers, distributed uniformly between zero
and 1 (0< 4 <1). A producer determines whether to produce a non-GM crop, i.e., the
traditional variety, or a GM crop, depending on his or her ‘4’ value. The differentiating
attribute, 4, is the independent variable that defines or influences the net returns available
from alternate crop varieties. In the current analysis, this differentiating attribute can be
thought of as any one of, or some composite of, various characteristics of the producers,
such as the degree of resistance of each producer’s crop (or cropping location) to (partial)

yield losses due to frost, drought, soil salinity or pests.
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Note that the attribute 4 is defined such that a lower value of 4 implies the producers find

it more profitable to use GM seeds for crop production while a higher value of 4 suggests

the producers will favour the use of traditional seeds.

Assuming J], to be the net returns earned by each producer while producing a unit of
traditional crop, p,, to be the farm price of the traditional crop (net of all production
costs except for seed) and p; to be the price of traditional seed, equation (3.1) describes
net returns accruing to the producer for a unit of traditional crop production
IL=p-p+n (3.D.

The variable 1"

o denotes the net returns of each producer associated with the production

of a unit of GM crop, where p,, is the farm price of GM output (net of all production

costs except for seed) and p,, is the price of the GM seed. Equation (3.2) gives the net

returns for a unit of GM crop produced using GM seed acquired legally
h K
Hgm =P gn P g + ¢A (3 2) .

Producers’ resistance to production risks and yield losses, as reflected in the production

attributes, 4, affects the crop returns through the parameters y > ¢ > 0.

It may be possible for producers to reproduce the GM seed by reverse engineering or by
saving some of last season’s seeds. If so, the producers will be able to produce GM

output and enjoy the higher profits associated with it, without paying the full price of GM

seed p,,. This phenomenon is treated as a violation of the innovator’s IPR and is

described in the imperfect enforcement of IPRs scenario. To avoid such case, under the
perfect enforcement regime, it is assumed that the GM seed used by the producers in the
first round of cultivation of GM crop is modified to possess a so-called ‘terminator gene.’
Under such a circumstance, producers cannot collect viable seeds from last year’s crop

and this automatically leads to perfect enforcement of the innovator’s property rights.
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Perfect enforcement of the IPRs is examined in a series of four cases summarized in

Table 3.1 below.

Enforcement Regime Analytical cases

Case (i): No externality, no policy measures adopted

Case (ii): Negative externalities occur, no policy measures

adopted yet

Perfect Enforcement | Case (iii): Negative externalities occur, corrective tax imposed

of IPRs per unit of GM seed purchased as a policy measure

Case (iv): Negative externalities occur, corrective subsidy
levied per unit of traditional seed purchased as a policy

measure

Table 3.1: Description of various cases for analyzing perfect enforcement of the IPRs

In the first case, there are no negative externalities and as a result, no policy tools are
required. This is a replication of the benchmark case in Giannakas (2002) with the
variation being the assumption about the one-to-one correspondence between the levels
of input and output. In particular, Ginnakas (2002) assumed fixed proportions between
seed and farm output. This assumption is not considered in the present analysis. Case
(ii) is the intermediate case in which negative external effects of biotechnology are
recognized, but the government does not adopt any policy instruments as a corrective
action. This will help understand the specific effects of externality on social welfare and
the potential gain by bringing in policy instruments. Finally, in case (iii) and case (iv), in
response to the externalities, government as a social planner introduces alternative policy
tools. Cases (i) through (iii) are discussed below in sub-sections 3.1.1 to 3.1.3 and case

(iv) is described separately in section 3.3.

3.1.1 Case (i): No externality, no policy measures adopted
Here, a brief discussion is presented on the results derived in the benchmark case in
Giannakas (2002). The net returns functions of the producers are shown using Figure

3.2. The vertical axis measures the net returns earned per time period by the producer
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and the horizontal axis measures the differentiating attribute 4. The curvesIl, and

H';,m represent equations (3.1) and (3.2) respectively. From the equations, it is observed

that IT, has a slope of y and an intercept of p, — p;’; Hi’,m has a slope equal to ¢ and an

intercept of p,, — p,,- By assumption y> ¢ and the producer’s attribute 4 is exogenous.
As in Giannakas (2002), there is a necessary condition to ensure that producers face a

meaningful choice of the two available crop varieties that results in some of each being

chosen. The pricing and productivity characteristics of the two crops must be such that:

(7'—¢) > [(pgm _pgm) _(pt _pl‘)] >0 (33> .

This condition states that, in order for neither variety to dominate the entire seed market,
the GM crop must be profitable for producers with low 4 values, but that the advantage

of the GM crop must dissipate for those producers whose 4 values are relatively higher.

Net returns

s
P am 4 am

.p[_p:'A o1

\ 4

0 A 1

am

Differentiating Producer Attribute (A)

Figure 3.2: Production decision and producers’ net returns under
perfect enforcement of IPRs (inodified after Giannakas, 2002)

According to Figure 3.2, producers located to the left of 4, derive higher net returns

from the production of the GM crop, since, in this region, II',b’,,,, (dotted portion) lies
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aboveIl,. On the other hand, producers located to the right of 4, find it more profitable

h

to produce the traditional crop, as II, (dotted portion) lies aboveITy,.

The producer with
characteristic Agy, is indifferent between producing a unit of the GM or traditional crop

and this boundary level of 4 is given by

4 = (pgm _sz) _(pl _pf)
o 7_¢

which is derived by equating IT

(34,

h
gm

to II,. By observation of (3.4), all else being equal,
more producers use GM seed the lower is the GM seed price or the higher is the
traditional seed price. Similar to Giannakas (2002), it is assumed that since the producers

are distributed uniformly between 0 and 1, normalizing the mass of producers at unity,

Agn also gives the level of use of GM seed, x;m as

¥ = (pgm — p;m) - (pr = p’s)
“ y—¢

However, another assumption made by Giannakas (2002) about one-to-one

(3.5).

correspondence between GM seed and GM output is not considered in this analysis. For
example, if the GM crop raises yields for producers with a low 4 value, the fraction of
producers using each type of seed will not necessarily match the fraction of total output

coming from each group.

In the second stage of the game tree, the innovator decides on the price of GM seed, py,, -

The innovator’s problem can be formally stated as:

_ s s
mvaXﬂ - (p gm m)xgm'

p'gm .
The short-run profit of the innovator, denoted by 7, consists of the price of the GM seed
in the developing country market net of the constant marginal cost m, multiplied by the
total quantity of GM seed sold to the producers. Solving this problem (derivations are

provided in Section 3.1(A) of Appendix A), the equilibrium price is

s pgm — P +p7 +m
pgm - 2

(3.6) .
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Substituting (3.6) into (3.5), the equilibrium quantity of GM seed usage becomes

x_‘- — .pgm _.pt +p[-" -m
& 2(y-9)

Figure 3.3 shows the inverse demand function faced by the innovator and the

(3.7).

determination of the equilibrium price and quantity of GM seed. The inverse demand

function, derived by substituting the value of m from equation (3.7) into equation (3.6), is

given by pz;m = pgm - pt + pt‘ - (7 - ¢)x;m H Where the intercept iS (pgm - pt + pt‘) and the

slope is

Price

A
pts - P +pgm
P sm F Y s
§ ng * pgm =B- (7 - ¢)xgm
IR;

m

0 X ¥ MR K Quantily "

gm gm

Figure 3.3: Production and pricing of GM seed under perfect
enforcement of IPRs

—(y —¢). For notational simplicity, the intercept is denoted by B=(p,, —p,+p/)- A

glossary of other notation used in each of the analytical cases (i) through (viii) appears as
the List of Symbols and Abbreviations (page xii). Since the innovator is a monopolist,
the profit maximizing price — quantity combination is determined at the intersection of

marginal revenue and marginal cost functions. Demand and marginal revenue functions
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are denoted by the curves D,, and MR, respectively; m is the constant marginal cost.

Equilibrium price and quantity are p,, and x,, respectively. The foreign innovator

derives rent equal to the rectangular area, denoted by IR; in the figure. Formally, the
level of surplus earned by the innovator which is referred to as the innovator’s rent, IR,

is given by
]Rl = (p;Ill - m) x x;m (38) H]

and is identical to 7 defined earlier in describing the innovator’s problem.

These results match exactly those of Giannakas (2002) in his benchmark case of IPRs
under perfect enforcement. Giannakas’ (2002) findings are replicated in equations (3.6)
and (3.7) so that comparison of these to the results derived later in the chapter would be
easier. As mentioned earlier, unlike Giannakas’ (2002) the present analysis does not

assume any one-to-one correspondence between the input and output of GM variety.

In the first stage of the game, i.e., the last stage in the backward induction method,
domestic government makes its move. Government as a social planner aims at
maximizing social welfare. For analytical simplicity, welfare arising from all other
sectors of the economy is assumed not to affect, nor to be affected by, the contribution
from this sector. Implicit here are the aséumptions of a strict utilitarian social welfare
function and the assumption that gains in this sector are separable from those in other
sectors. In Giannakas’ (2002) benchmark case, the relevant portion of the social welfare
function (W) consists simply of the producers’ surplus (PS;) in the developing country
given by the area under the dotted lines in Figure 3.2. Since the negative externality has
not yet been considered, it does not affect the social welfare function. Resultantly, the
government does not have any instrument to control the level of social welfare in this
case. Therefore, the level of social welfare in this case is given by

4 g

1 2

. B—m)

W,=PS, = |II" dd+ |[I,dd=p —p"+Z+(— (3.9,
1 I AI’ T2 8(r—¢)

am
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where B=(p,, —p,+p;) (and this derivation is presented in Section 3.1(B) of
Appendix A).

In this case, government’s problem is straight forward as the government is able to ensure
complete enforcement of the innovator’s rights. In this case, since market failure arising
from negative externalities associated with the GM variety is assumed away, government
does not interfere with the market for that purpose and therefore, government does not
have any choice variable. Thus, in case (i) the welfare component, #; is an exogenous
parameter in the sense that it is determined by factors which are outside government’s
control. In later sections it can be observed that, in general, the government’s problems
are more complex as maximization of social welfare involves balancing the competing
interests of the producers and the innovator. In particular, in subsequent cases, it will be
observed that government’s policy choice affects the levels of producers’ surplus earned
by the domestic crop producers and the levels of economic rent repatriated by the foreign
monopolist and thus affects the overall social welfare of the developing country.

Government’s problems in those cases consist of constrained optimization.

3.1.2 Case (ii): Negative externalities occur, no policy measures adopted yet
The current analysis extends Giannakas® (2002) model to include a new GM crop variety
that may also bring disadvantages to the adopting country. In this section, a general

negative external effect of biotechnology is incorporated into the model. External effects
associated with GM seed usage, valued in monetary terms, are denoted by D;” and are

defined as

D;F =cxx}, (3.10), where c is a constant.

There can be three possibilities based on equation (3.10). First, consider the case when
the constant ¢ assumes a strictly positive value, i.e. ¢ > 0. This implies that the GM seed
usage creates negative externality or damage. Damages are assumed to be positively
related to the quantity of GM seed, implying the higher the level of GM seed used, more
are the realized associated negative externalities. External effects of this category can be

related to the loss of biodiversity due to the spread of monoculture, loss of traditional
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knowledge and the risk associated to human health from the consumption of GM food.

The second possibility is that of ¢ =0, implying that the use of GM seed does not give
rise to any externalities. Finally, there can be pésitive externalities arising from GM seed
usage, in which case, the constant ¢ will be strictly negative, i.e., ¢ <0. Positive
externalities arise when application of agricultural biotechnology results in increased pest

resistance leading to less spillover damage from the use of pesticides, as an example.

In the current analysis, the first two possibilities are studied in considerable detail, i.e.,
¢>0. The detailed examination of positive externality can be considered as an

extension of the current research and may be incorporated as part of the future research.

For meaningful analysis, it is assumed that the constant ¢ is small enough, leaving the
monetary value of the externality at a low level, so that even after the introduction of the
public policies, such as tax or subsidy discussed later in the chapter, the optimal quantity
of GM seed usage remains positive. With a high ¢, leading to a high monetary value of
externality, introduction of corrective policy tools might lead to zero GM seed usage as
the optimal outcome. Presumably, the decision to admit each GM variety and to enforce
its IPR was conditioned on some assessment that the socially optimal quantity would be

positive.

In this case, social welfare (/>) changes to
W, =PS, ~D;* (3.11).

Clearly, social welfare diminishes here as compared to case (i) for any D,* >0.

Equilibrium price and quantity of GM output remain unaffected, since, by assumption,
the government does not take any corrective measure in response to the negative

externality.

The assumption about the externality that is made in (3.10) is not general to all GM

crops. By counter-example, the monetary value of the externality can assume different
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functional forms. For example, think about a third country that imports crops from the

developing country considered here provided that the exporter is “GM-free.” This ‘third
country’ might reduce significantly or stop the imports altogether, since the developing

country started importing the GM variety. In this case, the negative externality would be

a discontinuous function, and not proportional to x,,, as in (3.10).

3.1.3 Case (iii): Negative externalities occur, corrective tax imposed per unit of GM

seed purchased as a policy measure

If the GM variety brings some associated disadvantage, denoted byD/”, then
government’s optimal policy response is also altered. Here, the government is assumed
to introduce a tax per unit of GM seed purchased, 7, so as to internalize the externality to

the extent possible. Following the method of backward induction, the producer’s

problem is analyzed first. Equation (3.2) can be re-written as

TTh _ ~y

Hgm _pgm _pgm +¢A (312):

where: P, = Dy, + o> Dy is the GM seed price inclusive of tax faced by the producers

and py, is the price (net of tax) set by the innovator in response to a fall in its demand
induced by the tax on its product. Net returns from the traditional crop variety remain

unaltered. Figure 3.4 illustrates the producers’ net returns from different crop varieties.

The new level of GM output is given by

Z =% = (pgm _ﬁ;m)_(pl _pf)

g gm
y=9

Due to the imposition of the tax (7), net returns from GM crops drop from H'g’m to ﬁgm.

(3.13).

This in turn implies that a greater fraction of producers choose production of the
traditional crop variety as the net returns from the traditional crop are higher for them.

This is evident from the dotted portions of the [I, curve in the pre-tax and post-tax
scenarios in the figure. The quantity of traditional seed usage increases from xto X

¥ oto X0

and GM seed usage decreases from x, an
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Figure 3.4: Production decision and producers’ net returns under
perfect enforcement of IPR with tax (7;) per unit of GM seed purchased

Consider the innovator’s problem in the presence of a tax, following the approach of
backward induction. The innovator’s optimal pricing strategy in the face of the
corrective tax will be fully informed by this knowledge of how individual producer’s
seed purchases will respond. The innovator’s objective here is to maximize profits

through determining the price of the GM seed. Formally, innovator’s problem can be

stated as

n;l‘aXﬂ' = (ﬁ;m - m);cl‘(;n >
P 'gm
is the post-tax equilibrium quantity of GM seed used. Solving the innovator’s

=~y
where X,

problem (derivations are presented in Section 3.1(C) of Appendix A) the equilibrium
price and quantity are calculated to be

s
Ax _pglzz_pt+pt +m—'z'0 _B+m'—’l'0

= _ = 3.14),
.pgm 2 9 ( )

~5 DPon — D, +px+m+7 B+m+t
Dgw = ’2’ L= > 0 (3.15)
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and

— 7 N —J—T —m—
f};mngm pl pt 0 =B m T() (316)
2y -9) 2r-¢)

Comparing these results with those of Giannakas (2002), i.e., with those of case (i) in the

present analysis, it is observed that the equilibrium price of GM seed set by the innovator

(net of tax) decreases by %" in the post-tax scenario (refer to equations (3.6) and (3.14)

and note that p,, ., p,, p; and m are fixed constants in each case). On the other hand,

the equilibrium price of GM seed faced by the producers (inclusive of tax) increases by

0

% in the post-tax case (equations (3.6) and (3.15)). The equilibrium quantity of GM

seed also reduces by 7, in absolute magnitude, due to the imposition of tax (refer
2(7-9¢)
to equations (3.7) and (3.16)).
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Figure 3.5: Production and pricing of GM seed under perfect enforcement of IPRs and
loss in innovator’s rent due to taxation
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Figure 3.5 shows the determination of equilibrium price and quantity by the foreign
innovator in the post-tax situation. Due to the imposition of tax at rate 7 per unit of GM

seed purchased, producers reduce their willingness to pay (net of tax) for GM seed,

shown by the inward shift of the demand curve from D? toD? . This leads to a fall in

gm gm*
the innovator’s rent by the ‘L’ shaped hatched area shown in the figure. The rectangular
area (shaded grey) is the tax revenue TR; earned by the domestic government in the GM

seed market.

In this case, government’s decision, in the final stage of backward induction is not as

simple as it was in case (i). Here, government needs to decide on the optimal level of tax

(z,) to be imposed. The objective is to maximize social welfare, W3, which consists of

producers’ surplus (PSs) less negative externalities arising from GM crops (DJ%), plus

the tax revenue (TR3). Although the purpose of the tax is to correct the externality, tax
revenues raised also contribute to social welfare (and are not lost to society when tax
payments reduce producers’ surplus and innovator’s profit). The constraint in the
optimization problem is a minimum innovator rent implying that the innovator’s rent
(IR3) should be greater than some minimum level, 73, so that the innovator finds it

profitable to stay in the market. Government’s problem can be presented as
maxW, = PS, —~ D[* +TR,,

7o
subject to IR, >r, (20).

Producer’s surplus is given by the area below the dotted lines in Figure 3.4

. e v ¥ B-m-7,)
pS, = [[Ih,dd+ 1, dd=p, - p; + L4220

; o 2 8(r-9)
shown in Section 3.1(D) of Appendix A). Adverse effects of GM seed usage are

(3.17) (the derivation is

measured using the damage function given by

DI =cx %’ (3.18).

gm
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Tax revenue earned by the government is specified as

TR, =7, %X, (3.19).

g

Innovator’s rent (IR3) is the area shown in Figure 3.5

IR, =(p2, —m)x % (3.20).

gm

Solving government’s problem by using Kuhn — Tucker conditions, the optimal level of

tax (derivations are presented in Section 3.1(D) of Appendix A) is

* ]. s 1 V
% =3 (Pg =P, + ] +2c=m) = =(B+2c—m) 3-2D).

In this section, a detailed description of the perfect enforcement of IPR regime has been
presented. In cases (i) and (ii), the government does not implement a corrective tax,
whereas in case (iii) the optimal rate of tax is reached by backward induction. In each
case, the innovator’s optimal choice of price and quantity for the GM seed variety allows
a determination of the quantities of seed of each crop variety that are used by
heterogeneous producers. Knowledge of the cost of the externality allows a description
of the level of social welfare that is achieved by domestic residents from activities in this

sector of the agricultural economy.

In the next section, the imperfect enforcement regime is introduced and the use of a tax as
government’s policy measure is considered. As earlier, the level of enforcement is taken
to be exogenous. It will be observed that some of the findings of this section remain
relevant in the next section as well. There will be some additional developments owing

to the complex nature of the enforcement regime.

3.2 Imperfect enforcement of intellectual property rights in the developing country

In this section the case of IPRs infringement in the developing country is considered. In
particular, the crop producers can acquire GM seeds without paying the monopolist’s
price for them. Suppose crop producers are able to use various illegal means such as

reverse engineering, black marketing and harvesting seeds from last season’s GM crops.
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That is, the assumption that the GM seeds possess a ‘terminator gene’ is relaxed.! In this

case, problems of informational asymmetry come up as the individual producer’s action
cannot be directly observed even though it is clear how they might behave in aggregate.
Equation (3.22) gives the expected net returns function of the producers (who are
assumed to be risk neutral) for a unit of genetically modified crop produced using seeds

acquired illegally

I1S, = pgn + g4 —S5(A)p—m (3.22) .

am

In contrast to Giannakas’ (2002) modeling, a seed cost equivalent to the marginal cost of
the innovator is attached to acquiring GM seeds illegally by the domestic crop producers.
In contrast to the approach used by Giannakas (2002), the assumption here is that
illegally acquired GM seeds would not be completely costless. In the current analysis, it
is assumed that the crop producers are as efficient as the foreign innovator in acquiring

GM seeds (illegally) and therefore they face the marginal cost, m.

In equation (3.22) &6(4) is the probability of the developing country government
identifying “cheating” (infringement) on the part of some producers, with (0 < §(4) <1),
and p is the fixed (per unit) penalty imposed (with certainty) on those producers who are
caught infringing. The value of §(4) depends upon the general probability that the
producers will be audited (J,) and the producer-specific characteristics, denoted by the

differentiating attribute 4. As in Giannakas (2002), enforcement authorities are more
effective in their enforcement efforts against those producers with higher 4 values, and
this is well known by all. For simplicity, similar to Giannakas (2002), a linear function is

assumed that relates &, J, and 4, ie, § =5,4. In the present study, for analytical

purposes, J, is assumed to be fixed. This is a major difference between the current

! When a terminator gene is employed, the net returns functions of GM crop (legal and illegal)
could also be thought of as H'g'm =Z,(Dgu + $4) — Py, and IS, = Z (p,,, + ¢4) — Sopd —m
respectively, where, Z is the genetic productivity parameter. In case of ‘terminator gene’, Z, =1

and Z, = 0, and risk neutral producers would never use illegal seed.
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model and that of Giannakas (2002). Giannakas (2002) took &, as endogenous to the

model by enabling the domestic government to choose the level of IPRs enforcement

whereas in the current exposition, &, is exogenous. This assumption will help derive the

optimal tax or subsidy levels (discussed later) while other parameters remain unchanged.

Under perfect enforcement, 6, =1, implying cheating is always detected. Even with
S, =1, the government must set an infinitely high penalty, i.e., o = o, in order to ensure

perfect enforcement of IPRs unless. the variety in question possesses a terminator gene.
Under perfect enforcement, the net return from producing a GM crop illegally is zero for
all levels of differentiating producers’ attribute, 4. However, to avoid such limiting
assumptions, under perfect enforcement it was assumed that the GM seeds possess a

‘terminator gene.’

Under imperfect enforcement, 0 < 8y < 1, implying the probability of getting caught (if
cheating) is less than 100%. This could be attributed to auditing on the part of the
government being costly, so that the government cannot guarantee full enforcement of
IPRs. Moreover, the penalty on cheating when caught is not too high, ie., p < o.
Therefore, there is always at least one producer for whom cheating yields higher net
returns than using purchased seeds. In this case, the analysis is based on the game tree
shown in Figure 3.6 where the government in the developing country enforces IPRs

imperfectly. The problem is solved using the method of backward induction.

As is evident from the beginning node of Figure 3.6, government in the developing
country enforces the foreign innovator’s rights imperfectly. As before, it has either of
two alternative tools to counter the negative externalities from GM crop production: tax
and subsidy. Observing the government’s move, the foreign innovator chooses the price
of GM seed for the developing country market. Producers in the developing country
decide on which crop to produce, GM or traditional, based on the moves of the previous

players. Under imperfect JPRs enforcement, producers have an additional option of
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producing GM crop using seed acquired illegally, i.e., the option of cheating. Payoffs of

all the players are shown in Figure 3.6.

For analytical purposes, four cases under imperfect enforcement scenario are considered
and are shown in Table 3.2. In this section, cases (v) through (vii) are described; case

(viii) is discussed later in section 3.4.

Enforcement Regime Analytical cases

Case (v): No externality, no policy measures adopted

Case (vi): Negative externalities occur, no policy measures

adopted yet

Imperfect Case (vii): Negative externalities occur, corrective tax imposed

Enforcement of IPR | per unit of GM seed purchased as a policy measure

Case (viii): Negative externalities occur, corrective subsidy
levied per unit of traditional seed purchased as a policy

measure

Table 3.2: Description of various cases for analyzing imperfect enforcement of IPRs
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Government in the developing country
enforces IPRs imperfectly and chooses a
tax or subsidy

Tax (t1) per unit of
GM seed purchase as
a policy tool

Subsidy (1) per unit of
traditional seed purchase
as a policy tool

Developed country Developed country
innovator innovator
Sets price of GM Sets price of GM
seed at py, seed at p,
Producer in the Producer in the
developing country developing country
- Legal egal Traditional Legal Hiega Traditional
GM crop / GM]crop \ crop GM crop /' GM crop\_crop
Producer’s E’g’m I, I1, I, 1T, I,
Innovator’s 17 I7 17 I3 I3 I3
payoff
Government’s W, W Wy Wi Ws Wi
payoff

Figure 3.6: Game tree illustrating imperfect enforcement of IPRs
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3.2.1 Case (v): No externality, no policy measures adopted

This case is again similar to the imperfect enforcement of IPRs in Giannakas (2002).
Following the method of backward induction, the analysis begins at the last step with the
producers’ problem. Since perfect monitoring on the part of the government is not in
effect, a new profit alternative for some producers is created, based on their
differentiating attribute 4. There are some producers who can get away with acquiring
GM seed through illegal means without being caught. This in turn depends on the value
of &y, the probability that the producer will be investigated for cheating. If &y is low, a
larger number of producers use the illegal means whereas, if 6¢is high, a lesser number of
producers make this choice as they may have to pay the penalty p. The illegal
component of GM output can be identified in Figure 3.7 below. Net returns from the GM

crop produced using illegally acquired seed are given by:
H;m = Pgm + ¢A - 50PA —m (322A) .

Equation (3.2) is re-written as

=

ow =Pon~Pou 4 (3:23)
where E;m is the price of GM seed set by the monopolist (innovator) in the GM seed

. =h
market in the imperfect enforcement scenario andIl,, is the resultant net returns

function of the producers. Net returns from traditional crop production are given by

equation (3.1) as before

II,=p,—p/+H (3.1).

From Figure 3.7 it is observed that the producers with differentiating attribute in the

interval 4 e[0,4,,) prefer to produce the GM crop as its net return is higher in this

region. Producers with 4 € (4,,,,1] produce the traditional crop since, [],, the net return

gm?
from the traditional crop is the highest here, as shown by the dotted portion of IT,. A

closer examination of the GM crop region reveals that the producers with differentiating



41
) produce GM crop using illegally acquired seed since

c
gm

attribute in the interval 4 e[0,4

Net returns
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p am - .p am
-1 [
0 Agm am 1

Differentiating producer attribute (A)

Figure 3.7: Producers’ net returns under imperfect
enforcement of IPRs

4

the net return from illegal GM output is higher denoted by the dotted portion of IT%, .

Those with 4 e (4;,,4,,) produce GM crop with legally purchased seed, since the net

gm?

return from legal GM crop production is the highest here, shown by dotted portion of

_H—Z,,, . Producers at 4;  are indifferent between producing a unit of illegal and legal GM

gm

crop and those at 4, are indifferent between producing a unit of (legal) GM and

gm

traditional crop varieties. Thus, solving for different producer attributes one obtains the

following
;.\' —m
A = 3.24),
gm 50,0 ( )

implying that all else being equal, more producers use illegal seed the higher is the legal

seed price and the lower is the expected cost of getting caught. Similarly,
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—_ + 5 _—s
Ag,,, _ Po =P, TP — P (3.25),
y—¢

implies that all else equal, more producers use GM seed the lower is the legal GM seed

price and the price of the traditional crop output, or the higher is the traditional seed price
or GM crop price.

In the second stage of backward induction, the innovator’s problem is considered. The
foreign innovator, as a monopolist in the seed market, aims at maximizing profits.
Presenting the innovator’s objective in formal terms gives,

h

—
r!f_lanﬂ = (p om - m)xgm *

l’-gm
Solving the innovator’s problem (derivations are presented in Section 3.2 (A) of

Appendix A), the price of GM seed is found to be

> S0P Pen — D, +P)+My —4) m _GpB+m(y—§) m
gm 2(7, - ¢ + 50p) 2 2(7/ —_ ¢ =+ 50,0) 2

the quantity of legal GM seed is

(3.26),

xll — (pgm_pt-’-pf—m) - (B—m)
. 2(y - ¢) 2(y - 9)
and the quantity of GM seed acquired illegally is given by

(3.27)

v o Pa =Pt =M  (B-m)
T 2y-9+6p)  2r—4+6,p)

where, B=p,, —p,+p;. These results differ slightly to those in Giannakas (2002)

(3.28),

because of the assumption of a cost associated with illegally acquired GM seed. In
particular, domestic producers face a cost equivalent to the marginal cost of the
innovator, m while using illegal GM seeds. When m is set equal to zero, the results
exactly match those of Giannakas (2002). In addition, this model differs from that of
Giannakas (2002) on some other issues as well with the variations being the assumption

on &, namely, & is exogenous in the present analysis and that the assumption (in
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Giannakas, 2002) of a one-to-one correspondence between levels of GM input and output

is dropped.

The social welfare function in this case consists of the producers’ surplus PSs less a cost
associated with IPRs enforcement EC incurred by the domestic government plus the
expected revenue earned through the penalty imposed on the producers found cheating,
Fs. Thus,

W, = PS, — EC + F, (3.29),

where PSs (derivation is provided in 3.2(A) of Appendix A) is the area beneath the
dotted lines in Figure 3.7 above, such that

4

c
gm

Agm
PSS = J‘HZIIIM + J.ﬁ;’"'dA + lJ.HldA
0

A;:u AI-""

_ 2 _ 2
gl Boml | Gp(Bom)

(3.30).
2 2y-9+6,p) 8(y—9)y—9¢+5,0)

Enforcement cost is assumed to increase with higher &y at a constant rate, o, so that
EC, =06, +f3 a>0, >0 ((33]).

Expected public revenue from the penalty, F5, can be thought of as a function of the
producers’ probability of getting caught while cheating (54) and the penalty (o)

c
Agm

Fy=p [(5,4)dd (3.32).

Now, all the components of social welfare function, except for the enforcement costs
(ECs) are expected values (unlike perfect enforcement) as there is a probability &
associated with these. Therefore, government’s payoff in this case Ws is also an expected
level of social welfare. A decision to maximize expected social welfare involves an
assumption about risk neutrality of the government on society’s behalf. In case (v),

government has no instruments to influence s, which is thus exogenous.
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3.2.2 Case (vi): Negative externalities occur, no policy measures adopted yet

In a manner analogous to section 3.1, case (ii), consider this intermediate stage where the
damaging effects of biotechnology have been recognized, but policy instruments have not
been used yet. The only resultant change in this case over case (v) is reflected in

government’s social welfare function. Social welfare, Ws, includes the damage

component D in the imperfect enforcement scenario. By assumption, Wy is exogenous

and not influenced by government’s policy or action. It is the “do nothing” case. The

level of social welfare in this case is given by
W, = PS; — D — EC, + F (3.33).

Valuation of the negative externality in this case changes in that it incorporates both legal

and illegal components of GM seed usage

DF =c(xp, +x5,) (3.34).

gm

This implies that the (external) damage caused under the imperfect enforcement scenario

B

is more than that under the perfect enforcement scenario, provided that (x, +x¢ an -

an) > X
3.2.3 Case (vii): Negative externalities occur, corrective tax imposed per unit of GM
seed purchased as a policy measure

This is the scenario in which production of the GM crop gives rise to negative
externalities and in response, government policy changes to reduce such inefficiencies.
Consider once again the case of a tax (7;) per unit of GM seed purchased. Note that the
tax can only be imposed on (legal) market purchases from the innovator and not on GM
seed acquired illegally. Beginning with the producers’ problem using the backward
induction method, it is observed that in this sequential game, the producers in the

developing world aim at increasing their net returns from various crops (GM or non-

GM). The price of GM seed, inclusive of tax is 2;" = Pgn + 71> Dgu is the price of GM

seed set by the innovator in the presence of demand shrink due to the tax and cheating.

Thus, equation (3.2) that describes net returns from legal use of GM seed now becomes
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H'g =Pgn =D, +¢4 (3.35).

— =gm

The net returns associated with traditional and illegally produced GM crop are given by

equations (3.1) and (3.224) respectively

II=p-p'+H" (3.1) and

H;m = pgm + ¢A - 5(),0A —m (3 22A) .

Proposition 1: Producers produce the GM crop with illegally used seed if and only if the
(tax inclusive) price of the GM seed is greater than the expected penalty from cheating

plus that seed’s marginal cost.

Proof: This proposition was originally developed by Giannakas (2002) for the case where
there are no government policy measures, i.e., case (v) under imperfect enforcement.
Here, the proposition is shown to be valid with a case of tax per unit of GM seed as a
policy instrument to take care of the negative externality, and with the addition of seed

cost, m.

The producer with characteristic 4 uses GM seed illegally when the expected net returns

from producing GM crop illegally are more than those from legal GM crop production,

ie., e >’ When  this inequality  holds, this implies,

gmn —gl)l M
Pon + 94— pA—m>p,, —p° +44;

gm

or, in other words, p;m > SypAd+m.

The left hand side in the above inequality condition is the price of GM seed (inclusive of
tax) faced by the producers and the right hand side gives the expected penalty plus the
seed cost. Thus, only those producers cheat for whom the expected penalty to be paid on

getting caught plus m is less than the price of GM seed charged by the innovator.
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Figure 3.8: Producer’s net returns under imperfect enforcement of IPRs with
‘low’ tax

The net returns functions of the producers can be shown using Figure 3.8. Due to

imposition of tax, net returns from the production of legal GM output decrease as can be

o s —h . ..
seen from the downward shift in the Iz function to I1" . This in turn reduces the

=gm
demand for GM seed and thus the quantity of GM seed exchanged. This will be more

obvious when the innovator’s problem is discussed later in this section.

Proposition 2: The level of corrective tax has a maximum critical value below which all

three seed varieties, namely traditional, legal GM and illegal GM, prevail in the market.

Proof: To derive this proposition, it is useful to introduce the critical point denoted ” in

Figure 3.8. Examining Figure 3.8 more closely, it can be observed that if the function

H'g’m passes below °, the net returns function for legal GM seed, II' becomes

irrelevant. In such cases, net returns from use of either the illegal GM seed or the
traditional seed are always higher than those from legal GM seed. This scenario is

discussed in more detail in Proposition 3. Consider here the case with a ‘low’ level of

corrective tax, implying that the tax rate 7, is set such that T, remains above the critical

—=gm
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point °, and that there are always at least some crop producers who choose to produce
their crop using purchased GM seed. The producers’ attribute A at the critical point f’,

c
gm

denoted 4, is derived by equating II, and II{  at 4., and is given by

=pgm_pl+pf_m_ B-m

4, =
=9 +6p y—¢+6,p

(3.36).

For a ‘low’ level of tax, II"

—=gm

at A, should be greater than IT;, at 4,. In other words,

using equations (3.35) and (3.224), the condition for a ‘low’ level of tax is

Pn—D. +@A,>p,, +¢4, ~6,p4, ~m, which on simplification yields

=gm

P’ < 8pd,+m. As defined earlier, E‘;m is the price of GM seed inclusive of tax, i.e.,

=gm

P’ = Py, +7,. Substituting the values of E;m and A4, (from equation (3.36)) into the

gm

(.pts -p+ pgm)é.op + m(7 - ¢) =
y=§+8p *

above inequality, a ‘low’ level of tax implies 7, <

==gm

Thus, when this inequality holds, the tax is ‘low’ and I1" lies above point 7°, as shown

in Figure 3.8.

The foreign innovator’s problem in the next stage of backward induction is to determine

the price and quantity of the GM seed. This can be expressed as

ql,a'Xﬂ. = (ﬁ‘gy"l - m)xh

=gm?
5
r am

50p(pgm — P +p7’) + m(7_¢) Ry
y—+6p =

The constraint is derived in proposition 2 above under the 7ow’ tax scenario. Solving the

subject to 1, <

innovator’s problem using Lagrange multiplier (derivations are presented in Section 3.2

(B) of Appendix A) the price of GM seed set by the innovator net of tax is found to be

ﬁ.&' — 50p(pgm —-p + pl‘) + m(y - ¢) _ T,—m
g"' 2y —4+6p) 2

The price of GM seed inclusive of tax, which is faced by the producers, is given by

(3.37).
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s 50p(pgm 2 +ptx)+m(7_¢) + 7] +m

3.38),
Eor 2y —4+6p) 2 o
the quantity of post-tax legal GM seed is
oo §0p(pg,,,'—'p1+pf_m)""71(7/_¢+50,0) (339)

Egm -
2(y —$)oop
and the quantity of post-tax GM seed acquired illegally is

¢ _ 0oPPg =P+ P —mM)+7(y — ¢ +p)

zgm - (340) )
2(y — ¢+ 6,0)o0P
Price 4
T 1{
E;m
{J,:;g.m Ds e B— ( _ ¢)[__2_}’—2¢ﬂ]xh
pgm —gm * pgm - V4 - ¢ T 60p an
-—
& h \\anl
0 X Zm xg;n Mz,m MR;m Quantit;

Figure 3.9: Production and pricing of GM seed under imperfect
enforcement of IPRs and loss in innovator’s rent due to taxation

Figure 3.9 shows the determination of the innovator’s price and quantity of GM seed in
the monopolistic market faced by the innovator. The pre-tax willingness to pay for the

seed reduces as a result of the imposition of tax, by the amount of the tax 7;, shown by the
inward shift of the demand curve from D;, to D7,. Innovator’s rent decreases by the

‘L’ shaped hatched area in the figure, when the monopolist chooses the new profit
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maximizing. pre-tax price, pg, and quantity, g'g'm. Figure 3.9 is similar to Figure 3.5,

except for the notational changes.

By assumption, government takes a policy decision in this case as there is an additional
source of inefficiency in the market in the form of negative external effects caused due to
adoption of biotechnology. Government’s objective as a social planner is to maximize
social welfare (W7) which consists of the surplus received by the domestic producers
from different crop varieties (PS7) minus the cost incurred by the government in order to
enforce the innovator’s rights (EC) minus the externalities D.° stemming from GM seeds
plus tax revenue (7R;) earned by the government plus the expected revenue earned
through imposition of penalty (¥7).- As its only influence on the process, government
determines the optimal level of tax, 7, , that should be imposed on legal sales of GM seed
by the innovator. Formally, the government’s problem can be written as

max W, = PS, — EC - Dj* +TR, + F,,

n

subject to IR, >r, (=0).

Producers’ surplus, PS7, is given by the area below the dotted line in Figure 3.8
(derivation is presented in Section 3.2(C) of Appendix A),

Ac(m'u') A(m:w) 1
gl" glll h
PS,= [[T,dd+ [[I.dd+ [[ld4
0 Az g
2 2 2
) T 3(B—-m —~B+m+7
=p-pi+i+ D (Bom) S ) (3.4D).

2 85p 8(y—9+&p)  8(r-9)
Damages arising out of GM crop production result from both legal and illegal

components of GM crop production

DEF =ex(x!, +x5,) (3.42).

gm

Tax revenue (TR7) earned by the domestic government is derived only from the legal GM

component and is given by the grey shaded rectangular area in Figure 3.9,
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TR, =7, x %" (3.43).

Zgm

Expected public revenue from the penalty, F, can be thought of as a function of the

producers’ probability of getting caught while cheating (H4) and the penalty (o),

Agls’nmr)

F=p [&4)d4 (3.44).
0
The monopolist’s economic profits are given by
-~y I
IR, = (P, —m)* (x,,) (3.45) , where
IR7in (3.45) is identical to w described in the innovator’s problem above. The constraint
in the government’s problem signifies minimum innovator’s rent as described in case (iii)

under perfect enforcement. Solving the government’s problem using Lagrange multiplier

(derivations are presented in Section 3.2 (C) of Appendix A), the optimal rate of tax is

* 4(pg'" R +p:')+2c—2m '—(pgm — D +p;")+m
T1=§0p +
27 =20+ 30 y=$+60
(4B+2c—2m ~B+m J
=6,p +
2y —20+38,p y—¢+p

(3.46).

In order to verify that this is a ‘low’ tax, 7, in (3.46) is subtracted from the critical level

of tax T,, derived in proposition 2. Thus,

. 2B-m)S,p (4B+2c—2m
7, -1 == g,
y—P+0p 2y =20 +36,p

this expression depends on c. Assuming c¢ to be small enough, i.e., the level of

J, where, B=p,, —p,+p;. The sign of

externality is small, 7, — 7, should be positive. For this, the critical value of ¢ is such that
e [50/:(3 —m)

y—¢+6,p
GM seed would be sold.

]— m. If c were larger a higher tax rate could be charged and no legal



. 51
Proposition 3: The ‘low’ level of corrective tax on legally acquired GM seeds reduces

total GM seed usage but increases the level of illegally acquired GM seeds.

When government introduces a tax on GM seed purchased, net returns to the producers

who purchase GM seed legally fall, i.e., ﬁZ,,, drops to II" . With a small shift in ﬁ'g',,, to

==gm*

E'g'm ,i.e., with a ‘low’ tax, the total quantity of GM seed usage drops from (x;, +x,,) to

(Xom + x" Y, increasing the traditional seed purchases from x, to x . Thus, in the post-
A i

Zgm

tax scenario, the total GM seed usage (both legal and illegal) is given by A% which is

g

derived by equating ], and 1;[;" as follows

A(,,ew) - Pon = P + p; - (ﬁ.gvm + Tl) (347) .

g y— ¢

Subtracting Agj,"‘”) from 4, (shown in equation 3.25), and substituting the values of

— s . , y T
Do, and P, from the innovator’s problems, one gets A, — 4% = m >0

Thus, the total GM seed usage with tax, 45", is less than that without the tax.

Additionally, in the process the quantity of GM seed acquired illegally increases from

c

Xgn 10 X ;m. The revised quantity of GM crop produced with illegally acquired seed is

given by

Ac(new) _ (ﬁ ;m + Tl) —m

. (3.48).
* S0

The value A;,f,""‘“) is higher in absolute magnitude than that produced in the pre-tax

scenario, given by 4, (equation 3.24). This can be verified by subtracting 4, from

oy , T :
AL e, A0 — A7, = %1—— > 0, thus completing the proof.
0P
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iy ;=D + Do — M6, .
Thus the critical level of tax turns out to be 7, = (P = P + Pyu =m)00p +m= P, , o
y—$+6p
substituting ~ the  value of p;  from the innovator’s  problem,

— (pl(l _pt +pgm _m)é‘op
y—9+6p

is such that the monopolist is compelled to set the legal GM seed price equal to the

. This points toward the simple intuition that if the tax rate |

constant marginal cost, i.e., py, =m, then the monopolist will be driven out of the
market, and therefore, the quantity of legal GM seed exchanged would be ggm =0.

| — Dy Doy — M),
Hence, a ‘low’ tax should imply 7, <7, = (P =P+ Pn =) 2 Thus, due to the

y—9+56,p

imposition of a ‘low’ level of tax (7;), a ‘small’ parallel shift occurs in the net returns
—h
function associated with legal GM crop fromIlgn to E’;m, so that both of those curves

remain above the critical point 7. This causes the quantity of GM seed usage to
decrease; in particular, it reduces the use of legal GM seed but causes illegal GM seed

usage to increase.

S
S
S
5
v
<
P gm m .
p am 4 :gm
p am - (Ij ;m + 7’-])
b —p f
!
O A;m A Agm 1

Differentiating Producer Attribute A

Figure 3.10: Producer’s net returns under imperfect IPR enforcement
with ‘high’ tax
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Proposition 4: A ‘high’ level of corrective tax on legally acquired GM seeds reduces total

GM seed usage and causes the legal GM seed component to disappear completely.

(p"' - b +pgm _m)§0p

Proof: This scenario occurs when the rate of tax is such that 7, >
y—p+p

implying I1" is at or below point f* in the post-tax situation, as shown in Figure 3.10.

—=gm

When producers are taxed for buying a unit of legal GM seed, ﬁ'g',,, drops to II"

Lo -
However, in this case, the level of tax is so ‘high’ that the net returns function associated
with legal GM output falls below the critical point 7, leading to zero legal GM seed
usage in the post-tax situation. Following Proposition 1, it means that all the producers
find the expected penalty, if caught, to be lower than the tax-inclusive price of GM seed.

In this case, the total GM seed usage is given by A', which is illegally acquired. That is,

=pgm_pl+p:'_m_ B-m

A =
y—9+6p y—0+6p

(3.49), which is derived by equating ], to

4
gm?

from equations (3.1) and (3.224) respectively. The value A4' is same as 4, in

(3.36) as both represent the critical level of producers’ attribute.

In the post-tax scenario, total GM seed usage, 4’ is lower than that in the pre-tax

scenario, given by A

gm >

but higher than the pre-tax illegal GM seed component, Ag, .

Thus, relative to a ‘low’ tax rate, imposition of a ‘high’ tax (7,) causes a larger shift in
the producers’ net returns function associated with legal GM output, so that I_I’g’m lies

below the critical point ¢/ and the legal GM seed component disappears completely. The

only GM output existing is the illegal component.

Comparing propositions 3 and 4, it can be observed that if the tax rate were to be too
high, the effect would be to eliminate all legal GM seed sales. Under such circumstance,

the foreign innovator would choose to exit the domestic market. In some cases, it could
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be true that x” =0 is welfare maximizing. Either of the cases, namely, ‘low’ or ‘high’

Lom
tax could be possible. For the present analysis, the rather interesting case is that of a

‘low’ tax where all three categories of GM seeds are used.

Proposition 5: Provided that demand is linear and that marginal costs are constant, the
static incidence of the tax is shared equally by the domestic producer and the foreign
innovator, i.e., each suffer an equal loss in returns per unit of legal GM seed bought or
sold in the new equilibrium. (It is to be noted that the innovator’s loss in total surplus is
given by the ‘L’ shaped hatched area in Figure 3.10., which is not fully captured by the

incidence of tax and which is not shared equally with producers.)

Proof: Figure 3.9 helps understand this issue. The part of the incidence of tax which is

borne by the innovator is shown by the hatched area and is given by (E:,m —~ Dgn) X x"

=gm"

s _ SPWg =D+ D) +my—9) m _ 5,pB+m(y—¢) W
o 2y —¢+6,p) 2 2Ay-g+6,p) 27

and from equation (3.37),

From equation (3.26), E

jj.\' — 50p(pgm — P +pf)+m(7/_¢) _ Tn—m _ 50pB+m(7/—¢) _Tl -m
* 2y~ 4+6,p) 2 2y-¢+6p) 2

substituting equations (3.26) and (3.37) into the expression for tax incidence shown

Thus,

Tl h

-—X Egm .

above, the tax burden of the innovator is Similarly, the part of the tax

incidence borne by the domestic producers is calculated at ( 2‘;" —E;,,)XXZ,,,- From

— 50/0(pgm — D +pf)+m(7/—¢) + T, +m
2(y -4+ 6,p)

equation (3.38), EZM Therefore, the tax

burden of the domestic producers simplifies to Elx EZ,,,. Thus, in this case, with linear

demand and constant marginal cost faced by the innovator, the tax burden per unit to both

‘the agents is equal. It is useful to mention that an upward sloping marginal cost will lead
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to different equilibrium values and therefore, different proportions of tax burden to be

shared between the two entities.

3.3 Subsidy as a policy instrument under the perfect enforcement of intellectual
property rights in the developing country

In this section, case (iv) of Table 3.1 is described. In response to the negative
externalities caused due to the production of genetically modified crops, the government
in the developing country can levy a corrective subsidy per unit of traditional seed
purchased, as an alternative to the corrective tax discussed in the earlier sections.> One
should be able to compare the two policy tools, in terms of the resultant producers’

surplus, innovator’s rent and other components of overall social welfare.

3.3.1 Case (iv): Negative externalities occur, corrective subsidy levied per unit of
traditional seed purchased as a policy measure

Here, the domestic government introduces subsidy 79 per unit of traditional seed
purchased under the perfect enforcement scenario. Thus the government expects to
encourage traditional crop production and in the process, reduce the quantity of GM crop.
As before, the suppliers of traditional seed face a competitive market. Further, assuming
the subsidy is paid to the suppliers of traditional seed, the price of seed drops to
(p; —n,) from p; . The producers’ net returns function for traditional crop alters from

(B.1)to

IL =p—(p; —m)+H4 (3.50).

2 A subsidy might alternatively be offered in the market for GM seed, such as by providing a per

unit subsidy to producers for each unit reduction in use of GM seed, x‘;m

benchmark scenario of case (i). The effects of a subsidy in that market are expected to parallel
closely the effects of the corrective tax in case (iii), and are not modeled formally here.

as measured from the
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traditional seed under perfect enforcement with subsidy
Determination of price and quantity of traditional seed is shown graphically in Figure
3.11. Since the market is characterized by perfect competition, output is quantity

demanded at the subsidized price. In the pre-subsidy scenario, price charged by the seed

suppliers is p; and the quantity of traditional seed purchased isx;. When the price of
traditional seed drops to (p; —7,) due to the introduction of the subsidy, quantity

demanded increases to X, .

The subsidy could instead be paid to the producers of traditional crop, who are also the
buyers of traditional seed. In that case, equation (3.50) would remain the same, only the
graphical representation in Figure 3.11 would change a little. When the subsidy 7 is
paid to the producers of traditional crop, the demand for traditional seed increases,

shifting the demand schedule D, parallel and upward by the amount of the subsidy. This

in turn increases the quantity exchanged of traditional seed from x; to X; and ensures

that seed suppliers receive p; as before.

A decrease in the domestic price of traditional seed has a repercussion in the GM seed
market in the developing country, namely, a fall in demand for GM seed. The loss in

demand experienced by the innovator would be exactly equal to the amount of the
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Figure 3.12: Innovator’s price and quantity revision in response to change
in the price of traditional seed as a result of per unit subsidy

subsidy, 7,. This will be easier to follow when the innovator’s problem is solved.

Consequently, the innovator would revise the equilibrium price and quantity of GM seed.

This can be observed in Figure 3.12.

Demand and marginal revenue curves faced by the innovator were Dy, and MR,

N

. were the resultant price — quantity

respectively, before the subsidy and py, and x

combination in that scenario. A decrease in the domestic price of traditional seed is

reflected in the figure in the form of a parallel inward shift in the monopolist’s demand

S

_—y
curve. The new demand and marginal revenue curves are Dgn and MRgn, and the

=5 =

revised equilibrium price and quantity in the subsidy scenario are plgm and xgn

respectively. Therefore, when the innovator adjusts to the introduction of a subsidy in the
other seed market, the producers’ net returns function for the legal GM crop variety can

be re~written as
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=}

I-.[gm = Pg,,, —pg,,, + ¢A (3.5].) .

In response to the revision of equilibrium price-quantity combination by the innovator,

=¥

demand for traditional seed falls, until the quantity x, = (1—;;") is reached,

=y

x; < X < ¥; . Note that the fixed, total quantity of seeds (traditional as well as GM) is
normalized to 1, so that the total quantity of seed usage should always equal to 1 after all
adjustments. The equilibrium price for traditional seed remains fixed at (p; —7,). This

is illustrated in Figure A in Section 3.3(A) of Appendix A. Comparing the equilibria
without and with the subsidy, respectively, the quantity exchanged of traditional seed has

increased, of GM seed has decreased, and their relative market shares still sum to 100

percent.

Net Returns
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§
p o p am

D, — (D — 1)
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Differentiating Producer Attribute (A)

Y

Figure 3.13: Producer’s net returns under perfect enforcement with per unit
subsidy
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Producers’ net returns functions from various crops are shown in Figure 3.13. As a result

of the effects described above, namely, the fall in the price of traditional seed as well as

that of GM seed in the domestic market, producers’ net returns associated with both types

of crops increase. In Figure 3.13, net returns from the traditional crop, [T, go up to ﬁ,

=

" increase to [Iz:. The changes are

and the net returns from GM crop production, [T,

easier to see when a comparison is drawn between Figure 3.2 presented earlier describing

case (i) and Figure 3.13 presented here. Due to the introduction of the subsidy, at rate 7,

the current level of GM crop production reduces from 4, to ng , which is given by

= (Pgn — p;,,,) —(p,—p)) -1
Agm =
y—9¢

(3.52).

The innovator, in the second stage of the sequential game determines the price of the GM

seed by maximizing its profit. The innovator’s objective can be presented as

=g =5
I']‘f_ll\aXﬂ = (p g m)xg”‘ .

Doy
Solving the above problem (derivations are presented in Section 3.3(B) of Appendix A),
the equilibrium price of GM seed is given by
= _ pgm - b +pf —1t+m
p gm 2
and the equilibrium quantity of GM seed is

(3.53),

;.&' _ pgm - b +p7 =Ty —m
am =
2(r=¢)

Figure 3.12 presented earlier shows the determination of the equilibrium price and

(3.54).

quantity by the foreign innovator under the subsidy. Since the innovator is a monopolist

in the domestic market, the equilibrium quantity is determined by the intersection of the

marginal revenue MR‘gm and the constant marginal cost m.
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At the last stage of backward induction, the government’s objective as a social planner is

to maximize social welfare (W,) which consists of producers’ surplus (PS,), minus
externalities (D,”), minus the subsidy payment made to the traditional seed suppliers
(Pay), where the government’s choice variable is the level of subsidy, 7,. The problem

can be formally stated as

maxW, = PS, - D;* - Pa,,

o

subject to IR, >r, (=0).

Producers’ surplus is determined by the area below the dotted lines in Figure 3.13
(derivation is presented in Section 3.3(C) of Appendix A).

ey = . (B—m—n )2
PS, = |\Ilgudd+ |[l,dd=p -—p“+—7:+77 e e 3.55).
o= L I_ RO M =) (3.55)

The value of the negative external effects of new technology is
D* =cx ;;,,, (3.56).

Total subsidy payments to the suppliers of traditional seed are

Pa, = 1, % (1= xem) (3.57).

Examining Figure 3.12, innovator’s rent in this case turns out to be
Ry =(p,, —m)% Xen (3.58).

Solving the government’s problem by using Kuhn—-Tucker conditions, the optimal rate of

subsidy (derivations are presented in Section 3.3(C) of Appendix A) is calculated to be

| .
M = g(pg,,, —p,+p; +2c—m) (3.59).
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Proposition 6: Under perfect enforcement of the IPRs, the absolute magnitudes of

optimum tax per unit of GM seed and of optimal subsidy per unit of traditional seed are

equal.

Proof: Comparing equations (3.21) and (3.59) of the perfect enforcement scenario under
tax and subsidy regimes respectively, it is observed that the absolute magnitudes of the

optimal levels of the two poliéy instruments are equal, i.e.,
* * 1 .
T, =1 = —3-( D, —P,+p +2c—m). It should be noted, however, that the “bases” to

which these taxes and subsidies apply, are quite different but related. Specifically, the
tax 7, is applied to increase the price of the GM seeds across that crop’s market share,

whereas the subsidy is applied to reduce the price of the traditional seeds across that
crop’s market share. Since the two shares sum to unity and are in that sense
complements, either instrument applied at this uniform rate has the same effect on the
monopolist’s output level as will be seen, on total social welfare. The effect of the two

instruments on various components of social welfare may be quite different, however.

3.4 Subsidy as a policy instrument under the imperfect enforcement of intellectual
property rights in the developing country

In this section, case (viii) of Table 3.2 is discussed. This is the case of less than perfect
enforcement of the innovator’s rights in the developing country, i.e., the case when there
is potential for producing genetically modified crops illegally, without paying for the
price of the GM seed. Here, subsidy is considered as a policy instrument adopted by the

developing country government to counter the negative externalities.

3.4.1 Case (viii): Negative externalities occur, corrective subsidy levied per unit of
traditional seed purchased as a policy measure
In the method of backward induction, the producers’ problem is considered first.

Assuming government levies a subsidy 7; per unit of traditional seed purchased, price of
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traditional seed drops from p; to (p] —n,). Denoting producer’s net returns from the

production of traditional crop as I},

1T} = p,—(p; —=m)+ 4 (3.60).

As is explained under perfect enforcement scenario, as a result of subsidizing the
traditional seed suppliers, the price of seed drops and quantity demanded increases. In

response to this, willingness to pay for GM seed falls. Therefore, price of GM seed drops

ns

o be the revised price of GM seed and x., be

in the developing country market. Let p o

the quantity of GM seed supplied by the innovator. Denoting producer’s net returns from

wh

the production of legal GM crop as 1

am?
nh — ns
]--[gm = pgm - pgm + ¢A (361)
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Figure 3.14: Producers’ net returns under imperfect enforcement of
IPRs with a corrective per unit subsidy



63
As the price of the GM seed falls, the willingness to pay for traditional seed drops

ns

slightly until the equilibrium quantity x,;° is reached, such that, x)* equals

¢! —(x;i,',', +x,,)) . The net effect of the subsidy is to reduce total GM crop production,

reduce the quantity of illegally acquired GM seeds and increase the production of
traditional crop output. The net returns function from illegally produced GM output is
given by

HZIII = pgm + ¢A - 50PA —-m (322A) .

Figure 3.14 shows various net returns functions of the producers. As a result of
subsidizing traditional seed, the cost of traditional crop production falls, therefore, the net
returns earned by the producers from traditional crop increases. This is shown by the

parallel shift of I, to I1",. This affects the foreign innovator adversely as the demand

for GM seed falls. The innovator responds by reducing the price of GM seed, thus, the

net returns obtained by the domestic producers from legal GM crop production increase
as well. This is shown by the parallel upward shift of ﬁlg’,,, to H“Z,,,. New levels of GM

and traditional seed usage are xg,',',

(legal), x%:

gt

(illegal) and x;* respectively. Comparing

Figure 3.14 with Figure 3.7 above, it is observed that the differentiating producers’

attribute 4, that corresponds to total GM crop production under imperfect enforcement

without any policy instruments, shifts to the left to Ag,fj under the subsidy regime. This

implies that subsidy, as a government policy to internalize the externalities, reduces total

GM crop production. On the other hand, comparing the two figures, it is revealed that

the differentiating producers’ attribute 4, that corresponds to the GM crop production

using illegally acquired seeds under imperfect enforcement without any policy

instruments, also shifts to the left to 4”°

- under the subsidy regime.

Producer characteristics 4, and Ag,ﬁ are given by
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ny

—m
A = %— (3.62) , which is derived by equating [T, to IT}, , and
nh B - h-p Z’;’ EPC I . : " nh
Ag, = — (3.63) , which is derived by equating [I} to [T5, .

7/ p—

The foreign innovator maximizes profits by determining the optimal price of the GM

seeds. The innovator’s problem can be presented as

nh
gm*

ns

am m)x

max7z = (p
P

Solving the innovator’s problem (derivations presented in Section 3.4(A) of Appendix A)

the following equilibrium price is obtained:

v _ Pon =P+ P —T)Op+my =) m
. 2y = ¢+ 8op)

"ns
gm

(3.64) .

Substituting p’° from equation (3.64) into the producers’ attribute A’ given by

gn

gm

equation (3.62) and 4”" given by equation (3.63), the quantity of GM seeds purchased
legally is obtained as |

x"h — (pgm - p+ pl‘ e/ m))
gm . 2r-9)

Similarly, substituting p

(3.65).

ns

n [rom equation (3.64) into the producers’ attribute 4, given

gm
by equation (3.62) above, the quantity of GM seed acquired illegally is obtained as

' = A" = (pgm - P +p:’ - _m)
w4+ 50

(3.66) .

Figure 3.15 shows the determination of the innovator’s price and quantity of GM seed in
the monopolistic market faced by the innovator. The pre-subsidy willingness to pay for

the seed reduces as a result of the subsidy, shown by the inward shift of the demand curve

from Dj, to D, . When the monopolist chooses the new profit maximizing post-

"y
g

"s
gm >

subsidy price, p., and quantity, x_ , the innovator’s rent decreases by the ‘L’ shaped

hatched area in the figure
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Finally, the government’s objective as a social planner is to maximize social welfare by

the choice of the optimal level of subsidy, 7, to be levied. Social welfare (#3) consists

of producer surplus (PSg), minus enforcement costs (EC), minus external effects (D),

minus subsidy payment (Pas) plus expected revenue earned through expected penalty

(Fs). Formally, government’s problem can be written as

maxW, = PS; — EC — Di* — Pag + F,

%o

subject to IRy >r, (=0).

Producer surplus is the area below the dotted lines in Figure 3.14 (derivation is presented

in Section 3.4 (B) of Appendix A)

AT Anh
em gm 1
- ~Tc nh o
PSy= [MT,dd+ [TTmdd+ [IT/dd
0 A A

) -B+m+n,)?
=p D +Z+771+( )
2 8(y—¢)

. 3(-B+m +771)2

3.67).
8(y —¢+3,p) 67
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Enforcement cost of the IPRs is given by

EC=ab,+F>0 (3.68).
Negative externalities are associated with both legal and illegal GM seed components,

DE =ex(x" +x"°)>0 (3.69).

gmn gm

Total subsidy payment depends on the total non-GM seed usage,

Pay =n,[1-(x"" +x"°)]> 0 (3.70).

gm g

Expected public revenue from the penalty, F7, can be thought of as a function of the
producers’ probability of getting caught while cheating (H4) and the penalty (o),

ue
4 am

Fy=p [(8,4)dd (3.71).

The innovator’s rent (IRg) in this case is given by

IR, = (pi —m)X X, (3.72).

gm g

Solving the government’s problem using a Lagrange multiplier (derivations are presented

in Section 3.4 (B) of Appendix A) the optimal rate of subsidy turns out to be

2 2
n =c+(B-—c—m)—; 26"2’0 > (3.73).
4y~ + 66y p +36, p° —8yp — 690, p + 4¢

Proposition 7: A corrective subsidy per unit of traditional seeds as a government policy
reduces the total quantity of GM seeds purchased and that of illegally acquired GM

seeds.

Proof: Comparing the producers’ attribute corresponding to the total GM seed usage

under imperfect enforcement without any policy instruments, i.e., equation (3.25) in case

s
_ Pou — Py + P, '—pgm

A =
(V) gm y - ¢

, with that under imperfect enforcement with subsidy, i.e.,
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"y

B—-n, - p,

equation (3.63) in case (viii), AL = y i
7-—-

an , and substituting ;;,,, from equation

(3.26) and Den from  equation (3.64), it is  observed  that

A - AIII:: — (7 —¢)771
o 2y -+ 60 - 9)

due to the introduction of a subsidy as a government policy. Similarly, comparing the

> 0. Thus, the quantity of total GM seed usage falls

producers’ attribute corresponding to the illegally acquired GM seed usage under
imperfect enforcement without any policy instruments, i.e., equation (3.24) in case (V)

—
Ac _ pgm —-m

o= , with that under imperfect enforcement with subsidy, i.e., equation (3.62)
0P

ns

pgm —m

0P

ns

o from

in case (viii), 4}, = , and substituting 1—9;" from equation (3.26) and p

am

equation (3.64), it is observed that 4, — 4, = ___2( ;71_*_ 50
V= 0P

illegally acquired GM seed usage falls due to the introduction of a subsidy as a

> 0. Thus, the quantity of

government policy.

3.5 Summary and Conclusions '

In this chapter, government policy tools have been proposed to address the negative
externalities arising from the cultivation of genetically modified crops in a developing
country. In particular, two separate models have been developed — one includes tax as a
government policy and the other considers subsidy as an alternative policy instrument. In
both cases, optimal policy tools have been designed so as to maximize social welfare. In
the next chapter, numerical simulations are carried out to illustrate the results of

analytical models.
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CHAPTER FOUR: DISCUSSION OF ANALYTICAL RESULTS AND

NUMERICAL ANALYSIS

This chapter presents a discussion of the assumptions, methodology and the results of the
model. In particular, the assumptions which are specific to the current model, and
therefore different from Giannakas (2002), are analyzed in detail. In addition, the
outcomes of various cases under the two regimes of IPR enforcement are discussed and
the associated social welfare levels are compared. As well, the analytical results obtained

in the previous chapter are illustrated using numerical simulations.

In the next section (section 4.1) a comparison is drawn between the equilibria achieved
under ‘with’ and ‘without’ government policy regimes. Section 4.2 illustrates the
analytical results derived in the last chapter by assigning values to the parameters of the
model then using numerical simulations. Section 4.3 summarizes and concludes the

chapter.

4.1 Comparative Study

In this section, a comparison is made between the tax per unit of GM seed purchased and
subsidy per unit of traditional seed purchased as two policy measures the government
may adopt in the face of negative externalities arising due to the production of crops
using GM seeds. In particular, a comparison is drawn between the levels of social
welfare and its various components achieved under the two policy regimes. There are
some cases where comparison of analytical expressions provides uncertain results; use of

numerical analysis seems useful in those cases.

A brief discussion is carried out of the assumptions made by Giannakas (2002) and those
modified or developed in the present analysis. As already mentioned, case (i) in section
3.1 is a reproduction of Giannakas’ (2002) results with slight modification on the
assumption about the one-to-one correspondence between the GM seed usage and crop

production. Specifically, in the present analysis, this one-to-one relation has been
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assumed away. Resultantly, the negative externality is linked directly to the GM seed

usage and not to the output.

Similarly, in case (v), section 3.2, Giannakas’ (2002) findings are discussed with the
variation in the assumption on the parameter 8. Giannakas (2002) considered & as a
choice variable for the developing country government, implying that the government
gets to choose the level of enforcement effort and the probability value of catching the
producers who cheat. In other words, government determines the optimal level of
enforcement of IPRs by choosing the optimal 8. In the current extension of Giannakas’
(2002) work, it is assumed that the developing country government may not have a
choice over § as it depends on the economic condition of the country in question or is

otherwise fixed in the short run time frame of the present analysis.

Intuitively, the probability (8) of catching the producers who cheat under imperfect
enforcement depends on the resources allocated towards enforcing IPRs, i.e., the
enforcement costs (EC). The value of the enforcement cost determines how successful
the government is in protecting the foreign innovator’s rights. However, resource
allocation varies from country to country depending on priorities set in terms of the
government policies. Presumably, developing country governments aim their policies so
as to solve more serious problems such as poverty and unemployment, whereas richer
countries may have the opportunity to look beyond these primary aspects and focus on
issues such as stronger IPR enforcement. Secondly, the value of & might also depend
upon the extent of corruption in the enforcement systems of the developing country. The
producers who cheat can take advantage of the corruption among the enforcing agents,
and avoid paying the penalty. Therefore, developing counties may be expected to have a
lower 3 compared to the developed countries, and compared to what is seen as the

optimal level in developing countries in the absence of such corruption.
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Another important issue to be considered at this point is the value of the parameter p, the

penalty to be imposed on the producers if caught. In Giannakas (2002), the perfect

enforcement of IPRs regime is denoted as the ‘benchmark case’ and an implicit

assumption is made whereby the net returns function associated with cheating, [1¢ , is

am>
zero. This implies that under perfect enforcement, no single producer finds cheating to
yield higher net returns compared to that from the production of legal GM crop or
traditional crop. However, in the current analysis, even under complete enforcement of
the foreign innovator’s rights, i.e., with § = 1, any finite level of penalty p, results in at
least some domestic producers who acquire GM seed illegally. These are the producers
with the lowest levels of differentiating attribute (4). Clearly, to obtain a zero net return
from illegally acquired GM seeds, the producers’ attribute associated with illegal GM

seed component must be zero. As for example, from equation (3.24) in section 3.2, for

A: =0, the level of penalty, p, should be set at infinity. Unless the penalty is infinitely

gm
high, which is a very limiting assumption, there is at least one producer who cheats, i.e.,

Ag, > 0. In the current discussion, this problem is avoided by assuming that, under

perfect enforcement, the GM seed imported from the developed country is not replicable
due to the presence of a terminator gene. Under imperfect enforcement, this assumption

is not imposed.

Unlike Giannakas (2002), the present analysis considers a minimum cost of acquiring
GM seeds illegally by the domestic producers, which is equivalent to the monopolist’s

marginal cost, m. Giannakas (2002) assumed it to be costless.

Table 4.1 summarizes the levels of welfare and its various components achieved with tax
and subsidy under perfect enforcement of the IPRs. Under perfect enforcement, the
aggregate welfare effects of the two policy instruments are equal, implying that both of
the policy tools are equally efficient at reaching a given level of social welfare although

its distribution varies considerably. Comparing the levels of producers’ surplus realized



Components Case (i): No externality | Case (iii): Tax Case (iv): Subsidy
Priceof GMseed | p —p, + p] +m Dgn =Dy + D +m+7, Dgw =D+ D} =1 +m
2 2 2
Quantity of GM Pen =D, +D; —m DPgn—D:+ D, —m—7, Pen =D+ D Ty~
seed 2(y - ¢) 2(y—¢) 207 =9)
Optimal rate of NA 1 ( ) ) 1 ( ) )
— —-p,+p +2c—m — —p,+p +2c—-m
tax or subsidy 3 Pen = Pt T P 3 Pen = Pe ™ P
Producers’ B- . (¢ +m—B) B+2c—m) (c+m—-BY
pt_pl +Z ( ) b, pz 2 D, _l?, 7 ( )+( m- )
Surplus 2 8(—9) 18(-¢) 2" 3 18(y ~¢)
Externality NA o(B-m=c) oB-m-c)
3(y-9) 3(r-9)
Tax Revenue NA _(e+m=B)B+2c—m) NA
3 -¢)
Subsidy NA NA (B+2c—-m)(c+m—B+3(y—¢))
Payments Ny —¢)
Tnnovator’s Rent | B=")" (c+m-B) (c+m-By
4y —9) 5y —-¢) Ny —¢)
Social Welfare p-p+ A B-m)’ p-p + M p—p+ v (etm-B)
2 8(r—¢) 2 6(y —¢) 2 6(y-¢)

Table 4.1: Comparison of analytical results of various cases under perfect enforcement of IPR

Note: The constant B = p,,, — p, + p; ; NA: Not applicable

1L
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under the two policy regimes, it is observed that the producers’ surplus associated with

subsidy, PSy, is higher than that achieved with tax, PSj3, implying that the total net returns
to the producers are higher under subsidy compared to tax. This can be verified from the
changes in the levels of net returns derived from various seed usage after tax and subsidy

under perfect enforcement. With the corrective tax, net returns from GM seed usage drops

from [T

> iven by equation (3.2) to ﬁz,m, given by equation (3.12) by the amount 12—0

With the corrective subsidy, net returns from traditional seed increases from [1,, given by

equation (3.1) to ﬁ,, given by equation (3.50), by 7, and net returns associated with the
=h
GM seed usage increases from H’;m, given by equation (3.2) to [1,,, given by equation

(3.51), by ’—;0—

For the results presented in Table 4.1 to be true, following conditions must hold. First, as
mentioned earlier, the constant ¢ should be positive to imply negative external effects of
agricultural biotechnology, i.e., ¢ > 0. Secondly, producers’ resistance to production risks
and yield losses, as reflected in the production attributes, 4, affects the crop returns through
the parameters y and ¢, such that ¥ > ¢ > 0. Thirdly, the price of GM seed charged by

the monopolist should be greater than the marginal cost, m, as an example, in case (i) under

perfect enforcement pg, >m. Moreover, from figure 3.3, it can also be noted that the

intercept of the monopolist’s demand curve, B should be higher than either the price of GM

seed or the marginal cost, i.e., B> p,, >m .

The desi*ability of either of the policy tools is debatable from distributional aspect. Even
though the two policy instruments seem to be equally efficient in terms of the levels of
social welfare achieved, subsidy may be considered superior by some as it allocates higher
surplus to the domestic producers. However, it may also be argued that the resources spent

in subsidizing the suppliers of the traditional seed, who are also part of the land-owning
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class and therefore potentially well-off, might instead be used to feed or heal the poor,

which is a more pressing problem in the developing country. Tax as a policy measure

seems to be more efficient from the perspective of alternative distributional weights.

Close examination of Table 4.1 reveals that the monetary value of the negative externalities
c(B-m—c)
3(r-9)
of rent appropriated by the innovator under the policy regimes is also the same and is given
(c+m—-B)
5y —-¢)

is therefore lower than case (i), which is the benchmark case without any government

are equal under the two policy regimes and are given by . Similarly, the level

. The innovator’s rent with tax or subsidy is lower than that in case (ii) and

policy in Giannakas (2002). This can also be verified from Figure 3.5, where the loss in the
innovator’s rent is shown by the ‘L’ shaped hatched area. This implies that the adoption of
a policy measure on the part of the host government to counter the negative externality
helps reducing repatriation of resources to the foreign innovator in the form of monopolist’s
rent.

The optimal tax or subsidy can raise host country welfare, yet, due to the presence of a
foreign-owned monopoly, the “first best” outcome cannot be achieved by a single
corrective instrument. The corrective tax or subsidy plays a dual role in addressing any
negative externality and in capturing monopoly rents for the host country that would
otherwise be repatriated. Numerical simulations presented in section 4.2, illustrate these

and other key analytical results.

A comparison among the components of social welfare achieved under the two policy
regimes can be made under the imperfect enforcement scenario. In case (vii), where a
corrective tax under imperfect enforcement is introduced, it can be observed that as a result
of introduction of the tax, the total GM seed purchases fall, but the proportion of illegally
acquired seeds increase. In case (viii), on the other hand, where a corrective subsidy is
levied, it is shown that both the total GM seed usage as well as the illegally acquired GM

seed component decrease. These effects have important implications toward the levels of
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resultant social welfare. The level of social welfare achieved using the corrective tax is

higher than that using the corrective subsidy. This is due to the fact that with tax, the
quantity of illegally purchased GM seed increases implying that a higher fraction of
domestic producers receive the benefits of the GM variety without the innovator
repatriating the rents. This raises social welfare to the domestic country. On the other
hand, with the corrective subsidy, the fraction of producers acquiring illegal GM seed
drops. Thus, the foreign monopolist is able to capture higher profits in the form of

economic rents. In this case, the domestic government foregoes part of the social welfare.

Due to the presence of many complex terms in the expressions of the imperfect
enforcement regimes, in cases, it is difficult to draw unambiguous conclusions from the
analytical expressions reported in chapter 3. These expressions are not tabulated or
compared directly. The numerical analysis presented in section 4.2 below may be useful

for this purpose

4.2 Numerical Analysis

In order to illustrate the analytical results obtained above, a numerical simulation is
presented here. The parameters for the numerical model are chosen such that the net
returns functions of the domestic producers show behavior similar to that described in the
above analytical cases. As in the analytical modeling, the numerical model is developed

using four stages, both for perfect and imperfect enforcement.

4.2.1 Policy decision under perfect enforcement scenario

Table 4.2 lists the parameters for the model used for the analysis. The values of the
parameters are chosen in such a way that they schematically follow the behavior of the net
returns functions of the producers. Table 4.3 presented at the end of this chapter
summarizes the results obtained from various cases using numerical analysis. Figure 4.1
shows the net return functions of the producers under perfect enforcement of IPRs using the
parameters presented in Table 4.2, in a scenario where there are no negative externalities

and therefore no policy tools, i.e., case (i). Net returns associated with GM crop production



75
is ‘zero’ in this scenario by definition. Assuming that

4
gm

using illegally acquired seed,]]

there is one ton of seed that is used in total (to be consistent with the assumption of

normalized quantity) and price of seed is measured in $/ton, following equation (3.6), the

Values of the price of GM seed is computed at $2375/ton. It can
Parameters parameters be observed from the figure that the quantity of GM
seed in this case is 0.69 tons, which satisfies equation
by $7000/ ton . - .
(3.7) as well. In this benchmark case of Giannakas
] $5250 /ton (2002), social welfare is only producers’ surplus,
Pen $6000/ ton which is calculated to be $6901 according to equation
/4 $9000/ ton (3.9).
¢ $6300/ ton
m $500/ ton The intermediate case under perfect enforcement,
8o 0.4 namely, case (ii) in which externalities are detected,
P $13000/ ton but no corrective measures are adopted by the
o $500 government, differs from case (i) only in the value of
B $700 social welfare. Figure 4.1 represents the net returns
c $720/ ton of the producers in case (ii) as well. Assuming the

constant ¢ in equation (3.10) to be $720/ ton, the

Table 4.2: Model parameters for

. . value of the negative externality arising from GM
numerical analysis

seed usage D, in this case becomes $500. The

level of social welfare, given by equation (3.11), drops to $6401 in this case. To be able to
relate this numerical analysis with the analysis carried out in chapter 3, note that Figure 4.1

parallels Figure 3.2.
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Figure 4.1: Illustration of cases (i) and (ii) under perfect enforcement
using numerical analysis

In case (iii), the domestic government adopts a tax (7p) per unit of GM seed purchased as
a policy measure in response to the negative externalities caused due to the usage of GM

seed. In this case, the price of GM seed, inclusive of tax is given by equation (3.15) and

I1,
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P
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Differentiating producers’ attribute (A) and quantity of seed (tons)

Figure 4.2: Illustration of case (iii) under perfect enforcement using
numerical analysis
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is calculated at $3240/ton using the parameters in Table 4.2. Quantity of GM seed usage

drops from 0.69 tons to 0.37 tons, which direction of change was expected in the analysis
in chapter 3. Figure 4.2 shows the net return functions of the producers for this case.
Figure 4.2 corresponds to Figure 3.4 in chapter 3. The optimal level of tax, solving
government’s problem turns out to be $1730 per ton of GM seed usage. The value of

social welfare in this case becomes $6817, which is higher than in case (ii).

The last case to be considered under perfect enforcement is the one in which the domestic
government as a policy tool levies a subsidy (77p) per unit of traditional seed purchased
towards internalizing the negative externalities. This has been described as case (iv) in
section 3.3. In this case the optimal level of subsidy turns out to be equal to the optimal
rate of tax, i.e., $1730 per ton of traditional seed. As explained earlier, the drop in the
price of traditional seed due to subsidy leads to a reduction in the price of GM seed by the
innovator. Therefore, producer’s surplus from both traditional crop and legal GM crop
increases. The value of producer’s surplus in this case turns out to be $8169, which is
higher than that achieved with the tax, $6439. The price of GM seed after the subsidy is
calculated at $1510/ ton, satisfying equation (3.53). The equilibrium quantity of GM
seed decreases from 0.69 tons without any policy tool to 0.37 tons with the subsidy. The
value of social welfare in this case is equal to that in case (iii) with tax, $6817. Figure 4.3
shows the net returns functions of the producer in case (iv), which is similar to Figure

3.13 in chapter 3.
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Figure 4.3: Illustration of case (iv) under perfect enforcement using numerical
analysis

Figure 4.4 compares the social welfare in the four cases under perfect enforcement. It is
observed that the values of social welfare achieved in the two policy regimes are equal

under perfect enforcement scenario. This reconfirms the analytical results presented in

Welfare ($)

Case (iv)

) Case (i) Case (ii) Case (iii)
Wl =
1 $6901

Figure 4.4: Welfare comparison under perfect enforcement with
numerical analysis
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chapter 3. However, government’s decision about which policy to adopt might depend

on distributional differences.

As can be observed from the numerical analysis, the value of social welfare achieved
using either tax or subsidy, i.e., $6817, is lower than that achieved under the benchmark
case of Giannakas (2002) or case (i) in the current analysis, i.e., $6901, but is higher than
that reached in case (ii), $6401. Thus, the current analysis shows that in the presence of
the negative external effects arising from the GM variety of seed, a government policy
such as a per unit tax or subsidy to address the externality is capable of raising domestic

welfare under the perfect enforcement of IPRs.

4.2.2 Policy decision under imperfect enforcement scenario
Using the same parameters as presented in Table 4.2, a numerical analysis for imperfect

enforcement of IPR is carried out to illustrate the analytical findings. For easy
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Figure 4.5: Illustration of cases (v) and (vi) under imperfect enforcement using
numerical analysis
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understanding, the four cases are considered in order. Figure 4.5 presents the net returns

functions of the producers in case (v) where damages are yet to appear. Table 4.1
assumes that the producers face a 40% probability of getting audited while producing
illegal GM seed, i.e., 8o = 0.4 and that the level of penalty on getting caught, p is set at
$13000 per ton times that producer’s 4 value. The price of GM seed in this case is
$1734, satisfying equation (3.26) and the equilibrium quantity of total GM seed is 0.93
tons, of which 0.69 tons is purchased, i.e., acquired legally and 0.24 tons is acquired
illegally. Total value of producers’ surplus in this case is calculated at $7569 and that of
social welfare is $6815. Figure 4.5 corresponds to Figure 3.7 in chapter 3.

Case (vi) captures the specific effects of the negative externalities caused by the GM seed
on social welfare. Other parameters remaining unchanged, the constant ¢ in equation
(3.34) is assumed to be equal to $720/ton, and therefore, the value of the externality
caused due to the use of GM seed turns out to be $671. Consequently, social welfare

drops to $6144. By assumption, price and quantity of GM seed remain at the earlier
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Figure 4.6: Illustration of case (vii) under imperfect enforcement using numerical
analysis
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levels. Figure 4.5 represents this scenario as well.

Figure 4.6 illustrates case (vii), i.e., tax (at rate T;) as a government policy to counter
negative externalities under imperfect enforcement of the innovator’s rights using the
parameters specified in Table 4.2. Assuming &y to be 40% as before, the optimal level of
tax is $1850 per ton of GM seed usage in this case. The price of GM seed faced by the
producers is $2659/ ton and the total GM seed usage is 0.59 tons, of which the quantity of
legal GM seed is 0.17 tons and that of illegal GM seed is 0.42 tons. The value of surplus
accruing to the producers drops to $7167. The value of total social welfare is calculated
at $6613. Figure 4.6 in the present analysis parallels Figure 3.8 in the analysis carried out

in chapter 3.

In Figure 4.7, illustration of case (viii) is presented. This case describes the use of
subsidy (77;) per unit of traditional seed purchased as a policy measure to internalize the

externalities. Using the parameters in Table 4.2, the optimal level of subsidy turns out to
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Figure 4.7: Illustration of case (viii) under imperfect enforcement using
numerical analysis
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be $1141. The revised price of GM seed is $1359/ ton. The equilibrium quantity of GM

seed is 0.65 tons which consists of approximately 0.48 tons of legal seed and 0.17 tons of
illegal seed. The value of producers’ surplus is calculated to be $8029 and that of social
welfare is $6332. For comparison with the analytical results in chapter 3, Figure 4.7

corresponds to Figure 3.14.
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Figure 4.8: Welfare comparison under imperfect enforcement with
numerical analysis

Figure 4.8 below presents the comparisons of the welfare levels achieved under different
policy regimes of imperfect enforcement, using the parameters of Table 4.2. As can be
observed from the figure, the value of social welfare is the highest with tax, i.e., case
(vii). Subsidy yields higher social welfare compared with the ‘do nothing’ scenario of

case (Vi).

4.3 Summary and conclusions

Section 4.1 of this chapter discusses the major assumptions adopted for analysis in
chapter 3. More importantly, the assumptions which differ from Giannakas (2002) to
some extent are described and clarified. As an example, it is shown that in Giannakas

(2002), the problem is structured in such a way that the probability of detecting cheating
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(8) under imperfect enforcement of IPRs enters as a choice variable for the developing

country government. In the present analysis, the host government’s aim is to choose the
optimal policy instrument in the face of perfect or imperfect enforcement of IPRs, with
the enforcement effort being constant in the short run. Finally, a numerical simulation
has been carried out to illustrate various key results of the analytical model of chapter 3

and to present these results more clearly and completely.



Case (i) Case (ii) Case (iii) | Case (iv) | Case (V) Case (vi) | Case (vii) | Case (viii)
Price of GM seed faced 1
by domestic producers | 2375 2375 3240 1510 1734 1734 2659 1359
(8/ton)
Quantity of legal GM |, o 0.69 0.37 0.37 0.69 0.69 0.17 0.48
seed (tons)
Quantity of illegal GM | 41 NA NA NA 0.24 0.24 0.42 0.17
seed (tons)
Quantity of traditional | ; 5 0.31 0.63 0.63 0.07 0.07 0.41 0.35
seed (tons)
Tax or subsidy rate per |\, NA 1730 1730 NA NA 1850 1141
unit ($/ton)
Producers’ surplus ($) | 6901 6901 6439 8169 7569 7569 | 7167 8029
Externality ($) NA 500 269 269 NA 671 424 467
Enforcement cost (§) | NA NA NA NA 900 900 900 900
Expected penalty ($) NA NA NA NA 146 146 448 71
Tax revenue or subsidy | \;, NA 647 -1083 NA NA 322 -401
payment ()
Tnnovator’s rent ($) [1302] [1302] [378] [378] [857] [857] [54] [557]
Social welfare ($)° 6901 6401 6817 6817 6815 6144 6613 6332

Table 4.3: Numerical illustration of cases (i) through (viii)

' NA: Not applicable
2 Social welfare in the last row is derived by adding (or subtracting) producers’ surplus, (externality), (enforcement costs) and tax revenue or (subsidy payment).
Innovator’s rent makes no contribution to domestic social welfare.

v
S
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CHAPTER FIVE: CONCLUSIONS

This chapter summarizes the findings of this research and describes possibilities for
further research. In the next section, a summary of the existing economic models, which
are discussed in chapter 2, is presented. Section 5.2 presents the findings of the current
research, which are analyzed in chapters 3 and 4. In section 5.3, directions for future

research are enumerated.

5.1 Summary of existing economic models

In chapter 2, a number of existing models are discussed which deal with the welfare
implications of enforcement of intellectual property rights (IPRs) in the developing
countries. In particular, these models analyze the effects on trade relations between the
North and the South, which depend on the extent of intellectual property protection
available in the South. A special emphasis is laid on the economic analysis of Giannakas
(2002), in which it is shown that the developing country is better off, in terms of social
welfare, by enforcing IPRs imperfectly. To be more precise, Giannakas (2002) shows
that when a developing country government decides to allow the importation of a new
variety of genetically modified (GM) seed from a developed country innovator, the

developing country gains more by only partially enforcing the innovator’s rights.

In the case of perfect enforcement, every user of the imported GM variety has to purchase
the seed at a price set by the innovator, who is a monopolist in the mafket for GM seed.
This enables the innovator to repatriate economic rent to the foreign country.
Repatriation of host country resources in the form of rent by the foreign monopolist can
be interpreted as a loss in social welfare of the developing country. On the other hand,
when the “host” government implements IPRs imperfectly, there is a possibility of
acquiring the GM seed through illegal means, such as black markets, reverse engineering
or using seeds from last season’s harvest. Under the model’s assumptions about
imperfect enforcement, there is always at least one crop producer in the developing
;:ountry who finds it profitable to use the illegal source, no matter how high is the penalty

on cheating, ex post. Therefore, in order to maximize profit with a reduction in effective
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indirect demand, the foreign innovator responds by lowering the price of the GM seed to

some extent. The crop producers in the developing country, who acquire the GM seed
legally, gain producers® surplus as the price of the GM seed is lower under imperfect
enforcement. Giannakas (2002) describes this phenomenon as a positive externality

enjoyed by the “host” government under imperfect enforcement.

5.2 Summary of the current research

The current model, presented in chapters 3 and 4 can be viewed as an extension and
modification of Giannakas’ (2002) work. This model takes into account one or more of
the possible negative externalities that may be created in the process of using GM seed,
such as loss of agricultural biodiversity, loss of traditional knowledge of the farming
community in the developing world, and potential negative effects on public health. As
explained in chapter 2, plantation of GM crop on a vast area may cause loss of
agricultural diversity of crop genetic resources where diversity is an important
component for healthy sustenance of the ecosystem. Moreover, farming communities in
the developing countries acquire special knowledge about the environment and develop
diverse crop varieties best suited for the particular region. When the GM seeds are
introduced to these farmers who begin to use them extensively, the farmers tend to lose
their folk knowledge and thus the problem of environmental homogeneity is further
aggravated. In addition, there may be concern among people about the consumption of

GM components in the form of food, if the GM crop is a food crop.

In the present analysis, these (perceived or actual) risks of agricultural biotechnology are
regarded as negative external effects and are incorporated as a source of loss of the level
of social welfare of the developing country. Policy tools such as a corrective tax per unit
of GM seed purchased or a corrective subsidy per unit of traditional (non-GM) seed

purchased are adopted by the host government to counter these negative external effects.

It is useful to note the important assumptions made to develop the model. Firstly, the

model is short run in nature, e.g., entry/ exit decisions on the part of the domestic
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producers or foreign innovator are assumed away. Incorporating entry/ exit decisions

would lead to different outcomes as the structure of the game tree would change.

It is also assumed that the developing country referred to in the model is a small open
economy in the sense that the prices of both the GM crop and the traditional crop are
taken by this economy as given. This assumption about constant output price simplifies
the mathematical model and helps focus the analysis on the specific effects of the
changes in seed prices alone. A non-constant output price would lead to a more
complicated analytical scenario which could be investigated as a part of the further

research.

The damage component in the model, characterizing the negative externality, has been
computed using a simple linear relationship. This is done to keep the analysis simple.
The validity of this assumption as a representation of actual harm associated with a

specific type of GM crop would have to be verified empirically.

Another major assumption in the model is that of a fixed probability of catching the
producers who cheat. In a developing country the total available resources may be
limited so that the government would have little control over the probability of catching
the producers in a given time period. The probability of catching cheating is directly

related to the amount of resources allocated towards it.

The current analysis models the strategic, sequential interaction of the host government,
the foreign innovator, and the domestic producers. The agents’ interactions are modeled
as a non-cooperative game in a small open economy. Closed form analytical solutions
under perfect and imperfect regimes derived in chapter 3 describe the host government’s
optimal choice of tax or subsidy. Due to the existence of more than one source of market
failure, namely, foreign monopolist and imperfect IPR enforcement, the ‘first best’
outcome is not achieved with a single corrective mechanism under imperfect
enforcement. Adoption of a policy instrument does not lead to the ‘second best’ outcome

because of the repatriation of the monopolist’s rent by the foreign country.
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The results of the model are explained and illustrated wusing numerical simulations
presented in chapter 4. In building this numerical analysis, hypothetical values are
assigned to the parameters of the model such that they follow the behavior of the net
returns functions of the producers as modeled in the analysis in chapter 3. In cases where
specific analytical results are complicated and difficult to compare with others, numerical

analysis seems useful.

The results of the current research can be summarized as follows. The socially optimal
corrective tax on legal GM seed or corrective subsidy on traditional seed reduces total
production of the GM crop, (with (cases (ii1) and (iv)) or without (cases (vii) and (viii))
full enforcement of IPRs), relative to the no-policy instrument cases ((ii) and (vi)). Under
perfect enforcement, the optimal level of the per unit corrective tax is equal in magnitude
to the optimal level of corrective subsidy and the levels of social welfare achieved using
the two policy tools are also equal. With imperfect enforcement, the optimal corrective
tax (case (vii)) increases the portion of the GM crop that is produced with illegal seed,
relative to the no-tax case (v). Provided that the monopolist faces a linear demand curve
and constant short run marginal costs, the static incidence of the optimal corrective tax is
shared equally (on a per unit basis) by the foreign monopolist and the domestic crop
producers. For a given tax regime, the negative externalities that accompany the use of 7
the GM seed variety are higher in magnitude under imperfect enforcement of the IPRs
than under perfect enforcement of IPRs. Analytical results and numerical simulations
suggest that under imperfect enforcement of IPRs, the optimal level of the corrective tax
is more efficient in reducing the level of GM seed usage and thus internalizing the
externality than the optimal level of the corrective subsidy. The corrective tax reduces
the total quantity of GM seed usage but increases the quantity of GM seed acquired
illegally. The corrective subsidy, on the other hand, reduces the total quantity of GM
seed usage as well as the quantity of illegally acquired GM seed. This causes the social

welfare to increase more under tax than under the subsidy.
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5.3 Scope for future research

The present analysis can be used as the building block for further research in a number of
directions. The current research can be extended to carry out sensitivity test or an
empirical analysis to strengthen the results already derived. The current analysis can also
be considered as a basis for some future work which could have completely different

implications.

A sensitivity analysis may be carried out which would be an improvement over the
current research as this would mean testing the robustness of the current model by
examining the validity of the various assumptions. As an example, in the current
analysis, a simple mathematical function has been assigned to characterize the negative
externality arising out of GM seed usage. One of the issues to be dealt with in the
sensitivity analysis of the model might be examining the changes in the results of the

model with complex functional forms for negative externality.

In addition, an empirical analysis based on the current research would involve examining
the real world application of the public policies discussed here. One possible
methodology for this may be to carry out case studies of country-specific problems. This
is important from the point of view of the critical and unique economic conditions of the
developing countries of the world. The case studies would help understand the validity
of the assumptions made and the implications of the policy tools prescribed specific to
the individual countries considered. In particular, this analysis would reveal whether a
single corrective policy instrument is best suited for the developing country in question,

or a combination of different policy tools needs to be applied.

This thesis integrates the issues of agricultural biotechnology and application of
intellectual property rights in the context of a developing country. This is carried out
using an analytical framework which includes a foreign monopoly and domestic
producers who are heterogeneous in nature. The results of this analysis support the

implementation of public policy in a strategic and sequential game theoretic setting, with
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optimizing behavior on the part of all other agents. The use of a corrective tax as a policy

measure turns out to be more effective instrument than a corrective subsidy in the current
analysis. However, there may be considerable scope to design the instruments separately

or jointly to those used here, to derive more effective results.
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APPENDIX A: DERIVATION OF PRINCIPAL ANALYTICAL RESULTS

Section 3.1(A): Solving the innovator’s problem in case (i)
The innovator as a monopolist determines the price of GM seed ( py,, ) in the developing
country market by maximizing short-run profits. Denoting innovator’s profit by =, which

consists of price of GM seed (p},) minus constant marginal cost of production ()

multiplied by the quantity of GM seed supplied (x], ), the problem can be formally stated

gm

as
max7z = (p;m - m)x;m (Al)
14 Z;m
Since, x* = (Pyn = Pon) —¢(p-, ~ 7)) , from equation (3.5), the above objective function
an 7/ —
can be re-stated as
B- D ;m

T =(p;n _m) (Az) >Where> B':pgm - b +pf‘

The first order condition with respect to py,, is

B — 2 B
o o = Pon , ™ __y (43).
P gn y—¢ v=9
The second order condition for the optimization problem is given by
2
0 Z <0 = -2 <o (44).
ap ;m /A ¢

Solving (A3) for p,, , gives

¢ _Pe—D tP;/+m B+im
gn 2 -

, which is equation (3.6) in section 3.1.1.

Substituting p;,, into equation (3.5), the equilibrium quantity of GM seed becomes

£ = pgm - P, +p;. -m _ B—m
o 2y —¢) 2y —¢)

, which is equation (3.7).
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Note on Section 3.1 (B):

This is an output created by the Mathematica software (version 2.2) used for simplifying

analytical calculations. First the net returns functions are entered, shown by 7 and 7,.

For notational simplicity, p, is written as p_, H’g’m is written as 7, and pj, is denoted

as p. Similarly, to avoid complex terms, B is substituted for p,, — p, + p;, which is a

constant. PS here denotes PS;. The last expression for PS simplifies to equation (3.9).
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The last expression for PS can be simplifies as follows

PS = !
87 —9)

[-3B* +2Bm+m* +4y* —4yp+ 4(B - M) Py +4HB—m—2y +26)(p, - p,)]

1

[-8( —#)(p, — p)—3B* +2Bm+m* + 4y* — 4yg
+ 4(B - m)(pgm =p+ ps)]

Substituting B = p,, — p, + p,, the above expression can be simplified to

1
8(y —9)
1
8(r —9)

= PS =

[-8(y —#)(p, — p,) ~3B> +2Bm +m* + 4y* —4yp + 4B* — 4Bm]

= PS =

[-8(r - #)(p, — p,) + B> = 2Bm+m” + 4y (y — §)]

_ 2
:>.PS=p,—pS+Z+(B m)

——~_ which is equation (3.9).
2 8(r-9)
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Section 3.1(C): Solving the innovator’s problem in case (iii)

The foreign innovator decides on the (pre-tax) price of GM seed ( p,,,) in the developing
country market to maximize profits. In this case, as a policy measure, the developing
country government has introduced a tax (7,) per unit of GM seed purchased. Denoting
the innovator’s profit by =, which is same as the innovator’s rent, IR3, it consists of the

price of the GM seed ( P, ) minus constant marginal cost of production (72) multiplied by

the quantity of GM seed supplied (X, ), and the problem can be formally stated as

am

rnax T = (p gin m)
Py gm

(45).

gm

pgm —pl +pf —ﬁ‘g"m
gm_
y—9¢

Thus, re-writing the innovator’s objective function ,

From equation (3.13), and by definition, ]32," = ﬁ;w T 7.

B- ]5 ;m — 7 s

(pgm - )—'—_¢——— (A6),Where B=pgm b tp.

The first order condition with respect to py,, is
B-2pi -
o _o = P =%, m__ 47,

P g Y= ¢ y—9
and the second order condition for the optimization problem is

2

on <0 = - 2 <0 (A48).

a(p gm) 7/ - ¢

SOlVing (A 7) for 13 ;lll >

5
As -pglll—.pl+pl +m—1, _ B+m_70

, which is equation (3.14) in section 3.1.3.

gm 2
Therefore,
~ s w—D D +m+T +m+ _ .
Dgn = Pgu +70 = Pon ~ B ;’ 0 8 n; %0 which confirms equation (3.15).

Substituting the value of p;, in equation (3.13), gives
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Section 3.1(D): Solving PS3 and the government’s problem in case (iii)

Government in the developing country maximizes social welfare (#3). In this case, the
developing country government has introduced a tax (z,) per unit of GM seed purchased
as a policy measure. Therefore, 3 consists of surplus earned by the domestic producers
(PS3) minus negative externalities of various forms arising from GM crop production
(D¥) plus tax revenue (TR;) earned by the government. The constraint in the
optimization problem is a minimum innovator rent implying that the innovator’s rent
(IR3) must be greater than some minimum level, 3, so that the innovator finds it
profitable to stay in the market. The government’s problem can be presented formally as:

maxW, = PS, — D* +TR,,

To

A9
subject to IR, >r, (=0). (A9)
Producers’ surplus is given by

ng ~ 1
PS,= [IT,dd+ [[1,d4 (410).

0 Agm

Substituting 1, = p, — p; + y4 from equation (3.1), ﬁ’s',,,, = Dgn — Do + ¢4 from

equation (312)’ and Z - (pgm _pgm) - (pt - D )

from equation (3.13), PS;can be re-

gm y _¢
written as
B‘ﬁ?z’m
7—¢ ' 1 ‘
PSy= [ (pgu P +od)dd+ [(p,~pi +d)dd (AL1).
0 B—’i)’;,"
r=¢

Evaluating the above integral,

2
PS,=p, —pl+ g + %, which is equation (3.17). Detailed step by step

derivations are shown in the Mathematica output presented at the end of this section.

Kuhn-Tucker conditions
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Consider the following maximization problem (see Varian, 2000):

max f(x)
subject to x2=0.

At a solution x*,

o cither f'(x*)=0 and x=0 (412),
o orx*=0 and f'(x*)<0 (A413).

Equations (A12) and (A13) can be written together as a set of conditions as follows:
x* f'(x*)=0

f(x*)<0 (Al14)

x*¥2>0

The above argument can now be generalized to the following problem:

max  f(x),

subject to g(x)<ec.
Let M(x) = f(x)—2[g(x)—c] (A415).

From the above equation, maximizing f{x) subject to the constraint is equivalent to

maximizing M(x). Thus the first order conditions can be written as:

M'(x*) <0,

x* >0, (A16)

x*M'(x*)=0,

and

g(x*)—c <0,

120, (A17)

Ag(x*)—c)=0.

The present problem is to maximize social welfare 73, subject to a minimum innovator’s

rent constraint, i.e.,

maxW,(z,) = PS, — Dj¥ +TR,,
o

(A18)
subject to IR,(t,)>r, (=0),



o~

where, D{¥ =cx X 18 given by equation (3.18), TR, =7, x X, , is given by equation
(3.19) and IR, =(p?,, —m)x %, is given by equation (3.20).

Comparing with equation (A15), the following function (Lagrangian) can be set as:
L(zy) =W;(zo) + ALIR;(z,) — 1] (419).

The Kuhn-Tucker conditions for the above problem are:

L'(zy) £0,

7, 20, (A20)

7,L'(z;) = 0,

and

IR, () -1, <0,

220, (A21)

AR, (z3) = 13) = .

In this case, the optimal condition is characterized by a slack constraint since IRz > 7.

Solving Kuhn-Tucker conditions,

B+—;—(—B—m—ro)

L)) =—o - N il 7 e W
200-9) 2r-9) 2y —¢) 4y - 9) 2y -¢)
(—B+—;:(B+m+z'o))
- - A22).
27— P (r-9) (422)

Solving the set of conditions in (A20) and A(21) and simplifying,

T, = %( Dgn — P, + D] +2c—m), which is equation (3.21) in section 3.1.3.
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The Mathematica output is presented to show detailed derivations of the analytical

results. First the net returns functions are entered, shown by 7 and 7,,. For notational

. . . . s NI ~g —_ ~
simplicity, I1, is expressed as 7 , p; as p,, Il as 7w, , Py, as p and 4, as Ag.

Similarly, to avoid complex terms, B is substituted for (p,, —p, + p;), which is a
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constant. PS here denotes PS3;. The final expression for PS can be shown to simplify to

equation (3.17).

For solving the optimal tax function, the government’s problem is also solved using
Mathematica. The negative externality is denoted as the damage, the tax revenue as
revenue, the innovator’s rent as rent and the social welfare function as SWF. Next,

differentiating and solving the Lagrangian with respect to A and 7, respectively, the

optimal tax rate simplifies to equation (3.21).
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Section3.1(D): Calculatfng producers’ surplus (PSs) and solving the government' s problemin case (iify

| m=pi—DPetYEA;

Tgm = Pgm — D + O A3

B-p
Agp = ———;
-9
. B4+m+my
p= > H

Agm

1
PS= zrgmdA+f mdA;
0 Agm

FullSimplify[PS]

1
8(y-9) T , . o
(-3B2+2Bm+m’ +497 ~4y9+4B-—m—27+2¢) (s = ) + 4 Dy B—m— 7o) + 2(B+m—2 g + 2 ) To -+ 72),

Damage = ¢x Agy;

Revenue = To % Agms

Rent = (F—m)xAgn; |
Generak:spelll(: Possibl;: spelling error: ﬁew symbo} name "Rent" is s;ihxil:;i' to existing symbol "Rest",
SWF = PS — Damage + Revenue;
Lagrange = SWF + A % (Rent — 1);

0y Lagrange;

soll = Solve[d LagrangesA == 0, 1]
(A -0n

A=0;

Or, Lagfa.nge;

502 = Solve[d, Lagrange=1o == 0, 7o].

‘ 2’B+2‘c+_3_7'__m_._£¢.+ﬂ_ép- ‘-Zp."+2p '
‘ v v v . ¥ gm s ¢
{iwo >0 {ro - P 1t
1-? y-p
FullSimplifyfsol2]

{[‘ro -0}, {'ro - -;(3 B+2c-m~2pgm—2ps +2‘p¢)}}
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Section 3.2(A): Solving the innovator’s problem and producers’ surplus (PSs) in case

)

The foreign innovator’s objective is to maximize profits (n) and in order to do that,

determine the price of GM seed (E';m) under imperfect enforcement of IPRs. Formally,

the problem can be presented as

—, 1
max 7z = (p,, —m)xy, (A23).
pgm

Total GM seed purchased legally (x”

o) can be derived by noting that there is a one-to-
one relationship between producers’ attribute (4) and the quantity of seed usage.

Therefore, subtracting the quantity of illegal GM seed, given by equation (3.24), i.e.,

s

o —m
A;,, = E%'— from the quantity of total GM seed, given by equation (3.25), i.e.,
0P
_ + s _ -
A, = Pan — P ‘Z’ Pon , the quantity of legal GM seed is obtained as
7/ —
x[, A — 4 = §0p(pgm - b +pf)_plgm(y_¢+50p)+m(7_¢) )

gm gm g (7 _ ¢) §0p

Thus, objective function can be re-written as

—s 8\PB — P o (¥~ +8,0) + m(y — §)

max 7 = (P, —m) (424), where,
P * (¥ = )P
B= pgm — b +pf .
The first order condition is given by
2. (y—9+6 - —
6__75 o0 = B 2ar—9+0p) mly—¢+5p)+mly—¢) _, (425)
T =9 G-Pow Do

>

and the second order condition is given by

2 —
aﬂ" <0 = _2(7 ¢+60p)<0

(P, (y —$)S,p

(426).
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Solving the first order condition in (425),

o PPt PG =) m_SpBAmy—§) m equation
o 2y —¢+5,p) 2 2Ar-¢+6p)

(3.26) in section 3.2.1. Substituting the value of ;;m in equations (3.24) and (3.25)

respectively, and subtracting A;  from A

gin g >

_ + 0 —m _
¥ =4 - A = (Pgu =P, 2/ =) _ (B—m) which is equation (3.27). From

e gm gm 2 (7 _ ¢) 2 (7 _ ¢) >
equation (3.24), the quantity of illegally acquired GM seed is calculated to be,

o o Pa=ptp-m _ (B-m)
T 2r-4+6p) 2y —¢+6p)

, Which is equation (3.28).

Calculations for producer surplus (PSs):
The ‘Mathematica’ output is presented to show detailed derivations of the analytical

results. First the net returns functions are entered, shown by 7, 7#igm and zcgm. For

. . . . . . h —s
notational simplicity, I, is expressed as ¢, p; as pts, [1z, as zhgm , p;m as pgms,

c
IT;, as mcgm, 4

o S Agm, and A4, as 4c. Similarly, to avoid complex terms, B is

g

substituted for ( p,,, — p, + p; ), which is a constant. PS here denotes PSs. The final

expression for PS can be shown to simplify to equation (3.30).
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Imperfect enfbrcement of IPRS calculatino producers’smplus (PSs)
it =pt—pts+y= A

ﬂhgm=pgm-pgms+¢¥A;'l- - , ,
Generat:spelll : Possible spelling error: new symbol name "pgms" is éhnilafto existing symbol “pgni".
mogm = pgm+ ¢ A —m— S # pr A;

General:spelll : Possible spellingerrf)r. new symbol name "zcgm" is s"imil.ar to exbﬁng symbol‘ "sthgm",

Ac= pgms—m

60*p

B - pgms
Agm= ———; -
g‘-n ,y_._¢ .

50=kp*Br+rh=;e(y—¢):+ m,
2%(y=¢+doxp) 2’

" hon RERTINRE SR
PS=f ncgmdA+f nhgmdA+f mtdd; o
(] Ac Agm ' n.

FullSimplify[PS]

pgms =

(4 (-B*+m? + 2B (pgm— pt+ pts) — 2m(pgm pt+pts)+(2pt 2pt8+7)(7 ¢))(y ¢+ S
p(-3B%*+m?-4m(pgm- pt+pt8)+2B(m+2(pgm pt+pts))+4(2pt 2pts+y) (y - ¢))6o)/
By—-Py—d+pd)) . :
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Section 3.2(B): Solving the innovator’s problem in case (vii)

The foreign innovator is assumed to maximize profits (7) and determine the price of GM
seed (P,,) to be charged in the developing country market, under the imperfect
enforcement of IPRs. The innovator’s problem can be stated as,

max 7 = (P — m)x (A27).

Py, gm

gm

Note that xy, has been substituted by x}, = A4 — 450 4% and 450 are given

by equations (3.47) and (3.48) respectively.

The objective function can be re-written as

00PB ~ (P + 1)y — 9+ 6,0) + m(y — @)

maXﬂ" (p m ) (A28) .
P * (r =9)o,p
The first order condition for the optimization problem is given by
or ~0 — B _zﬁ;m(y_¢+50p)+m(y_¢+60p)+ m
D r—9) (r —9)6p r=9)op  Sop
__Tl(y_¢+§0p) =0 (A29),
(¥ =$)oop

and the second order condition is given by

62 0 = _2(7—¢+50p)<0
o(Py.) (¥ = )P

Solving for py,, from (429),

(430).

ﬁs — 5010(pgm - D +p;") + 7’}1(}/ _¢) _ 71—
o 2(7/ —¢+ 5010)

Substituting the value of p,, in equations (3.47) and (3.48) respectively and subtracting

e , which is equation (3.37).

A;,fj’”“) from A", the post-tax legal GM seed usage would be

— A(new) Ac(ncw)
yn g g

_%PPg =D+ P =) 1y =P+ 6P) _ ,p(B—m) ~ (¥ = $ + 5,)
2(y - $)op 2y = $)bop ’

which is equation (3.39) and the quantity of post-tax illegal GM seed would be




110
¥ = 60PPe =P+ P =)+ (7 =+ 60P) _ 8,p(B-m) +7,(y —§+5,p) which s
— 2(y —$ +S,p)0p 2(y — ¢+ 3yP)S 0 ’

equation (3.40).
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Section 3.2(C): Solving for the producers’ surplus (PS;) and the government’s problem

in case (vii)

Government in the developing country maximizes social welfare (W) under imperfect
enforcement of IPRs. In this case, the developing country government has introduced tax
(t1) per unit of GM seed purchased as a policy measure. Therefore, W, consists of
surplus earned by the domestic producers (PS7), negative externalities of various forms

arising from GM seed usage (D*), tax revenue (TR;) earned by the government,

enforcement cost (EC) and the expected revenue from penalty charges (F,). The
constraint in the optimization problem would be a minimum innovator rent implying that
the innovator’s rent (IR7) would not be less than some minimum level r;, so that the
innovator finds it profitable to stay in the market. The government’s problem can be
formally stated as
maxW, = PS,—EC—D* +TR, + F,,
1 (A31)
subject to IR, >r, (=0).

Producer’s surplus (PS7) is given by

A ;;’ncw) A(z‘cw)

PS, = [IT;,dA+ g [, da+ ljn,dA (432).
0

A ;'s’ncw) A I(ur:'cw)

Substituting IT;,, = pg, + ¢4 —&,04—m from equation (3.224), IT' = p,,, - P, +d

el 3
geom _ Do ¥ Ti=m

from equation (3.35), 1, = p, - p + 4 from equation (3.1), 4, 5 ‘om
0P
-p,+p —(P,, +7
equation (3.48) and 40 = Pen “ P T P y Pon * %) fi0m equation (3.47),
}/ —
Pogn +71—=m B=(Pgu+71)
Sop r=¢ . 1
PS, = [(p,+¢4~5pd-m)dd+  [(pg,—p] +44)dd+  [(p, - p} +pd)dd
0 Pgn+r1—0t B~(Pan+71)

Sop r-¢



112

2 _ 2 . 2
—p-pala iy Bom | CBimiT)
2 86p 8(y—¢+6,p) 8(y—9)

step by step derivation of (3.44) is shown at the end of this section, using the results of

, which is equation (3.41). The

Mathematica.

h

The damage function is given by D;* =cx(x,,

+x,), which is equation (3.42). Tax

revenue, denoted TRy is given by equation (3.43), TR, =17, x EZm . Expected revenue from

A;[slncw)

penalty (F7) is given by F, = p I(JOA)dA, which is equation (3.44). The enforcement
0

cost EC is constant and is given by EC =ad, + . The innovator’s rent IR, is given by

IR, = (p’, —m)x(x,,), which is equation (3.45).

Setting up the Lagrangian of the government’s problem,

L =W,6+ A(IR, —r,), where A is the Lagrange multiplier.

Kuhn-Tucker conditions for maximization are:

L'(z)<0,

7, 20, (A33)

7.L'(z,)=0

(IR, ~1,) <0,

A=0, (A34)

A(IR, ~1,) =0.

In this case, the optimal condition is characterized by a slack constraint since IR; > 7.

Solving the Kuhn-Tucker condition gives,

s | Mo P AP +20-2m (P~ Pyt D) H
1 = 9 2y =20 +36,p Y=+,
= GoP +
2y =20 +38,p y—+5,p0

which is equation (3.46).
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Calculations for PS7:

The Mathematica output is presented to show detailed derivations of the analytical

results. First the net returns functions are entered, shown by 7, 75, and 7. For notational

(] as 7, A(new) as

. . . . K3 /] s -
simplicity, I, is expressed as 7z , p; as pts, ﬂgm as 7, P 3D, I, .

Agm, and A2 as degn, Py, is denoted by p and 7, is denoted by =. Similarly, to

avoid complex terms, B is substituted for (p,, — p, + p; ), which is a constant. PS here

denotes PS7. The final expression for PS; can be shown to simplify to equation (3.41).

For solving the optimal tax function, 7, , the government’s problem is also solved using
Mathematica. The negative externality is denoted as the damage, the tax revenue as TR,
the penalty function as Fine, the innovator’s rent as IR and the social welfare function as
Welfare. Next, differentiating and solving the Lagrangian with respect to A and =

respectively, the optimal tax rate simplifies to equation (3.46).
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Imperfect enforcement of IPRs — caiculating producers’ surplus (PS;) and solving the government' s problem in case (vii)
T =pt—pis+y*A;
My =pgm—P+gxA;

e =pgm+PrA—dxpxA—my

§xpxB+muy—¢) _T-m,
2x(y—@+6%p) 2’

=

Acgm Agm t
PS= nch+f m,dA+f T dA;
o o Agm

Acg

FullSimplify[PS]

%(4(2pt‘—2pts+'y)+;2—p— B -m)(B+3m-4(pgm-—pt+ pts)) _ ~B+m+1)(3B +m—4(pgm~pt+pts)+1'))

Y+ép—¢ : ~Y+¢
Damage = ¢ Agy;

ah= FupeB—Taly—@+0%p):
- 2x(y—@)xdxp ’

- 5*p*B+(T+Iﬁ)1:(y—¢+5*p).
X T sy ¢+ érp)rdnp

>

TR =7 +xh;

Acgm
Fine=§xp+ A AdA;

General::spell : Possible spelling error: new symbol name "Fine" is similar to existing symbols {File, Find, Line}.
IR = (p —m)=xh;

EC=a+6+f;

Welfare = FullSimplify{PS — EC ~ Damage + TR + Fine];

Lag = Welfare + 1= (IR - r);

d. Lag;

Oy Lég;



soll = Solve[d; Lag«A == 0, A]
{{a-=0)

A=0;

sol2 = Solve[d; Lag«7==0, 7]

T )

3B . 2 . m__ 2pgm . 2pt _2ps B
{[’r - 0} {'r > Y=¢ v r-d =9 Y y=¢  yibp—¢
i 2 3
=)
FullSimplify[sol2]
-B+m  2(-3B-—c-+m+pgm-— pt+pts)
{{T-)O}’{T_).ép('y+6p—¢+ T3y-38p+2¢ i

115
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Section 3.3(A): Determination of equilibrium price-quantity by the producers of

traditional crops

Price 4

o i

2
~_ D,
D, AN
s \\‘\\
y ~r<

5 S~ ~o

by — 1 \\ ==
.~y
0 =g Quantity
4 X 1

Figure A: Equilibrium price — quantity determination for the traditional seed
market under perfect enforcement of IPRs

Figure A illustrates the determination of the equilibrium price-quantity combination of
traditional seed by the domestic producers with subsidy under perfect enforcement of

IPRs. Initially, as a result of the subsidy given to the suppliers of traditional seed, the

price of seed drops from p, to p; —7, and the quantity of seed supplied increases from

x'to %'. Inresponse to this, the foreign innovator who is the supplier of GM seed to the

=5 =5

domestic market, reduces its equilibrium price and therefore quantity to p,, and xgn

respectively. This is shown in Figure 3.12. Finally, the demanders of traditional seed

=5 == =5

reduce their demand and quantity demanded to x: , so that x, = (1 - x..) , as the total seed

usage sums to 100 percent. The market price of traditional seed remains fixed at p; —7,.
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Section 3.3(B): Solving the innovator’s problem in case (iv)

=S

The foreign innovator maximizes profits (7) by choosing the price of GM seed ( p'gm) in

the developing country market. In this case, the developing country government has

introduced a subsidy (770) per unit of traditional seed purchased as a policy measure. The

innovator’s problem is given by
max 7w = (]_9;,,,, - m);g,,, (435).

r am

=y

— =y — + § — —_— ’
Thus, substituting equation (3.52) which implies, Agn = Xon = Pon ~ P17 Pr o ~ P

y—9 ’
the innovator’s problem can be re-written as
= B- p .gm —o s
max 7= (D = m)"‘—ﬁ (436) , where B=(p,, —p, +p,)-

Pem

=g

The first order condition with respect to p,,, is

=5

B-2p -
a=7f =0 = pgm 770_*_ m =0 (A37)
P p‘ y—¢ y—¢
am
The second order condition is
62”2 <0 > -——2 <o (438).
= y—¢
a.pgm

SOIVing (A3 7) for ;‘gm 5

= _ pgm—pl +p:‘_770+m _ B—770+m
pgm_ 9 -

, Which is equation (3.53).

Substituting the value of ;gm into equation (3.52),

= P =D tP ~M-m B-n,-m
27 -9 2r-9)

, which is equation (3.54).

Xgm =
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Section 3.3(C): Derivation of producers’ surplus (PSy) and solving the government’s

problem in case (iv)

Government in the developing country maximizes social welfare (W,). In this case, the
developing country government has introduced a subsidy (77p) per unit of traditional seed
purchased as a policy measure. Therefore, 7, consists of surplus earned by the domestic
producers (PSy), negative externalities of various forms arising from GM crop production
(D*) and subsidy payments (Pay) made by the government. The constraint in the
optimization problem would be a minimum innovator’s rent implying that the innovator’s
rent (IR4) would not be less than some minimum level 74, so that the innovator finds it
profitable to stay in the market

maxW, = PS, - D,* - Pa,,

o (A39)
subject to IR, >r, (=0).

Producers’ surplus is given by

Agm __,

] —
PS, = [Ilgdd+ [[d4 (A440) .
] ;

Agm

Substituting equations (3.51) and (3.50) for ﬁg,,, and ﬁ, respectively and equation (3.52)

for Zgn, ,
B"';Z,,,"'Uu
r-¢ — 1 .
PS4 = J (pgm - pgm + ¢A)dA + J{(pt - (p/‘ — 1 )) + 7/A}dx4
° B ';;m =1y
7=¢
— +p’ - —
=p —p +%+ 7, + (p"" p,8 (}/p, ¢)m 77")2 , which is equation (3.55). The step by

step derivation of PSy is presented at the end of this section using results from

Mathematica.
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The value of the negative external effects of new technology is given by equation (3.56),

=y

DP¥ =cxxgn. Total subsidy payments to the suppliers of traditional seed are

=y

Pa, =1,%(1—xg), which is equation (3.57) and the innovator’s rent in this case is

=s =s

given by equation (3.58), i.e., IR, = (-};:gm — M) X Xgn.
Setting up the Lagrangian of the government’s problem,
L =W, +A(IR, —r,), where A is the Lagrange multiplier.
Kuhn-Tucker conditions for maximization are:

L'(n,) <0,

7,20, (A41)

7,L'(1,) =0

(R, —r) <0,

120, (A42)

AR, —1r)=0.

In this case, the optimal condition is characterized by slack constraint since IR, > ry.

Solving Kuhn-Tucker conditions, gives

L’(ﬂ)= c _ 770 _—B"m'l'ngm'l‘ﬂo_pt—pt'v+770
YU 2y—-9) 2(-9) 4y - §) 2y - @)
(-B+=(B+m=m)+10) B-7, +%(—B—m+770) »
- — @)+ .
2097 r=9) 20 —9) (443)

Now, solving for 7,L'(n,) = 0 and simplifying,

Ty = %( Pgn = D; + P} +2¢—m), which is equation (3.59).

Calculations for PSy:
The Mathematica output is presented to show detailed derivations of the analytical
results. First the net returns functions are entered, shown by 7 and 7. For notational

) =y

simplicity, I, is expressed as 7, p; as pts, 77, as 7, [1gn as 7, , Dgn 8 p and Agn as
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Agn. Similarly, to avoid complex terms, B is substituted for ( p,,, — p, + p;’), which is a

constant. PS here denotes PSy. The final expression for PS; can be shown to simplify to

equation (3.55).

For solving the optimal subsidy function, 7, , the government’s problem is also solved

using Mathematica. The negative externality is denoted as the Damage, the total subsidy

payments as Pa, the innovator’s rent as /R and the social welfare function as Welfare.
Next, differentiating and solving the Lagrangian with respect to 4 and 7 respectively, the

optimal subsidy rate simplifies to equation (3.59).



121

Perfect enf;rcém;nt 0}‘ IPRs - cl'alcu}atiﬁé prbtlt;cérzs' surplus (i’.§'4) and sol;zing th'e government's pi'oblem incase(iv) :
iy = pt— (pts —7) ryeds
m, = pgm~F+ pa A
‘B-n-p, - .
y=¢ ’ o

B-n+m.
P

Agm=

T S
PS= 7rhdA+f ndA;-
o Agm, o

FullSimplify[PS]

v (—B+m+n)(3B+rn 4(pgm pt+pts)+n)
t— pts+ = +
popETy T Ber+

Damage = ¢ #Xp;

Bnm

=9 ¢)

Damage; S

Pa= n * (1 =%);

R = (i?‘—m) *Xps |

Welfare = PS - bmaée - P:cxj'. .
Lagtange = Welfare + A« (IR - ;. ,
LB Lagrange' Co

) solunonl Solve[al Lagrangea A == 0 JL]
t@a— 03

A=0 -

“ 0, Lagrange;

solution2 = Solve{a,; Lagranée*n ==0, 7]

[

A . . . - K .. . B ' ‘
2B+2c—2pgm+2pt—2pts+%—%—-y—_%+M}}_.:,
..—.—..L et : :

L=t =N T

{[n - 0}, {77 -

FulSimpltylsolution?] S R

{[n~>0},{ ->—(3B+Zc m- 2(pgm pt+pts))}}
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Section 3.4(A): Solving the innovator’s problem in case (viii)

The innovator’s objective is to maximize profits (#) under imperfect enforcement of IPR
and determine the price of GM seed ( pj,, ). Formally, the innovator’s problem is given
by

max 7 = (P, - m)x"™"  (A44).

am gm
" 1,m

"s s

B — — E
Subtracting 4, = pg; , equation (3.62) from A = 27T P , equation (3.63),

0P y—¢
the objective function can be expressed as follows:

ns Op(B_ﬂl)+m(7_¢)_p";m (7/—¢+50p)
maXﬂ (p em M )
gm (7_¢)50p

"s °
am

(445).
The first order condition with respect to p

o 0 = (B—?]l)é'op+ my —@) 2Dg(y —9+6,0)

/2 G-0ép -06p  7-HEp
$ M7 ZP00) (446).
(¥ =)o, p
The second order condition is
2 —
6,” <0 = _2r=9+5p)
a(pgm) (7/ - ¢)50p

Solving (446) for p’"

gm?

<0 (447) .

w5 _ P =P+ P~ )G+ my —§)
- Ay —9+dp

"y
gm

—2— which is equation (3.64).

Substituting the value of p}, in equations (3.62) and (3.63), and making simple

adjustments,
—p,+p - —m
gt it _ gre - Pon"PPLTRTI i s equation (3.65) and
2(y - 9)
_ + 5 _ _m
X" = A" = (Pyn =P+ P/ ~Th ),which is equation (3.66).

e T Ay~ g b)
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Section 3.4(B): Derivation of producers’ surplus (PSg) and solving the government’s

problem in case (viii)

Government in the developing country maximizes social welfare (Ws). In this case, the
developing country government as a policy measure has introduced a subsidy (77;) per
unit of traditional seed purchased. Therefore, Wy consists of surplus earned by the

domestic producers (PSs), negative externalities of various forms arising from GM crop
production (D;*), subsidy payments (Pag) made by the government, enforcement cost

(EC) and expected revenue in the form of a penalty (Fs). The constraint in the
optimization problem would be a minimum innovator’s rent implying that the innovator’s
rent (IRg) would not be less than some minimum level rg, so that the innovator finds it
profitable to stay in the market. The government in this case solves the following

problem:

max W, = PS; — EC — D{¥ ~ Pa, + F,,

I]l

(A48)
subject to IR, >r1, (=0).

Producer’s surplus is given by

nC wh
4 am 4 am

1
PSy= ([Mj,dd+ [[I",dd+ [IT"d4 (A449).
0

gm

W wh
4 gm 4 gm

Substituting 1%, = p,,, + ¢4 — 5,04 —m from equation (3.224), ITo, = P, — Pl + 4

ns

] : w — M
from equation (3.61), I} = p, = (p] —m,) + 4 from equation (3.60), 4, = f_gg_
0P
: nh B - ™ — pg::x .
from equation (3.62) and 4, = —¢— from equation (3.63),
7/ —
pgu—m B-my ‘I’E;;z

6‘0p

r—¢ 1
PS,=  [(p,+#d-S,pd—mydd+  [(py, —p., +#ddd+  [(p, - p}+pd)dd
. .

" ]
Pem—m B-m “Pay

60p r—¢
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_ 2 _ 2
=p,—p}v+1+771+( B+m+1n,) +3( B+m+m,)
2 8(r —¢) 8(y —¢+6op)

The step by step derivation is shown using Mathematica at the end of this section.

, Which is equation (3.67).

Enforcement cost of the IPRs is given by EC = ad, + S, which is given by equation

(3.68). The damage function is given by D{f =cx (x"" + x"°)), which is equation (3.69).

am gm

Total subsidy payment depends on the total non-GM seed wusage, Ii.e.,

Pas — 771[1 _ (xnh + xuc

an T Xgn )], which is equation (3.70). Expected revenue from penalty (Fs)

c
A"gm

is given by equation (3.71): F; = p j(ﬁoA)dA . The innovator’s rent (IRg) in this case is
0

IRy = (plgy, — m) % xy,, , which is equation (3.72).

Setting up the Lagrangian of the government’s problem,

L =W, + A(IR, —r,), where A is the Lagrange multiplier.

Kuhn-Tucker conditions for maximization are:
L'(n) =0,
n, 20, (A50)
nL'(n) =0,
and
(IR, —-1r) <0,
120, (A51)
AR, —r)=0.
In this case, the optimal condition is characterized by slack constraint since IRg > rg.
Solving Kuhn-Tucker conditions, gives
5P
4y + 6y, p +35: p° — 8yd — 645, p + 4

n =c+(B-c—-m) =1, which is equation (3.73)

in section 3.4.1.
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Calculations for PSg:

Mathematica output is presented to show detailed derivations of the analytical results.

First the net returns functions are entered, shown by #, 7% and zc. For notational

nh
gm

"y

o as p, I, as mc, Al as

. ] "o K
simplicity, [1; is expressed as #, p;’ as pts, I] - o

as 7h, p

Ah, A4, as Ac and n is denoted by 7. Similarly, to avoid complex terms, B is

substituted for ( p,, — p, + p;), which is a constant. PS here denotes PSs. The final

expression for PSg can be shown to simplify to equation (3.67).

For solving the optimal subsidy function, 7; , the government’s problem is also solved

using Mathematica. The negative externality is denoted as the damage, the enforcement
cost as EC, the subsidy payments as Pa, the penalty function as Fine, the innovator’s rent
as IR and the social welfare function as Welfare. Next, differentiating and solving the

Lagrangian with respect to A and 7 respectively, the optimal tax rate simplifies to

equation (3.73).
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B U

Imperfect enforcement of IPRs : c;zlct;la;‘i;g producers’ surpl;s (PS3) amé solving the gove.mment' s problem in case (viii)
7t = pt— (pis =) + y x A;

7h = pgm—P+¢=A;

General::spell} : Possible spelling error: new symbol name "zh" is similar to existing symbol "at".

e = pgm‘+¢*A—5*p*A-—m;

General:spell : Possible spelling error: new symbol name "z¢" is similar to existing symbols {xh, nt).

_p-m
Ac= Gap
B-n-7
Ah= ——=
v=¢-
~_ B-mebsp+m(y—¢) m
P T G —g+6%p) 2°

Ac Ah 1
PS= A 7rch+f nhdA+jA‘hmdA;

Ac

FullSimplify[PS]
1 (-B+m+1).(3B +m-4(pgm— pt+ pts) + 1) _
= (4 @pt-2pts ey +2n) s

(—B+m+77)(B+3m—4(pgm—pt+pts)+3n))

~y=6p+¢
)

EC=q@xd+f;
Damage= cxAh;
Pa=n(1-Ah),

AC

F8=0%px* A AdA;

IR = (p— m)*(Ah - Ac);

Welfare = FullSimplify{PS — EC ~ Damage — Pa + F8];
Lagrange = Welfare + L+ (IR —1);

0, Lagrange;

soll = Solve[d, Lagrange+A == 0, A]
B0

A=0;

8, Lagrangg;

5012 = Solve[d, Lagrangex == 0, 7];
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" FullSimplify[sol2]

(¢ + m~ pgm + pt — pts) & p? }}

{01 {n>Brc-pgmerpt-pts~ T +676p 130 F~87¢—6oppraf



