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ABSTRACT

Recently, in the food industry, Genetically Modifi€GM) food and its related topics have been
heavily addressed by many studies. Among the isorghy raised topics are whether or not to accept
GM foods, what are the best GM allowance or Puhtgsholds, and how does this GM allowance
affect the market outcome: i.e. prices and quastitas well as consumer and producer welfare. These
represent some of the economic policy issues fonyn@untries within the European Union and

elsewhere.

This research presents a model of heterogeneowsumman preferences and imperfectly competitive
suppliers as a helpful tool toward analyzing theketaand welfare effects of adventitious presence
(AP) thresholds in non-GM foods. While several g#ad(Giannakas and Fulton, 2002; Fulton and
Giannakas, 2004, Lapan and Moschini, 2006/ 200@n&zikas and Yiannaka, 2008; Giannakas and
Kalaitzandonakes, 2005) refer to the GM issue, édwhem have addressed the issue of regulatory
standards in oligopolistic suppliers, and to ouowledge, none have address vertical oligopoly.
Hence, in this research, we consider the economptications of AP thresholds of GM foods under
various market structures of oligopoly and verticgdopoly, where both processors and retailerehav

market power.

By comparing the equilibrium quantities and pricas,well as consumers’ and producers’ welfare
before and after changing the purity standardsjetermine the market and welfare effects of difiere

purity thresholds. Our analysis indicates that angfe in purity thresholds creates winners and $oser
among consumers and producers of both GM and nompfdllucts. Also, examined in this research is
how, considering different model parameter scesariconsumers and producers are affected
differently by these purity thresholds. We estdblgarameters with respect to different levels of
market power and simulate them with various valagsbuted to the parameters. What determines
winners and losers is the degree to which the yuwsiandards affect the production cost and

consumers’ preferences.

The research is considered to be useful for paliekers, academics, consumer organizations, firms
and farmers of GM and non-GM products, by providimgights on the market and welfare impacts of
the AP thresholds



CHAPTER 1

INTRODUCTION

In recent years many countries have adapted Lapé&lood Policies regarding Genetically Modified
(GM) products but the applied regimes differ widelgross the world (Gruere, 2004). The great
difference lies between the European countries (&high have applied a mandatory food labeling
regime and the United States (US) which has choseto impose such requirements and implement a
voluntary food labeling policy. Accepting the ndieda labeling policy still leaves open the problem

the adventitious presence (AP) thresholds or totsrdevel which represents the maximum level of
impurity in non-GM food. The problem of the appriape purity standards norm has been a topic of
discussion since the 1980s and yet it remains @ issue (Giannakas and Kalaitzandonakes, 2005).
The EU countries adapted the most stringent potegyuiring mandatory labeling for all foods
produced from GM ingredients regardless of whetmearot the final product contains any sign of GM
material. Meanwhile, to avoid carrying a GM lableé tEU countries set the AP thresholds to 0,9%
which, to date, is considered the highest GM allowea Japan requires labeling for food products that
contain more than 5% GM material (top three ingeath), followed by South Korea which requires
labeling at the level of 3% AP thresholds (top fiagredients) ( Gruere,2003; Lapan and Moschini,
2006).

Even though the differences in these AP threshidlok insignificant, they affect the production cost
and segregation cost of non-GM products; while Alethresholds increase (decrease) the non-GM
production cost decreases (increases) (Kalaitzaaldsnand Magnier, 2004). Additionally, consumers’
evaluation of both GM and non-GM foods are affedigca change in AP thresholds (Noussair et al.,
2004; Giannakas and Kalaitzandonakes, 2005). Aesu@t, both consumer and producer welfare are
affected by the change in AP thresholds, henceiderisg the effect that the food industry has ia th
entire economy, undoubtedly AP thresholds playgaicant role for policy makers. Thus, from an
economic perspective the impacts of AP threshotdsaasociated with the changes in consumer and
producer welfare (Fulton and Giannakas, 2004; Lapath Moschini, 2005/ 2006; Giannakas and
Kalaitzandonakes, 2005).



Giannakas and Kalaitzandonakes (2005) have dewtlapeethodological framework to determine the
market and welfare effects of purity standardsoodf labeling laws. We follow the same approach as
Giannakas and Kalaitzandonakes (2005) but what snéke difference is the fact that our analysis
explicitly accounts for an extended food chain. rAnfework model is developed to determine the
market and welfare effects of purity standards iw@aand three stage supply chain inducing addiion
market power in the model. Furthermore, a simuhaéinalysis is conducted in order to present a clear

picture of the impacts that the purity standardsetia the market and on welfare.

Lapan and Moschini (2007) are dealing with theitpustandards issue by assuming a perfect
competitive market for the GM and non-GM produ&skey difference between our study and that
conducted by Lapan and Moschini (2007), lies on gpecific market structure. In this study, the
market power is a basic element of the analysisewhiLapan and Moschini (2007), the market power

is not taken into consideration.

Sexton and Zhang (2001) determined that the madwer itself has an impact on equilibrium prices
and quantities, consumer, retailer, processor amddr surplus. They have analyzed various sub cases
depending on the way market power is exercisedinvitine supply chain assuming a homogeneous
product traded in the market. Sexton and Zhangl(RBéve developed a simple model accounting for
different market structures represented as spestinarios. Their study considers only one product
while we explicitly account for two vertically défentiated products as GM and non-GM. However,
we support Sexton and Zhang (2001) results whiate ghat the market power exercised within the

supply chain affects the welfare distribution.

The aim of this thesis is to determine the effeftpurity standards of non-GM products on suppliers

and consumers” welfare. Particularly, our analgsisounts for the allowance of GM material in non-
GM foods. By deriving the equilibrium quantitiesdaprices, comparing and contrasting them, before
and after changing the AP thresholds, with and euthmarket power, we show analytically the market
and welfare effects of AP thresholds. The starpogt is a benchmark case of 0% AP thresholds
implied under a perfect competitive market. We pest by determining the effects of increased AP
thresholds, by firstly introducing an oligopoly,tmuing with the monopoly and finally concluding

with a vertical market power within the supply ahai



Specifically, in our model the following key compmns are present in order to shed light in

understanding the model. They include:

a. heterogeneous consumers with preferences towar@@Mvhon-GM foods
b. heterogeneous production costs of both GM and ndrp@&ducts.

c. market power exercised in the supply chain for l§&kh and non-GM food

In addition, this study emphasizes an extensioth@fexisting literature on the purity standardsiéss
As different purity standards have been shown tetsagnificant effects in the market equilibrium as
well as on consumer and producer welfare, it prewidseful insights for all the involved and intézds
European groups (consumers, farmers, processoiaijers, seed companies, policy designers)
(Giannakas and Fulton, 2002; Fulton and Giannd@®4, Kalaitzandonakes and Magnier, 2004; Lusk
et al., 2004; Lapan and Moschini, 2004/ 2005/ 2@idnnakas and Kalaitzandonakes, 2005).

The rest of the thesis is organized as follows:

Chapter (2) presents background information refgrrio the evolution of GM products, their
regulations around the world, and farmers” and woress” behaviors towards GM items. Chapter 3
presents the equilibrium prices and quantities mnoéigopoly and vertical oligopoly as well as
consumer, retailer and wholesaler characteristitsthe abovementioned market structures. A
simulation analysis is conducted in Chapter 4 diply both analytically and graphically, all the
possible scenarios. These include: Perfect Congueti©Oligopoly, Monopoly and Vertical Oligopoly
before and after changing Purity standards. Chgpdeinvolves the discussions, concluding remarks

and suggestions.



CHAPTER 2

REGULATION AND ACCEPTANCE OF GM PRODUCTS

Before analyzing the market and welfare effectuifity standards it is important to give general
information on the farmers’ behavior towards GMdspconsumers’ concerns about these products

and food labeling policies across the world.

2.1 Farmers’ Behavior towards GM Foods

What makes an innovation important to adapt toef@mple a new technological development, is that
it offers benefits over and above what is curreatigilable. These kinds of benefits vary in theitune

and category; they may be perceived as lower ea$sinblogy, more functionality, or more enhanced
quality. Agricultural biotechnology is claimed téfer a range of benefits such as higher produgtivit
lower pesticide costs for producers and less enmemntal pollution, at least in the minds of
developers. Europe’s first GM product was introadlice February, 1996 by J. Sainsbury and Safeway
Stores in the United Kingdom (UK). Later on, magronomic improvements occurred in the crop
fields (soybeans, cotton, maize and canola). I'52GM crops, were grown in twenty one countries by
an estimated 8.5 million farmers on a total acrezfg@0 million hectares (James, 2005) reaching 114
million hectares in 2007 (James, 2007). Farmer® laaapted the new technology due to the increase
in efficiency and definitely because of the incexhbenefits they achieve by using it. Table 2dg%0
the change occurred in the area used for GM praztuct the world from 1996 to 2005. As is depicted
in Table 2.1, a drastic increase occurred in the @dluct area during a 9- year period from 1996 —
2005. Furthermore, Table 2.1 also depicts thatugiiiout the years 1996 — 2005, more and more

countries have adapted the GM technology refledtiegncreased level of adoption.



Table2.1: The Global Area under GM grower countries

Years | Hectares(million) Countries

1996 1.7 US, China, Canada, Argentina, AustralcMexico

1997 11 US, China, Canada, Argentina, AustraliaMegico

1998 278 stri,cghlna, Argentina, Canada, Australia, Mexicaai8pFrance and South
1999 39.9 US, Argentina, Canada, China, Australia, Southo&friSpain, France,

Portugal, Romania and Ukraine.

US, Argentina, Canada, China, South Africa, AusardRomania, Mexico,
2000 44.2 Bulgaria, Spain, Germany, France, Portugal, Sgaemce, Portugal,
Ukraine and Uruguay.

US, Argentina, Canada, China, South Africa, AusdrdViexico, Bulgaria,

2001 52.6 . . :

Uruguay, Romania, Spain, Indonesia and Germany

US, Argentina, Canada, China, South Africa, Augrdhdia, Colombia,
2002 58.7 Honduras, Mexico, Bulgaria, Uruguay, Romania, Spiaidonesia and

Germany

US, Argentina, Canada, Brazil, China, South Afrisastralia, India,
2003 67.7 Colombia, Honduras, Mexico, Bulgaria, Uruguay, RarmaSpain,

Indonesia, Germany and Philippines

US, Argentina, Canada, Brazil, China, South Afrisastralia, India,
2004 81 Colombia, Honduras, Mexico, Paraguay, Uruguay, Roa&pain,
Germany and Philippines

US, Argentina, Canada, Brazil, China, South Afrisastralia, India,
2005 90 Colombia, Honduras, Mexico, Paraguay, Uruguay, Roa&pain,
Germany, Philippines, Iran, Portugal, France anec8Republic

Sources: Information for all years has been adopted from James for that respective year.

In addition, it is important to mention that largeales of adoption have been developed only femna f

kinds of GM crops. The production of animal fedpg®r non food use crops has increased while the
other crops, especially the food use crops, haweriad a slight increase. The reason is that many
countries (where the initiators are the EU courjrire concerned about the “hazards” of GM foods
especially where their destination is for food udewever, there has been a widespread acceptance

and support from the scientific community towardstéchnology.

2.2 Consumers’ Behavior Toward GM Foods

While the adoption of GM foods is rapidly increasinom the producers” point of view, consumers

generally and European consumers particularly, baea opposing the development of GM products,

5



especially for food use. Consumer opposition to f8btls is mainly expressed in opinion surveys.
Gaskell (2000) reports the results of a survey ootetl in 1999 with a total sample of 16082
respondents about consumer behavior towards GMsf(ideldon 2004). Although Europeans are
more and more optimistic about biotechnology, tbhgerall feeling on GM food is that it should n&t b
encouraged. Several food crises such as the BS& Kabwn as the Mad Cow Disease) incident first
occurred in the UK and has recently spread in tdeToxic chemical contamination of poultry from
various sources which occurred in Belgium, haveceamed Europeans about the food they consume.
Moreover, consumers are aware of health and enwieotal risks, or raise the issue of the ethical
concern problem, but they are not aware of thefiter@M foods provide (i.e., consumers are not
familiar with the reduction of pesticides in agiicual products and the improvement of the nutniéib

content)

More specifically, philosopher Paul Thompson defirfeur types of ethical concerns towards GM
technology (Sheldon, 2004):

1. Various cultural, religious and physical traditionave long treated the living organisms as
having “essences  which must be respected.

2. Humans have consistently treated species boundasegeflecting a "natural order” and
biotechnology is thought to threaten that order.

3. Many religious traditions prohibit either trans-sg@s production or their consumption.

4. Individuals may simply have an ~“emotional repugranto genetically modified food.

Referring to the food safety issue, there are soomeerns that the transfer between different specie

might result in allergenic risk to foods, or thainian pathogens will become resistant to antibiotics

Regarding environmental concerns, there is als@xectation that GM crops are harmful to the

environment by harming non target species, andacaingiting the non-GM crops. Moreover, the crops

that are modified to be resistant to certain hédleE may have the same resistance on weedy relative
(Sheldon, 2004).

Recent researches (Huffman et al., 2003) have ethitihat consumers are highly biased toward Non-
GM products. When asked how much they were wiltmgay for GM labeled food, it was found that
many of them showed less willingness to pay for faebt.



Overall, European consumers regard gene technatoggriculture and food products with skepticism,
but this should not be considered as a blankesaéfior GM products. It is evident that accurate
information on GMOs is the key for raising consunaeceptance for such products. Furthermore,

contrary to the widespread opinion they may havesicierable chances in the EU market.

2.3 National Food Labeling System in the World

Even though the methods of measuring the food yatee the same around the world
(Kalaitzandonakes et al., 2006), what is obvioushis fact that there is heterogeneity in the food
policies that different countries have adapted. révibhan 40 countries have adapted food policies but
they differ greatly in their characteristics andieir degree of implementation (Phillips and MdNei
2000; Carter and Gruere, 2003). What they haveommnoon is the fact that all these countries are
required to label the product that is derived fr@M crops and which is not equivalent to its
conventional counterparts. On the other hand,iemproducts derived from transgenic crops but which
are considered equivalent to the conventional @patts, there is a large diversity in the labeling

policies.

Firstly, countries are separated in adapting exb&intary labeling guidelines (the US, Canadangio

Kong) or mandatory labeling regulations (the EU sthalia, Brazil or China). On the one hand, the
voluntary labeling policies just dictate the rubtkfining whether a product is considered GM or not.
In addition, this system does not oblige any fobdiis to label their GM foods. On the other hand,
countries that introduced mandatory labeling reginthe EU, Japan, South Korea, New Zealand,

Australia, and China) do require all food chainsatzel their GM products.

The EU adapted the most stringent food policy duethical, environmental and political reasons

setting the purity standards at 0,9%. Since the &@dWance in the non-GM foods is considered to be
accidental and unavoidable, these purity standarel®ften referred to as Adventitious Presence (AP)
thresholds. In contrast, the most liberated paledgted to GM foods is implemented in the US which
applied the highest GM allowance of 5%. The USnetathat obligatory regulations violate free trade
agreements while the EU position is that free trizdeot completely free without informed consent.

The purity thresholds for middle countries varynird% to 5%. Countries that want to collaborate

with the EU-countries must label their GM produatsl must have a purity threshold similar to theirs.
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The same thing can be said for the countries tlaadt o have economic collaboration with the US.
They have to adapt a food policy similar to the fd&d policy. There are countries which have partly
adapted a food policy and other countries whichehgat to adapt any kind of policy. The reason why
these countries are still without regulations st tthe introduction of any particular policy mayeat
their relations with the current and future agrictdl importing country. Table 2.2 reflects the
differences in food regulations around the worltey differ in terms of coverage, exemptions and
applied purity thresholds.



Table 2.2: Characteristics of the national labelirgystem, February 2007

_ _ _ Major Purity
Countries Labeling policy Coverage . Threshold
exemptions Level
Food, feed, additives, flavoringdyleat and
European | Mandatory &national products derived from GManimal
Union voluntary guidelines | restaurants products 0,9%
Food, feed, products derived fram
Brazil Mandatory GM, meat and animal products Virtually none 0.01
List, products derived from GM,
China Mandatory restaurants Outside of list None 09
Australia-
New Mandatory & Processed
Zealand |voluntary All products based on content | products 0.01
Mandatory & Processed
Japan voluntary List of food items products 0.05
Indonesia | Mandatory List of food items Outsideist 1| 0.05
Russia Mandatory All products based on content Feed 0,9%
Saudi Outside of list
Arabia Mandatory List of food items restaurants 0.01
South Mandatory & Processed
Korea voluntary List of food items products 0.03
Mandatory &
Taiwan voluntary List of food items Outside of list  0.05
Thailand | Mandatory List of food items Outside st lij 0.05
Not specified- all products based
Argentina | Voluntary on contents _ -
South Not specified- all products based
Africa Voluntary on content _ -
Philippines| Voluntary All products based on content _ 0.05
Canada Voluntary All products based on content _ 050.
United
States Voluntary All products based on content a n/

Source: Carter and Guere (2003a), Cevallos (2006)),Foster and French (2007)

Even though there are significant differences ia thod labeling policies around the world, at the

international level there have been some harmaaizafforts led by:

1. The Codex Alimentarius Commision: This was @dan 1963 by the United Nations Food and
Agriculture Organization and the World Health Orgation. It is a set of international codes and
practices, standards, guidelines and recommendatielated to food production and food labeling

established to protect consumer’s health and torerssfair international trade.



2. Cartagena Protocol on Biosafety (CPB): This wpmesented in January 2000, but it was
implemented not earlier than September, 2003. Pplosocol provides rules for the identification of

any movement of living modified organisms (LMO)drder to protect biological diversity.

3. The World Trade Organization (WTO): This is amernational organization created in 1995 to

supervise and liberalize the international trade.

It is important to mention that while internatibharmonized guidelines relating to the safety appl
have been finalized at the Codex Alimentarius,eghsrno clear consensus on labeling regulations for
GM food, and this might result in conflicts betweeRB and WTO (Gruere, 2006).

2.4 EU Regulations

The European Union has enforced one of the maagstit food policies regarding importation of GM
products, including stock feed (Foster and Frer9()7). The EU- countries have set the purity
threshold from 1% to 0.9% and this is the lowekivednce of the GM material in a food product.
Though the difference is very small, a lot of wakd time is necessitated to establish the purity
threshold from 1 to 0.9% (which means it was a lamgl a costly process). The EU regulations’

approach is based on the “precautionary principledd consumers’ “right to know” with stringent
approval, labeling and traceability standards oy faod produced or derived from GM ingredients
(Gruere, 2006). While the US and Canada have bts@dregulations on the principles of equivalence
i.e., if there is a consensus among scientists@tfood is substantially equivalent to the non-GM
food, then the former is assumed to be safe ane tiseno need to introduce mandatory labeling
(Sheldon and Josling, 2001; Maclaren, 2004).Thec&lihtries seek to be prudent and not to accept the
notion of substantial equivalence without overwhabrevidence that it is safe to do so. The labeling
process is implemented for every stage of the mrtialu process. In other words, a product is labeled
as a GM product if the production process inclugesetically modified engineering at some level
even though the final product does not have aroetod GM material. This requires continuous testing
of the products throughout the channel from farntersonsumers. Labeling requirements engage all
the food and feed crops unprocessed or processelg. fpoducts like textile or other industrial
products (which are not used as food productgpraducts such as meat, milk or eggs (produced from

animals fed with GM feed), are excluded from tHzelang requirements.
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The EU legislation governing food and feed productsrived from GM crops includes:

» Directive 90/219 EEC, introduced in 1990 makesresfee to the use of GMOs for protecting
human health and the environment.

» Directive 90/220 EEC applied in 1991 refers todléberate release of GMOs into the
environment.

* Regulation 258/97 entered in force in 14-05-199&tes to the Novel Foods and novel foods
ingredients.

* Regulation 1139/98 requires the labeling of cerfagustuff containing approved GM
soybeans and GM corns.

* Regulation 49/2000 introduced mandatory labelin@bf food and GM ingredients at the 1%
level.

* Regulation 50/2000 extended the labeling requirésnenfood ingredients containing GM
additives and flavorings

» Directive 2000/13 EC (introduced in March 2000)akated to the labeling, presentation and
advertising of foodstuffs.

» Directive 2001/18 EC (introduced in 2002) stresbesdeliberate release of GMOs into the
environment and repealed the council directive 20/2EC.

* Regulation 1829/2003 (entered into force in Ap€iD2) evaluates the potential risk arising
from GM foods.

* Regulation 1830/2003 of the European Parliamentla@aouncil (enforced in 20/11/2003)
relates to the traceability and labeling of GMOd #me traceability of products as well as food

and feed products derived from GMOs foodstulffs.

Opponents of the mandatory labeling regime claiat suich a label raises marketing costs, possibly
inhibits future developments of GM technology asdinnecessary since the GM products are
equivalent to the conventional counterparts (Cater Gruere, 2003). In response, the supporters
argue that GM foods are not equivalent to theivemtional counterparts, consumers are the ones to

make the decision of what to buy, and biotechnologgates so called credence goods (Sheldon, 2004)
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The discussion so far has been referring to ewwiutacceptance and regulation of GM foods.
Consumer and farmer behavior towards GM producsghavn to be different. Farmers support GM
production due to the cost savings GM productsrofdespite this farmer support, there continues to
be a consumer resistance and opposition to GM folodsrporating both consumer and supplier’s
behaviors in the model is the aim of the next caapthe next step is the discussion of the framkwor
theory used to determine the market and welfareceffof purity standards. This thesis develops an
analytical model for determining the market equilims and welfare distribution when the purity
standards increase and market power is exerciseshsti@am in the supply chain. We begin by
analyzing a benchmark case of 0% AP thresholdszano market power in the supply chain, and
continue with changing the AP thresholds and masketer in order to determine the overall effects in

the market.
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CHAPTER 3

MARKET CHARACTERISTICS IN AN OLIGOPOLISTIC MARKET

In this chapter we set up the model based on comswamd supplier characteristics. Deriving the
demanded and supplied output, equilibrium markétepr and quantities, consumer, retailer and
processor (wholesaler) characteristics are the wigjectives of this chapter. Both sides of the ratirk
are assumed to be heterogeneous in this model. uGemspreferences depend on the utility
enhancement a consumer achieves when consumingironef a product, while producer returns
depend on production cost. The starting point ésdise of zero GM allowance in non-GM food. Two
alternative sub cases relating processor and eetamiteractions are considered in the model. Both
retailers and processors are considered to be fakers in the first sub case, while the second one

involves processor oligopoly power and retailec@tiaking in the processor-retailer interactions.

3.1 Previous Modeling Approaches to the GM Problem

Two basic elements such as vertical product diffieaéon and vertical market power are considered i
building up the model. Both building blocks of thieeory and previous approaches about them are

presented below.

3.1.1 Vertical Product Differentiation

The consumer premise is that, whereas GM and norp@ducts are offered at the same price, they
will never choose the GM products. Meanwhile, samesumers are willing to pay some extra money
to avoid GM food. So, as in previous studies (sashGiannakas and Fulton, 2002; Lapan and
Moschini, 2004/ 2007, Giannakas and KalaitzandosaR805) we model GM and non-GM products
as vertically differentiated. Lapan and Moschir®@2) have provided that the GM product is a weak
inferior substitute for the non-GM counterpartvirtical differentiation, all consumers agree upios
quality ranking of the products from the highesthe lowest. If two vertically differentiated procta

are offered at the same price, all consumers wilthe high quality good driving the low qualityagb
out of the market. Lower quality products will neala positive market share only if they are offieae

a sufficient price. However, consumers differ iithwillingness to pay for a better perceived dyali

Some consumers place a high value on quality aligbay a considerable premium to consume a high
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quality product while some others do not. In othverds consumers examine the ratio price- quality
and the utility obtained from the offered produtgciding to buy it in case the utility is greatean the
price being charged and just refuse to buy it & @pposite is true. On the other hand, horizontally
differentiated products are not uniform quality ked. If two horizontally differentiated productsear
offered at the same price, the consumer will not@a@n what the best quality is, and so both prisduc
will be demanded in the market.

3.1.2 Oligopoly and Vertical Oligopoly

Indeed, the market power within a supply chain mapacts on market equilibrium and welfare
distribution. Sexton and Zhang (2001) analyzeded#iht market structures and proved that market
power itself plays a considerable role in the egaim prices and outputs as well as on consumer an
producer welfare. Similarly, in our model we comsich channel where two different products are
produced from different farmers, procured then hffjedent processors which transfer the final
products to independent retailers, and here, thal foroduct is offered to the same consumers.

Consumer inverse demand for the retail producs i®kows:

P.,=a—b=X, (1)

where X; is the market quantity for both GM and non-GMdurots, and Pis the market price for

GM and non-GM foods, respectively. In order to fodhe analysis on the possible implications of
market power in the industry, we assume that bbéhpgrocessor and retailer of GM and non-GM
products utilize both fixed-proportions and const@turns technology in the processing or retailing

process.

Throughout the analysis, consumers and farmerassemed to be price takers. Thus, we derive the
implications of two combinations of horizontal awdrtical oligopolistic power in the retailing and
processing sector, on market equilibriums and iigion of welfare among consumers, retailers and

processors.
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3.2 Horizontal Oligopoly and Vertical Product Differentiation: The Model

The first case study includes vertical productetghtiation and retailing oligopoly power versus th

consumer.

3.2.1 The Market Structure

As previously mentioned, the model is based onligomolistic market, represented by a few retailers
who exercise market power on consumers. We asshatecompetitive interactions exist between
farmers and processors. There is a specific prachait for the two products and the meeting chsin i
the consumer’s side. On the other hand, there amyrmonsumers who are price takers and do not
have any power to affect the price. In this chgfmers and processors are assumed to be perfect

competitors. The representative framework for gadduct is illustrated in Figure 3.1 below.

Farmers (GM) Farmers (non-GM)
Processors (GM) Pw=Cgm/Cngm Processors (non-GM)
v v
Retailers (GM) F,=a-b=X, Retailers (non-GM)

\ /

CONSUMERS of both GM and non-GM

Figure 3.1: Market structure in an Oligopolistic Miket
Source: Own calculations
Where¢ indicates price taking, wI;iIe indicatearket power.

To capture the prominent consumer preferences tb@d and non-GM products we follow Lusk et
al. (2005); Giannakas and Fulton (2002); Fulton gadnnakas (2004) and Giannakas and
Kalaitzandonakes (2005) assuming that GM and non{@Mlucts are vertically differentiated or

quality ranked (if offered at the same price thastoner would rather have the non-GM foods). Our
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analysis accounts for heterogeneous consumer pnefes as well as production costs. The GM and
non-GM products share the same observable chastider(e.g. the same appearance) while they

differ in the technology used in the productiongass.

3.2.2 Consumer Characteristics

Firstly, let's assume that consumers spend a speaifount of their income for food. Then, the tyili

they gain by consuming these foods will be as fedlo

Ugm =U—Pg,, + Ac if aunit of GM product is consumed
2)
Upgm = U — Pogy + pex if aunit of Non Gm product is consumed
u.=u if aunit of a substitute product is consumed
where:

* Ugm and UYgm are the utilities associated with consuming a wfitGM and non-GM unit,
respectively;

» Us is the utility associated with the consumptioraainit of substitute products neither of which
are GM nor non-GM products. Specificallys tepresents a certain utility level which is
considered equal to a basic level of utility. lderto ensure a positive utility associated with
the consumption of different productss Wexceeds the prices of GM and non-GM and is
common to all consumers;

* Pym and Rgm are the prices of GM and non-GM products, respelsti while parameteré and p

capture the utility enhancement from consuming G aon-GM foods, respectively;
* o captures the heterogeneity in consumer preferettsegmlue ranges from 0 to 1 and consumers
are assumed to be uniformly distributed at theesmés.

e U+ o and U + pa indicate consumer willingness to pay for GM amh4GM products, while

(u- A) a reflects the level of aversion toward GM produgftshe consumers with attribuée
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3.2.3 Retailers’ Characteristics

This analysis accounts for heterogeneous producbsts too. Retailers differ from each other imter

of the benefits they gain by producing a GM or 1@w- product. Particularly, they differ in their
earnings due to the differences in the total costsoth products introduced in the model gs and
Cagm The production and segregation cost that a GN\plgepfaces is smaller than the one that a non-
GM supplier does. Accordingly, their benefits wiké different as well. Subsequently, we show the
objective function which maximizes benefits for bb@M and non-GM suppliers. Retailers’ prices, as
mentioned earlier, are assumed to be a linearibmeixpressed d%; = a- b*X; where i€ {GM, non-

GM } and X = f(x1, X2..). A representative retailer’s profit maximizatifunctions can be expressed as
follows:

T, =F*X —c =X, 3
Where R, X; and ¢, represent retailer price, quantity and cost,eetyely.
In particular, for a GM retailer the profit maxinatzon function is as follows:
Tgm = [a—b*Xgm:}*Xgm—cgm*X 4)

gm

In order to optimize the profit maximization we ¢atke first order condition (FOC):

ﬂ'gm=[a—bﬁc)fgm)—bﬁ-’fﬂeﬂ—cgm=ﬂ 5)
Axg
a—b+(1+0,,,) X, = Com (6)

Similarly, applying the same derivation for the M suppliers, the resultant function is:

a—b*(1+0,.,)* Xpom = Cogm 7
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where:

ag

e 8 = E*% ; {i=gm, ngm} is the conjectural elasticity captuy in our analysis the market

power exercised in the supply chain. It takes omesbetween 0 (perfect competition) to 1
(monopoly) (Sexton and Zhang, 2001).
* Cgm and Ggmare the marginal costs of GM and non-GM produatspectively, faced by the
retailers of these products. The retail cost cosagri
i.  The production, processing and marketing costs aVesupply chains of GM and non-
GM products
ii.  The costs of labeling and segregating a producib(in model these costs are being
incurred in the non-GM supply chain), and
iii.  The market power at previous stages of the supmpdync(such as the market power of
input sellers, food manufacturers). The greaterdbsts mentioned above, the greater
the retail costs on the suppliers.

3.2.4 Consumers’ Decision and Welfare Before Changing the Purity Thresholds

Consumer purchasing decisions depend on the utiilgy gain by consuming certain products. The
greater the enhancement utility they gain by consgma specific product, the greater the demand or
consumption of that product. It is important torgaut that a consumer with arvalue equaling zero

is indifferent in consuming a unit of substituteyl@r non-GM products. Figure 3.2 shows consumers’
decisions and welfare when GM, non-GM and substijubducts are available.
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Ungm-Pngm

 Xs >« Xgm >< Xngm ———»|
0 s Agm 1

Figure. 3.2: Consumers” decision before the AP thhelds change

As illustrated in Figure 3.2, the level of the iite corresponding to the indifferent consumer is
determined by the intersection of the two utiliturnees. In our case, the consumer with the

differentiating attributevs: Ugn=Us =>U-Pgmtho=U = as=F__ /A is indifferent in consuming either

GM product or the substitute an@n the other hand, the consumer with the diffeaing attributes:

ogm: Ugm=Ungm = U-Pgm+ Aa=U-Pngm+pa = ogn= (PagnrPgm)/H-A is indifferent in consuming either

one unit of a GM product or a non-GM product. Afleed from Figure 3.2, consumers with a
differentiating attribute {0& would rather have the substitute product, congsnecated between
{as,aym} prefer the GM products and consumers locatedhi itterval {gm 1} prefer the organic

counterpart. The consumption share of GM produgcexpressed as:

APy —1aP,
_ — 4Fngm ~"HWPgm
Kogm = Qgm — a, =X, (e (8)
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While the consumption share for the non-GM prodigts

—A-F 1P,
= — B ngm T gm
Xngm =1- ﬂ’gm = Xngm - -1 (9)

From equations (8) and (9) it is noticeable that, the higher the B, the greater the quantity
demanded for the GM products, and the higher taetRe greater the demand for non GM products.
In order to permit positive market share for botloducts, we assume thay.P<P,gm and p3.
Consumer aversion is assumed to be greater thaprideedifference ([)> (PognrPgm), otherwise (if
the price difference is greater than consumer awgxsthe non GM products would be eliminated from
the market.

The aggregate consumer surplus is the area undesffictive utility curve depicted in Figure 3.2 by
the dashed line and is written as:

™

cs=[FUda+ [ U, da+ j:gm U, gmda (10)

3.2.5 Retailers’ Decisions Before Changing the AP Thresholds

While for consumers the purchasing decision dependthe utility, farmers” decisions depend on the
net returns which each product ensures. In the wasee purity thresholds are zero, producing non-
GM products for farmers causes high costs whichseguently, the processors and the retailers will b
charged for. Recent researches (KalaitzadonakeMagdier, 2004; Giannakas and Kalaitzandonakes,

2005) have shown that the production and segregatsts are affected by the Purity standards.

Consumers’ inverse demands are derived by solvingtens (8) and (9) forgR and Rgm

— Apngm _ A':M_ﬂxgm
Fom =—, " (11)
Pogm =P T R—A— (n— l]Xngm 2[1

Using consumer inverse demand for the GM produoaegn (11), we can write the GM retailer’s

profit function as:
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_ *’wngm .l':,u—.ﬂl.?gm
Tom = ( -

& M “ j*Xgm — Cgm * X (13)

gm g

The first order condition for maximizing equatici8j is:

o= APngm ':1+E§m:|‘1':"‘!_‘ﬁx —rc._ =0 (14)

u u gm gm

Equation (14) solved for thegX gives us the GM supplied quantity expressed as:

—_ -J‘Pngm_l-”-'gm
Kgm = A0 (1+6,7) (15)

On the other hand, using consumer inverse demanabfoGM products, equation (12), we write the

non-GM retailer profit function as follows:

Thgm — [Pgm Tu— A— [I"L_ }"jxngmj Jér:'1'5':|:1g;|:1'1 ~ Cngm Jér:'1'-:":|:'1g;|:1'1 (16)

The first order condition for maximizing equatidk6j is

= Pgm + L= A— (I‘L_lj (_1 + Bngm)xngm - Cngm =0 (17)

Finally, equation (17) solved for¥m gives the non-GM supplied quantity which is writes follows:

Poptu—A—cpem
= —-_ @ s

X = - .
ngm '~H‘-J‘:"-.1+Engmj

(18)

Equations (15) and (18) indicate that the suppbiextiucts Xm and Xgm are in a righteous proportion
with the opposite prices. The greater thg the greater the quantity of non-GM product sugphed
the greater the g, the greater the quantity of GM products supplied.

3.2.6 Market Equilibriums when the Purity Thresholds are Assumed to be Zero

Having determined the functions of both consumes @roducers for GM and non-GM products we
equate them in order to derive market equilibriuvmgs and quantities.
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Product demand: Product supply:

_ APngm—pPEm APngm—pCem

gy = oem—ifen gy = oW REET

‘q_l__l_l—‘q:l S :q_|:|_|_—:q |:1+Egnﬂl
X __ p—A—Pngm+Pgm Fem +p—A—Cngm
e = e Kpgm = ot o2
p—Ai Em (u—33(1+8ngm)

To derive the market outcome both market sidesequeated. The demand and supply functions are
already determined and listed above. Particuladyating equations 8 and 15, the following formsila

obtained:

— *’lpn;m Eim+“cim (19)

gm u(1+8m )

Equating equation 9 and equation 18 results irfidh@wing formula

P — i':Pgm‘i' l-'l_*ﬂ IE'.'15.'11"' cngm} (20)
ngm 1+8ngm

The simultaneous solution of these two equatiosslt in the following closed-form solutions (see

also Giannakas and Kalaitzandonakes, 2005):

PE _ }-*Bgm*angm*u_}-z*agm*Bngm+’.'-*E'gm*"-'ngm+|-l*':gm*angm+l-l*"-'gm (21)
Em sl 1+ Begm* Bngm)"’ (=g «Bngm

PE _ '-."-'gm*angm+“*Bngm+“*Bgm*Bngm“’.’-*angm—}-*Bgm*angm+‘:ngm"":ngm*agm:l*l-' (22)
ngm F —

E F*'-_1+Bgm+aﬂgm:|+'~|'l ":'*Bgm*aﬂgm

XE _ usl._}.susﬁngm—}.z *Bngm+’.'-*"-'ngm_l-l*"-'gm_l-l*"-'gm*angm‘*}-*‘:gm*angm) (23)
Em }.sfu—},}sl:uslil+E‘gm+ﬁngm :|+':|.L—},}$E‘§msﬁng m)

XE _ }.sE‘gms:ngm+uzsﬂgm—}.susﬁgm—:ngmsusﬁgm+:gmsu+uz—us:ngm—us}. 240
ngm (=) e (us(1 +8gm +8pom ) +{u—1ebgmebpom)
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Some comparative statistical results are indicative increase either in market power or in marginal

costs results in an increase in the prices of botGM and non-GM

products% =0, %} 0, z%:: 0, Zi:i_} 0, for i, j O{gm, ngm} but the change i&; ¢ affects

P, more than P so :—:‘ = %; %::- % . On the other hand, the greagris, the lower Xwill

be, and the greater the counterpart produgtsX :—:‘ = 0, :—:‘ = 0. The more market power the

J

retailers have, the smaller the equilibrium quantitey have to produce and higher the price they
charge selling it. Similarly, as; ancreases X decreases while the quantity of; ¥creases:
o Pso,

By bec;
So far, we have derived market equilibriums undégopoly retailing market structure assuming
farmers and processors as price takers. Equatibnd2? 23 and 24 indicate the important role that t
market power has in the equilibria. The greater mhaket power the greater the price of the
oligopolistic firm while the smaller the equilibriu quantity. Sexton and Zhang (2001) attested that
even modest levels of market power when appliedudtiple stages of the market channel in the food
industry, can interact to shift the distribution welfare among farmers, marketers and consumers
drastically. Furthermore, we introduce in our moaelertical market power level in order to see how
equilibrium prices and quantities, as well as comsy retailer and processor welfare will be affdcte

by this additional oligopolistic power.

3.3 Market characteristics in Vertical Oligopoly

3.3.1 The Market Structure

In this section, we consider a market channel wlepgimary GM or non-GM product is procured
from farmers by a processing sector, transferred tb the retailer who offers the final producthe
consumer, where final users have the choice of @l @on-GM foods. Similarly to the previous
model, the model we develop envisions competitaener and consumer. But in this section we
assume to have imperfect interactions betweendtadler and processor. The scenario where retailer

may exercise oligopolistic power over consumers, @ocessor may exercise oligopolistic power over
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retailers is the second subcase analyzed. Givemduel structure the working scheme is meant to be

as follows:

Farmers (GM) Pr=Cyn/Cngm Farmers (non-GM)
Competitive Competitive
v v
Processors (GM) Processors (non-GM)
Oligopolistic Oligopolistic
Retailers (GM) P=a-b*X, Retailers (non-GM)
Oligopolistic Oligopolistic

\ /

CONSUMERS of both GM and non-GM

Figure 3.3: Market structure in a Vertical Oligodsstic Market
Source: Own calculations
Where# indicates price taking, apd indicateskeigpower.

The chain analyzed here is comprised of many fasméro sell their products to a few processors.
Perfect competitive interactions are assumed te fdce between farmers and processors, whereas
successive oligopoly is assumed to flow downstreaarket power is exercised by processors towards
retailers and by retailers towards consumers. Tasket structure could be justified in a situation
where few processors/wholesalers exercise markeepto a relatively large number of retailers who
are spread out in different countries as it caraldarge market (e.g. the EU or the USA market).
However, retailers operate in spatial oligopoliestheir local markets (e.g. Denmark, Greece, etc.)
where they can exercise market power towards lmmadumers. This is illustrated in Figure 3.3. As in
the previous horizontal oligopoly model (Figure)3\e have two separate chains for GM and non-
GM products. The only common point between bothingh#&s consumers. The main interest is to
examine how the welfare of consumers, retailers@odessors is affected by purity standards under

the vertical oligopolistic market structure.
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3.3.2 The Model

As mentioned earlier, consumers are assumed to be price takers and their demand depends on
their utility maximization. Basically, consumer demand for GM and non-GM products is defined in
the same way as for a horizontal oligopoly and is specified by equations 8 and 9. On the other
hand, consumers’ inverse demand is defined by equations 11 and 12. To focus the model on the
possible implications of market power, we assume that both the retailer and processor use fixed
proportions and constant return technology. We assume that X;= Xw=Xe where the subscripts r, w
and e indicate the retail, wholesaler and equilibrium output, respectively. Given our assumptions,

the representative processor’s variable cost is written as:
Cw= cw™Xw + ¢i*Xw (25)

Where cw represents the constant processing cost per unit, ¢; indicates farmers” total cost for
both GM and non-GM products, and Xw represents wholesalers” quantity. A representative

retailer’s variable cost function is expressed as:
Cr = Cr*Xr + Pw*Xr (26)

Where c:r represents the constant retailing cost per unit, X; is the retailing output, Pw indicates

wholesaler price.
3.3.3 Retailers’ Characteristics in a Vertical Oligopoly

As previously mentioned, processors have marketepas@rsus retailers. In this case, indicating the
retailers” cost is higher than in the case wheoegssors are competitive price takers. Nevertheless
retailers do not have power to change it. That'sy liey are represented as price takers versus
wholesalers. The fact that retailers have marketgpaversus consumers makes them able to affect the
price. For the subcase of vertical oligopoly powaemepresentative retailer’s profit function can be
expressed as:

TI?":P?'KX?'_C?'KX?'_P“'KX?' (27)
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Using consumer inverse demand for GM products, fegomation (11), we derive the GM retailer profit

function as follows:

u rgm gm wgm gm

The first order condition for maximizing equatid8j is:

FProg: =i .
?r"=«1*_‘fl_AK#THXgm”[1+'9rgm)_crgm_ngm:ﬂ (29)

Equation (29) solved for\Bm represents GM retailer inverse demand which isesged as:

.P;"ﬂ.m . _‘1 .
Pugm = A+ — A Ew g2 (14 6,m) ~ Cogm (30)

Similarly, using non-GM consumer inverse demanduagion (12), the representative retailer’s profit
maximization for the non-GM products is given as:

Trngm = [Prgm T =4 = (=) * X0 ] * X = Crngm * Xngm — Pumgm * Xngm (31)
The first order condition for maximizing equatid@iy is as follows:

T =Bt A= Crpgm — (0 —A) = (14+ 6,0 ) * X, om — Brngm = 0 (32)
Equation (32) solved for,Rym represents non-GM retailer inverse demand which is

'Pv.:ngm = 'Prgm +p—A4-— Crngm — [F - “1) * (_1 + Hrngm) * Xngm (33)

3.3.4 Processors’ (Wholesalers’) Characteristics

Processors perform all the relevant marketing fonst between the farm level and the retail level.
Farmers are assumed to be competitive in our nsml#le price that processors pay to them equals the
market price. Furthermore, the cost faced by psmrssis taken as a constant. Farmers’ prices for
which wholesalers are charged, are introducedenvéttical oligopoly model as, for GM products

and Ggm for non-GM products. In addition g

wngm/wgm

is introduced in the model to capture the
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wholesaler's market power on the retailer. It ranf/em 0 to 1; a value &

wngm/wgm

equaling 1

corresponds to a monopoly wholesaler while a valfigt equaling 0 corresponds to a perfect
competitive (price taking) wholesaler. On the othand, the price they charge the retailer is not

constant; it depends on wholesaler quantity. Tpeesentative processor’s profit function is given a
T =B, *X, —c,*X, —G*X, 34y

Using the GM retailer inverse demand, equation,(B® GM wholesaler profit function is written as

follows:
= [nxlmem g (i) (14+0,,,)=22m X — «X_ —c.*X._ (35
T[wgm ) i =LK ) rem/J i Crgm © Y*Em ngm C YtEm Cgm ) Em
The first order condition for maximizing equatid@bj is:
' —_ . Prn m . . . X m —_
T wEm }LK_HE__}LK ('-'L_}L] ® [1 +Elrgm) x—i—x (_1+ Elwgm) - Crgm _ngm - Cgm - D (36)

From equation (36) the GM supplied quantity is dedlias follows:

X — AsPrpgm —HeCrgm Wy gm— H*Cgm (37)
Em P;s':u—?l}$|:1+9wgm:|$(1+Ergm}

The same procedure is applied for deriving the Gdhwholesaler profit function.

Starting from the non-GM retailer inverse demard hon-GM wholesaler profit function can be
expressed as:

ﬂ‘-wngm = ['Pr'gm +F’ —A- Crngm - (f-’t'_ *';Lj ® (_1 + Erngm) Jé(:‘115{:'2_—_:,r;v.n:| Jér:X:'z_g,r:':rl - Cwngm Jé(:‘115{,:'2;;:':!'1 -

cngm * Xngm (38)
The first order condition for maximizing equatid8j is:

' = Prgm +p— A— Crngm — [H’_ “1) * (_1 + Hrngm) ® (_1 + Ewngm) Jé(:J{':'z;;,r:".rl ~ Cumgm — Cngm T 0
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From equation (39) the equilibrium output suppliethe market is derived as follows:

_ Prgm"'l-l_;‘_"-'rngm_"-'wngm_‘:ngn:|
X__ = Pramti : 40)
£ (p—A)=(14 8 m) # (148, ngm)

3.3.5 Market Equilibriums

To derive the equilibrium demands and prices for @Ml non-GM products we equate both the
demand and supply functions represented by equaf®)i( 9), (37), (40) .

Specifically, equating Equation (8) with Equati@v), and Equation (9) with Equation (40), market
equilibrium quantities and prices for both produants defined as follows:
. Exll s{ ':"-'rng m* Cung m+"-'ngm:|+|-l*b —.lsb}+ H*':Er emtCwgmt :Emjl i

PE__ = (41)

Em Eslzl:u—.l} s'h+|.L:| +usdt

|I_'-."-'rngm"'"—'wngm"’"—'ngm)*ﬂ+h*[|-_‘:rgm+‘:1':gm+ :gm:H':u—Pl}sa}}sp

PEngm = pedtEs(ptip—a)=h) (42)

_ h*':l-l_;‘:'*[;‘_l-.‘:rgm""'—'t':gm"":gmj}"';‘*'-.‘:rngm"’"—'wngm"’"—'ngmjl

= U - 43
XEEI!T.I. |"L ':I-l_;l}*;l*':g’:"l-_l:l-l_;‘} $b+|_|_:| +usd ( )
XE _ ':“_‘J‘}*I:E*I:‘:rngm'l":wngm'l":ngﬂ:l_l'ljl_l'l:l+“*[I:‘:rngm+‘:1':ngm+‘:ngm:|_I:‘:rgm+"-'1:-;g:u_+ﬂgm:|} (44)
nem (u—20 s (Ee((p—2) s+ +psd)
where:

a = E1.-'.'_5',r:':r1 + Ergm + ngm * Ergm +1
b= Ewngm + Erngm + gwngm * Erngm

f = ngm + Er‘gm + H\-‘FQ'?‘J’I. ® Er‘gm

’;b = Ewngm + Erngm + Ewngm * Erngm +1
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Equations (41), (42), (43), (44) exemplify the piosi relation between the concentration of indestri

and the equilibrium pricef;% = 0 for 10 (Wgm,fgmWngm'ngm). Similarly, these equations capture the

negative relation between the degree of market pand the equilibrium quantity; %-::: 0 for i

(Wgm,fgmWngmI'ngm) s well as the negative relation between the ewnation and the equilibrium sold

quantity %:: 0; %-::: 0 for. The greater the wholesaler's market powesuwerretailers, the

greater the price that retailers pay and, consdtyletlaking into consideration the market power

retailers have versus consumers, the greater ibe that consumers pay. The greater the market powe

of wholesalers over retailers, the smaller the ldgjium quantity.

In this chapter we have built the theoretical mddetwo different market structures. Firstly, teab
case of a horizontal oligopoly, assuming that @wenkr, consumer and processor are price takers is
analyzed, while assuming imperfect interactionsvbeh retailer and consumer. Secondly, we analyze
the sub case of a vertical oligopoly, where pertechpetitive interactions are assumed to take place
between farmers and processors, and imperfectatitens are assumed to exist among processors,
retailers and consumers. A successive oligopolgssumed to flow downstream: market power is
exercised by processors towards retailers and taylews towards consumers. Equilibrium prices and
outputs are derived and presented for each matkettisre for both GM and non-GM products. After
having determined market equilibriums we need tiindethe impacts of Purity standards on them as
well as the distribution of welfare among consumegtailers and processors in both structureshén t
next chapter, a simulation analysis is applied teanty reflect AP threshold effects on market
equilibria, consumer, retailer and processor welfarder different market structures. Purity stadslar
equaling zero under perfect competition is ourtistgrpoint, to followed by increased AP thresholds
under different levels of market power. Particyladpecific scenarios of AP threshold effects under

different market structures will be presented iraQter 4.

29



CHAPTER 4

SIMULATION RESULTS OF MARKET AND WELFARE EFFECTS AFTER CHANGE
OF PURITY STANDARDS

A simulation analysis will be conducted in this ptex in order to display analytically and graphligal
all the possible effects of different AP threshotdsnbined with different market power values. As
previously mentioned, our benchmark is zero APdhoéds under Perfect competition. Furthermore,
we assume the non-GM products as not being 100r&ipwrder to indicate how the purity standards
affect the market and welfare distribution. Thatrien-GM products are allowed to contain up to a
certain adventitious presence of GM material. lasesl purity standards decrease the production cost
and enhance non-GM food utility. It is assumed thaicessing costs will be lower as a more
adventitious presence is allowed. The cost of ndh{isoducts before and after changing the purity
standards will be gm and chgm respectively, where gm < Ggm However, producing non-GM
products with a certain GM allowance is less preféby the consumers. Utility enhancement for the
non-GM products before and after changing the p@téndards will be p and p”, respectively, where
KU < W. The equilibrium conditions after changing thurity standards can be derived by substituting p
and chgmfor p and ggm Specifically, when the AP thresholds change tbe-GM products’ utility

decreases, and this is shown as follows:

W=p*(1-w) (45)

where | represents the utility effect of an increase intAResholds, p” is the utility enhancement of
non-GM foods after the increase of purity standangtakes on a value from 0 to 1 (0 g<ul), where

0 captures zero change in AP thresholds ( that snatiar AP thresholds increase, non-GM products
offer exactly the same utility enhancement), archftures the highest increase in AP threshahds (

the case where after AP thresholds increase, nonp@ducts offer zero utility enhancement). The

greater the amount of GM allowance (the greaterARethresholds), the higher the, wesulting in a

smaller u’.
The cost effect of an increase in AP thresholdgvien by:

Cngm’zcngm* (1-ce (46)
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where grepresents the non-GM production cost effect oinarease in AP thresholds, which ranges
from O0to 1 (0 <g< 1). Similarly, = O indicates the case of no change in the AP hiotds, while 1
represents the highest GM allowance. The greageAfh thresholds, the greater theand as a result

the lower the gm
The assumptions respected throughout the analgesis

. PE = PE

ngm Em
. wpu=4

. p—AX> PE,, — PE

Em

. ZEngm .
PE., ~ A

Given these assumptions, it is possible for both &M non-GM products to have a positive market
share. In addition, respecting constraints I-IV\aove invoke the normalizations that are available

without loss of generality by choosing units satha

A=63,u=15, ¢, =05, c,.. =3 47)

Em ngm

Finally, three scenarios per each market strucineeimplemented in this analysis to include all the
possible effects of AP thresholds:

» Both cngm and p are affected in the same way by purity standards, i.e. u.=0,1 and c.=0,1.
»  Cngm is affected more than y, i.e. c.=0,5 and u=0,1

» Wis affected more than cpgm, i.e. Ue=0,4 and c.=0,1

4.1 Purity Standard Effects in Market Equilibria under Perfect Competition,
Monopoly, Oligopoly and Vertical Oligopoly

Specifically, four different market structures amnsidered here starting from Perfect competitaom
followed by Monopoly, Oligopoly and finally Vertic®ligopoly. We begin with the simplest market
structure assuming perfect competitive interactioesveen consumers and retailers and retailers and
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processors, continuing with the introduction ofeliént levels of market power and finally, conchugli
with the introduction of vertical market power wittthe supply chain. While we conduct our analysis
based only on p andg effects (AP thresholds effects), the market potakes on the value equal to
zero Qgmingm =0),. The role oBgmngmis to reflect the importance of market power on ketuprices,
outputs, consumer and retailer welfare. Thus, rengpthe market power from our analysis makes it
possible to clearly define the direct market andfave effects of AP thresholds (1 angy®. In
addition, Table 4.1 (page 47) contains all the Waltons with respect to the specific scenariorafte
Purity standards change in Perfect Competition, dpaty, Oligopoly and Vertical Oligopoly.

Let a subscript 0 indicate the case of AP threshelflal to zero; a subscript 1 indicate the casrevh
u=0,1 and &0,1; a subscript 2 indicate the case wher®,6 and u=0,1; and a subscript 3 indicate
the case whereg#0,4 and &0,1. PEmwngmand XEmngmrepresent the equilibrium price and quantity,

respectively, for both GM and non-GM products

4.1.1 Purity Standard Effects in Market Equilibria under Perfect Competition

When assuming the market power equaling zero, ket prices, outputs and distribution of welfare
are determined solely by two parameters: p (non-GiMty enhancement) and.g& (non-GM
production cost). The curvg®u, A, PEgm Xgm) represents the consumer sector’s inverse denmand f
the GM final product at the retail level, while therve Rgn{H, A, PEjm Xngm ) represents consumer

sector’s inverse demand for the non-GM produchatétail level.

Figure 4.1 graphs purity standard effects on the r@arket. The inverse demand curves of both GM
and non-GM products shift upward and downward ddjpgnon the magnitude of AP threshold effects
on p and gm . The equilibrium price of GM products does noawe after purity standards change.
The reason is that GM retailers face a constangimar cost which is insignificantly affected by AP
thresholds under perfect competition. Thereforesabse the equilibrium price equals the marginal
cost, the AP thresholds do not affect the equiioriprices of GM products. Because thesuvery
small, when scenario | {& G ) occurs, the intersect is insignificantly incredswhile as is shown in
Figure 4.1, the slope of the GM demand curve dseeaTlhus, the total effect of scenario | is an
increase on the quantity of GM product mostly paetubecause of the sleeper demand curve. When
scenario Il occurs the demand curve drasticallftsfriom Rymo to Rymz. This has mostly to do with the

fact that the consumer will substitute GM with @M products due to the lower price that the the
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latter is offered at. Differently from scenarithe XE;m decreases whene(® w). The opposite occurs
under scenario Ill where the demand curve shifisaug from Bmo to Rymz indicating an increase on
Xgm The reason behind that is the fact that non-Gbtpcts lose market share when>uc. , the

pushing consumer to opt for GM products.

Pgmo(ul,)\,PEngmo ,xgm)

gm1l (“Z'A'PEngml 'Xgm)

gm2 (“Z'A'PEnng 'Xgm)

Pama (K32 PEngma +Xgm) o5

Figure 4.1: The effects of Purity Standards on ti&M Perfect Competitive market
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Figure 4.2: The effects of Purity Standards on tiNon-GM Perfect Competitive market

Figure 4.2 displays AP threshold effects on equilita price and output in a non-GM product market.
In the first scenario, when. & ¢, both the intercept and the slope of the demandecdecrease,
PE\gm1 decreases compared togf the demand curvegl: shifts down due to the decrease on
which pushes a few consumers who were consumingaMrmproducts to buy GM products after the
AP change, resulting in a decrease in non-GM qtya(XEngy). In the second scenaric. (® W), the
equilibrium price decreases from Bkoto PEgmz and this decrease is caused mostly because of cos
reduction. The demand curve shifts downwards buoabse of the huge decrease on the prices, the
quantity of non-GM products increases. The non-GbUpcts are offered at a much lower price and
with almost the same utility enhancement. Hence,dbnsumer differentiating attributgna(Figure

3.2) shifts to the left indicating an increase he tonsumption share of non-GM products. Non-GM
products lose market share under scenario UP(), am lifts on the right decreasing the non-GM
consumption share. After losing utility enhancemém consumers with a high aversion towards GM

products will discontinue purchasing non-GM product

4.1.2 Purity Standard Effects in a Monopoly

This section introduces the market power considetite case of a monopolistic retailer. So far we

have seen the AP threshold effects on market équiihs assuming zero market power within the
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supply chain. In contrast, considering the absolatailing sector's market power, the analysis
provides us with the information of how the AP 8irelds affect the market prices and outputs when

the retailer controls the price.

P gmo (n1n, PE ngmo -

gmil (“2')‘ + PE hgm1

P gm2 (uZ,A,PEnng ,

Pgm3 (us,)\  PE ngm3

X
Figure 4.3 The effects of Purity Standards on theh?g Monopolistic market

Figure 4.3 depicts market effects from an increasthe AP thresholds in the GM market. When
scenario | (4= ) occurs, PEn decreases while X increases. In this setting, the reducegd,REnd

u slightly decrease the intersect and the slogheotlemand curve. When scenario Il occugs, dhifts
downward to Bn2 because the reduced BEand | cause a drastic decrease in the intersebieof
demand curve revealing a decrease in bot§i,REd XEm. In contrast with perfect competition, when
scenario Il (4 > &) occurs, the intersect of the demand curve deesedhis reveals the fact that in
this case, AP thresholds have affected thg,RPEore than pAPEgm > Ap). However, similarly to
Perfect Competition, the R and XEn increase under scenario 1, but absolutely nothe same

amount/unit.
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Figure 4.4: The effects of Purity Standards on then-GM Monopolistic market

Figure 4.4 depicts the AP threshold effects onrtbe-GM market. Graphically, the increase on AP
thresholds for the non-GM product causes a decrdseth the intersect and the slope of the demand
curve when scenario | occurs. The equilibrium pataon-GM products decreases and this is depicted
by the downward shift of Rgno to PEgmi. On the other hand, the quantity of non-GM product
increases because of the lower price. When sceldde> w) occurs both the intersect and the slope
of the demand curve decrease defining a decreaB&gin and an increase on Xf& When W> G is

the case (scenario lll), the intersect of the dedimdmastically decreases and so does the slopeeof th
demand. Consumer preferences move towards GM piodsca result of the much lower utility the
non-GM products offer. Therefore, under scenaiioh PEgn decreases (as indicated in the graph by
the shift from PEgmoto PEgmg and the same thing happens to thegtE

4.1.3 Purity Standard Effects in an Oligopoly

After representing the AP effects under two oppositarket structures, we now consider the middle
case. The market power is introduced as in a mdydpat in this case, with a lower value. The

assumption made here is that there are a fewertai the market (5 big retailing companies) which
have a 20% share of the market. Simulating withthakke key variables we define the values of AP

threshold effects in an oligopolistic market sturetfor both GM and non-GM products.
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Figure 4.5: The effects of Purity Standards on ti&M Oligopolistic market

Figure 4.5 depicts the AP threshold effects ondbailibrium price and quantity of GM products.
Specifically, when the first scenario occurs, bdtk intersect and the slope of the demand curve
decrease causing a decrease in the equilibriune gty while the XEn increases. Similarly to
scenario |, Pigm decreases under scenario |l and so does thg-X&hen ¢ > u the PEyy drastically
decreases due to the cost savings and that ie#sem why the intersect of the demand curve greatly
decreases. When scenario Il occurs, the demandk ahifts upward, the intersect of the demand
increases while the slope decreases. The red déskedepresents the specific case where thg,PE
increases after AP thresholds increase. Even ththuglprice of GM increases, the quantity of GM
increases too. This occurs because consumersdarwhsume GM instead of non-GM products with a

very small utility level.
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Figure 4.6: The effects of Purity Standards on thhen-GM Oligopolistic market

Figure 4.6 depicts the AP threshold effects on a-@M market. When the increase in the AP
thresholds affects both utility and cost in the saamount (scenario lgac. ) both PEgm and XEgm
decrease because of the decrease in both theeiptencd slope of the demand curve. When scenario Il
occurs (g > W) the intersect and the slope of the demand cumaages as in scenario I. On the other
hand, the Pigm is significantly decreasing under scenario Il. é\season, we may mention the cost
reduction making non-GM products more competitimethe market. Hence, the non-GM quantity
increases because of the lower price they areeaffgr the market. In the last case, wher @, the
non-GM foods become less demanded and consumerthei$eM counterpart as a substitute. As a

result, PEym decreases and so does the quantity of non-GMyXE

4.1.4 Simulation Analysis in a Vertical Oligopoly

In this market structure, additional market powgrapplied in the supply chain. Our assumption
regarding wholesalers is that there are two hugecgssing firms who supply many retailing

companies, so they equally share the market (50%).

To focus the model on the implications of puritgrstard effects, we keep the same values for the

former parameters and give the following valueth®additional parameters:

38



Figure 4.7 depicts the AP threshold effect in ati¢al Oligopoly market structure. While the
equilibrium price (P& decreases the equilibrium quantity increases vdoemario | occurs. When
scenario Il occurs we see a downward shift of {a@ ® Rymz indicating a decrease in both equilibrium
price (PEm) and quantity (XEm). This results from the great reduction cost artbn-GM production
which causes a reduction ong&where the latter is the factor which shifts thended down. When
scenario Il occurs the intersect of the demandns@ small decrease while as we see from the graph
(the black dashed line) the slope of the demandifgigntly decreases. Under these conditions as a

final result we have a decrease in thg,REnd an increase in the ¥k

Png(“ A, PEngmo ’Xgm) 25

Pgml(ul’}\’PEngml!xgm) 2

PEgm1

— - 15 E - = _\_\SE_:_E_:_E_:_E_:_E_:_E_:_E_:_E_:_E—-
Pgmz(uly)‘:PEnng!xgm) F--"o T ""\\ """""""""""""""""""
PEgm2 L \\ |
Pgm3(U2!)\:PEngm3!xgm) \
F)Egms 05~ \\ —
AN
0 | | N |
0 0.5 1 1.5 2
xgm

Figure 4.7: The effects of Purity Standards on ti&M Vertical Oligopolistic market
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Figure 4.8: The effects of Purity Standards on then-GM Vertical Oligopolistic market

What happens in a non-GM vertical oligopolistic kedris graphed in Figure 4.8. TheREdecreases

in the three possible scenarios. The reason foPHyg, decrease is that both parameters, changing in
all three scenarios, are positively related witlHénce, as both of them decrease,gRBEecreases as
well. When the first scenario occurs, the intersewd the slope of the demand decrease indicates a
lower quantity (XEgn). In the second scenario whege>ak, because of the great decrease in the price
(PEygm), the quantity of non-GM products increases. k& tAse whene» c (scenario Ill), the non-

GM products lose their competitive advantage arabine less requested in the market. A decrement
in the demanded quantity of non-GM products by ¢besumers is obvious despite the lower price
compared to the one before purity standards chaffgbin scenario 1ll, both the price (Rf) and the

quantity (XEgm) decrease.

4.2. Consumer’s and Retailer’s Surplus after the Purity Standards Change.

After having determined the AP threshold effectsnoarket prices and outputs, we investigate the

purity standard effects on consumer and retaildfanee of both GM and non-GM products. For this
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purpose, let a subscript (0) indicate consumerd’ ratailers” surplus in the case where AP threshold
are zero. Consumer and retailer welfare will bepldiged in this section respectively for the four

market structures while the respective values sregmted in Table 4.1 (pg.47).

4.2.1 AP Threshold Effects on Consumer Welfare under Different Market Structures

Under different market structures, consumers” siggd are determined by the following equations:

1 A#PE e
— T ngm (Ljl R
C‘ng'iia}'} T2 ( o PEgm 'im'}) ) Xgm (49)
_ ((PEgm iyt~ 1) ~PEngm (i y) Xngm
C‘sngm(i,}'} - 2 (50)

where i represents different market structurgpesfect competition; monopoly; oligopoly; vertical
oligopoly}, while j induces the different scenarios J={I, ll1}. PEgmj and Pk represent the
equilibrium prices of GM and non-GM products. Eammbination (i,j) presents information for a
specific scenario (certain increase of AP thresbjoldnder a specific market structure (perfect
competition, monopoly, oligopoly and vertical olgmy). From equations (49) and (50) it follows that
consumers” surplus increases as the price of thateqgart product increases (i.e., GM consumer
surplus increases while the price of non-GM prosl{Ety) increases and the price of GM products
(PEym) decreases). One reason is that some consumegrgimeup buying a perceived expensive
product and so they substitute it for a more reallenone. A consumer will move towards non-GM
products in the case where the AP thresholds affeciproduction cost more than the utility. While
moving towards the GM products, the AP threshoddiice the utility of non-GM products more than
their production cost. We must consider the faat thconsumer who has chosen to consume non-GM
food has a high aversion towards GM material andrsthe case where non-GM is not considered as
pure this type of consumer will give up consumihgTio sum up, we discuss below the consumer
behaviors under both AP thresholds and market peifects which are presented in Figures 4.9 (GM

products) and 4.10 (non-GM products).
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Figure 4.9: AP effects on GM consumers” surplusherfect Competition, Monopoly, Oligopoly and
Vertical Oligopoly
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Figure 4.10: AP effects on Non-GM consumers” suiplin Perfect Competition, Monopoly,
Oligopoly and Vertical Oligopoly
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It has to be pointed out that the impacts on tiséridution of GM consumers” welfare in a market of
perfect competition are more severe than in theratiarket structures. Consumers either maximize or
minimize their utility in perfect competition. Threore market power is introduced in the supply chain
the less elastic the demand curve becomes andeqomstly, consumers face fewer purchasing
choices. Consumers with low aversion towards GMipcts, i.e. those who find it optimal to consume
the GM products, gain surplus under scenario d,=(1te) in Perfect Competition and Oligopoly.
However, they lose surplus in Vertical OligopolydaMonopoly under this scenario. Also, these
consumers lose surplus under scenario Il in allketastructures due to the fact that the non-GM
products gain competitive advantages because ofdigaificantly decreased production cost. Finally
these consumers are winners under scenario llllimarket structures, with a maximum surplus
occurring in a perfect competitive market. The glehon-GM consumers having a high aversion to
GM foods, i.e. those who find it optimal to consunon-GM, lose their surplus under scenario | before
and after an AP change in all four market structukHowever, they do gain surplus under scenario Il
by paying (for almost the same perceived utility)am less than before the AP changed. Finally, they
end up losing under scenario Il by paying a higite for a product which doesn’t enjoy their

preferences as much as before.

4.2.2 AP Threshold Effects on Retailer Welfare under Different Market Structures

In our model, retailers are assumed to have a aonstarginal cost, which as previously mentioned, i
introduced in the model agngngm for both GM and non-GM products. Retailers” susphifor each
scenario under different market structures arenddfias follows:

'Psg = ['PEgml:i,_;l'} - cgm) * Xgm 151

miij) —

PS5 ngmiij) [P Engm'im'} - Cngm) =X ngm (52)
PSmj and P&gm,j varies depending on i (which represent the speaifiount of GM allowance) and

on the j (which represents the specific marketcstme). It follows from equations (51) and (52tth
retailers” surplus increase as the price of theidycts increases. However, we have mentioned above
that the prices of GM and non-GM products are atfiat complements. Thus, both prices move
towards the same direction (either increase oredeser), but the percentage change is not equabfor b

products. When AP thresholds increase (and the mmhictions in the non-GM are higher) the
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demanded quantity of non-GM products is greategrethy resulting in an increase in a non-GM
retailer surplus. On the other hand, the largenutiilidy enhancement effect, the lower the equilibr

prices. The lower the demanded quantity for non{@btlucts results in a decrease of non-GM retailer
surplus. For the GM retailers, their surplus inse=ain a way where the utility effect dominates and
decreases when the opposite is true. Retailerplumifor both GM and non-GM products under the

four market structures are depicted in Figures 4rid 4.12.
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Figure 4.11: AP effects on GM Retailers” surplus snPerfect competition, Monopoly, Oligopoly and
Vertical Oligopoly
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Figure 4.12: AP effects on non-GM Retailers” sur@in Perfect Competition, Monopoly, Oligopoly
and Vertical Oligopoly

It is depicted in Figure 4.11 that the surplustad GM retailers is not affected by a purity staddar
change in perfect competition. The effects appeadeuscenario | as GM retailers gain a surplusién t
oligopoly and in the vertical oligopoly market whithe GM retailers lose their surplus in the
monopoly.. Considering scenario Il, these retailesg their surplus in an oligopoly, vertical olpgy
and perfect competition market, where the maximass loccurs within the Oligopoly. Finally, GM
retailers earn their surplus under scenario llithe oligopoly, vertical oligopoly and monopoly,
whereas the greatest surplus occurs within theoptity followed by the vertical oligopoly and

monopoly, respectively.

Figure 4.12 depicts the AP effects on non-GM retsil surplus in a monopoly, oligopoly, perfect

competition and vertical oligopoly. The impactstioé AP thresholds on non-GM retailers” surplus in a
perfect competition are zero under all scenariasnvéver, non-GM retailers lose their surplus under
scenario | in the oligopoly, vertical oligopoly antbnopoly markets. They attain their surplus under
scenario Il in the oligopoly, vertical oligopoly @dmonopoly due to the low cost and the increased

demand for non-GM products. Finally, they lose ithirplus under scenario Ill in the oligopoly,
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vertical oligopoly and monopoly.. The greatest lsseeported in the Oligopoly which indicates once
more the role of market power in retail benefits.

To sum up, the market and welfare effects depenthercost and utility effects and on the level of
market power. Simulating with different values ostand utility effects, we specified all the pbési

AP threshold effects. Furthermore, the differemtle of market power introduced through the analysi
have shown the total effect (AP thresholds effentarket power effect) on the equilibrium market and

the welfare distribution as well where each sceniarconsidered as a specific sub case.
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Table 4.1: Purity standard effects in a Perfect Cpatition, Monopoly, Oligopoly and Vertical

Oligopoly
H=p* (1-&) | Cagm =Crgm‘(1-Ce) | PEm | PEgm | XEgm | XEngm PSm | PSgm
Perfect Competition
Ue=C=0 15 3 0,500 3 0,207 D9 0
Us=C=0,1 13,5 2,7 0,500 2,700 0,226 136 0 O
u~0,1;c=0,5 13,5 1,5 0,500 1,500 0,089 ,669 0O O
us=0,4;¢=0,1 9 2,7 0,500| 2,700 0,735 46 D
M onopoly
U—~C—=0 15 3 1,652 6,676/ 0,315 76  0,3635531
U=C=0,1 13,5 2,7 1,590 5,743 0,324 44354 | 1,288
us=0,1;¢=0,5 13,5 1,5 1,432| 5,066 0,277 ,883258) | 1,766
u~0,4;,¢=0,1 9 2,7 1,448 3,242 0,501 97 9,470,194
Oligopoly
Ue=C=0 15 3 0,701 | 4,066/ 0,275 35  0,0556540
Us~=c=0,1 13,5 2,7 0,693 3,563 0,288 01,058 | 0,520
Ue~=0,1;¢=0,5 13,5 1,5 0,615 2,552 0,171 ,9230190| 0,769
us=0,4;¢=0,1 9 2,7 0,746 | 2,824 0,651 71 (@,160,028
Vertical Oligopoly
Ue=Cc=0 15 3 1,573 | 6,343 0,368 87  0,181,3540
Us=C=0,1 13,5 2,7 1,527| 5,490 0,378 ,127,1860 | 0,291
us~0,1;c=0,5 13,5 1,5 1,375 4,75% 0,322 13146 | 0,405
us=0,4;¢=0,1 9 2,7 1,466 | 3,462 0,639 0,091 4,810,036
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CHAPTER 5

SUMMARY AND CONCLUDING REMARKS

5.1 Summary

In this thesis, a model of heterogeneous consumedengnces and heterogeneous retailer returns has
been developed. The “pure’ equilibrium prices aatputs correspond to a world where non-GM
products are absolutely free of any GM material (@GNbwance is zero). In our analysis, we
acknowledged that the way in which purity standaffect the market and welfare depends on the
magnitude of cost and utility effects, as well as tbe market structure. An increase in the AP
threshold has been proven to affect the demandsapply by reducing consumer trends towards the
non-GM foods as well as non-GM production and sgafien cost. Potential winners and losers are
determined among consumers and producers of botha@® non-GM products. The simulation
analysis indicated how changes in Purity Threshaldthin different market structures, no matter how
small, can drastically shift the distribution of lfeee among consumers and retailers of GM and non-

GM products.

The aim of this study was to determine the impat#&P thresholds in different market structurest Fo

this purpose three possible impacts of AP threshatd drawn under four possible market structures.
Deriving the equilibrium prices and quantities unddferent market structures and parameterizing
them with different values in order to induce thiéedent scenarios of the AP effects, we have shown

that each change on AP thresholds has differeritehand welfare effects.

5.2 Summary of Results

A key finding of this analysis is that changes, reteough small, in AP thresholds do affect the
equilibrium prices and quantities of both GM andn+@®M products as well as consumers’ and
producers” welfare. The impacts of AP thresholdshim markets of GM and non-GM products are

case- specific and depend on:

1. the Non-GM product utility effect,
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2. Non-GM production and segregation costs effect.
3. 0i, i O{rgm, rngm,wgm,wngm}- the market power within teepply chain of GM and non-

GM products.
The expected results are as follows:
Scenario I: Cost and utility of non-GM products affected in the same magnitude fuc):

= in a Perfect Competition, B& doesn't change, RE. decreases, X increases, Xfgm
decreases. As a result a consumer who consumes rGiigis gains a surplus, while the
consumer who would rather consume non-GM produatddclose his surplus, and GM and
non-GM retailers’ profits do not change.

= in a Monopoly, PEn» and Plgm decreases, both Xk and XEgm increase. As a consequence
GM consumer (non-GM consumer) gains (lose) a sarptund GM and non-GM retailers
welfare decrease.

= in an Oligopoly, PEn and PEym decreases, Xfm increases, Xkgm decreases, GM consumers
expand their surplus, while non-GM consumers |bssr tsurplus, GM retailer gain a surplus
and non-GM retailer lose surplus.

* in a Vertical Oligopoly, both Pf and PEkgn decrease, Xg, increases while Xfgn decreases.
Consumer who consume either GM or non-GM produrds b surplus, GM retailer (non-GM

retailer) gains (lose) a surplus.

Scenario Il: The production cost of non-GM produist affected more than the utility of non-GM

products (U< G). :

* in a Perfect Competition, Bk does not change, Rfs decreases, Xfm decreases while Xgmn
increases. As a consequence GM consumer faces faravébss, while non-GM consumer
realizes a welfare gain, and GM and non-GM retsigge not affected by purity standards

= in a Monopoly, both Pg& and PEym decrease, Xg, decreases while Xgn increases. GM
consumer lose the surplus while non-GM consumen gasurplus, GM retailer lose their

surplus while non-GM retailer gains a surplus.
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= in an Oligopoly, both P& and PEym decrease, Xg&, decreases while Xgn increases As a
result consumer of GM (non-GM) products loses (gjasurplus GM retailer lose a surplus,
and non-GM retailer gain a surplus.

= in a Vertical Oligopoly, PE» and PEgnm decreases, Xfm decreases, X&n increases, resulting
in welfare losses (gains) for GM consumer (non-Giisumer) GM retailer lose surplus, non-

GM retailer gain surplus.

Scenario lll: The utility of non-GM products is afted more than the non-GM production cogtu

Ce):

* in a Perfect Competition, B does not change, Rfs decreases, X increases while Xfgm
decreases, GM consumer gains a surplus while none@&4 lose a surplus, and similar to
scenarios | and Il, GM and non-GM retailers welfigraot affected by AP thresholds.

* in a Monopoly, both Pg, and PEym decrease, X&, increases while Xfn decreases, GM
consumers’ surplus increases while non-GM consunveetfare decreases, GM retailers’
welfare increases while non-GM retailers loserplss.

* in an Oligopoly, PEn, increases while Rgy, decreases, Xfm increases while X decreases
resulting in welfare gains (losses) for consumett egtailer of GM products (consumer and
retailer of non-GM products)

= in a Vertical Oligopoly, both Pf and PEym decreases, X increases while Xfgm decreases
resulting in welfare gains (losses) for GM consuifmem-GM consumer), GM retailer welfare

increase, while non-GM retailer welfare decrease.

Another key finding, illustrated graphically andmerically in this thesis, is that the same scenario
may have different market and welfare effects ddpgnon the market structure they are applied to.
Thus, it may be the case that the same group (ocmrsuor producers) either supports or opposes an
increase of AP thresholds depending on the straabfirthe market. Consumers who consume GM
products would support the AP increase (scenatmdyer perfect competition and oligopoly but on the
other hand, they oppose the change under monopalywaertical oligopoly due to their decrease in
surplus. GM retailers face the same situation @nado |. They gain a surplus under an oligopoliy bu
they lose their benefits under a monopoly and e&rbligopoly. It is important to note that our ués

are similar to Giannakas and Kalaitzandonakes (R@@30 showed that a change in the AP thresholds
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can create winners and losers not only among coaisubut also among producers of both GM and
non-GM products.

5.3 Limitations of the Study

This thesis analyses how consumers and retaildravieein four specific market structures after AP
change, providing very detailed information abduwtit behavior. However, further research would
contribute to understanding the research in tleilslfiA calibration of the model with real data waul
provide the policy markers with valuable insights AP threshold effects. Possible extensions of this
thesis include analyzing more chains in the sugpignnel, and engaging upstream and downstream

market power in different chains.

5.4 Importance of the Study

This study represents the first attempt to systmaft analyze the market and welfare of Purity
Standards in an oligopoly and vertical oligopolyrked structure. To analyze the AP threshold impacts
on the market and welfare we have developed theehad conducted a simulation analysis for both
GM and non-GM products. The results of this paper wseful for policy makers, consumers and
producers of GM and non-GM products as they prowdermation for all the possible scenarios
occurring after Purity Standards change. Moreokmowing the possible market and welfare effects it

is easier for the policy makers to choose the rigbtl labeling law policy.
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