
  
 
 
The author of this thesis has granted the University of Calgary a non-exclusive 
license to reproduce and distribute copies of this thesis to users of the University 
of Calgary Archives.  
 
Copyright remains with the author.  
 
Theses and dissertations available in the University of Calgary Institutional 
Repository are solely for the purpose of private study and research. They may 
not be copied or reproduced, except as permitted by copyright laws, without 
written authority of the copyright owner. Any commercial use or publication is 
strictly prohibited. 
 
The original Partial Copyright License attesting to these terms and signed by the 
author of this thesis may be found in the original print version of the thesis, held 
by the University of Calgary Archives.  
 
The thesis approval page signed by the examining committee may also be found 
in the original print version of the thesis held in the University of Calgary 
Archives. 
 
Please contact the University of Calgary Archives for further information,  
E-mail: uarc@ucalgary.ca
Telephone: (403) 220-7271  
Website: http://www.ucalgary.ca/archives/

http://www.ucalgary.ca


UNIVERSITY OF C A L G A R Y 

Cheating the System: 

Modern Biotechnology, Labeling and Fraud 

by 

Timothy Folkins 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF ARTS 

DEPARTMENT OF ECONOMICS 

CALGARY ALBERTA 

May, 2001 

© Timothy Folkins 



iii 

Abstract 

Biotechnology has been taking an increasingly central role in agriculture. Genetic 

modification techniques have allowed faster changes than before as well as making 

previous unachievable innovations possible. However not all people see this 

development as positive. Health, environmental, ethical, and other issues have been a 

cause of concern to many. As a solution to these concerns some have advocated a 

labeling system that would allow consumers to personally assess the risks involved with 

genetically modified products and vote with their dollars. However, even if such a 

system was in place the absence of prohibitive penalties combined with the high costs of 

monitoring are likely to make cheating pervasive. Further this cheating is likely to 

benefit the firms that develop innovations using genetic modification techniques and also 

benefit consumers that have no concerns connected to biotechnology. However, fraud 

may have a negative impact on consumers that perceive traditional non-genetically 

modified food as superior. 
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Chapter-1 Introduction 

Thomas Malthus, in the early 19th century, predicted that one day in the future the 

procreation of the human race would out-strip the ability of agriculture to feed the world. 

The predictions of Malthus, though, have not yet occurred. One important reason for this 

is the increasing capability of agriculture to do more with less. This is, in part, due to 

increases in the usage of inputs such as fertilizers and pesticides along with modern 

farming techniques. Another reason for the steady increase in agricultural output has 

been the development of new strains of plants that have higher yields, higher resistance to 

pests and other characteristics that make them more desirable than previous varieties. 

With populations continuing to grow, though, does science have solutions to continue 

these miraculous achievements? 

Frankenfoods, Pandora's Picnic Basket, Farmageddon. These are all phrases that 

have been used to describe what many thought would be the next big step in the Green 

Revolution. Modern Biotechnology has arrived in force on the agricultural scene and 

promises to achieve things never before possible by traditional breeding methods. 

Traditional methods have a long history in Agriculture. Producers have for many years 

actively selected plants and animals that have traits that make them more desirable. 

Researchers have used crossbreeding techniques to select for desirable characteristics. 

Traditional methods involve, mostly, enhancing characteristics already present in an 

organism. However, new techniques, termed transgenics, have aroused much interest 

caused controversy. Transgenics involve directly making adjustments to an organism's 

DNA by transferring genetic information from one organism into that of another. 

Transgenic methods have only become common in agriculture over the last 10 years. 
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Similar to many other new advancements in science, transgenics, has been met with a 

large degree of fear and scepticism that have earned it the aforementioned nicknames. 

These fears, be they based on fact or not, are a real market force that have real 

consequences. If an informed consumer would prefer to consume one product over 

another, be that decision based on true quality differences or on perceived ones, they 

should be allowed to make that decision. However, this becomes problematic when the 

consumer cannot, with out extraordinary measures, tell the difference between products. 

This is the case with many of the products produced through genetic engineering. 

Although some consumers may have a preference for traditional products over those 

produced through transgenics, they may not be able to tell the difference between the 

two. 
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Table 1: Global area (mill. Ha) cultivated with transgenic crops 

r m — 1958 

Soybean 0.5 5.1 14.5 

IvTaize™ 0.3 3.2 8.3 11.1 

CorTorT™ 0.8 1.4 2.5 3.7 

Rapseed/canola 0.1 1.2 2.4 3.4 

Others" 1.1 1.9 0.1 0.1 

l otal 2.8 12.8 27.8 39.9 

Source: ISAAA (International Service for the Acquistion of Agri-biotech Applications) as 
quoted from the World Seed Industry Organizations (http://www.worldseed.org/) 

* Without transgenic soybean grown in Brazil on more than 1 million ha 
** Figures for 1998 and 1999 don't include possible acreage of transgenic tobacco in 

China, which amounted to more than 1 million ha 

Concerns over such issues have become even more pressing as the use of 

transgenic products has grown significantly over the last few years. Table 1 gives some 

indication of the growth that has occurred in production of these products. From 1996 to 

1999, world usage by area cultivated of genetically modified organisms has increased 

over 14 times. 

Most of the early varieties developed by transgenic methods have concentrated on 

improving agronomic or input traits. Such traits include improving herbicide resistance, 

pest resistance, disease resistance, and increasing yield. Future developments may 

become more concentrated on quality or output traits. Existing examples of output trait 

enhancements include the Flavr-Savr tomato, approved in 1994 by the FDA for sale in 

the United States, which was designed to resist rotting by prolonging the ripening 

process. A more recent example is the so-called Golden Rice. Golden Rice contains 

extra beta-carotene, which helps the body produce vitamin-A, and promises to improve 

the health of millions of malnourished people. 

http://www.worldseed.org/
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However, developments focused on the quality of products, as opposed to input 

traits do not pose much of a problem. This is because quality trait innovations are readily 

identifiable to the consumer. If a tomato is developed to last longer then once the 

consumer takes it home and leaves it in the fridge for several months they may quickly 

come to realize that they did not purchase a regular tomato. Further, since quality traits 

tend to make the product more valuable the producer is likely to want to make the 

consumer aware of these beneficial qualities. 

The real issue of interest in this thesis arises with input enhanced products 

developed from transgenic methods. With input enhanced products, the producer would 

gain nothing, and would likely be made worse off, by making full product information 

available. Further, consumers have no easy way of identifying products that have 

transgenic input enhancements. Input enhancements are made specifically so that the 

resulting product has essentially the same output qualities as the traditional product. 

This sets up a situation where asymmetric information could become a serious problem. 

Labeling has been proposed as a solution to this problem. This thesis considers 

the results of a labeling system in a market that contains both traditional and transgenic 

produced varieties. Specifically the consequence of fraud, or the misrepresentation of the 

qualities of a product, on such a system is examined through the development of a partial 

equilibrium model. As mentioned, newly produced varieties are not easily differentiable 

from traditional ones. In fact, genetically modified foods are specifically designed to 

have output qualities identical to the traditional product, thus separate markets are likely 

to be expensive to set up and hard to maintain given the existence of a price difference 

between the two markets. 
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Due to public concerns, some consumers will be willing to pay more for non-

GMFs than for GMFs. This implies that the price in the non-GMF market will be 

typically higher than the price in the GMF market under a labeling system. Given these 

conditions, fraud may be an unavoidable consequence. When fraud occurs, some 

consumers, even when aware of it, will be made worse off. However, consumers who 

have no preference for non-GMF products will benefit from fraud. Farmers who produce 

either GMF or non-GMF will be neutral to fraud since they operate in competitive 

markets where profit will be zero. The Firm that develops GMO seed will be made better 

off when fraud occurs. 

The layout of the thesis is as follows; chapter 2 explains what biotechnology is 

and its applications. Chapter 2 also elaborates what concerns the public associates with 

modern methods of biotechnology. Chapter 3 examines the regulatory environment in 

which biotechnology operates and explains the direction various countries are headed in 

terms of labeling requirements. Chapter four gives a summary of some of the 

literature and considers various important contributions that have implications for this 

thesis. Chapter five gives a short summary of the model of the thesis. Chapter six details 

how farm level firms operate in the model. Chapter seven describes consumers in the 

model. Chapter eight shows how firms and consumers interact to reach equilibrium. 

Chapter nine describes the innovation developing firm and how it operates. Chapter ten 

introduces the government and outlines its goals and if they are achievable. Chapter ten 

also describes how the IDF and the government interact. Finally, Chapter eleven 

concludes by highlighting the key results and suggesting areas of future research. 
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Chapter-2 Issues in Biotechnology 

2.1 Modern Methods of Biotechnology 

"Biotechnology's been around almost since the beginning of time. It's cavemen saving 
seeds of a high-yielding plant. It's Gregor Mendel, the father of genetics, cross-
pollinating his garden peas. It's a diabetic's insulin, and the enzymes in your yogurt.... 
Without exception, the biotech products on our shelves have proven safe. " 

U.S. Agriculture 

Secretary Dan Glickman; 

March 13, 1997 

Monsanto (2001) 

By the definition given above, biotechnology has a long history. One may even 

argue that the beginnings of biotechnology date back to when humans first went from a 

hunt-and-gather society to cultivating crops. The first signs of domesticated plants can be 

traced back as early as 6750 BC. There is evidence that domesticated varieties of wheat 

were in use in Iraq at this time. Evidence of domesticated corn has been found in Mexico 

that dates back as early as 5000 BC. Each of the 15 major crop plants, which provide 90 

percent of the globe's food and energy intake, has been extensively manipulated, 

hybridized, inter-bred and modified (Monsanto, 2001) over the millennia by countless 

generations of farmers intent on producing crops in the most effective and efficient ways 

possible. 

Today, biotechnology has taken on a new definition centering on the application 

of genetic engineering. In Canada, genetically modified foods, which are the products of 

this modern biotechnology, are treated as one type of 'Novel Food'. 

Definition of "novel food" as defined in: the Food and Drugs Regulations - Amendment 
(Schedule No. 948), as published in the "Canada Gazette Part II" - October 27, 1999 

a) a substance, including a microorganism, that does not have a history of safe use as a 
food; 
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b) a food that has been manufactured, prepared, preserved or packaged by a process that 

i.has not been previously applied to that food, and 
ii. causes the food to undergo a major change; 

c) a food that is derivedfrom a plant, animal or microorganism that has been genetically 
modified such that 

i.the plant, animal or microorganism exhibits characteristics that were not previously 
observed in that plant, animal or microorganism, 

ii.the plant, animal or microorganism no longer exhibits characteristics that were 
previously observed in that plant, animal or microorganism, or 

iii.one or more characteristics of the plant, animal or microorganism no longer fall 
within the anticipated range for that plant, animal or microorganism. 

Health Canada (October, 1999) 

Most people when they hear the word biotechnology think about the last 

definition given above (c), genetic engineering. 

Genetic engineering has its roots in the discovery by James Watson and Francis 

Crick of the double helix structure of deoxyribonucleic acid, commonly known as DNA. 

Proteins are made up of strings of amino acids. The number, order and kind of amino 

acids determine the property of that protein. DNA holds the information necessary to 

order the amino acids correctly. DNA transmits this hereditary information from one 

generation to the next. Genetic engineering works by taking out a sequence of amino 

acids from one organism and placing them into the DNA of another. 

Traditional methods, on the other hand, mainly involve breeding two plants or 

animals of the same species with specific traits in an attempt to achieve a desired result. 

Genetic engineering not only speeds up promoting a desired trait within a species, but 

also allows for transgenics, or the transfer of genetic characteristics from one species to 

another. 
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2.2 Applications of Biotechnology 

"...to maintain the productivity of agriculture, we must continue to improve the 
agricultural seeds that are used... We are now blessed through research and technology 
with new methods of actually speeding up the process of improving the seeds and the 
products we get from them... " 

USA Acting Assistant Secretary of State for Oceans and International and 

Environmental Scientific Affairs 

Melinda Kimble; 

May 26, 1999 

Monsanto (2001) 

This section attempts to present some of the uses to which biotechnology is 

currently being applied. It is only a short overview, though, as new applications are 

being implemented at a remarkable pace spanning a variety of fields. 

2.2.1 Non-Agricultural Applications 

Although the central topic of this paper is concerned with agricultural applications 

of biotechnology, there are many other areas where the methods of transgenic 

modifications are in common use. As would be expected the first areas to be exploited 

involved biological entities with the simplest genetic structures. Sub-units of genetic 

codes, such as enzymes, have not just been altered but have also been created from 

scratch. Stewart, Kahn and Klis of the University of Colorado Medical School designed 

an enzyme on a computer screen, then produced the 73 amino acid enzyme, 

chymohelizyme-1, in the lab and studied the biochemical properties (Amato, 1990). 

Microorganisms that produce enzymes have been genetically modified for a variety 

of purposes. The chemical industry has a long history of using microorganisms to its 

benefit. Thus it is natural that they would use genetic engineering to further improve 

these applications. Common examples include the genetic modification of the enzyme 

lipase, which breaks down fat. Lipase producing bacteria have been modified to produce 
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stronger washing powders, which allow for the use of smaller quantities of detergent. 

(Macer, 1990). Ultra-washing powders are thus a product of genetic engineering. The 

chemical industry has even used genetically engineered bacteria to produce 

biodegradable plastics. (Pool, 1989). 

Industrial applications are also becoming more common. Genetically engineered 

bacteria have been produced to assist in areas from chemical waste clean up to mining. 

For example bacteria have been produced that can consume and break down oil and 

greatly reduce environmental damage caused by oil-spills. 

Genetic engineering has also been used to produce compounds in cosmetics, 

especially in Japan, where the industry has promoted products as "biocosmetics" 

(Scheidegger, 1989). Other mainly aesthetic applications can be found in the field of 

ornamental plants. Producing products such as blue roses would be an example of 

ornamental plant applications of genetic engineering. 

Applications of genetic engineering have been used extensively in the production 

of various medical drugs and vaccines. Genes that direct the synthesis of mammalian 

proteins have been inserted into bacteria, which are then grown in cultures, to produce 

large quantities of medically important proteins at low costs. These proteins are used to 

produce things such as insulin for diabetics, vaccines for diseases like malaria and 

hepatitis and many other applications. Fungi are also prime targets for genetic 

engineering benefiting medicine. Genetically engineered fungi can be used to produce 

such things as better varieties of antibiotics such as penicillin. 

Medicinal applications have even moved beyond using genetically engineered 

microorganisms. 
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The cows at this DeForest facility look, feel and smell just like any other herd in 
America's Dairyland. "You would never in a million years be able to tell the difference," 
said Mark Clarke, the farm's operations manager. But under a scientist's microscope, 
they are fundamentally different. The cows at Vienna Farms and two other farms like it in 
Wisconsin are raised from genetically altered embryos to produce milk with human 
proteins. The milk, rather than being bottled or used for making cheese, could be sold to 
pharmaceutical companies to help make lifesaving medicines. 

Tilghman, (2001) 

This new method of genetically engineering animals to produce drugs, acting as a sort of 

bioreactor, has been termed pharming. In addition to being applied to cattle, pharming 

has been used with sheep, rabbits, chickens (through eggs) and even mice (Macer, 1990). 

2.2.2Agricultural Applications 

Despite all of these other applications, transgenic methods applied to agriculture 

have been the center of public debate. Genetically engineered foods are already present 

in large proportions in the foods that consumers use everyday. As suggested in table 1, 

agricultural applications of transgenic methods are concentrated on four crops. 

Soybeans, maize (corn), cotton, and canola accounted for virtually 100% of the 

Genetically modified (GM) seeds planted in the year 2000 (RAFI, 2000). 
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Table 2: Percentage of G M Soybean Seeded in the USA 

State 
GM Herbicide 

Resistant Only 
All GM Varieties 

Percent Percent 

AK 43 43 

IL 44 44 

IN S3 §3 

IA 59 55 

KS 66 55 

Ml 50 50 

MN 46 46 

MS 48 4§ 

MO S2 52 

Nb 72 72 

NL) 22 22 

OH 48 4§ 

SU e§ 58 

Wl 51 51 

Oth Sts(1) 54 54 

us 54 54 

Source: Iowa Grain Quality Initiative 

Soybeans: Farmer Reported Geneteically Modified (GM) Varieties by 

State and United States, Percentage of All Soybean Planted Acres, 

2000 

1 Other States includes all other States in the soybean estimating 

program. 

Of these four main crops Soybean has, by far achieved the highest adoption rate. 

From Table 2 it can be seen that over 50% of the soybean crop planted in the US in the 

year 2000 were GM. As a total of all GMO crops planted, soybeans accounted for 58% 

of the area sown (RAFI, 2000) and 34% of the 72 million hectares of soybeans planted 

globally were GMO (James, 2000). 
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Table 3: Percentage of G M Corn Seeded in the USA 

State 
GM Insect Resistant 

(Bt) Only 
GM Herbicide 
Resistant Only 

Stacked Gene 
Varieties 

All GM 
Varieties 

Percent Percent Percent 

1 nr I T 
7 

"27 

KS" T T 

MIT 

"2T 

TO

RE" 

T 

4 

T 

4 

T 

T 

T 

T 

Percent 

T T 

T T 
12 

34 

UFT 

"35" SU I T 48 

IT 

I T 
T 

~T 
I T WT 

Oth Sts 
US- T8~ T ^5 

Source: Iowa Grain Quality Initiative 

Corn: Farmer Reported Genetically Modified (GM) Varieties, by State and United States, Percent 
of All Corn Planted Acres, 2000 

*Data rounds to less than 0.5% 
1 Other States includes all other States in the corn estimating program 

Maize and cotton each accounted for 12% of the world acreage of genetically 

modified organisms seeded in 2000 (RAFI, 2000). On a world basis GMO cotton seed 

accounted for 16% of the 34 million hectares of cotton planted. Out of the world total of 

140 million hectares of corn, 7% was planted with GMO seed (James, 2000). From 

Table 3 it is easy to see that the United States experienced a much higher level of 

adoption level for corn than the world average. In fact, 98% of the world total of all the 

area planted with GMO crops occurred in only three countries, the US, Canada, and 

Argentina (RAFI, 2000). 

Canola accounted for 7% of the total area planted with GMOs in 2000 (RAFI, 

2000). Of the 25 million hectares of canola planted globally 11% was GMO in 2000 
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(James, 2000). It can be expected that the adoption rates would be significantly higher 

for Canada and the US. 

Most of these four key crops subjected to genetic modification have been 

modified in one of the following three ways. 

Herbicide Resistance 

The most common genetic modification performed is to insert genes that promote 

herbicide resistance in plants. Almost three-quarters (73%) of the transgenic planted 

area in 2000 had modifications for herbicide tolerance (RAFI, 2000). This tolerance 

enables the GMO to survive harsh herbicides that kill off undesired plants (weeds) thus 

leaving more resources, such as soil moisture, for the genetically engineered crop. 

Usually these plants are engineered in such a way that they gain a resistance to one 

specific herbicide. For example, Monsanto is a company that sells both herbicides and 

GMO seed. It markets a line of GMO seed that has been engineered to resist the 

herbicide Round-up. By no small coincidence Round-up is also sold by Monsanto. The 

GMO seed marketed by Monsanto has limited resistance to herbicides other than Round

up. 

The rapid adoption of herbicide-tolerant crops is mainly due to the introduction of 

Roundup Ready crops in 1996, which allowed the use of glycophosate (Roundup) as a 

postemergence herbicide at any stage of growth (Capenter and Gianessi, 1999). The 

popularity of Roundup Ready crops (e.g. soybeans and cotton) has been attributed to the 

increased flexibility and simplicity of weed control programs (Carpenter and Gianessi, 

1999). Other benefits include increased productivity, cost reduction and environmental 

benefits through reduction in the use of conventional pesticides (James, 1998). A survey 
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of farmers in the U.S. found the top two reasons for adoption of both herbicide and 

insect-resistant crops were increased yields through improved pest and weed control, and 

decreased input costs (USDA, 1999). In this way using GMO seed has an advantage 

over traditional crop and herbicide farming methods. In addition to this, other methods of 

weed control, such as tilling fields before seeding, are not necessary. Thus the farmer 

using GMO seed with herbicide resistance also saves money by not having to spend as 

much time in the field. 

Insect Resistance 

The second most common application of biotechnology to the four major GMO 

crops is for the purpose of insect resistance. Insect resistant crops represented 22% of 

genetically modified crops planted in the year 2000 (RAFI 2000). One of the most 

common examples of this is by use of the bacteria Bacillus thuringiensis (Bt)2 that, on its 

own, has been in common use for the control of insects for the last 30 years. The 

bacterium produces a non-toxic protoxin. Only after the protoxin is ingested by pests and 

becomes hydrolysed does the active toxic protein form. The protein damages the cells 

lining the larval insect's gut causing the insect to stop eating within minutes. Next the 

insect becomes paralysed, and dies within two days (Barklay et al. 1989). The gene 

from Bt responsible for the production of this protoxin has been inserted into plants. By 

doing this these GMO plants are able to kill off certain pests on their own. The use of 

insect-resistant varieties such as those containing genes from Bacillus thuringiensis can 

2 Several varieties of the Bt bacterium exist. Some varieties produce an insecticidal protein called beta 
exotoxin. The beta exotoxin is effective against a wider range of insects, and has greater soil persistence, 
but it may be mutagenic (a mutagenic substance causes spontaneous alterations in the genetic code of cells, 
usually when they divide) and thus is not permitted for use in the USA. The more common variety used is 
Bt var. kurstaki which produces delta-exotoxin (Macer 1990) 
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significantly decrease the use of chemical pesticides. Insect-resistant crops have the 

potential to completely eliminate the need for chemical pesticides resulting in decreased 

pesticide costs and decreased deleterious effects on the environment. As with herbicide-

resistant varieties economic benefits vary depending upon the level of pest infestation and 

the variety used. The use of these transgenic crops can allow growers to plant 1 or 2 

acres instead of 5 to ensure 1 acre of harvest, thus requiring fewer inputs of fuel labour, 

water and fertilizer (IFIC, 1999). 

Stacked Traits 

The third most common modification is "stacked" traits. These GMOs contain 

both herbicide resistance and insect resistance. In the year 2000 "stacked" varieties 

accounted for 5% of the area seeded with GMOs (RAFI, 2000). 

Others 

Non-crop applications of biotechnology in agriculture also exist. An example of 

genetic engineering that has been used widely, mostly in the US, is recombinant bovine 

somatotropin (rBST). rBST is derived from a growth hormone that is found naturally in 

cattle. The naturally occurring growth hormone promotes growth in calves and regulates 

milk production in cows. When the altered version of the hormone, rBST, is injected into 

dairy cows it boosts milk production by an average of between 11.3% to 15.6% 

depending on the breed (Health Canada, 1998). Because rBST is essentially the same as 

the naturally occurring bovine growth hormone, the milk produced from animals treated 

with it has little detectable difference from milk from non-treated animals (Health 

Canada, 1999). However, Health Canada tests to determine the risks associated with 

rBST reported adverse health effects on treated cows (specifically tests were carried out 
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on Nutrilac, the rBST variety marketed by Monsanto). The adverse heath effects 

included decreased body mass, increased risk of clinical mastitis (infection of udders), 

lameness, and a reduction in the lifespan of treated cows. Some concerns were also 

raised about loss of fertility of treated animals (Health Canada, 1998). For these reasons 

the use of Nutrilac was not approved in Canada despite the fact that it has been used in 

the US for several years. 

It is interesting to note that the Health Canada results, while providing reason for 

Nutrilac not to be used commercially in Canada, does not provide any support for 

banning imports of US dairy products. Despite this the European Union has banned 

imports of dairy products produced from the milk of rBST treated cows (Plunkett, 2000). 

A variety of other applications are in the works for the future. Scientists are 

experimenting with ways to modify fish-genes, to make fish grow faster for example, and 

the U.S. Food and Drug Administration is considering whether to allow, for the first time, 

sales of such fish (Pope, 2001). 
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2.3 Issues of Public Concern 

Nearly 60 percent ofpeople in a new poll said they didn't want genetically engineered 
crops introduced into the food supply. But when informed the ingredients were already in 
at least half the products on store shelves, almost half said they must be safe. 

Brasher (2001) 

Almost from the very beginning of genetic engineering there has been a strong 

and organized public resistance. Organizations such as Greenpeace and Friends of the 

Earth have actively protested biotechnology applications. This section attempts to 

summarize the concerns that have been associated with genetic engineering and examine 

why consumers might wish to avoid GMO products. 

There exists a spectrum of concerns that is too vast to list entirely. Some concerns 

seem to be based on pure ignorance while others may be valid concerns. Despite this 

spectrum of concern, most seem to fall into three categories. These categories are ethical, 

(human) health, and environmental concerns. Some concerns may fall into more than 

one category. It should be pointed out that while some concerns are exclusive to 

biotechnology many are also associated with traditional products and farming techniques. 

2.3.1 Ethical Concerns 

Ethical concerns deal with things that are intrinsically wrong. The product or the 

method by which it is produced is, by its very nature, bad. Because ethics are based on 

culture and religion one would expect there to be a wide range of opinions. Despite this 

being the case some ethics seem to be universal. 

God's Domain 
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People who believe in a supreme being that created life may be of the view that 

since God created all life on earth, including humans, we have no right to attempt to 

adjust what he has created. Since God is perfect, any attempt by humans to change what 

God has done must be wrong. However, this does not mean that belief in God would 

automatically imply that all form of GM be bad. Pope John Paul II, himself, had the 

following to say regarding genetic manipulation in an address to members of the World 

Medical Association on October 29th, 1983. 

To tell the truth, the expression "genetic manipulation" remains ambiguous and should 
constitute an object of true moral discernment, for it covers, on the one hand, 
adventuresome endeavors aimed at promoting I know not what kind of superman and, on 
the other hand, desirable and salutary interventions aimed at the correction of anomalies 
such as certain hereditary illnesses, not to mention the beneficent applications in the 
domains of animal and vegetable biology that favor food production. For these last 
cases, some are beginning to speak, of "genetic surgery," so as to show more clearly that 
medicine intervenes not in order to modify nature but to favor its development in its own 
life, that of the creation, as intended by God. 

While working in this obviously delicate domain, the researcher adheres to 
the design of God. God willed that man be the king of creation. To you surgeons, 
specialists in laboratory work, and to you, general practitioners, belongs the task of 
cooperating with all the forces of your intelligence in the work of creation begun on the 
first day of the world. One cannot but render homage to the immense progress achieved 
in this sense by the medicine of the 19th and 20th centuries. 

(Pope John Paul II, 1983) 

This statement seems to contain some ambiguity. A genetic manipulation is 

"Good" as long as it "intervenes not in order to modify nature but to favor its 

development in its own life, that of the creation, as intended by God". This seems to 

suggest that not all genetic modifications are "evil". But, it also seems to indicate that 

only activities that restore things to their natural state, such as curing disease, are 

acceptable. 

People who don't believe in a Christian God may believe in other religions where 

a different form of God or gods play a central role. Atheists may also hold the belief that 

methods of genetic engineering are against nature or unnatural and thus wrong. 
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Animal Rights / Sanctity of Life 

Another area of ethics to be considered involves Animal Rights. Some people 

hold the view that living creatures have a value other than how they may serve 

humankind. Because of this intrinsic value, it is wrong for people to make adjustments to 

living things simply to serve our own ends. People who hold this view would also be 

concerned by the trend of companies that develop new varieties of life and then patent the 

method, essentially allowing people to own a form of life. A classic example of this 

would be the Harvard Mouse. 

"In 1988, the U.S. Patent and Trademark Office made a landmark decision granting 
patent protection to Harvard University for a technique of inserting a cancer sensitive 
gene (an oncogene) into the DNA of non-human animal cells. The presence of the 
oncogene increases the susceptibility of recipient offspring to the development of cancer. 
This patent, more commonly known as the Harvard mouse, patent, also protects any 
transgenic non-human mammal containing the oncogene sequence (for example a 
mouse). For the first time, a patent protecting higher life forms had been secured. " 

(Quinnet a l , 1999) 

In the case of the Harvard Mouse the patent confers ownership of a method to produce a 

form of life. To make things worse, it is for a process that creates an animal that is more 

susceptible to cancer. Of course, the purpose is to assist researchers in finding a cure for 

cancer, but many would argue that the ends do not justify the means. 
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Ethically Based Dietary Concerns 

Concerns have also been expressed that when genetic material from animals are 

transferred into plants it could have the consequence of causing people with dietary 

restrictions such as vegetarians to unknowingly break their diets. This claim has even 

gone so far as to state that if human genes were transferred to certain organisms, 

consumers, in effect, would become cannibals. Religious based diets may also be 

considered to be at risk. 

In truth many, organisms have similar DNA. This means that DNA found in 

animals are not always species specific. Thus even before any genetic modifications 

sequences of human DNA can be found in a variety of other animals. But as already 

mentioned peoples' concerns need not be based on scientific fact to influence 

preferences. 

Slippery Slope 

Another concern related to ethics is that although there may be nothing wrong 

with current applications of biotechnology, they leave the door open to other applications 

that are morally wrong. If modifications are performed on bacteria this will lead to 

modifications on plants to animals and eventually to humans. 

The attempt of people to improve the human species through selective breeding, 

or eugenics, has a complicated, controversial, and often brutal history. The example that 

most people think of when they hear the word eugenics is of the holocaust when millions 

of people were killed by Nazi Germany in the name of purifying the human race. Even 

democratic countries often have a far from exemplary history where the topic of eugenics 
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is concerned. In 1910, Winston Churchill lobbied for compulsory sterilization of the 

mentally handicapped: "I feel that the source from which the stream of madness is fed 

should be cut off and sealed up before another year has passed" (Ridley, 2000). 

It is easy to see why methods of genetic engineering and developments such as 

the completion of the human genome project (HGP) might cause some concern. The 

HGP began in the mid-1980s and its main objective was to compile a map of the 

complete human genetic code (NHGRI, 2000). Using a DNA map, genes that are 

responsible for diseases and other characteristics of humans can be more easily isolated. 

Once such genes are located, genetic engineering or gene therapy3 could be used to cure 

genetic defects. The question that is begged, though, is who determines what is a defect? 

For example, if the DNA of a human embryo can be "read" and indicates that the 

developing child has a high chance of being below average IQ, should the methods of 

genetic engineering be used to alter this? 

2.3.2 Health Concerns 

Health concerns deal strictly with how the products of biotechnology will 

influence human health and welfare. In other words, can people get sick from using, 

eating, and being exposed to products that have been genetically modified? So far, most 

scientific studies have concluded that products approved for commercial sale have 

substantive equivalence to traditional products. That is to say that GM products currently 

appear to be essentially the same as traditional products in composition. The main 

purpose of this section, however, is not to engage in the paternalistic exercise of trying to 

3 Genetic codes are copied when a cell undergoes division, thus, it is easier to adjust the DNA of 
developing fetus than an adult organism because changes made to cells well be passed on to new cells 
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judge the validity of public concerns. Rather, the point is to review current fears that 

people have due to the incomplete information concerning products of modern 

biotechnology. 

Antibiotic resistance 

It has been a common practice for scientists to use antibiotic resistant DNA as a 

marker gene in the process of bioengineering (Thompson, 1999). It has been argued that 

these antibiotic resistant genes could be picked up by and passed on to bacteria. These 

bacteria would then become "super-bacteria" able to resist antibiotics and cause wide 

scale infections. 

The problem of antibiotic resistant bacteria, though, has also occurred as a process 

of natural selection. The over use of antibiotics has caused only bacteria with resistance 

to survive and pass on this resistance to future generations. This process has nothing to 

do with genetic engineering. This highlights the fact that often a fear that is associated 

with one technology is applied to another. For instance, many articles discussing the 

negatives of genetic engineering associate it with nuclear technology and DDT etc. At 

one point in time, nuclear energy was considered an almost limitless source of clean 

energy. Today the problems associated with disposal of radioactive waste by-products 

from nuclear plants and nuclear plant accidents have much reduced the enthusiasm many 

had for nuclear energy. Similarly DDT was once considered a miracle chemical for 

controlling pests. Later, it was discovered that the chemical built up in the food chain 

causing serious health complications to animals at the top of the food chain. In this way 

when division occurs. Gene therapy is a technique where viruses are modified to correct genetic defects. 
This enables changes of the DNA of adult organisms to be altered. 
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consumers have experienced technologies that when first introduced were thought to be 

safe but later turned out to have serious negative side effects. 

Altered immune response 

The human immune system responds to proteins in a number of ways. If a protein 

enters the body that the immune system recognizes as being a foreign substance then a 

response is triggered. In some cases, the response can be severe, even causing death. 

The transfer of genetic information is basically the transfer of instructions on how to 

build specific proteins from one organism to another and thus one would expect that a 

genetic manipulation of a product would change the way the body's immune system 

responds to that product. 

A genetic change to a food product could result in a previously safe product 

causing an allergic reaction in some people. For example, if a genetic sequence was 

transferred from a peanut into a tomato, a person who would normally not have a reaction 

to a tomato but who is allergic to peanuts could now have an allergic reaction to the 

genetically altered tomato. Already an example of such a case exists 

"Scientists at the University of Nebraska at Lincoln said tests proved that soybeans 
modified with genes from Brazil nuts to produce a nutritious protein found in the nuts 
also produced proteins that set off a strong, potentially deadly allergic reaction in people 
sensitive to Brazil nuts. " 

(Leary, 1996) 

It is also possible, though, that genetic engineering could be used to remove 

proteins from products that previously caused allergic reactions. This holds the 

possibility that genetic engineering could be used to make food that some people 

previously could not eat safe for them by removing the allergic protein. 
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Studies in the Rowett Institute of Scotland by Dr Pusztai on GMO potatoes 

originally seemed to provide evidence that consumption of genetically modified food 

may result in depression of the immune system. This would decrease the body's ability to 

fight off invasion from foreign substances. The mechanisms by which this could occur 

are unclear. Further, reviews of this study by the Royal Society have found flaws. 

Other concerns regarding the depression of immune systems may be related to the 

belief that growing GMOs will ultimately result in an increase of the use of chemicals. 

Although most GMOs are altered to allow for the reduced use of herbicides/pesticides, 

groups opposed to genetic engineering believe that since the companies developing 

GMOs also sell herbicides/pesticides they may have an ulterior motive. This ulterior 

motive would be to increase sales of pesticides and herbicides. This could result in 

increased incidences of chronic diseases related to depressed immune systems that have 

been linked to exposure to chemicals such as those used in agriculture. 

Long Term Unknowns 

One of the main concerns about genetically modified organisms is the long-term 

influence they will have. Critics claim that since genetic engineering is a relatively new 

science there is no way to determine what may occur in the future. In 1989-90 a 

genetically engineered brand of L-tryptophan, a common dietary supplement, killed more 

than 30 Americans and permanently disabled or afflicted more than 5,000 others with a 

potentially fatal and painful blood disorder, eosinophilia myalgia syndrome, before it was 

recalled by the FDA (Epstein, 1999). Cases such as this seem to indicate that scientists 

cannot predict all the possible outcomes of genetic engineering. The manufacturer, 
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Showa Denko K.K., Japan's third largest chemical company, had used genetically 

engineered bacteria to produce the over-the-counter supplement. It has been suggested 

that the bacteria somehow became contaminated during the recombinant DNA process 

(Epstein, 1999). 

Another possibility is that genetically modified food (GMF) may have a 

cumulative negative effect. In other words only after consuming the product for a 

number of years will the long term side effects of GMF become clear. 

2.3.3 Environmental Concerns 

Many of the organizations that actively express concerns about biotechnology 

products are those that have been traditionally associated with protection of the 

environment. It would logically follow that these organizations have concerns about the 

negative impacts that biotechnology could have on the environment. 

Biodiversity 

Decreases in biodiversity have been a long-standing concern associated with 

commercial farming activities. The use of GM agricultural products has only increased 

these concerns. The creation of large monoculture environments, where only a single 

variety of a plant or animal exists, concerns people for several reasons. One concern is 

that monocultures create an imbalance such that, if a disease or pest to which the 

monoculture was vulnerable were to evolve the entire ecosystem could be wiped out. In 

an ecosystem that contains biodiversity any single disease or pest is unlikely to be able to 

widely damage the environment as a whole since most diseases and pests are species 
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specific. A diverse ecosystem is better able adapt to system shocks than an ecosystem 

with only a few varieties of organisms. 

Other arguments run along the lines that if a variety is genetically modified to be 

superior it will out-compete other wild varieties. If this were to occur not only could 

many natural species face extinction but also the natural balance of ecosystems could 

become compromised. 

Tests have also shown that crops with pesticide resistance modification may harm 

creatures other than the intended pests. For example a study of Monarch butterflies 

conducted by scientists at Cornell University found that when Monarch butterflies' larvae 

were covered with pollen from genetically modified (Bt) corn, higher mortality rates 

occurred than if non-GMO pollen was used (Plunkett, 2000). Although conditions used 

in the test are unlikely to occur in nature it does point to unexpected side-effects that can 

possibly have a negative influence on the environment. 

Transfer of genes to Wild Varieties 

Concerns have also been expressed that genetically modified organisms could co-

mingle with wild varieties. If this were to occur to plants that were modified for 

resistance to herbicides or pesticides, for example, they could cross with weeds creating a 

kind of "superweed." Apparently examples have already started to occur. 

"Three types of canola, each engineered with genes to resist one type of weedkiller, have 
merged into new varieties resistant to many pesticides. Instead of helping farmers avoid 
weeds, the canola itself has become the weed. 

The superweed-canola is especially bad in the Prairies, where canola is a multibillion-
dollar crop, says a report released yesterday from the Royal Society of Canada's biotech 
experts. " 

(Spears, 2001) 
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This points to another concern about GM organisms. Once they have been exposed to 

natural environments it could become almost impossible to take them out of production if 

they invade the natural ecosystem. 
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Chapter-3 Regulations and Labeling 

3.1 National Regulation Processes 

Because of the possible negative effects that new GMO varieties may have, most 

countries have strict regulations on what products may be used commercially. Even 

varieties developed through traditional methods of cross breeding commonly have to go 

through rigorous testing before they are approved. For instance in Canada between the 

years of 1973 and 1982 out of 151 different wheat cultivars developed only 7 were 

licensed for commercial use (Hughes, 1986). 

3.1.1 Canadian Regulations 

The federal government framework for the regulation of biotechnology products 

in Canada was introduced in 1993. One of the principles adopted was that instead of 

creating completely new regulations, biotechnology regulations would be based on the 

existing framework of laws and institutions. Thus, the set of rules for GM products, other 

than the addition of a few new regulations and administrative procedures, are the same as 

those used to evaluate traditional food. In Canada two departments regulate Novel foods, 

such as products developed through modern biotechnology. They are as follows. 
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The Canadian Food Inspection Agency (CFIA) 

"The Canadian Food Inspection Agency (CFIA) is responsible for the regulation of 
products derived through biotechnology including plants, animal feeds and animal feed 
ingredients, fertilizers and veterinary biologies. For genetically modified crop plants, the 
CFIA assesses the potential risk of adverse environmental effects; authorizes and 
oversees import permits, confined trials, unconfined release and variety registration. " 

(CFIA, 2001) 

In order for a genetically modified crop to be grown in Canada it must be 

approved by the CFIA. When approval from the CFIA is granted, the product can then 

be used in natural settings and be fed to or injected into agricultural animals. However, 

CFIA approval is not enough for Novel food products to be approved for human 

consumption. 

Health Canada 

"Health Canada is responsible for assessing the human health safety ofproducts derived through 
biotechnology including foods, drugs, cosmetics, medical devices and pest control products. In the 
case of novel foods, each safety assessment considers the process used to develop the novel food, 

its characteristics compared to those of its traditional counterpart, its nutritional quality, the 
potential presence of any toxicants or anti-nutrients, and the potential allergenicity of any 
proteins introduced into the food." 

(CFIA, 2001) 

Approval of novel products for human consumption is the responsibility of Health 

Canada. It is clear, though, that for a new food produced from genetically modified 

organisms to be approved for human consumption it must jointly pass inspection by both 

CFIA and Health Canada. 

For a new genetically modified variety to be approved it must go through a four-

stage process. The first stage is research and development. While a product is being 

developed it must follow guidelines established by the Medical research council (this 

includes agricultural biotech applications). A product being developed must be grown in 
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an isolated and controlled environment such as growth chambers or greenhouses. This 

allows for characteristics of the new crop to be determined before field tests are 

conducted. 

After a Novel product has been developed, candidate varieties enter an evaluation 

stage. In the evaluation stage the CFIA performs field tests. During field tests the 

agronomic and environmental characteristics of these plants are evaluated over many 

years of confined field trials. 

The third step in the process is the assessment of the new variety. During the 

assessment stage scientists from the CFIA and Health Canada are responsible for a 

critical review of the data collected from laboratory and field experiments conducted by 

the proponent. If the new GMO does not pose any perceivable threat to the environment 

or to human health it may then receive approval. 

Finally if the product receives approval from both Health Canada and CFIA and 

the developer wants to commercially sell the new variety then an application for 

registration and marketing must be made. 

This process is mainly designed for the commercial approval of genetically 

modified crops. Although some genetically modified fish are being used in fish farms in 

Canada, Legislation for the approval process of GM animals is still being developed. 

Since regulations for modern biotechnology are relatively new it is to be expected 

that as more information becomes available, legislation may be proposed that will change 

the regulatory environment. The fact that genetically modified products are currently 

regulated in essentially the same manner as traditional products may change in the near 

future in Canada. The Royal Society of Canada on February 5th, 2001 released a report 
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that was prepared at the request of Heath Canada and Environment Canada. The report 

was entitled "Elements of Precaution: Recommendations for the Regulation of Food 

Biotechnology in Canada." In this report it was recommended that instead of using 

substantive equivalence as a guideline, where GM products are essentially regulated in 

the same way as traditional ones, that Canadian regulatory agencies adopt the 

precautionary principle. Substantive equivalence assumes innocence of a food until 

proven guilty or that the product is safe until we have evidence to prove otherwise. The 

precautionary principle assumes guilt until proven innocent or that the product is unsafe 

until proven otherwise. The chair of the board, Conrad Brunk, was quoted as saying, 

"When it comes to human and environmental safety there should be clear evidence of the 

absence of risk; the mere absence of evidence is not enough. The onus is clearly on the 

government to establish testing and approval mechanisms that meet the highest scientific 

standards'" (TRSC 2001). This report also recommended that the use of GM fish in 

farms have a moratorium placed on it. 
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3.1.2 U.S. Regulations 

There are three departments in the United States that are primarily responsible for 

regulating biotechnology. Products are regulated according to their intended use, with 

some products being regulated by more than one agency. These three agencies are: The 

United States Department of Agriculture (USDA), the Environmental Protection Agency 

(EPA) and the U.S. Food and Drug Administration (FDA). 

Their responsibilities are as follows: 

• USDA's Animal and Plant Health Inspection Service (APHIS) is responsible for protecting 
American agriculture against pests and diseases. The agency regulates the field testing of 
genetically engineered plants and certain micro organisms. APHIS also approves and licenses 
veterinary biological substances, including animal vaccines that may be the product of 
biotechnology. 

• USDA's Food Safety and Inspection Service (FSIS) ensures the safety of meat and poultry 
consumed as food. 

• The Department of Health and Human Service's Food and Drug Administration (FDA) governs 
the safety and labeling of drugs and the nation's food andfeed supply, excluding meat and 
poultry. 

• The Environmental Protection Agency (EPA) ensures the safety and safe use of pesticide and 
herbicidal substances in the environment andfor certain industrial uses of microbes in the 
environment. 

• The Department of Health and Human Service's National Institutes of Health have developed 
guidelines for the laboratory use of genetically engineered organisms. While these guidelines are 
generally voluntary, they are mandatory for any research conducted under Federal grants and 
they are widely followed by academic and industrial scientists around the world. 

(USDA 2000) 
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Some examples of how the US assigns regulation duties are listed in Table 5. 

New Trait/Organism 
Regulatory Review 

Conducted by: 
Reviewed for: 

U SDA Safe to grow 

Viral Resistance in food crop EPA Safe for the environment 

FDA Safe to eat 

U SDA 
Safe to grow 

Herbicide Tolerance 

in food crop 
EPA 

New use of companion 

herbicide 

FDA 
Safe to eat 

Herbicide Tolerance 

in ornamental crop 

U SDA 

EPA 

Safe to grow 

New use of companion 

herbicide 

Modified Oil content 

in food crop 

U SDA 

FDA 

Safe to grow 

Safe to eat 

Modified flower color 

ornamental crop 
U SDA Safe to grow 

Modified soil bacteria 

degrades pollutants 
EPA Safe for the environment 

Table 4: Examples of US GMF Regulation Department Responsibilities 

Source: USDA, 2000. 

US regulations are similar to that of Canada in that they treat G M products in 

essentially the same way as those produced through traditional methods. The focus of 

tests is on the resulting product rather than the process that developed the product. 
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3.1.3 EU Regulations 

The European Union has taken a different approach to regulating GM products. 

Instead of modifying existing regulations, in order to handle Novel foods produced by 

methods such as genetic engineering, they have created an entirely new system. This 

system differs from that of Canada and the United States in that it is based on the 

precautionary principle. As previously mentioned this requires that the onus of proving 

that a product is safe be placed on the developer of a Novel product. Before a genetically 

modified organism (GMO) can be released into the environment, the manufacturer or 

importer must show that commercialization of the GMO poses no risk to human health or 

the environment (Plunkett, 2000). Further, focus is placed on the process by which a 

new variety is produced rather than the properties of the product itself. Thus, GMOs are 

regulated in a significantly different manner than from their traditional counterparts. 

To complicate matters, for companies wishing to sell GMOs within Europe 

individual countries within the EU, can ban those GMOs approved for use in the EU if 

they have new evidence of increased risk (The Economist, 1999). As a result of this strict 

regulation process, as one would expect, it is considerably more difficult to receive 

approval for a GMO in Europe than in Canada or the US. 

There is some fear that because of Europe's strict regulation that European 

countries could be left behind. Support programs provided through the Common 

Agricultural Program (CAP) it could be argued, have already made European agriculture 

less competitive on the World market. With fewer products of biotechnology being used 

in Europe it is feared that the European Agricultural industry will become even less 

competitive. Institutions such as EuropaBio are actively involved in lobbing the EU to 



accept more products of biotechnology. EuropaBio, is an industrial group that claims to 

be the voice of European bioindustries, it aims to be a promoting force for biotechnology 

and to present its proposals to industry, politicians, regulators, NGOs, and the public at 

large. 

3.1,4 Japan's Regulations 

Similar to Canada, responsibility for regulation of GMO crops in Japan falls on 

two regulatory bodies. First in order to determine if the crop is safe to be grown and will 

not negatively influence the environment it must pass approval of the Ministry of 

Agriculture. Further if the crop is intended for animal consumption this is also the 

responsibility of the Ministry of Agriculture. If a crop is intended for use in products for 

human consumption then the crop must also pass an evaluation from the Ministry of 

Health and Welfare. Results from this evaluation are passed on to the Ministry of 

Agriculture, which has the final responsibility of approving GM products for human 

consumption (Plunkett 2000). 

3.2 Labeling Requirements 

After a genetically modified food (GMF) has been approved for commercial use, 

depending on the country, it may still need to meet requirements for labeling. For 

labeling there are two main options available. First government regulations may enforce 

requirements that a product be labeled. This is called a mandatory labeling system. A 

mandatory labeling system may be required for a GMF to be sold in particular markets. 

Such a system would require producers of food including ingredients from GM sources to 
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inform the consumer. The second alternative is a voluntary labeling system. This 

system allows sellers of non-GMF to inform the consumer of this fact. 

Both systems require an identity preservation system (IPS) to be implemented. 

An IPS involves either steps to separate the supply chain so that the final products can be 

traced back to the producer or for products to be tested to guarantee that they are indeed 

free of genetically modified organisms. It is, in theory, also possible that GM producers 

could organize a voluntary labeling system. This could occur, for example, for foods that 

have had enhancements made to output-characteristics by genetic modifications. 

3.2.1 Labeling in Canada 

Like regulations for genetically modified foods, labeling in Canada is controlled 

by Health Canada and the Canadian Food Inspection Agency (CFIA). Health Canada is 

responsible for setting food labeling policies with respect to health and safety matters (i.e. 

nutritional content, allergens, special dietary needs etc.). This applies to all foods, 

including foods that have been derived through genetic engineering. The CFIA is 

responsible for the development of non-health and safety food labeling regulations and 

policies. More specifically CFIA is responsible for protecting consumers from 

misrepresentation with respect to food labeling, packaging and advertising and for 

prescribing basic food labeling and advertising requirements applicable to all foods (i.e. 

listing of food ingredients and components, product claims, mandatory information and 

statements etc.). Again, this applies to all foods, not just genetically engineered foods 

(CFIA, 2001). 

If a GM product is scientifically shown to pose some health threat, such as an 

allergen, Health Canada could require mandatory labeling to be used on that product. If 
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scientific proof does not exist GM products do not require labels. If a non-GM product 

supplier wished to set up a voluntary labeling system then it would be CFIA's 

responsibility to regulate the claims of the voluntary label to ensure that the claims were 

true. 

The CFIA currently claims that the costs associated with setting up a mandatory 

labeling system for all GMFs would be prohibitive. The CFIA also states that 

enforcement of mandatory labels would be extremely difficult (CFIA, 2001). How could 

governments offer assurance that labels were correct? In most cases there is no way of 

distinguishing a genetically engineered product from another, so unless the genetically 

engineered product has been carefully tracked from the farmer's field, they would be 

unidentifiable to a government inspector. If correct, CFIA's claims would suggest that 

the costs and difficulties associated with such labeling may outweigh the benefits for 

Canadian consumers (CFIA, 2001). As a result Canada does not currently require 

mandatory labeling of GMFs except in the case where they may contain allergens. 

While not requiring GMFs to be labeled in Canada the Canadian government has 

tried to encourage producers to voluntarily label their product as GMO in an attempt to 

remove the asymmetric information problem. Another option is that non-GMO 

producers could voluntarily label their products. The benefits and costs to a producer of 

such a system are outlined by Elise Golan in the paper "Economics of Food Labeling" 

(Golan et al, 2000). 

3.2.2 Labeling in the US 

Legal authority for food labeling in the United States rests with the Food and 

Drug administration. The labeling policies of the United States are very similar to those 
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of Canada. A genetically modified food is not forced into mandatory labeling unless 

there is a health concern associated with the product that is not natural to the traditional 

version of the product. The most likely example of this would be if allergens were 

introduced to a novel food. The United States is also encouraging voluntary labeling 

(USDA, 1999b). 

3.2.3 Labeling in Europe 

As mentioned the EU has adopted a position where products are judged based on 

the process used to create them rather than the qualities of the final product. Thus the 

Novel Food Regulations enacted in 1997 set up an environment for mandatory labeling 

on all foods that contain ingredients from GMFs. In September 1998, the EU announced 

specific mandatory labeling legislation for soybeans and corn derived through 

biotechnology that contains detectable amounts of new DNA or proteins (CFIA, 2001). 

However, these regulations have yet to be completely defined or tested. Methods of 

enforcement, for example, are unclear. It is highly likely that no product could claim 

complete purity and thus threshold levels of 1% have been introduced (ECC, 2000).4 

Any product that contained higher than this threshold level of GMOs would have to state 

that, "This product contains genetically modified organisms." This would have to appear 

either on a label or in an accompanying document (ECC, 2000). The EU has also 

focused attention on traceability or the ability to trace a final product back to its origins of 

ingredients. Although the concepts of traceability and labeling are two separate concepts 

they are closely linked and one would compliment the other. 

A 1% threshold level would imply that products not labeled as containing Genetically Engineered 
products could actually only be 99% GMF free. 
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3.2.4 Labeling in Japan 

The current proposed labeling requirements for GMFs in Japan is a mixture of the 

North American and European approaches. Labeling would be required for products that 

are not the same as conventional products in content, nutrition, or usage. The Japanese 

legislation proposed in August, 1999 requires labeling of food and processed food made 

"mainly" from genetically modified products for consumer use. In other words only 

foods that have GMFs in the top three raw ingredients and account for 5 percent or more 

of the total weight (these foods include tofu, corn-based snacks, beer and products 

containing corn starch) must be labeled (MAFF 2001). 

This regulation also allows exceptions in cases where the product is processed in 

a manner that proteins specific to the genetic modification are removed. For example, soy 

sauce, corn flakes, soybean oil and other vegetable oils (including canola oil) produced 

from GMF are chemically identical to those produced with traditional products. This 

legislation came into effect on April 1st, 2001 (MAFF, 2001). 

3.2.5 Labeling in Australia - New Zealand 

Australia and New Zealand, in August 1999, proposed legislation for the labeling 

of genetically modified food. The Australian New Zealand Food Standards Council 

(ANZFSC), consisting of the Australian and New Zealand Health Ministers, agreed "in 

principle" that foods produced using gene technology and foods containing genetically 

enhanced ingredients, with the possible exemption of refined oils and sugars, should be 

labeled accordingly. Foods that "may contain" genetically enhanced material must also be 

labeled (CFIA, 2001). 
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This proposal suggested that further study be carried out to determine the 

feasibility of and the best way to implement such a labeling system. One private sector 

study suggested that to implement the IPS required for such a labeling system would 

require an initial outlay of $3 billion ($USD) further an additional $1.5 billion ($USD) 

annually would be needed to maintain the system. This private study also indicated that 

the costs associated with mandatory labeling of GMF could result in consumers facing a 

6% increase in grocery prices (CFIA, 2001). 

The proposed Australian system is still in the early stages of development and 

thus it may take considerably more time before it is approved. Further, especially given 

the estimated cost of the proposed mandatory labeling system, it will likely evolve before 

it is implemented. 

3.3 International Framework 

It is easy to understand with such a variety of regulations and labeling 

requirements from different countries why the introduction of GM products adds 

considerably to the complications of trade. Countries are still working on how to deal 

with genetically modified products on a domestic level. Add to this the fact that many 

countries have alternative motives for implementing labeling requirements (other than 

assuring the health of consumers or protecting the environment), such as protecting 

domestic industries through non-tariff barriers, and the need for international agreements 

becomes clear. 

3.3.1 WTO Sanitary Regulations 
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Traditionally, matters relating to concerns of food safety and trade have been the 

domain of the Sanitary and Phytosanitary Measures Agreement of the World Trade 

Organisation (WTO). Under the Uruguay round of the GATT agreement, January lsl 

1995, which was the precursor to the WTO, the following was stated with respect to the 

agreement on Sanitary and Phytosanitary Measures: 

This agreement concerns the application of sanitary and phytosanitary measures - in 
other words food safety and animal and plant health regulations. The agreement 
recognises that governments have the right to take sanitary and phytosanitary measures 
but that they should be applied only to the extent necessary to protect human, animal or 
plant life or health and should not arbitrarily or unjustifiably discriminate between 
Members where identical or similar conditions prevail. 

In order to harmonize sanitary and phytosanitary measures on as wide a basis as 
possible, Members are encouraged to base their measures on international standards, 
guidelines and recommendations where they exist. However, Members may maintain or 
introduce measures which result in higher standards if there is scientific justification or 
as a consequence of consistent risk decisions based on an appropriate risk assessment. 
The Agreement spells out procedures and criteria for the assessment of risk and the 
determination of appropriate levels of sanitary or phytosanitary protection. 

It is expected that Members would accept the sanitary and phytosanitary measures of 
others as equivalent if the exporting country demonstrates to the importing country that 
its measures achieve the importing country's appropriate level of health protection. The 
agreement includes provisions on control, inspection and approval procedures. 

(WTO, 1998) 

The WTO calls for regulations to be made based on a scientific basis. This would 

seem to indicate that substantive equivalence rather than the precautionary principle 

would be the guiding principle of the WTO. However, it also states that risk assessments 

may be used as justification for requiring higher health standards. This may provide 

support for the precautionary principle on the basis of the long-term unknowns involved 

with the new technology. Thus, it is unclear which principle the WTO would support. 

So far the WTO's dispute settlement mechanism, which could allow for counter trade 

measures, has had no test case on trade restrictions based on banning of imports of GMFs 

(Plunkett, 2000). 
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Since the safety of GM food is a relatively new area one would expect that other 

international agreements would be developed to deal with the concerns that are specific 

to it. In fact the Sanitary and Phytosanitary Measure itself states, "Members are 

encouraged to base their measures on international standards, guidelines and 

recommendations where they exist. " 

3.3.2 Codex Alimentarius Commission 

The main objective of the Codex Alimentarius Commission is to set international 

food standards. It was established jointly in 1962 by the Food and Agricultural 

Organisation (FAO) and the World Health Organisation (WHO), and is committed by its 

statutes to protect the health of consumers and ensure fair practices in the food trade 

(Consumers International, 2001). 

The Codex sets standards based on science and by consultation of member 

governments, consumer and industrial groups, and the Codex's own committees. The 

standards developed by the Codex are not enforceable and membership is not mandatory. 

Rather the Codex is meant to be an example for other countries to assist in harmonization 

of standards. 

Although the Codex has not yet developed a complete policy in regards to 

biotechnology they did hold the second session of the ad hoc intergovernmental task 

force on food derived from biotechnology in Chiba, Japan, 25 -29 March 2001 (CAC, 

2001). The Codex has also released the report, "Recommendations For the Labelling of 

Foods Obtained Through Biotechnology (Proposed Draft Amendment to the General 
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Standard for the Labelling ofprepackaged foods)" This report presents two options in 

regards to labeling food created from products of modern biotechnology.5 

However, these two options do little to settle the debate between Europe and 

North America. The first option closely resembles North American policy in that it only 

calls for products of modern biotechnology to be labeled if they are significantly different 

from the traditional product. The second option more closely resembles the European 

policy in that it calls for all products of modern biotechnology to be labeled and that in 

cases where the product is significantly different the label must clearly declare these 

differences (CAC, 2000). 

Thus until the codex states a preference between options one and two it will not 

assist in the harmonization of modern biotechnology labeling policies. 

3.3.3 Biosafety Protocol (Cartagena Protocol) 

As previously discussed, one of the concerns associated with GMOs is that they 

may negatively impact biodiversity. Even before genetic engineering came into 

commercial use protecting biological diversity was a concern for many countries. The 

United Nations Convention on Biological Diversity was negotiated in response to the 

worldwide loss of biodiversity. The Convention entered into force on December 29th 

1993, and to date, 172 countries have become parties. Canada was the first industrialized 

country to ratify it (EC 2000).6 

5 The Codex defines modern biotechnology specifically in connection with genetic engineering. 
6 Signatories of the Biosafety Protocol have also agreed to labeling of commodity shipments (unprocessed 
commodities) that "may contain" LMO's. 
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The Convention on Biological Diversity (CBD) represents a commitment from 

countries to work towards the conservation and sustainable use of biodiversity in a 

domestic context. The Biosafety protocol is a complementary agreement to the CBD 

providing information and approval procedures on living modified organisms (LMOs)7 

intended to be introduced into the environment. 

Whereas the Codex is merely a set of guidelines for countries to follow, the 

Biosafety protocol is meant to be legally binding to all countries that sign and ratify the 

agreement. One of the main themes behind the protocol is that of the Advanced 

Information Agreement (AIA). Under this agreement before a country can export a 

LMO to another country it must inform and receive permission (based on a risk 

assessment) from the receiving country. However, like most other proposed international 

agreements on biotechnology trade related issues, debate has been wide spread and it may 

be several years before it is ratified. 

3.3.4 The Organization for Economic Cooperation and Development (OECD) 

"The OECD groups 30 member countries in an organisation (which includes 

Canada) that, most importantly, provides governments a setting in which to discuss, 

develop and perfect economic and social policy."(OECD, 2001) Similarly to the Codex 

the OECD does not provide an official protocol with binding legislation. However, it has 

gathered considerable information on biotechnology and published papers providing 

recommendations with the intent to assist in harmonization in areas such as risk 

assessment. 

LMO are genetically modified organisms capable of self-replication. 
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Since the 1980s the OECD has been developing harmonised approaches to the 

risk/safety assessment of products of modern biotechnology. To date, the OECD has 

published a number of expert reports on safety considerations, concepts and principles for 

risk/safety assessment as well as information on field releases of transgenic crops. 

Currently the OECD is publishing consensus documents on information used for the 

assessment of environmental applications of specific organisms and traits. 

The OECD has made fairly uncontroversial recommendations in terms of modern 

biotechnology but plays an important role in transparency. For example the OECD 

operates an online database called BioTrack. BioTrack fosters international co

ordination by sharing information on regulatory developments in Member countries and 

providing a database on field trials and approved products (OECD, 2000). 
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Chapter-4 Literature Review 

The initial problem presented by modern biotechnology is related to the familiar 

situation of asymmetric information. When asymmetric information exists one agent 

knows more than the other about the quality of the good being sold. One agent does not 

reveal that information because it is profitable for them to not reveal information or to 

falsely represent information. Many examples of this exist. For instance imagine an 

antique dealer goes to a garage sale. The antique dealer may see an item that she knows 

is valuable. If the antique dealer was to reveal that information to the family operating 

the garage sale they may decide not to sell the item or ask for a significant increase in the 

price. If the antique dealer does not reveal her expert knowledge then she would be able 

to purchase the item significantly lower than its actual value. In this case, it is obvious to 

see the antique dealer has an incentive not to reveal her expert information. 

In the previous example, the buyer had more information than the seller did. 

Another example of this is sales of insurance. A buyer of health insurance has better 

knowledge of his or her own health than the insurance company. If the person revealed 

his true, below average health, the insurance agent would charge more. More traditional 

examples of asymmetric information involve cases where the seller of an item has more 

information than the buyer does. The seminal article dealing with such issues is that by 

George Akerlof in 1970 entitled "The Market for "Lemons": Quality Uncertainty and the 

Market Mechanism" (Akerlof, 1970). The primary example given in this paper is the car 

market case. In the car market there are two classifications of cars. There are new and 

used cars and good and bad cars. Before a person buys a car, they do not know if a car is 

good or bad but after they purchase a car they have a better idea of which it is. The 
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conclusion reached is that such a situation would result in a used car market dominated 

by bad cars (lemons). Any seller of a lemon would benefit by representing their car as a 

good car. Any buyer would assume few people, if any would sell a good car at an 

average price. Consequently, the market is dominated by lemons and the equilibrium 

price tends toward the price for a "lemon". At the price of a lemon no owner of a good 

car may be willing to sell. 

Akerlof s analysis, however, deals with goods that have experience qualities. 

That is, after a consumer purchases a product the consumer gains knowledge of the 

good's quality through use. Genetically modified foods that have been modified for 

agronomic improvements however, do not have experience characteristics. Even after 

consumers have purchased and consumed a GMF, they can't differentiate it from a non-

GMF. 

Foods that have been genetically modified for improved agronomic characteristics 

more closely resemble goods with credence qualities as described in Nelson, (1970). In 

1973 Michael Darby and Edi Kami wrote an article entitled "Free Competition and the 

Optimal Amount of Fraud." In this article the authors differentiate between experience 

qualities/search qualities and credence qualities. Search qualities can be ascertained 

before the good is purchased. "Credence qualities are those, which, although 

worthwhile, cannot be evaluated in normal use. Instead the assessment of their value 

requires additional costly information"'(Darby and Kami, 1973) The example of repair 

services is used to illustrate credence qualities and the problem of fraud. A consumer 

who owns a car, for example, may experience some decrease in performance due to a 

break down. In order to fix this problem the consumer will take the car to a mechanic. 
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Due to the complex nature of cars the consumer does not know exactly what needs to be 

fixed in the car and thus relies on the mechanic to provide honest information. If a 

garage with fixed costs has down time when resources are not utilized, the mechanic has 

an incentive to overstate the amount of service that is required to fix the car. For instance 

a car may only require a tune-up to work properly but the mechanic could represent the 

car as needing an engine re-haul. If the consumer accepts the offer of service after the 

engine has been re-hauled the vehicle will work properly and the consumer will have no 

way of knowing that their car only needed a tune-up. Several factors act to limit how 

much fraud a mechanic would attempt. First there is a chance a consumer may refuse 

service if too much service is offered. Also, if the consumer feels cheated, the mechanic 

will lose the value of future sales to that consumer. Even with these costs, though, the 

paper shows that in many situations it will be beneficial for fraud to exist. Under such 

situations the market may be able to make adjustments on its own to correct this fraud. 

For instance companies will attempt to develop a good relationship with their consumers 

through activities such as brand names so that consumers will associate quality service 

with a particular company. Such activities become less effective, however, in markets 

that are competitive as the value of future sales to any one consumer becomes close to 

zero. 

Other papers that deal with asymmetric information make further claims 

concerning how firms attempt to signal to consumers that they are high quality. Shapiro 

(1983) introduced the idea that firms could use higher prices to signal to consumers that 

their products are of higher quality. This solution, though, becomes problematic with 

goods that have credence qualities because non-quality producers can take advantage of 
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the higher price by misrepresenting their products and the consumers will not know the 

difference even after they purchase the good. 

The concept of using advertising to signal the high quality of products was 

introduced by Nelson, (1970). Firms that produce high quality products wish to have 

high brand recognition. With brand recognition consumers connect the high quality of 

the product to the brand and will be willing to pay a higher price. The quality producer 

then uses the higher price to cover the cost of advertising. Such papers that explore the 

issues of advertising as signals of quality may be applicable to firms that participate in a 

voluntary labeling system. Nelson's paper's thesis is on the case of mandatory labeling 

systems where low quality producers are forced to label their product. In this case 

advertising activities to signal quality are unlikely to occur. 

The case of the asymmetric information problem related to products 

agronomically improved by genetic modification was outlined in a paper by Hobbs and 

Plunkett (1999). The concepts introduced in that paper were further discussed by 

Plunkett (2000). Plunkett's paper discusses the welfare implications of introducing 

genetically modified products with credence qualities. Without any action to separate the 

markets, the introduction of the GMO results in a pooled market. Within the pooled 

market two separate effects occur. First, consumers typically receive a beneficial price 

reduction from the introduction of the GMO. Second, since consumers cannot tell a 

traditional high quality product from the new GMO, which they perceive to be of lower 

quality, an adverse quality effect also occurs. Overall society may be made worse or 

better of from the introduction of the new good depending on how strong consumer 

preferences are and how strong the price benefit is. The paper recommends that 
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introducing a mandatory labeling system onto a pooled market would be beneficial to 

society. However, the paper does not directly confront the problems of fraud in such a 

system. 

Hadfield and Thomson (1998), also advocate a labeling system because of the 

uncertainty on the scientific front and the nature of consumer. Specifically their paper 

suggests that the best format would be an alert label on biotechnology consumer goods 

that would make consumers aware of the problem and allow them to assess their 

information needs. Producers or others could then supply those needs. Again while this 

paper suggests labeling as a solution to the asymmetric information problem presented by 

GMFs, it does not confront the problem of fraud. 

A section of a book in progress by Gaiford et al. entitled The Economics of 

Biotechnology briefly deals with cheating and its control. The book, which was under 

development at the same time as this thesis, provides a useful but informal discussion of 

many of the key issues. The purpose of this thesis is to provide more formal economic 

modeling that rigorously analyzes cheating under mandatory labeling systems. 

In fact, book cites some specific insights stemming from the work in preparation of this thesis. 
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Chapter-5 Outline of the Model 

5.1 A Quick Overview 

In the model, (Figure 1) there is an innovation-developing firm (IDF) that has 

made a decision to invest in research and development. Consequently a new Genetically 

Modified Organism (GMO) has been developed to be used as seed. This GMO seed has 

lower production costs/higher yields (i.e. enhanced production characteristics) as 

compared to the non-GMO variety. Historically, most research conducted with traditional 

methods have been publicly funded, however, research and development using modern 

biotechnology has been mainly the domain of the private sector (Frusvold, Sullivan and 

Raneses 1999). To encourage such investments in research, the government grants the 

right of sole provider-ship (Monopoly power) of this product to the IDF. This is done by 

granting intellectual property rights to developers in the form of a patent. This patent 

would make it illegal for others to use the new process/product without permission of the 

developer. Such protection is vital to the developer's expected return on investment (R. 

Tarvydas et al). 

Even traditional varieties had a limited window to collect rents. For example 

wheat varieties introduced in Western Canada typically experience peak adoption rates 2-

5 years after their introduction after which adoption rates fall (Walburger, Klein and 

Folkins, 1999). Since peak adoption rates are influenced by the rate of introduction of 

new varieties9 and modern biotechnology allows for faster development of new varieties 

(Kerr, 1999) this protection becomes even more important to encourage investment in 

research and development. 
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9 When a new crop variety is introduced it will squeeze out existing varieties similar to how introductions 
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In the model developed in this thesis a highly stylized supply chain is assumed 

where farm level producers sell to consumers. This assumption, while simplifying the 

model, should not distract from the validity of the model conclusions. It is assumed that 

Genetically Modified Food (GMF) firms operate in a perfectly competitive environment 

where there is free entry and exit and no single firm has influence over the market. Non-

GMF firms also operate in a competitive market with free entry and exit where firms are 

price takers. The GMF firms purchase their seed inputs from the IDF. The Non-GMF 

firms can use their own product as seed or purchase seed at the competitive market price. 

Some consumers have a preference for non-GMFs over GMFs while others are 

indifferent. Thus, consumers, in aggregate, show a preference for the non-GMF over the 

GMF produced through modern biotechnology methods such as transgenic modifications. 

This preference arises from health and environmental concerns, ethical issues, and fear of 

the unknown. The majority of scientific evidence points to equivalence of the two 

products but unknown factors still play a role. However, as long as consumers perceive a 

difference, regardless of scientific proof, this preference will exist. Thus, the GMF and 

the non-GMF are imperfect substitutes for some consumers. Given equal prices these 

consumers would prefer to consume the non-GMF. 

Despite the fact that some consumers prefer the non-GMF they may not be able to 

act on this preference. Genetic modifications are a credence characteristic (Nelson, 

1970). This means that even after consumption a consumer will not be able to distinguish 

between the GMF and non-GMF. So while farmers may have full information on what 

product they are producing, consumers, without incurring excessive costs, will not be 

of substitutes goods reduces demand of existing goods. 
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able to tell the two products apart. In the absence of an Identity Preservation System 

(IPS) a 

blended market will result in a pooling equilibrium.10 It is a well established theory that 

hidden-type or adverse-selection problems result in a market that will be dominated by an 

inefficient proportion of poor quality products or "lemons" (Akerlof, 1970). 

To alleviate this and other asymmetric information problems related to genetically 

modified foods an IPS has been advocated (Hadfield and Thomson, 1998; Hobbs and 

Plunkett 1999). IPSs can take a variety of forms, most likely resulting in some kind of 

labeling system. 

5.2 Labeling Systems 

As discussed previously, labels can be categorized in several ways. First, product 

labels can be either Negative or Positive. In a Negative labeling system labels would 

make statements to the effect that a product contains no GMOs. However, as will be 

shown, it is unlikely that any product could make a valid statement to the effect that it did 

not contain any GMF. On the other hand, a positive labeling system would identify 

products that may contain GMOs. 

The distinction between a Voluntary versus Mandatory labeling systems is 

important. A voluntary labeling system would require a participating producer to 

increase quality assurance. To set up a voluntary IPS, documentation and monitoring 

would have to occur. To do so would raise production costs. GMF producers are less 

likely to participate in a voluntary system since it would raise costs and result in a lower 

Although the assumption is made of the stylized supply chain it is understood that in practice processors, 
distributors, and retailers contribute to the co-mingling of the two products that results in the single blended 
market. 
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price for their product. Despite the disincentive that exists, a voluntary IPS has been set 

up in Canada for GMFs. Monsanto and AgrEvo set up an IPS system for canola in order 

assure that export markets such as Japan, which require non-GMO canola, could be 

maintained while also allowing GMO canola to be sold in the domestic market (Smyth 

2000). This would ensure that farmers would continue to use the GMO seed without fear 

of losing export markets. 

There are no major public concerns associated with the non-GMF, therefore, a 

Mandatory system is not likely to be enforced on non-GMF producing firms. A 

Mandatory system would be enforced by the government and thus would not raise 

production costs (at least not as much as a voluntary system). The government would set 

up the IPS and enforce participation. The costs of a mandatory system would therefore, 

be paid by the public through taxes. 

In this model it is assumed that a Mandatory labeling system is placed on the 

GMF in an attempt to achieve product identitfication. As already mentioned, some 

consumers prefer the non-GMF and would be willing to pay at least a small price 

premium to consume the non-GMF. Other consumers think of the two goods as perfect 

substitutes and consume whichever good is the cheapest. Under these conditions, for 

there to be an honest GMF market the price could not be higher, and most likely would 

be lower, than the price in the non-GMF market. Therefore, despite the Mandatory IPS, 

the existence of a price gap provides an incentive for GMF firms to attempt to sell a 

portion of their output fraudulently to the Non-GMF consumers. 

Once more to overview the model under a mandatory labeling system view Figure 

1. The IDF sells GMO seed to farms that use it as an input to produce GMF. The GMO 
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seed allows GMF firms to have lower production costs than if they used traditional seed. 

For simplicity it is assumed that the GMF firm sells directly to the consumer. Because of 

the mandatory IPS, GMF firms are legally allowed to sell only to consumers who have 

full knowledge of the nature of the product (GMF consumers). However, if the price for 

non-GMF is higher than the GMF price, GMF firms may see it as profitable to attempt to 

sell some output to consumers that can not determine its true nature (non-GMF 

consumers). In order to curb cheating the government runs a mandatory IPS system by 

enforcing compliance and setting penalties for those caught committing fraud. The 

government also indirectly enters into the supply chains by confiscating fraudulent sales 

they detect and reselling it through the proper supply chain. 

Non-GMF firms are also assumed to sell directly to consumers. Non-GMF firms 

sell only on the non-GMF market since they have no incentive to do otherwise under a 

mandatory IPS. 

Depending on prices and the amount of fraud that is in the market households 

may be non-GMF or GMF consumers or both. If these conditions change consumers will 

change their consumption bundles. Consumers that have no preference for the non-GMF 

will consume from the GMF market exclusively as long as it is priced lower than the non-

GMF market. 
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Chapter-6 Farm Level Production 

In this model at the farm level of production, all firms are competitive regardless 

of whether they produce the GMF or non-GMF. The firms operate in an environment 

where mandatory labeling has been legislated in an attempt to move away from a pooled 

equilibrium market to a situation with two separate markets. The first market is for the 

non-GMF (good 1) and the second is for the GMF (good 2). How effectively these two 

markets can be separated, however, is an important issue. The price paid in the non-GMF 

market is higher than that for the GMF for two reasons. The GMF good is typically 

cheaper to produce and some consumers prefer the non-GMF. The GMF and non-GMF 

are not search goods or experience goods; on inspection and even after consumption 

consumers cannot identify these two credence goods for themselves without great cost. 

Even with a mandatory IPS in place, identifying GMF from non-GMF is difficult and the 

detection of fraudulent sales is not likely to be 100% effective. Thus, an incentive exists 

for firms to "cheat" by selling GMF to the non-GMF consumer. 

6.1 The GMF Sub-Sector 

6.1.1 A Sample GMF Firm 

A GMF firm's goal is to maximize profits. A representative GMF firm earns a 

profit of 

x2=P2qs2+(Pl-P2)ls2i-c2(qs2,w)-F(ql„e\Piq^). (S 1) 

q\ is the total amount of GMF that the firm chooses to produce. q2\ is the amount of 

total output that the firm decides to try to sell fraudulently as non-GMF. This value can't 
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exceed the total amount produced so q2l < q2. P2 is the price that a firm wi l l receive i f it 

sells GMF honestly. Pj is the price for goods being sold in the non-GMF market. X is a 

fraud penalty index; it has a value of at least 1 meaning that if a firm gets caught cheating 

it will at least lose the value of their attempted fraudulent sales. X is determined by law. 

W is the price per unit of GM seed and later x will be used to denote the amount of GM 

seed that the firm purchases. c2 (•) is the cost function of production for the firm.11 F(-) 

is the probability of a firm getting caught cheating so that, 0 < F(q2], e) < 1. The 

probability of being caught depends on how much the firm attempts to sell fraudulently, 

q'2], and on how much money is spent on enforcement activities per farmer, e.12 

The firm has two choices. First the firm must decide how much product to 

produce and, second, how much of the product to sell fraudulently. For each unit sold 

honestly the price of P2 is given. For each unit sold fraudulently a premium equal to the 

price difference between the non-GMF and the GMF is achieved. The firm has a cost 

function associated with producing the GMF. In order to maximize profit, a firm must 

minimize the cost of producing any output by purchasing the least cost combination of 

GM seed and other inputs. The firm that sells fraudulently also faces the additional risk 

of being caught cheating. If they are caught cheating, they lose the value of the sale 

multiplied by a government legislated penalty index. 

The firm's first-order conditions associated with profit maximization are: 

Although not shown explicitly the cost function could be thought to include the cost of segregation the 
GMF firms may face when operating under a mandatory labeling system. In such a situation the more a 
firm committed fraud the higher the concealment costs would be for that firm. 
12 In order for the government to keep enforcement levels the same when firm size changes expenditure per 
farmer must increase. For example if the policy was to test 1 in every 100 shipments and shipments 
increased from 10,000 to 20,000 then the number of tests conducted would have to double from 100 to 200. 
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d n 2 

dq2 
2- = 0 O P, 
S 2 

d c ( g ; , w ) 

dq2 
(S 2) 

dn2 
= 0 O (/>-/>) = F(q2\ ,e)P,X + {P,q2\l) 

SF(g-2\,e) 

dq2\ 
(S 3) 

dq2\ 

Equation [S2] is a typical profit-maximizing condition where the quantity produced 

equates marginal revenue and marginal cost (see 

Figure 2). Since the firm is competitive, its marginal revenue is equal to the price of the 

GMF. Equation [S3] states that the profit maximizing quantity of fraudulent sales occurs 

at the point where marginal benefit of the fraud on the left-hand side equals the expected 

marginal cost on the right hand side (see Figure 3). 
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Further we assume the following supply properties.13 

>0 (SP 1) 
dc{q2\w) 

dq\ 

Eventually as q2 rises: 

1 v " ' > 0 (SP 2) 
dqs2dq\ 

That is, the marginal cost is positive and, at least eventually, it is increasing in q2. 

^M^>0 (SP 3) 
dq2\ 

F(0,e) = 0 (SP 4) 

When quantity of product sold fraudulently increases so does the probability of being 

caught. The probability of being caught cheating is equal to zero when nothing is sold 

fraudulently. 

dF(q2\,e) 

de 

d2F{qlx,e) 

> 0 (SP 5) 

> 0 (SP 6) 
dqs2,de 

When expenditure on enforcement increases the (total) probability of getting caught 

cheating increases. Similarly, there is an increase in the additional (marginal) probability 

of getting caught associated with further cheating. 

Ffa2'„0)-0 
(SP 7) 

lim F(q2\, e) = 0 for V q2\ > 0 
e->0 

13 SP stands for supply property. These properties are assumptions that the model makes or statements of 
fact that always hold. Similarly DP will be demand properties and represents assumptions that are made by 
the model about demand conditions. 
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limF(qs2] ,e) = 1 for V qs2x > 0 (SP 8) 
C-»co 

When expenditure on enforcement is zero the probability of getting caught cheating is 

zero. Also, as expenditure on enforcement approaches zero the probability of getting 

caught cheating approaches zero. As expenditure on enforcement activities approaches 

infinity the probability of getting caught cheating approaches one. 

^1 = 0 (SP 9) 
de 

dF^°K0 (SP,o, 
dq2l 

When expenditure on enforcement is equal to zero increases in fraudulent sales will have 

no effect on the chance of getting caught. Similarly to this if the quantity sold 

fraudulently is equal to zero increases in enforcement expenditure will have no influence 

on the probability of getting caught. 

A GMF Firm's Total Supply 

From the first-order condition given by equation [S2], the following overall supply 

function can be derived. 

{ ( P „ W ) (S4) 

Where the comparative static properties are: 

d2c2 

(a) = —n— > 0, (b) = 2^ < o 
dP2 d2c2 3 W 32c2 

14 

dq2 dq2 

14 In the more general case where segregation costs are, at least in part, paid by GMF firms q2 and q21 
when solved simultaneously from the first order conditions of the profit maximization would become the 

functions q2 (P2,P],A,W,e) and q\ (P2,P{,A,W,e). 
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The overall supply is an increasing function of the price of the GMF, and a decreasing 

function of the price of GMO seed. Further, it is independent of the price of the non-

GMF, the penalty index and the enforcement effort. 

A GMF Firm's Attempted Fraudulent Supply 

Next, solving the first-order condition given by equation (S3) yields: 

q'2l = qs2X{Px,P2,A,e) (S 5) 

where the comparative static properties are: 

( a ) ^ > 0 , ( b ) ^ < 0 , ( c ) ^ f < 0 , ( d ) ^ < 0 . 
oP] dP2 oA oe 

An increase in the price of the non-GMF raises the marginal benefit of fraud by more 

than the marginal cost and thereby increases the quantity the firm attempts to sell 

fraudulently. Conversely, an increase in the price of the GMF reduces the marginal 

benefit of cheating and reduces attempted fraudulent sales. As either the penalty or the 

expenditure on enforcement increases, the quantity the firm attempts to sell fraudulently 

decreases. 

Why Penalties and Enforcement typically do not Stop Fraud 

If the expected marginal cost (MC) of fraud is less than the marginal benefit (MB) 

when the quantity of fraud is equal to zero then it w i l l be profit maximizing for a firm to 

attempt to sell a positive quantity of output fraudulently. In the model this condition 

would be: 

(Pxx)$E!ML < /> _ p2 0 q*M > o (SP I i) 
cq2] 
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Since the initial effect of attempted fraud on the probability of being caught is negligible 

(i.e., M0,e)/ajs2l=0), some fraud will be attempted regardless of the penalty. 

A GMF Firm's Optimal Profit 

Combining (SI), (S4) and (S5), the optimal expected profit becomes: 

X i =^2(P,,P2,W,/l,e) = P2q2*(P2,W)+(P1 -P2)q21>,,P2,A,e) 

-c2(q2*(P2,W),Fr)-F(qs2;(P1,P215A,e),e)^PIq2;(P1,P2,A,e) 

(S 6) 

Since GMF firms operate in a perfectly competitive market, in the long-run expected 

profits will ultimately be driven to zero via entry or exit from the GMF sub sector. 

x2=0 (SP 12) 

Entry and exit are discussed in detail later in the chapter. The comparative static 

properties of the optimal profit function can be determined using the envelope theorem to 

be: 

(a) = qs2]\P],P2,A,e{l-F(q2\(P,,P2,A,e}e))>0, 

(b) ~ ^ r = q l (P2,W)~q» (P„P2,^,e)>0 
8P2 

(c) d7ri = - ^c2(q2,,W) < Q 

dW dW 

(d) ^ = -F[qi;{Px,P2,l,e\e)pxq2\ <0, 

(e)^-=^^-}^^<0-
de de 

15 If the probability of being caught was independent of the extent of attempted fraud, there would be a 
precipitous switch from no fraud to all fraud as either enforcement effort or the penalty was increased. In 
this situation, the expected penalty would be a linear function of attempted fraud. Starting from any 
quantity, if attempted fraud doubled the expected penalty would double. Thus, the expected marginal cost 
(EMC) for fraud sales would be a constant (K). If this constant were below marginal benefit (MB) for 
fraud such that K<P1-P2, then all sales would be fraudulent. Conversely if it were above the MB, K>P1-
P2, then all sales would be honest. 
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When the price in the GMF market or in the price in the non-GMF market increases the 

optimal expected profit of a GMF firm increases. If the price of GMO seed or the penalty 

index or the amount of expenditure on enforcement increases a decrease in the optimal 

expected profit of a GMF firm will result. 

A GMF Firm's Legitimate Supply 

A GMF firm's supply function for legitimate output can be determined from the 

optimal profit function in equation (S6) in accordance with Hotelling's lemma: 

— 2 - = q2' * (P2,W) - q\x * (/>,P2,A,e) = q22 * (i> ,P2,W,X,e) > 0 (S 7) 
oP2 

A small increase in the price of the GMF raises optimal profit by the amount sold 

legitimately. The properties of the legitimate supply function are: 

d<?22 „ n /u^ d°22 ^ n ^ d^2 , n ,~ Sq22 dq22 
( a ) ^ f < 0 , ( b ) - ^ > 0 , ( c ) - ^ < 0 , ( d ) ^ f >0,(e)-£*•><>. 

dPx dP2 dW OA oe 

The legitimate supply of a GMF firm is a positive function of the price of the non-GMF, 

the penalty and enforcement, but it is a negative function of the price of the non-GMF 

and the price of GM seed. 

A GMF Firm's Success at Fraud 

A GMF firm's expected supply function of fraudulent output to the non-GMF 

market, net of the quantity it expects the government to confiscate, can also be 

determined from the optimal profit function given by equation (S6) in accordance with 

Hotelling's lemma: 
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dn2 

1J\ 
q°2] * (P, ,P2,X,e% - F(q2\ * (P,,P2,2,e)e))= J2I (i>, P2, A,e)> 0 (S 8) 

A small increase in the price of the non-GMF raises the optimal profit by an amount 

equal to the expected quantity of successful fraudulent sales. The properties of the 

expected supply function for fraudulent output are: 

Ml>0, 
v dpx Y ap, 

(b)^L=^ML<0, 
8P2 r 8P2 

(c)^i = ^M<0, 
OA Y dA 

ds2l dq2\ , dF{) 
(d) — = ^ — - ^ 2 1 - ^ — <0, 

ae oe de 

where: 0 < y/ 
AP 1 / ^2 ap 

Recall that the penalty for being caught involves at least the confiscation of the fraudulent 

output that is detected (i.e., X > 1). Consequently, the successful supply of fraudulent 

output, like the attempted supply, is a positive function of the price of the non-GMF but a 

negative function of the price of the GMF, the penalty and enforcement. 

The envelope theorem, as already described, implies some further results 

concerning fraud can be obtained from the optimal profit function given by equation 

(S6): 

"2 = -F{qs2\{P„P2,A,e),e)piq2\ <0 (S6d) 

XPxq2X < 0 (S6e). 

d l 

dn2 dF(q2\,e) 

de de 

Given that some fraudulent sales initially exist, an increase in either penalty or 

enforcement will reduce a firm's optimal profit. 
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A G M F Firm's G M O Seed Demand 

Shephard's lemma implies that the input demand for the GM seed can also be 

obtained from the optimal profit function given by equation (S6): 

,._a>,-0»,.p„w.A.«).fc,(ritty)„.fe)W) (S9)« 

8W dW y 2 ' ' 

An increase in the price of GMO seed lowers profit and raises costs by an amount equal 

to the quantity of GMO seed demanded. The analysis of cost minimization shown in 

appendix A clarifies this result, which will ultimately be a central component in the 

examination of the biotech firm. The comparative static properties of the demand for 

GM seed are: 

dx* d2c2 dq2 /LX&* d2c2 dq{ d2c2 
= — > 0, (b) = 2 ^ + 1 

dP2 dWdql dP2 dW dWdql dW2 dW2 

A n increase in the price of G M seed reduces the quantity of seed bought by a GMF firm 

making its input demand curve negatively sloped. An increase in the price of the GMF 

output, on the other hand, increase GM seed purchases and shifts the GMF firm's input 

demand curve to the right. 

6.1.2 The Aggregate G M F Sub-Sector 

In the GMF market as a whole, firms are assumed to be identical. In particular, there are 

m2 firms where m2 will ultimately be an endogenous variable that depends on entry and 

exit. There are three separate aggregate quantities that are of interest for GMF firms. 
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First the total amount that is supplied to both markets, second the amount that is 

successfully supplied as fraudulent sales to the non-GMF market and last the residual that 

is supplied as honest IP sales to the GMF market. 

Aggregate GMF Quantity Produced 

Each firm has the same technology and thus all profit-maximizing firm produces the 

same amount. The aggregate output, therefore, becomes an individual firm's production 

multiplied by the number of firms in the market. 

S2{P2,W,m2) = q;(P2,W)m2 (S 10) 

The comparative static properties of the aggregate equation are the same as those for the 

individual firm: 

8P2 dP2 2 

^ = M ^ F ) 

dW dW 

( c ) f W 2 ( ) > 0 . 

For simplicity, the number of GMF firms, m2, is treated as a continuous variable. In 

reality, of course, m2 is a discrete variable, which must be a whole number. The 

aggregate GMF supply is an increasing function of the price of the GMF and the number 

of GMF firms, but it is a decreasing function of the price of GM seed. Further, the 

aggregate GMF supply is independent of the price of the non-GMF, the penalty and 

enforcement. 

16 If the cost of segregating markets was paid by GMF firms x* would become a function of W, PI, X ,e 

as well as P2 and W. x * (P,, P2, W, X, e). 
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Aggregate Fraud Supply 

The aggregate fraud supply function is determined as the summation of all fraudulent 

output that is successfully supplied by individual firms. In other words, this quantity is 

net of fraudulent output that is detected and confiscated. Each firm is the same and thus 

each firm will maximize expected profits by selling exactly the same amount 

fraudulently. 

521(P1,JP2,A,e,m2) = 521(^,JP2^^)m2 (S 11) 

The comparative static properties of the equation are: 

BP, BP, 

(b)^i = MLOW2<0, 

8P2 8P2 

8S2L=BsI1(1 

8A 8A n 

dS2] 5^0) 
( d ) — = — — m , <0, 

Be Be 

(e)-^ = s2l(Pi,P2,X,e)>0. 
Bm2 

The realized aggregate supply of fraudulent output is an increasing function of the price 

of the non-GMF and the number of GMF firms, but it is a decreasing function of the price 

of the GMF, the penalty and enforcement. The realized aggregate supply of fraudulent 

output, however, is independent of the price of GM seed. 

Aggregate Honest Supply 

Legitimate supply can also be aggregated across firms yielding: 



71 

S22 (/>, P2, W, A, e,m2) = q2\ (i> ,P2,W,A, e)m2 (S 12) 

Aggregate honest sales are also equal to the total aggregate supply net of the drain caused 

by the sum across firms of attempted, as opposed to realized, fraudulent sales. 

S22(P],P2,W,A,e,m2)=S2(P2,W,m2)-q2XPl,P2,X,e)m2 (S 13) 

The comparative static properties of aggregate honest supply are: 

dPl dPx 

( b ) ^ = ^ > 0 , 
dP2 dP2 

d_S22 = d q ^ 1 

dW dW n 

(~ dS22 dg22Q 
( d ) ^ r ~ W 2 > 0 ' 

( e ) ^ = ^ > 0 . 
de de 

( f ) f ^ = ^ 2 0 > o . 
dm2 

The honest supply of GMF output is an increasing function of the price of the GMF, the 

penalty, the enforcement effort and the number of GMF firms, but it is a decreasing 

function of the price of the non-GMF and the price of G M seed. 

Aggregate GMO Seed Demand 

The GM seed demand can be aggregated across firms yielding: 

X(P2 ,W,m2) = x' (P2, W)m2 (S 14) 

G M seed demand can also be written so as to explicitly show the connection with 

aggregate GMF output. 

X{P2,W,m2)=X\s2(P2,W,m2) 
q2 \r2,W) 
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The comparative static properties of GM seed demand are as follows: 

dX &'(•) 
(a) = —m7 >0, 

dP2 dP2 2 

... obf'Q _ 
(b) = —m7 < 0, 

dW dW 2 

(c) ^W()>0. 

GM seed demand function is negatively sloped since it is a decreasing function of the 

price of the non-GMF and the price of GM seed. An increase in the price of the GMF or 

the number of GMF firms shift the GM seed demand function to the right. 

6.2 The Non-GMF Sub-Sector 

6.2.1 A Sample non-GMF Firm 

Non-GMO firms are standard price-taking firms operating in a competitive market. A 

representative non-GMF earns profit: 

K^M-CMD- (S15)17 

The firm operates to set q\, the amount of non-GMF the firm produces, in such a way to 

maximize its profits. Since the price of the GMF is less than that of the non-GMF, there 

is no incentive for the non-GMF firm to attempt to sell fraudulently. Maximizing profits 

gives the first-order condition: 

P i = ^ M l (S16) 

17 As with the GMF firm it is possible to consider that segregation costs may be included in the firms cost 
of production function. 
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The firm produces where price equals marginal cost. This implies the firm's supply 

function, 

q?=qf(Pt). (S17) 

is positively sloped, 

( a ) ^ > 0 . 
dP\ 

Optimal profit then is defined by the following expression. 

nx =TTx\Px) = Pxqf (i>) - c, (q{ (i>)) (S 18) 

where by Hotelling's lemma: 

GTE * 
( a ) — ' - = q[ (i>)>0. 

dPx 

In the long-run free entry and exit of firms wi l l force optimal profits to zero where all 

firms w i l l produce at their minimum long run average cost. 

= 0 (SP13) 

Entry and exit w i l l be discussed later in the chapter. 

6.2.2 The Aggregate non-GMF Sub-Sector 

Non-GMF firms are identical. Each firm produces the same optimal output and 

thus aggregate supply is the individual firm's output multiplied by the number of firms in 

the market (mi). Thus, total supply from non-GMF can be defined as follows: 

Sx{Px,mx) = qf{Px)mx (S 19) 

where the comparative static properties are: 
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A higher non-GMF price or an increase in the number of non-GMF firms leads to 

additional supply from the sub-sector. 

6.3 Composition of the Markets 

Any non-GMF product, because of the higher price incentive, will be sold into the 

non-GMF market. Thus, output that is sold in the GMF market will be 100% GMF 

product. However, output that is sold as non-GMF product will likely have a purity of 

less than 100%. A portion of the non-GMF market will be honest sales from non-GMF 

producers but the remainder of it will be fraudulent sales from GMF producers. 

Let 0 denote the proportion of a market that is honestly represented. Qi is the 

proportion of the non-GMF market that is actually non-GMF product. 02 is the proportion 

of the GMF market that is GMF product. 

6.3.1 GMF Market 

Let ©2 represent the proportion of the GMF market that is actually comprised 

GMF product. 

2 S22(Pl,P2,W>e) + Sl2 

Given that the price of the non-GMF is at least as large as that of the GMF, sales of non-

GMF into the GMF market, Si2, will be equal to zero under the mandatory labeling 

regime, 

02 = S22(Pl,P2,W,e) =1 

S22{P„P2,W,e) 

The value, 82, for this thesis is 100%. However, situations may arise where this may not 

be the case. One situation in which S12 could be positive as a result of sales of non-GMF 
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into the GMF market would be if the price of the GMF exceeded that of the non-GMF. In 

the future agronomic focused innovations that increase yields (or lower production costs), 

that dominate commercial genetic modifications of today will be accompanied with 

quality focused innovations. These output-trait innovations will include things such as 

nutritional, taste and aesthetic improvements. Where an innovation such as increased 

nutritional value is not immediately observable to consumers it is possible that 62 will 

have a value of less than 1. 

There is a second interesting situation in which less than 100% of the GMF could 

be comprised GMF product. If a voluntary labeling system were applied to the non-GMF 

market, rather than a mandatory labeling system in the GMF market, 62 could be less than 

1 although this would not be due to fraud. Since a voluntary labeling system would 

impose costs on those involved some might prefer to opt out of the program and sell it 

into a residual market where it would be assumed to be a GMF product. 

6.3.2 Non-GMF Market 

The degree of purity in the non-GMF market is: 

0i(ml,m2,Pi,P2,W,A,e) = - -fr^lL- (S 21) 
S2,{P„P2.W ,e,X,m2) + Su{P„mx) 

The comparative static properties associated with the purity of the non-GMF market are: 

an, dm2 oP, oP2 cW oA de 

An increase in either the price of the GMF or the number of GMF firms increases the 

quantity of GMF output sold fraudulently and thereby reduces purity. Conversely, 

increasing the price of GM seed, the penalty or enforcement, reduces fraud and increase 
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purity. An increase in the number of non-GMF firms raises non-GMF supply and 

increases purity. An increase in the price of the non-GMF will raise purity if and only if 

the resulting increase in non-GMF supply is of a greater proportion than the increase in 

fraudulent supply. 

6.4 Entry and Exit 

6.4.1 Entry into the GMF Sub-Sector 

The unrestricted entry and exit condition for GMF firms requires, as already 

mentioned, that the maximum profit of a GMF firm is equal to zero. By setting the 

optimal profit function equal to zero, a break-even price for the GMF is implicitly 

defined: 

n2\Px,P2,W,e,X) = Q<^P2 = P2(Pl,W,e,A) (S 22) 

where the comparative static properties are: 

sP r?P dP flP 
( a ) ^ - < 0 , ( b ) ^ > 0 , ( c ) ^ > 0 , ( d ) 5 > 0 . 

dPx dW de dX 

An increase in the price of the non-GMF raises profits on fraudulent sales and allows a 

firm to break even at a lower GMF price. An increase in the price of GM seed, the 

penalty or enforcement squeeze profits and require an increase in the break-even price for 

the GMF. Additional firms would enter (exit) the GMF sub-sector and m2 would increase 

(decrease) in response to positive (negative) profits if the prevailing price, P2, is greater 

(less) than the free-entry equilibrium price, P2 (P}, W, e, X). 
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6.4.2 Implications of free entry into the G M F Sub-Sector 

With identical firms and free entry and exit for GMF firms some interesting 

results arise. Namely, in this case every firm would have to cheat in order to stay in the 

market. Because firms are in a competitive market, even with the addition of cheating a 

firm would achieve expected profits of zero, in the long run. 

In order for the firm to have an incentive to sell fraudulently, they must have an 

18 
expected return greater than that on the GMF market. . Thus the following must be true 

if fraud exists. 

In the equation above R is the expected return when a firm optimizes expected profits 

through committing fraud. S is the returns associated with selling all the GMF output 

honestly. If fraud exists R must be greater than S and the difference of the two must be 

greater than zero. Following from this we can say that the expected profits of committing 

fraud must then be positive. 

This profit on fraud corresponds to area [B] in Figure 4. Since the expected profits are 

positive in the fraud market and overall expected profits are equal to zero, there must be a 

loss on honest sales. Consequently, the loss that would arise in the absence of fraud is: 

(fa - A ) g 2 i + P i t i ~ F(q2\,eiP^2\A)-c2(qlW))-(P2q* -c2(g2'.FF))>0 

(SP 15 ) 

7U22=P2{-)qs2-c2(q2\W)<0 (SP 16) 

18 It is important to note that the optimal fraud quantity is independent of the cost of production for the 
GMF. Further, more cannot be sold fraudulently than is produced. 
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This loss is represented by area [A] in Figure 4. The loss on honest sales is exactly offset 

by profits made by fraudulent sales and thus the zero profit long run equilibrium 

condition is met (area [A]=[B]). 



Figure 4: The Cheating Firm in a Competitive Market 
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This also leads to the conclusion that in the presence of fraud, firms will not 

produce at their long run minimum average cost. If a firm was producing at its minimum 

long run cost this would correspond to zero profits on honest sales.19 If honest sales are 

making zero profits and super-normal profits are made via fraudulent sales then entry 

would be encouraged. This entry will increase the supply and lower the price of the 

GMF. As negative profit arises on honest sales, firms will reduce production and move 

away from the minimum long run average cost. This continues until overall expected 

profits are zero. Since profit maximization implies that price is equal to marginal cost, 

the average cost of a GMF firm exceeds its marginal cost when it breaks even. 

c2(q2\W) ^ 3c2(qlW) 

q2 dqs2 

This finding will be used further in Chapter 8. 

The result that when fraud is present honest sales are sold below cost may lead to 

some important consequences. This is especially true for industries such as agriculture 

that are apt to try to sell into highly protected markets internationally. The trading 

partners of an exporting country with cheating firms could not only accuse it of providing 

an impure non-GMF product but also claim that the GMF good is being dumped on them 

since it is provided at below cost. This could open a country up to anti-dumping 

measures through trade agreements such as the WTO. 

6.4.3 Entry into the non-GMF Sub-Sector 

19 The firm produces where P=MC. MC=AC at the minimum of AC. Therefore if the firm produces at min 
AC P=AC and profits equal zero. 



81 

There is also unrestricted entry into and exit from the sub-sector. A break-even 

price for the non-GMF price is implicitly defined on the basis that the optimal profit of 

non-GMF firms is equal to zero: 

fiS) = M =Pi (S23) 

Additional firms would enter (exit) the non-GMF sub-sector and mx would increase 

(decrease) in response to positive (negative) profits if the prevailing price, Px, were 

greater (less) than the free-entry equilibrium price, J3,. 
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Chapter-7 The Consumer 

Consumers have different tastes. Some may buy exclusively on the non-GMF 

market (market 1). Others may buy from both markets and still others may buy only from 

the GMF market (market 2). In Figure 1, a distinction is made between consumer 

purchases on the GMF market and the non-GMF market. When consumers purchase from 

the GMF market they know that they are receiving a pure, non-pooled GMF product. 

Consumers, however, are aware of the presence of fraud in the non-GMF market. 

Consequently, when consumers purchase from the non-GMF market, they know that they 

are really obtaining a pooled product consisting of both the GMF and non-GMF. 

While some consumers will have concerns about products that have been 

developed using modern biotechnology, others will not care. Consumers who have 

concerns about GMF products will view the two products as imperfect substitutes. They 

will be called Group-A consumers. Given equal prices, Group-A consumers will prefer 

to consume non-GMF on ethical, health or environmental grounds. Even where there are 

current scientific findings of substantive equivalence, these consumers may believe that 

there are health or environmental risks associated with consuming GMF because of the 

existence of incomplete information. These consumers could be risk averse or they may 

just have a fear of things that are unfamiliar (i.e., attach large subjective probabilities to 

bad outcomes relative to others in the population). Whether there is in fact any difference 

between GMF and non-GMF is of little consequence; these consumers perceive a 

difference and are willing to pay more for the peace of mind that they associate with the 

non-GMF. 
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Others, Group-B consumers, view the GMF and non-GMF products as being 

perfect substitutes. For example, these consumers may not be risk averse or may not think 

that there are any risks involved with the GMF. These consumers consider the GMF to 

be just as safe and of the same quality as the non-GMF and thus simply consume the 

product that is priced lower. 

While consumers are not capable of determining if a product consumed is non-

GMF or GMF without great expense, they are assumed to be able to determine the 

probability that a unit from the non-GMF market is in fact non-GMF. They can do this 

because detected fraud cases are likely to be highly publicized and, like producers, 

consumers are assumed to know the probability of getting caught. Therefore, if a certain 

amount of fraud is detected, consumers know that this is only a fraction of the amount of 

fraud that exists. This is a departure from other pooling equilibrium models where 

consumers can infer expected purity on the basis of publicly available seeded acreage 

statistics alone (Plunkett, 2000). 

For example, take the case of Starlink corn. Starlink is a variety of corn produced 

through genetic modification techniques (developed by Aventis SA). It is one of several 

varieties that have been developed to contain bacillus thuringiensis (Bt), a naturally 

occurring pesticide. Bt protects corn from insects such as the European corn borer. Bt is 

contained in several varieties of GM corn, but the Starlink variety is the only one that 

contains the protein Cry9C. Humans do not readily digest Cry9C and thus there were 

concerns that it might be an allergen (CNN anchors transcripts, Turner distribution, 

2000). Because of this protein, Starlink corn was not approved for human consumption 

and has only been approved for use as animal feed since its introduction in 1998. This 
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being the case, if any Starlink corn were to show up in products made for human 

consumption it could represent a case of fraud occurring somewhere along the supply 

chain. 

In September 2000 just such a case occurred. A group called "Friends of the 

Earth" sent about 23 food items, including such things as breakfast cereals and frozen 

dinners, to an independent lab to be tested. As a result of the tests the group claimed that 

they had found Starlink corn present in 7 boxes of taco shells sold under the Taco Bell 

brand produced by Kraft foods Inc. Later a Japanese Consumers Union also claimed 

that traces of Starlink corn from the United States were found in snack foods and animal 

feed sold in Japan. (Pro-Farmers Editors; 2000). 

Ultimately because cases such as this receive wide attention from the media 

consumers become aware that GM products, despite labels or legalities, do show up in 

food products where they should not be. The more cases that are discovered and 

publicized, the larger the proportion of GM contamination that consumers will expect. 

Despite the difference in the way consumers deduce purity, the model of the 

consumer still bears a strong resemblance to that of Plunkett (2000). We assume that 

utility is given by the quasilinear function: 

K=uM,q*2)+qda0 . (Dl) 

Here, qdn and qd2 represent the quantities of the non-GMF and GMF that the consumer 

expects to consume on the basis of purchases made, while qd0 is the numeraire good, 

which is a composite of all other goods consumed. We assume that: 

It is interesting that no complaints from consumers about the products sold which contained the Starlink 
corn were made until after these tests revealed that it was present. 
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«, >Ofaiqld = 0. (DPI) 

The non-GMF initially has a positive marginal utility, but consumers may eventually 

become satiated and marginal utility may become negative. Further for certain Group-A 

consumers, the GMF may have a negative marginal utility from the first unit consumed. 

In such a case the GMF good would be a "bad." 

uu,u22,un = u2i < 0 (DP 2) 

Marginal utilities are decreasing such that an additional unit consumed of either good 

provides less utility than the previous unit. Since the GMF and non-GMF are substitutes, 

an additional unit consumed of one reduces the marginal utility of the other. 
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7.1 A Sample Group-A Consumer 

As defined previously, 9i is the proportion of the non-GMF market that is pure. 

For simplicity, we will just define this term as 9 from here on. Thus, the proportion of 

the market that is adulterated is 1-6. Individual consumers have no influence on 9. First, 

we will consider Group-A consumers who view the non-GMF and the GMF as imperfect 

substitutes. The presence of these consumers, as it turns out, is fundamental to the model. 

Since a Group-A consumer would always prefer to consume an additional unit of the 

non-GMF rather than the GMF: 

««i - uai > 0 OR MRSa2, > 1 (DP 3) 

The utility of a Group-A consumer is derived from the amount of non-GMF, 

GMF, and the numeraire good that they consume. If a Group-A consumer purchases a 

unit from the non-GMF market, the proportion of the non-GMF that is expected to be 

consumed is only 9 (i.e., less than 100%), while the proportion of the GMF that is 

expected is (1-9). Consequently, the expected amounts of non-GMF and GMF consumed 

are: 

ft = W*2 (DP 4) 

fc-MW+tfi (DP 5)21 

21 It is important to note that this model's utility functions assume a degree of risk neutrality on the 
consumer. As 8 increases the variability in a group-A consumer's basket of goods decreases. For example 
if purity is 0.7 then when 10 units are purchased from the non-GMF market the expected amount of units of 
non-GMF would be 7 but the actual amount received could be less or more. If purity is one then when 7 
units are purchased from the non-GMF market the group-A consumer will always receive 7 units of non-
GMF. This model assumes that a consumer is indifferent between what he/she expects to receive and what 
he/she actually receives. 
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In other words, qdaX is the expected consumption of the non-GMF by a sample Group-A 

consumer based on purchases from the non-GMF market whereas qa] is the amount that 

is purchased from the non-GMF market. qd2 is the expected consumption of the GMF 

based on purchases from both markets while qdal is the amount purchased from the GMF 

market. Since fraud exists, the amount purchased from a market is not the same as the 

expected consumption of the product, which is officially supposed to be sold on that 

market. 

Utility is a quasilinear function. This means that the marginal utility of income is 

equal to one. This further implies that increases in income will increase utility but not 

influence the consumption choice of the two goods of concern. The utility function of a 

sample Group-A consumer is then defined as: 

ua = ua (0qdaX,(1 - 0]qdai + qda2)+ qd0 (D 2) 

The consumer's problem is to maximize this utility function by choosing qdaX and 

qda2 subject to the budget constraint. 

Max ua = ua (ty* ,(1 - 0)qd1 + qd2)+ qd0 subject to qd0 + Pxqdal + P2qd2 =y (D 3) 

or 

Maxua =ua(^,,(l-t9)^, +qd2)-Piqdai -P2qd2 + y 

Here y is income. 

If cheating did not exist (i.e., 0=1), solving the consumer's problem would be 

standard and of little interest. As it is, the first-order conditions for utility maximization 

are interesting. 
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dua _ Q d u a f e , , ( i - e y A + gda2) , 0 ) d u a f e , , ( i - e y A +qj2) =Q 

^=^M^)_,2=0 (D5) 

In both cases, the goods are consumed at the point where expected marginal benefit 

(expected marginal utility) equals marginal cost (price). In the case of the non-GMF the 

expected marginal utility is the weighted average of the marginal utility of both non-

GMF and GMF since both products are pooled in the non-GMF market when cheating 

occurs. 

From here solving out the inverse demand functions for the two markets from 

[D4] and [D5] is a simple step. 

Making use of assumption [DP2] the slope of the inverse demand curves can be shown to 

be negative. 
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dP 
— Y = e2uan +20(]-e)ual2 +(\-0)2ua22 <0 (D4ia) 

—f = ua22 < 0 (D5ia) 
d(ia2 

Both markets, as would be expected, have downward sloping inverse demand curves. 

Direct demand functions for the non-GMF and GMF markets can be determined 

by solving equations (D4i) and (D5i) simultaneously. To begin with we focus on the 

sample Group-A consumer's direct demand function for the non-GMF market: 

=qdai*(Pl,P2,d) (D6) 

Where the comparative static properties for a Group-A consumer's demand for purchases 

from the non-GMF market are: 

(a)^<0,(b)^>0 
dPx dP2 

Purchases on the non-GMF market decline as the price rises on that market but increase 

as the price on the substitute GMF market rises. The change in the quantity purchased 

from the non-GMF market as a result of a change in purity, dquXj dO, cannot be 

determined unambiguously. A mathematical proof of this is in appendix B. It is true, as 

will be shown later, that an increase in purity results in an increase in expected 

consumption of the non-GMF. However, an increase in purity on the non-GMF market 

implies that expected consumption of the non-GMF by Group-A consumers will rise even 

if they do not make any adjustments in their purchases on the GMF market. A Group-A 

consumer, will already be consuming more of the non-GMF without purchasing more 

from the non-GMF market. 

The sample Group-A consumer's direct demand function for the GMF market is: 
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qda2=qda2*W,P2,o) (D7) 

Where the comparative static properties of a Group-A consumer's demand for purchases 

from the GMF good are: 

(a)^<0,(b)^>0. 
dP2 dPt 

Purchases from the GMF market decrease as the price on that market rises, but increase 

as the price rises on the non-GMF market. Again when the purity of non-GMF increases 

the change in the quantity purchased from the GMF market, dqdaJdO, is ambiguous. 

The consumer's problem, as discussed to this point, has consumers choosing the 

qualities to purchase from each market. An alternate but equivalent way of viewing the 

consumer problem is that utility is maximized by choosing expected quantities of the 

non-GMF good and the GMF good to consume. 

Maxua = ua(q<,q'A)- £±Mzg] ft -P2qd2+y (D 8) 

Equation (D8) can be obtained from equation (D3) by using (DP4) and (DP5). The first-

order conditions for the alternative version of the Group-A consumer's problem are: 

duMUii) ^i+Mte =0 (D9) 

a& o 

^«fe.ga')_p =Q (D10) 

^2 

From (D9) and (D10), the inverse demand functions for expected consumption of GMF 

and non-GMF goods can be obtained: 

p =0dUg fc ; qJ2 ) | A Q\ <K fc ; qda2 ) 
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P 
2" a i U 

These indirect demand functions are of the same form as equations (D4i) and (D5i). 

The optimal expected consumption of the non-GMF and GMF can be determined 

by solving equations (D9) and (D10) simultaneously. The optimal expected consumption 

of the non-GMF is: 

q^=q^(Px,P2,6). (Dll) 

The comparative static properties of the non-GMF expected consumption function are: 

dq\ dql\ dqd 
(a) < 0 , (b) -*2L > 0 , (c) -2*L > 0 . 

dPt dP2 39 

Expected consumption of the non-GMF is decreasing in the price on the non GMF 

market, but increasing in the price on the GMF market and the degree of purity on the 

non-GMF market. Proof of these properties is given in appendix C. 

The optimal expected consumption of the GMF is: 

i>2,0). (D12) 

The comparative static properties of the GMF expected consumption function are: 

dqd dq\ dqd 
(a) ̂ < 0 , (b) > 0 , (c) ̂ £ L < o . 
dP2 dPx dO 

Expected consumption of the GMF is decreasing in the price charged on the GMF market 

and the degree of purity on the non-GMF market, but increasing in the price on the non-

GMF market. 

The indirect utility function of a Group-A consumer can be formed by substituting 

the expected consumption functions back into the utility function. 
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ua=ua(e,P1,P2,y)=ua(e,Pl,P2)+y (D 13) 

The comparative static properties of the indirect utility function of a Group-A consumer 

are: 

dd e2 

(b) 
du*a(Px,P2,0) j * , . 

8PX 

dua(px,p2,d) d+t . 

8P2 

du(p.,p2,e) 
(d) a V l 2 1 = I. 

dy 
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Here (b) and (c) are applications of Roy's identity. The indirect utility of a Group-

A consumer is a negative function of both prices, and a positive function of income and 

purity in the non-GMF market. It should be strongly emphasized that an increase in 

purity unambiguously raises the optimal expected consumption of the non-GMF whereas 

it may or may not increase purchases from the non-GMF market. The influence that 

prices play on the purity of the market, which were examined in section 6.3, introduce the 

possibility of some interesting indirect effects on the utility of a Group-A consumer. For 

instance, an increase in price of the GMF, which increases purity, could conceivably 

increase rather than decrease the utility of a Group-A consumer. This becomes more 

likely for consumers with greater aversion to and less consumption of the GMF. 

A decrease in the price of the non-GMF good is likely to provide a double benefit 

for Group-A consumers. First, the consumer can buy more of the product and/or buy the 

same amount and have extra income to buy other things. Next, a quality benefit is also 

likely as lower non-GMF prices decreases the incentive to cheat. 

As a whole, any Group-A consumer is worse off as a result of cheating. Although 

the price in the non-GMF market will remain the same with free entry and exit, quality 

decreases. Consequently, a Group-A consumer would have to purchase more from the 

non-GMF market to achieve the same expected consumption of the non-GMF. 
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7.2 A Sample Group-B Consumer 

A Group-B consumer views GMF and non-GMF as perfect substitutes. Thus, the 

marginal rate of substitution is always equal to one. A Group-B consumer will be no 

better or worse off if he/she trades one unit of non-GMF for GMF. 

ub] - uh2 = 0 OR MRSb21 = 1 (DP 6) 

Group-B consumers are also assumed to have quasi-linear utility functions. 

(d d \ d 
+qh2 )+<ih0 

Here, qdx and qd2 represent the quantities purchased on the non-GMF and GMF markets 

respectively by the sample Group-B consumer. The consumer's problem is to maximize 

utility subject to the budget constraint by choosing qdx, qd21 and qd0. 

MAXuh=ub (qdh] + qdhl) + qdm Subject to qdb0 + Pxqdhl + P2qdh2 =y (D 14) 

or 

MAX ub = uh{qdM + qdh2) - Pxqdhl - P2qdh2 + y 

From this the first order conditions for a Group-B consumer are derived. 

IF Pi< P2 THEN 

uhl(qdx*)-Px=0 (D15) 

IF P2< Pi T HEN 

duh* 
- i = ub2(qdb2*)-P2=0 (D16) 
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Consumers wil l purchase quantities where marginal utility equals price. Given 

assumption [Dlcii], which stipulates that the non-GMF and GMF goods are perfect 

substitutes, a Group-B consumer will purchase all GMF or all non-GMF depending on 

which is cheaper. Since the GMF will be priced below the non-GMF in equilibrium, a 

Group-B consumer will only consume the GMF. It is important to emphasize that a 

Group-B consumer's demand is not directly influenced by the purity variable, 6. 

Since the price of the GMF is less than that of the non-GMF, a Group-B consumer 

will only demand the GMF. The inverse demand curve for this case can then be derived 

from [Dll]. 

As long as the price of the GMF remains below that of the non-GMF quantity demanded 

by Group-B consumers will be affected only by P2. 

Since marginal utility is assumed to be decreasing [Dlb], it is clear that the slopes of both 

the inverse and direct demand curves are negative. 

There is no cheating in the GMF market and Group-B consumers purchase 

exclusively from that market. This means that the quantity purchased from the GMF 

market will be the same as the expected consumption of the GMF. 

q„2 =Qb2 (Pl)= Qb2 

The indirect utility function for a Group-B consumer is simply a function of the 

price of the GMF good and income. 

( D i l i ) 

qdh2=€2i?2) (D17) 
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u„ ="l,(p2>yl,)=»b(p2)+y ( D i 8 ) 

Where the comparative static properties of a Group-B consumer's indirect utility function 

are: 

ar2 <3y 

Here (a) is an application of Roy's identity. A Group-B consumer's utility is increasing 

in income, decreasing in the price of the GMF and is independent of price (given P2 < Px) 

as well as purity on the non-GMF market. 

A Group-B consumer's utility is not directly influenced by fraud. However, the 

price of the GMF does directly influence utility. As has been shown, the expenditure on 

enforcement has an influence on the price in the GMF market. An increase in 

enforcement makes it less profitable for firms to commit fraud. A l l other things being 

equal this w i l l cause firms to exit reducing the supply and increasing the price in the 

GMF market until GMF firms can once more achieve normal expected profits. The 

increase in enforcement also increases purity. Although an increase in purity does not 

directly influence utility, the methods used to increase purity (e.g., an increase in 

enforcement or an increase in the penalty) may often increase the GMF price making 

Group-B consumers worse off when fraud is restricted. 

7.3 Demand Composition & Public Attitudes 

The proportion of consumers that fall into Group-A or into Group-B depends on a 

variety of factors. Since the two goods have credence characteristics, one of the main 
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determining factors would be public attitudes towards biotechnology and genetic 

engineering. Public attitudes are not homogenous within a country or among countries. 

For example, many sources have documented the fact that, in general, people 

living in North America are more accepting of GM products than Europeans. European 

consumers tend to show a high degree of distrust of the food system in general. This may 

not be directly related to GM products alone. Food health scares such as Bovine 

Spongiform Encephalopathy (BSE) or Mad Cow disease have reduced the faith that 

European consumers place on scientific information and the regulatory system. 

In Britain BSE began to appear in 1987. In 1990 cases of the disease were 

increasing. Scientists, initially, knew little about the disease and there was no proof that 

the disease could be transferred to humans in the form Creutzfeld-Jakob disease (CJD). 

John Gummer, at the time the UK Minister for Agriculture, tried to reassure the public 

about the safety of beef by giving his daughter a beefburger in front of the cameras 

outside parliament (she refused). Later research showed that it was possible and perhaps 

even likely that BSE had resulted in a new variant of CJD in humans (Dealler, Steve (ed); 

2001). Today the BSE problem continues in Europe and no doubt contributes to the lack 

of trust Europeans have for their officials and their food supply. 

North America, by contrast, has not had widespread food-scares in recent times 

on the scale such as Europe. Isolated cases of food poisoning etc. have occurred but 

these cases are not something on the scale of the BSE case or the more recent outbreak of 

foot and mouth disease. It is thus unlikely that the public would feel a sense of betrayal 

by the government to a degree that exists in Europe. 
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In Canada there is a range of opinions expressed by consumers. Edna F. 

Einsiedel, in 2000, conducted a study where attitudes of Canadians to biotechnology were 

measured and compared to results in 1997. The survey polled 1000 randomly selected 

adult Canadians. Some of the results of the survey are in table 5. 

Statement % Who Agree 

(i) I would buy gm fruits i f they tasted better. 34.1 

(ii) I would pay more f o r non- GMfood. 54.2 

(Hi) I would sign a petition about biotechnology i f it reflected my 

views. 
77.1 

(iv) I'd take time to read article, watch TV on advantages, 

disadvantages of developments in biotechnology. 
90.3 

(v) I would be willing to buy G M cooking o i l i f it had less saturated 

fat. 
50.9 

(vi) I would be willing to eat the eggs of chickens f e d with GMfood. 40.4 

(vii) Even i f it means missing some of the benefits, biotechnology 

should be introduced more gradually. 
76.4 

(viii) I would buy G M foods i f they were more nutritious. 50.8 

(ix) I would insist that any f o o d I eat be grown and processed in 

complete isolation. 
52.2 

Table 5: Consumer Attitudes in 2000 

Source: Einsiedel, Edna F., 2000. 

The response to question (ii) is of particular interest. Assuming that the responses are 

fully truthful, a respondent who agreed with this statement would be a Group-A 

consumer and a respondent who disagreed would be a Group-B consumer.Thus, from this 

survey it would appear that 54.2% of the Canadian population are Group-A and 45.8% 
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are Group-B. This is close enough that one might consider the Canadian population to be 

split in half with 50% being Group-A and 50% Group-B. 

7.4 Aggregate Demand 

7.4.1 Non-GMF Aggregate Demand 

Demand in the non-GMF market will follow from the behaviour of Group-A 

consumers. This is because with the lower priced GMF market, the non-GMF market 

demand will be comprised completely of Group-A consumers. Group-B consumers will 

consume the cheapest product available since they perceive no quality differences 

between the two products. 

Demand in the non-GMF market is influenced by four factors. The number of 

Group-A consumers, the price of the non-GMF, the price of the GMF, and the proportion 

of the non-GMF market that is honest all influence the non-GMF market demand. We 

assume that there are k Group-A consumers. The quantity demanded in the non-GMF 

market will be the aggregate of all quantities demanded by individual Group-A 

consumers given a set of prices and market purity: 

Dl(Pl,P2,0) = fdqdal{Pl,P2,0). (D19) 
0=1 

Not all Group-A consumers demand positive quantities. Some will not buy the non-GMF 

due to the low price of the GMF and/or the presence of fraud. 

The comparative static properties of the non-GMF market demand are as follows: 

dP} it dPx 
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dP2 tt dP2 

(c) dD,(;) = j,dqdal(Pl,P2,0) 

de s o 

The aggregate quantity purchased on the non-GMF market is a decreasing function of the 

non-GMF price and an increasing function of the GMF price. Further, aggregate non-

GMF demand increases with the number of Group-A consumers. 

As in the case of a single individual an increase in market purity does not 

necessarily increase aggregate purchases from the non-GMF market. With the increase in 

market purity, Group-A consumers could increase their expected consumption of the non-

GMF while purchasing less from the impure non-GMF market. In this way consumers 

may demand less from the non-GMF market when purity goes up. However, when purity 

increases, expected consumption of the non-GMF must increase. In other words, when 

purity increases, even if purchases from the non-GMF market decrease, aggregate 

expected consumption, and thus the amount that non-GMF sub-sector produces, will 

increase. This can be shown by focusing on the aggregate consumption of the non-GMF: 

At the aggregate level, expected and actual consumption of the non-GMF must be equal. 

Further, the aggregate consumption function represents the residual demand for the GMF 

or the demand that is net of fraud. The comparative static properties of the aggregate 

consumption function for the non-GMF are: 

(. SAP) fdq'MM) <Q 

dPx t f dPx 

oP2 o=i dP2 
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30 tt 50 

Increases in the purity of the market raise aggregate non-GMF consumption and, 

thereby, shift the aggregate consumption function facing the non-GMF sub-sector to the 

right. Figure 5 shows this effect. If there is no cheating, then all demand in the non-

GMF market goes to the non-GMF firms (Dl~) and a quantity of Ql is purchased from 

non-GMF firms at the break-even price of ~px. There is then the aggregate GMF 

consumption function D3~. This would correspond to the residual demand that would 

occur if 100% of the non-GMF market were fraudulent sales (certainly not a very likely 

outcome). If the market is 100% fraud then there is no residual demand for non-GMF 

firms (Q3) at the break-even price, ~py If some degree of cheating occurs then the 

aggregate non-GMF consumption function will lie somewhere between the pure market 

and the 100% fraud as shown by D2~. That is, the aggregate non-GMF consumption of 

Group-A consumers will be lower at any price, and they will purchase less from the non-

GMF sub-sector when fraud is present than if the market was pure. Further, they will 

increase consumption and purchase more from the non-GMF sub-sector as the market 

becomes increasingly pure. 
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7.4.2 G M F Demand 

The GMF market has a mixture of Group-A and Group-B consumers. The 

Group-B consumers will purchase only from this market. This is because, for any 

demand to exist, the GMF will need to be priced at least marginally lower than the non-

GMF. In addition to Group-B consumers some Group-A consumers, while viewing the 

GMF product as inferior, will demand some of the GMF because of its lower price. 

Purity on the non-GMF market affects the purchases of Group-A, but not the Group-B, 

on the GMF market. 

D2(PX,P2,9)= Y^qi,(/>,P2,9) + £rf2Q*2 (D 20) 
a=\ b=\ 

In addition to the k Group-A consumers, there are also 1 Group-B consumers. Some 

Group-A consumers may not purchase the GMF at all; in fact, some Group-A consumers 

may consider the GMF to be a bad. 

The comparative static properties of the market demand function for GMF 

purchases are as follows: 

80 £i 89 

While the typical price responses are obtained, the impact of increased purity on GMF 

purchases is ambiguous. 
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Going from a situation of 100% purity to a situation of less than 100% purity in 

the non-GMF market will increase purchases in the GMF market and reduce purchases in 

the non-GMF market. Subsequent reductions in purity will reduce expected consumption 

of the non-GMF and increase expected consumption of the GMF even if the quantities 

purchased remain constant or move slightly in the contrary directions. Once more to 

achieve more clarity on the purity issue, we will focus on expected consumption rather 

than purchases from specific markets. 

D2(P1,JP2,69)=X^2(^pA^)+i^(^) (D21) 
a=\ b=\ 

The comparative static properties of the aggregate GMF consumption function are as 

follows: 

(a) dAQ = y^MiMl>0 

ap, tr d% 

dP2 h dP2 h dP2 

^ *C(w)<() 

DO tt 60 

The typical price responses are still obtained and the impact of increased purity on GMF 

consumption is now clear. As purity rises, aggregate consumption of the GMF declines. 
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Chapter-8 Equilibrium 

8.1 Equilibrium in the Food Sector 

Both the demand and the supply features of the model have now been described. 

In both the non-GMF and GMF sub-sectors, firms' profits must be maximized. Further, 

in equilibrium profits must be equal to zero; if a new firm entered either market all firms 

would earn negative profits. In both Group-A and Group-B, individuals maximize utility 

and, thus consumer surplus. Any changes in consumption bundles would result in a loss 

of utility. 

Next it is necessary to determine how the demand and supply sides of the model 

interact to generate a stable equilibrium on both the non-GMF and GMF markets. Such 

an equilibrium requires a set of prices, quantities and number of firms that will cause no 

regrets or pressure on any agent to change its decision pattern. For now we focus on the 

farm level and treat the price of GMO seed as parametric. While we ignore the behaviour 

of the IDF, which holds monopoly power in the provision of GMO seed in this chapter, 

we consider the IDF in depth in Chapter 9. For equilibrium to exist, quantities supplied 

must be matched by quantities demanded so that no excess demand or supply exists. 

The GMF market clearing condition is: 

Here, S22, the aggregate quantity of the GMF that is supplied by GMF firms to the GMF 

d2 Q = s 2 2 0 + ( E l ) 
1 - F Q 

market, and S2], the fraudulent quantity that the government has confiscated (an 
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assumption of the model is that the confiscated output is resold into the GMF market)22, 

comprises the total supply in the GMF market. In equilibrium the supply in the GMF 

market must be equal to, D2 (•), the demand in the GMF market. 

The non-GMF market clearing condition is: 

A() = 51()+521() (E2) 

The total supply in the non-GMF market is the amount that non-GMF firms supply, 

S1, (•), plus the total amount that GMF firms successfully sell fraudulently into the non-

GMF market, S2l (•). In equilibrium this value must be equal to the amount that Group-A 

consumers demanded from the non-GMF, D1 (•). 

At this point it will be easier to switch to the alternative treatment of demand, 

where we focus on the expected consumption of the non-GMF and GMF products rather 

than the actual purchases from the non-GMF and GMF markets. The market clearing 

conditions given by (El) and (E2) are equivalent to equating aggregate consumption and 

production for both the GMF and the non-GMF as shown in appendix D. 

D2(Pi,P2,0)-S2{P2,W,m2) = O (E3) 

D,(P],P2,0)-Sl(Pl,m]) = O (E4) 

Making use of the free-entry conditions given by equations (SP 12) and (SP 13) in 

Chapter 6 and the GMF purity equation given by equation (S 21) yields the equilibrium 

conditions: 

Di (pi > A {P\»w> e> *)> ®(P}. Pi ipi. w> e> *)> e> m\. mi))- ^2 (p2 {px,W,e,X),W,m2)=Q 

or 

22 The assumption that confiscated fraudulent sales are resold into the GMF market will be further 



107 

Z2(ml,m2,p],W,e,X) = 0 (E 5) 

where: 

(a)-^<0,(b)^<0,(c)^<0; 

and 

A (p\> ^2 (P\ > ^>e> »^2 (Pi»w> e> e> A, ml, m2))- 5, (ji,) = 0 

or 

Z, (/n, ,m2,p], W,e,X)=0 (E6) 

where: 

(a)^<0,(b)^L>0,(c)^>0,(d)^L>0. 
<̂ rc2 ^̂W7 <sfe 3X 

For reasons of stability, we assume that a ceteri-paribus increase in the number of GMF 

firms creates excess supply in spite of the rising demand created by the reduction in the 

purity of goods sold as non-GMFs. 

3Z7 3D? 30 3S7 n 
— 2 - = — 2-<0. (EP 1) 
dm2 30 3m2 3tn2 

*L.*l".-*L<0. (EP 2) 
3m] 30 3mx 3m] 

If there is excess demand (supply) in sub-sector j such that Z; (•) > 0 (Zy (•) < 0) at the 

free-entry equilibrium prices, the incipient increase in the variety's own price will lead 

firms to enter (exit) that sub-sector. 

An increase in the price of GMO seed leads to excess demand for the non-GMF 

because the price of the GMF rises when the GMO seed price increases which causes 

discussed in chapter 10) 
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purity in the non-GMF market to increase. The increase in the price of GMO seed, 

however, has an ambiguous impact on the market for the GMF. While an increase in the 

price of GMO seed has the direct effect of increasing costs to the GMF firm and thus 

reducing the quantity of GMF that is supplied, it also has the indirect effect of raising the 

GMF price. The increase in price raises the quantity a firm desires to supply but also 

reduces the quantity demanded both directly by the substitution effect and indirectly 

through the reduced fraud and the resulting increase in purity in the non-GMF market. 

The standard case would have the free-entry equilibrium price for the GMF rise to a 

sufficient degree that there would be excess supply in the market notwithstanding the 

supply-reducing direct effect on existing firms. 

dZ2 
cW 

dD2 cD2 d0 clS2 

V^PT+ 30 3P2 dP2) 
dp2 cB2 

< 0. (EP 3) 
cW cW 

This implies that the existing GMF firms would earn negative rather than positive profit 

as a result of the increase in the price of GMO seed. Consequently, some firms would 

exit the GMF sub-sector in the standard case. While we assume the standard case in what 

follows, the key results would still go through in the non-standard case because an 

increase in the GMO seed price will always reduce the aggregate output of the GMF.24 

The two market clearing equilibrium conditions must both be in balance if the 

model as a whole is to be in equilibrium. It will be useful to think of these conditions 

An increase in the GMO seed price or the penalty index or expenditure on enforcement all cause the 
price in the GMF market to rise. This rise in price will decrease the gap between the GMF market and the 
non-GMF market price decreasing the incentive for firms to cheat which will increase purity in the non-
GMF market. 
24 It is certainly standard to have an increase in an input price ultimately lead to exit. Paradoxical results 
are possible, however. If excess demand, rather than excess supply, arose in response to the increase in the 
GMO seed price, there would be entry of new firms into the GMF sub-sector. Such paradoxical entry is 
possible if the break-even firm size not only falls, but falls to a sufficient extent. 
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being graphically depicted in a m2 by mx plane. In this plane the number of firms in one 

industry is negatively related to the number of firms in the other industry. 

az2o 

dm 2 

dmx 
z2(-)=o 

5Z2(-) 

dm 2 

az,(0 

dm 

dm2 

5m, 

Consider, for example, how the number of GMF firms must respond to a given change in 

the number of non-GMF firms to preserve equilibrium in the GMF market. An increase 

in m, results in greater purity in the non-GMF market, which in turn decreases overall 

GMF consumption and creates an excess supply. This forces m2 to fall to preserve the 

equilibrium in the GMF market. An analogous argument applies to the non-GMF 

market. Thus in the m, by m2 plane both market clearing conditions are downward 

sloping. Non-GMF and GMF equilibrium curves, where Z,() = 0 and Z2 (•) = () , are 

shown in Figure 6. Both markets are in equilibrium at point b. 

The equilibrium in Figure 6 is a stable node (Chiang, 1984). In this figure starting 

from any of the four regions (A,B,C,D) the number of firms in each market will adjust 

towards the equilibrium conditional on any given seed price, penalty index, and level of 

enforcement. In order for the system to be stable the slope of the equilibrium curve for 

the non-GMF in the m, by m2 plane must be steeper than that for the GMF as shown in 

Figure 6. 

It follows that stability requires: 
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dm2 

dm. 
< 

z2()=o _ dm 2 

dmx 2,(.)=0 

(EP 4) 

When the stability requirement is met there wi l l be an economically relevant equilibrium 

such as point b in Figure 6. Appendix F shows that the equilibrium is unstable if the locus 

for the non-GMF is flatter than that for the GMF. 



Figure 6: A Stable Equilibrium. 
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As suggested by Figure 6, the two equilibrium conditions can be solved 

simultaneously for the equilibrium number of firms in each sub-sector. For the non-GMF 

sub-sector, we can write: 

ml = mxtyV,e,X) (E7) 

where: 

(a) —- > 0 , (b) —- > 0 , (c) —- > 0 . 
dW de dX 

In the non-GMF sub-sector, increases in the price of the GMO seed price, expenditure on 

enforcement, or the penalty index all result in the equilibrium number of firms increasing. 

For the GMF sub-sector: 

m2 = in2(W,e,A) (E 8) 

where: 

(a)^<0,(b)^<0,(cA<0. 
dW W de dX 

In the GMF sub-sector the comparative static responses are opposite to the GMF sub-

sector. Increases in the price of the GMO seed price, expenditure on enforcement, or the 

penalty index all result in the equilibrium number of GMF firms decreasing. 

These results can be demonstrated by examining the shifts of the equilibrium 

condition curves in the mx by m2 plane. An increase in the GMO seed price, expenditure 

on enforcement, or the penalty index will cause the GMF sub-sector to have fewer firms 

in the market in equilibrium given any number of firms in the non-GMF sub-sector. In all 

three cases, the break-even price for the GMF rises, which in turn causes an increase in 

purity in the non-GMF market. Both the increase in the GMF price and the increase in 
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non-GMF purity contribute to excess supply for the GMF and ultimately require fewer 

GMF firms. Consequently, the equilibrium curve for the GMF will shift downward. By 

contrast, an increase in the GMO seed price, expenditure on enforcement, or the penalty 

index will require more firms in the non-GMF sub-sector given any number of firms in 

the GMF sub-sector. Both the increase in the GMF price and the increase in non-GMF 

purity cause excess demand for the non-GMF and ultimately require more non-GMF 

firms. The equilibrium curve for the non-GMF, therefore, will shift to the right. The 

shifts of the two equilibrium curves have a reinforcing effect on the number of firms in 

each sub-sector as is shown in Figure 7. This means that an increase in the GMO seed 

price, expenditure on enforcement, or the penalty index will cause the equilibrium 

number of firms to increase in the non-GMF sector and to decrease in the GMF sector. 
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8.2 Comparative Statics 

8.2.1 Market Purity In Equilibrium 

The solutions for the equilibrium numbers of firms can now be used to determine some of 

the other key variables. In chapter 6, equation (S21) showed that purity in the non-GMF 

market was given by: 

9x(mx,m2,Px,P2,W,A,e) = 
S2X(Px,P2,W,e,A,m2) + Sxx(Px,mx) 

But, from equations (E7) and (E8), it has just been shown that the equilibrium number of 

firms in the non-GMF and GMF sub-sectors are: 

m, = m^i^V^,^). 

m2 = m2(\¥ ,e,X). 

Similarly, from the free entry conditions that result in zero profits given by equations 

(S22) and (S23), the break-even prices of the GMF and the non-GMF are: 

Px=Px, 

P2 = P2(px,W,e,X). 

These values can now be used to solve for the equilibrium degree of market purity: 

9 = 9(W,e,X) = 9(M](lV,e,A),M2(W,e,A),pl,P2(p],W,e,A),W,A,e^ (E 9) 

where: 

d0 d0 dm, 39 dm2 69 dP2 n 
• + > 0 

(a) dW dm, dW 8m2 dW dP2 dW 

(+) (+) (-) (-) (+) (+) 
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de de dm, de dm, de dP2 de n 
= - + + i- + > 0 

(b) de dm} de dm2 de dP2 de de , 

(+) (+) (-) (-) (+) (+) (+) 

dd de dm, de dm, d6 dP2 de A 
= !• + 2.+ 2-+ > 0 

(c) dX dmx dX dm2 dX dP2 dX dX 

(+) (+) (-) (") (+) (+) (+) 

Increases in the GMO seed price, expenditure on enforcement or the penalty index w i l l 

result in greater purity in the non-GMF market. In all three cases, the supply of the non-

GMF increases because of the entry of additional non-GMF firms. Meanwhile the price 

of the GMF rises and the number of GMF firms declines which both reduce the extent of 

successful fraud. Finally, an increase in expenditure on enforcement or the penalty index 

also directly reduces the extent of fraud. 

8.2.2 Aggregate GMO Seed Demand in Equilibrium 

The equilibrium GMO seed demand can be ascertained in similar manner. Previously 

seed demand was defined in (SI4) and can be rewritten as: 

X(P2, W,m2)= x * WU = mal= *T • 
q2 dW q2 

Substituting into this the values for the break-even prices yields: 

dc2{W,ql*{P2{px,W,e,X),W)) 

X = X{W,X,e) = b2(p,,P2(px,W,e,X\e) . (E10) 
qs2*{P2{px,W,e,X),W) 

Increased expenditure on enforcement typically reduces the demand for GMO seed and 

must do so when GMF production is assumed to be homothetic. 

Changes in the penalty index will always have the same influence in the model as changes in expenditure 
on enforcement. Both these variables act to increase the marginal cost of fraud. 
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dX dD7 dP7 dD7 30 1 
= - +—r- + 

(a) de dP2 de d0 de 

32c, 1 de. 

dWdq** q\*dW) 

A B 

dqs7 * dP7 <Q 

dP2 dW 

(+) (+) (-) (+) (-) (+) (+) 

Term A is the marginal utilization of GMO seed. Term B is the average GMO seed 

utilization. Appendix G shows that if the underlying production function for the GMF is 

homothetic, this is sufficient, but not necessary, to guarantee that term B is larger than 

term A. Consequently, an increase in enforcement typically shifts the demand curve for 

GMO seed to the left. 

An increase in the penalty index must also reduce the demand for GMO when 

GMF production is assumed to be homothetic. 

dX 3D7 dP2 dD2 dO 1 
• + 7=r + • 

f d2c7 

(b)dX dP2 dX dO dX q;*K 8Wdq2 

1 dc2 

T̂*~dW 

dq; * dP2 

dP2 dW 
<0 

(-) (+) (-) (+) (+) A B (+) (+) 

Once again, if the underlying production function for the GMF is homothetic, this is a 

sufficient, but not a necessary, condition to guarantee that term B is larger than term A. 

Thus, an increase in enforcement will also shift the demand curve for GMO seed to the 

left in the typical care. 

Finally, with homothetic production, it can also be shown that the demand curve 

for GM seed is negatively sloped: 

8X < X ^ 

yq'i 

dD2 dP2 + dD2 30 

yBP2 dW dO dW 

(c) + 

V*2 J 

» d2c2 dc7 

dWdq"2 * dW 

dq2* dq; * dP2 

dW dP2 dW 
IX 

+ 
dD2 d2c2 

dq\ * dW: 
<0 
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Both term E and term G can are unambiguously negative. Appendix G shows that if 

underlying production function is homothetic, this is a sufficient, but not necessary, 

condition for term F to be negative as well. Thus, an increase in the price of GM seed 

must decreases the amount of seed demanded by the GMF sub-sector whenever GMF 

production is homothetic. Consequently, the demand curve for GMO seed facing the IDF 

is typically negatively sloped. 
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Chapter-9 The Biotech Innovation Developing Firm 

There's no doubt that Monsanto's main purpose is to make profit. And in 

order to make profit in this very competitive world, you basically have to 

have a monopoly. So they 're trying to monopolize the food system, there's no 

doubt about that. 

Professor in the Department of Environmental Science, Policy and 

Management at the University of California 

Miguel A. Altieri 

May, 2000. 

The Innovation Developing Firm (IDF) when first entering the market faces a 

two-stage problem. Initially it must decide whether to invest in innovation to develop the 

biotechnology for a new GMO. In the second stage, the IDF decides what price to set to 

provide the seed to farm level producers or the price to set to grant the right to use the 

new technology. Since this paper mainly deals with the issue of cheating it is assumed 

that the IDF has already made the decision to invest in Stage one. Thus, our treatment of 

the firm's decision process deals exclusively with stage 2. In stage 2, the previously 

made development expenses have become sunk costs that do not influence the profit-

maximizing choice. 

The IDF, as already mentioned, has monopoly power to provide the innovation to 

GMF firms. The IDF has the ability to set the price of the (seed) input it sells to farm-

level firms. While the assumption of a monopoly IDF is an exaggeration, it provides a 

useful caricature of reality. The market for GMO seed is dominated by Monsanto, which 

is owned by Pharmacia. In 1999, Monsanto's GMO seeds were planted on 34.8 million 

hectares (86 million acres) worldwide, which represented approximately 87% of the total 

area devoted to GMO crops in 1999 (RAFI). 
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9.1 The Demand for Seed Revisited 

The Monopoly IDF firm is forward looking and solves the requirements for an 

equilibrium to determine the demand for its product. In the previous chapter, the GMO 

seed demand was determined mathematically. How the demand for the genetically 

modified seed can also be derived graphically is shown in 

Figure 8. 

In Panel-A the GMF sub-sector is shown. Given the long-run supply curve 

(including both honest and fraudulent sales), S2(W1), and aggregate consumption of the 

GMF (including consumption of both honest and fraud supply), D2~(W1), the GMF sub-

sector firms will produce Q2(W1). In order for GMF sub-sector firms to produce this 

amount of product, Q2(W1), they will use the cost minimizing amount of seed of XI. 

In panel B the transformation curve of seed into final product, or the average 

GMO seed utilization curve, is shown. Since all GMF firms produce with the same 

input-output ratio, x*{)/ql\), and any changes in aggregate GMF output are brought 

about by varying the number of GMF firms, these transformation curves are linear. 

Panel C is a 45-degree line that swaps the X quantity from the vertical to the horizontal 

axis. 

If the IDF increases the price of the input from Wl to W2, then the GMF sub-

sectors zero profit supply curve shifts up from S2(W1) to S2(W2). With higher costs of 

production the GMF sub-sector firm must now charge a higher price in order to make 

zero profits. The increase in W also increases purity in the non-GMF market which 

decreases the consumption curve from D2~(W1) to D2~(W2). This results in output in 

the GMF sub-sector declining from Q2(W1) to Q2(W2). Further the increase in W also 
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changes the cost minimizing combination of inputs that a firm uses. For any given 

amount of output a GMF firm would use less GMO seed and more of the other inputs. 

This causes the transformation curve to shift down from T(W1) to T(W2). Overall these 

changes cause less GMO seed to be used as a result of the increase in W. 

Panel D shows this result in the form of a derived demand curve for GMO seed. 

If the IDF increases the price less seed is demanded resulting in a downward sloping 

demand curve for GMO seed, DX. The DX curve is drawn with a flat segment. At the 

price of Wc corresponding to the flat segment of the DX curve, where the price on the 

GMF market has risen into equality with the price in the non-GMF market. At this price, 

Group-B consumers are willing to buy either the GMF or the non-GMF, the number of 

GMF firms and their GMO seed utilization is arbitrary within the limits given by the 

maximum potential consumption of the Group-B consumers. This implies that up to Xc 

units of GMO seed will be purchased from the IDF by GMF firms at the price of Wc. 

Given that the prices of the GMF and non-GMF are equal along the flat portion of 

the demand curve for GMO seed, there will be no fraud and 100% purity provided that 

the enforcement level takes on a strictly positive value. The flat portion of the demand 

curve for seed is, thus, unaffected by changes in either the penalty or enforcement, 

provided that enforcement remains positive. In Chapter 8, it was shown that where 

cheating was present, an increase in either enforcement or the penalty index reduced the 

demand for seed. Increases in enforcement or the penalty index, therefore, shift the 

negatively sloped segment of the demand curve for GMO seed inward giving rise to an 

inward pivot around the point (Xc,Wc). 



From the demand curve, the marginal revenue curve, MRX, can also be 

determined. The flat portion of DX causes a discontinuity in MRX. 

Figure 8: The Innovating Firm's Derived Demand 
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9.2 Profit Maximization 

The IDF has a goal of maximizing profits. The firm's profits are defined as total 

revenue minus total cost. 

7i,=TR-TC (Ml) 

The total revenue of the IDF is the price it sets multiplied by the number of units it can 

sell at that price. 

TR = X(W,A,e)W (M2) 

This is of course, a simplification of the cost function for the IDF firm and the real cost 

structure in the agricultural industry may be more complicated. 

Innovation developing firms are in the business of research and may collect 

revenues from their research in several ways. First they may purchase the actual seed 

from GMF producers and then resell it at a premium.26 By contract, GMF firms may be 

denied the right to resell their product as an input to other firms or to use it as an input 

themselves. In this case it would seem that the marginal cost for the IDF could be a 

function of the price of the GMF. If the IDF raised the price of the seed (W) it could 

indirectly raise the costs of the IDF. 

The IDF may also grant producers the right, for a price, to use their own product 

as seed in the following crop year. The marginal cost of providing the input would still 

be positive because of the transaction costs associated with contracting. This price-for-

use arrangement, ironically, may lead to enforcement problems for the IDF to prevent 

26 An IDF may also produce the seed themselves and sell it directly to GMFs as a way of collecting 
revenue. If a GMF firm were to do this on an ongoing basis it could raise concerns of vertically integrated 
monopoloies. 
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cheating. For example a firm may buy the input one year and then use its own product, 

illegally (i.e. without paying the IDF), as an input in the next growing season. 

In an attempt to stop such cheating IDF firms, such as Monsanto, have been 

rumoured to be researching so-called "Terminator" technology seeds. Seed with such a 

terminator technology, when planted, would result in plants that were infertile. This 

would mean that producers could not use the seed from such plants to produce the next 

crop. However, such technology has received much public resistance and thus Monsanto 

has claimed development of "terminator" seeds has ceased (RAFI, 2000). 

To simplify we wil l assume that the marginal cost of the IDF is a positive 

constant and that changes in the GMF market price would not be a major influence on 

this cost. 

Given that the IDF has a constant marginal cost, K , its total cost wi l l be: 

TC = X(W,A,e)K + ®, (M 3) 

where O represents the previously sunk research costs. Substituting (M2) and (M3) into 

( M l ) yields the profit equation: 

x3=X(W,A,e)(W-K)-® (M4) 

To maximize profits the IDF sets the GMO seed price to meet the following first-order 

condition. 

^.(y_K)Sa^+APrA.)-ooIp+^i.K (MS, 
dW dW oX(W,A,e) 

dW 

The version of the first-order condition on the right equates the IDF's marginal revenue 

and marginal cost. Further, in order for this point to be a maximum, the second order 

condition, 
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d2n^ 
<0 (MP1), 

ewdw 

must hold. 

The link between the IDF's optimum seed price and the given levels of 

enforcement and the penalty index that is established by the first-order condition (M5) 

can be written in the form of a reaction function as: 

W = W*{X,e) (M6) 

where: 

(a) dW _ dWde 

de d ̂ 3 

dWdW 

d2x, 

(b) dW _ dWdX 

dX d 7T3 

dWdW 

The slope of the IDF's reaction function in the e versus W plane, given by equation 

M6a, could be either positive or negative. Further, in response to an increase in the 

penalty, the shift in the reaction function, given by equation M6b, could be either upward 

or downward. 

An increase in either enforcement or the penalty pivots the demand curve for seed 

inward. This inward pivot in the demand curve is very likely to shift the marginal revenue 

curve downward. In such a case, the IDFs profit-maximizing output must fall. For 

example, Figure 9 shows a pivot in the GMO seed demand curve from DX2 to DX1 and a 

downward shift in the marginal revenue curve from MR2 to MR1. Given that the 

marginal cost curve of the IDF is MCX, there is a reduction in output from X*2 to X* 1. 



126 

Even in the typical case where an increase in either enforcement or the penalty reduces 

the IDF's profit-maximizing output, the impact on the price of seed is ambiguous. On the 

one hand, the decline in demand or leftward pivot in the demand curve, tends to reduce 

the price of seed at the initial output. On the other hand, the reduction in the profit-

maximizing output tends to increase the price of seed moving along the new demand 

curve. In principle, therefore, an increase in enforcement could cause either an increase 

or a decrease in the profit-maximizing price of GMO seed. As it happens in Figure 9, the 

price of seed rises from W* 1 to W*2. 

The slope of the IDF's reaction function, however, must eventually become 

positive as enforcement levels increase. Successive increases in enforcement pivot the 

demand curve inward around the point (Xc,Wc) and shift the negatively-sloped segment 

of the demand curve downward. The vertical segment of the marginal revenue curve, 

thus, becomes successively longer until eventually marginal revenue intersects marginal 

cost at Xc. Correspondingly, the seed price must eventually rise in response to increases 

in enforcement until it reaches Wc when output has fallen to Xc. Figure 10 shows a case 

where it happens the reaction function for the IDF is positively sloped over its full range 

until Wc is reached. If the marginal cost curve happens to lie in the vertical segment of 

the marginal revenue curve for all levels of enforcement, the IDF's reaction curve would 

be flat with W=Wc. 
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Figure 9: The IDF's Profit Maximization 
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9.3 The Impact of Fraud on the IDF 

It is interesting to inquire whether fraud on the part of GMF firms is beneficial to 

the IDF firm. Figure 9 can be reused to help compare the situation where expenditure on 

enforcement approaches infinity so as to virtually eliminate fraud with the situation 

where finite enforcement permits (a non-infinitesimal amount of) fraud. Suppose that the 

demand curve for GMO seed is DX1 with infinite enforcement and virtually no fraud. As 

we have seen, this demand results in a marginal revenue curve of MR1. The IDF 

maximizes profits where marginal revenue, MR1, equals marginal cost, MCX. 

Consequently, the IDF's optimal quantity of seed is X*l, which gives rise to a price of 

W* 1. At this point in Figure 9, it happens that price is equal to average cost and profits 

are zero. This does not mean that profits would necessarily be zero for the IDF if fraud 

did not exist but it provides a convenient reference point for our discussion. 7 

If expenditure on enforcement is reduced to a level where GMF firms begin to 

cheat, the inverse demand curve for GMO seed pivots outward, say to DX2. With this 

new demand the marginal revenue curve also shifts to MR2 and the IDF's profit 

maximizing price and quantity become W*2 and X*2. With the new demand resulting 

from fraud the IDF is now making a positive profit equal to LMNO. This illustrates an 

important result. The monopoly IDF is better off when GMF sub-sector firms commit 

If profits were zero without fraud, no new IDF would wish to enter the market. Since fraud may allow 
positive profits where previously zero profits were expected, fraud might encourage new firms to enter to 
compete with the monopoly IDF. 
28 The analysis may be more complex in a dynamic context where the IDF may be concerned about its 
reputation. Under this condition an IDF may not profit from fraud. Further research on this issue is 
warranted. 
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Chapter-10 The Government, Enforcement, and Welfare 

The government may have a variety of goals. Traditionally the government is 

thought of as an agent that acts to maximize welfare in the country. However, before 

focusing on that particular goal it is worth considering whether the government could 

eliminate fraud if it wished to do so. 

The government is assumed to change expenditure on enforcement in order to 

meet its goals. In theory the government could also change the penalty index in an 

attempt to curb fraud. However, since the penalty index is a matter of law it is not likely 

to be easy for the government to change. Further, extremely high penalties may not be 

enforceable. In other words, for the penalty to be effective, a firm must believe that the 

penalty will actually be applied if they are caught. The producer may also be limited in 

the amount that they are able to pay without going bankrupt. These considerations 

suggest that there are relatively narrow limits within which the government can adjust the 

penalty for fraud. 

10.1 Feasibility of Unilateral Elimination of Fraud 

Could the government set expenditure on enforcement high enough to eliminate 

fraud? In order for fraud to be eliminated from the model, the optimum value of a firm's 

attempted fraudulent sales must equal zero. 

9i\ = ?2i(wAe) = qi\(p\>h(P\>w>A''e)A,e)= 0 (Gl) 

It is convenient to define isoquant curves or constant-quantity contours for fraudulent 

sales. Along one of these curves, which could be drawn in the e versus W plane, the 
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quantity of fraudulent sales would be constant. If the penalty index is assumed to be a 

constant, there are two variables that influence the optimal amount of fraud. The only 

relevant variables are the price of GMO seed and the expenditure on enforcement. The 

slope of the fraud sale isoquant, as proven in appendix E, is: 

dW 

Be 

s * 

</2i(\H7 
1 X* W22*de *2' 

d2F 

dql * de) 
< 0 (G2) 

In the general case, when fraud exists, this slope wi l l be strictly negative. However, 

evaluating the limit as fraud approaches zero yields: 

de 
lim 
7,-̂0 dW 

( *\ 

* 
0?i (-1=3 {X J 

(dF\ 

VTe)-

Recall from equation SP9 that i f no fraud is attempted, the probability of being caught is 

zero. For positive levels of fraud and enforcement, of course, the probability of being 

caught is positive and if enforcement is high enough the probability may approach, or 

even equal, 100%. The fact that, when there is no fraud, the probability of being caught 

remains equal to zero regardless of increases in enforcement establishes that: 

de 
lim 
7,->o dW 

= 0. (G3) 

%'i()=5 

The slope of the isoquant of fraud as fraud approaches zero wi l l be zero or the isoquant 

will become perfectly elastic as fraud approaches zero. This means that it is impossible 

for the government, given a set W, to completely eliminate fraud by increasing 

expenditure on enforcement in the model. 

The only circumstance under which fraud is completely eliminated is when the 

price gap between the two markets disappears and the GMF market price is equal to the 
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non-GMF market price. This occurs if and only if the IDF sets the price of GMO seed 

equal to Wc, which is defined to satisfy: 

Pi = P2(P\,Wc,e,A). 

Regardless of the penalty and enforcement, the break-even price of the GMF is equal to 

that of the non-GMF whenever the price of GMO seed is equal to Wc. If the IDF sets 

W=Wc, then a strictly minimal investment on enforcement by the government will 

eliminate fraud. If the IDF sets W<Wc, however, fraud will only become negligible as 

enforcement is increased without bound and it will never disappear entirely. 

10.2 Domestic Welfare Maximization 

It is important to ask how much the government should reduce fraud through 

greater enforcement, even if fraud cannot be completely eliminated. How the 

government reacts to GMO seed prices to achieve the standard goal of maximizing 

welfare of the country is yet to be resolved. The government has three welfare effects to 

consider when choosing the optimal expenditure on enforcement. 

First expenditure on enforcement will influence consumer welfare. It will 

influence welfare by increasing purity in the market and by increasing the price in the 

GMF market. Increases in purity will benefit Group-A consumers and have no influence 

on Group-B consumers. This represents a positive quality effect from enforcement. An 

increase in the GMF market price will hurt both Group-A and B consumers and give rise 

to a negative price effect from enforcement. Overall, an increase in expenditure on 

29 This thesis focuses attention on changes in enforcement rather than punishment. Becker's classic 1968 
paper on "Crime and Punishment" provides further insight into the enforcement versus penalty issue. 
While in theory extreme penalties, if they were credible, might virtually eliminate crime, Becker himself 
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enforcement will have an ambiguous effect on Group-A consumers and unambiguously 

hurt Group-B consumers. Consumer welfare is defined by: 

k I 

3=1 4=1 

The expression for marginal effect of enforcement on consumer welfare makes use of the 

properties of the indirect utility functions reported in Chapter 7. 

Second, the government will also take into account the benefit accruing to 

producers. The GMF and non-GMF firms can be omitted since they earn zero profits in 

equilibrium. The profit of an IDF, such as Monsanto, must be considered, however. 

Increasing the expenditure on enforcement, as shown in Chapter 9, will reduce the profits 

the IDF makes. The profits of the IDF are multiplied by a factor of proportionality, y , 

which may reflect the proportion of domestic ownership of the IDF. For example, if 

Monsanto's stockholders were 100% Canadian then this value would be equal to l.The 

IDF's (domestic) profit is: 

Vp =Vp(W,A,e) = r(X(W,A,e)x(W-K)-<t> , (G 5) 

where: 0 < y < 1. 

dVP , .30 

de de 

An increase in enforcement reduces the IDFs profit and thereby lowers welfare provided 

that y > 0. 

suggests that most criminals are more responsive to increases in the likelihood of getting caught rather than 
increases in the penalty. 
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Finally the government takes into account the influence increasing expenditure on 

enforcement has on its own net revenue from enforcement, which consists of the total 

revenue collected from catching cheaters minus the cost of enforcement. Increasing 

expenditure on enforcement, of course, will directly decrease government net revenue by 

an amount equal to the expenditure itself. 

Increasing expenditure on enforcement will also influence the amount of revenue the 

government collects. The amount of revenue the government collects is comprised of 

two components. First, the government confiscates and resells unsuccessful fraudulent 

sales in the GMF market. Second the government collects the penalty charged to firms 

caught cheating. The alternative to the government reselling the confiscated goods would 

be for the government to destroy it. If the government were to destroy the GMF it would 

be forgoing a benefit and this would result in less enforcement. The government's net 

revenue function is: 

VR =R{WXe) = F()ql'()m2{:)r-m2{)e (G 6) 

or 

VR = R{W,X,e)=F(q2\ (px,P2(W,X,e),X,e),e)qs2X\px,P2(W,X,e),X,e)m2(W,X,e)r-m2{W,X,e)e 

where: 

r^(X-\)pl+P2(W,X,e) 

Here r denotes the revenue per unit of confiscated GMF product. The revenue collected 

from fines per unit,(X - \)P{, is added to the revenue obtained by reselling each unit on the 

GMF market,/^ is. Note that the penalty revenue is equal to zero if the penalty index is 

30 Whether the model assumes that the government destroys or resells the confiscated quantity of GMF 
makes no qualitative difference to the model results. 
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one. It is also worth noting that the expenditure on enforcement, is increased by the 

factor of the number of firms in the market. In other words, to maintain the same amount 

of enforcement when the number of firms double, expenditure on enforcement must also 

double. 

Increasing enforcement has an ambiguous effect on total government revenue as 

well as net revenue. 

dVR „ 
— = m2 

f f a^ \ - - * ^ 

r 
dF 

f 21 q'?, + F 
dq2\ dP, 

y \ J 2 j 

8P2 , • _ 8F 
— + rq21 m2 — 
de de 

d q ^ + r F q 2 \ d - ^ - m 2 

(a) 

+ r Fm2 +m2q2l 
K dq2l J de de 

The direction that total revenue changes in response to an increase in expenditure on 

enforcement is ambiguous. Revenue is pulled in opposing directions because an increase 

in enforcement reduces the quantity sold fraudulently, but it raises the price of the GMF 

and thus the resale value of the confiscated product. Further, there are opposing effects on 

the probability of being caught. Although an increase in enforcement directly reduces the 

probability of being caught, there is an opposing indirect effect because of the reduction 

in attempted fraud. 

If the government's net revenue were greater than zero, or the government made a 

profit by enforcing the mandatory system, they would rebate that amount to consumers. 

If, on the other hand, the government lost money then they would charge a lump sum tax 

on consumers to make up for the short-coming. Since consumers are assumed to have a 

quasilinear utility function changes in income would not influence their decision of how 

much GMF or non-GMF to consume. However, the more likely case of a lump sum tax, 
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would make consumers worse off. Even a Group-A consumer with strong preferences 

for the non-GMF would eventually be made worse of by increases in e.31 

Combining all influences on consumers, producers and the government yields the 

social welfare function: 

V(W,A,e) = Vc+VP+VR (G7) 

In order for the government to maximize society welfare it chooses the optimal average 

expenditure on enforcement per GMF farm. To do this the government must meet the 

first order condition: 

^ = 0«^+^ + ^- = 0. (08) 
de de de de 

Further in order for this point to be a maximum, the second order condition, 

<0 (GP1), 
d2V 

dede 

must hold. 

The link between the government's welfare maximizing expenditure on 

enforcement, GMO seed prices and the penalty index that is established by the first-order 

condition (G8) can be written in the form of a reaction function: 

e = e*(A.,W) (G9) 

where: 

dlv 

^]~dw-~ d^V_ ' 

dede 

31 In a general equilibrium analysis the government's budget must be balanced. However, since this is, in 
fact, a partial equilibrium. Therefore just like in consumer and producer surplus analysis, the government's 
net revenue must enter directly into the welfare calculations 
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(b) 

a2V 

de'Q= dXdW 

dX d2V 

dede 

The signs of these relationships will be determined by 
d2V 

and 
d2V 

respectively. 
dedW dXdW 

Neither of these signs can be determined unambiguously and thus the slope of the 

government's reaction curve in the e versus W plane is indeterminate. However, if IDF 

sets the price of GMO seed so high that the break-even price of the GMF is driven into 

equality with the non-GMF, which effectively eliminates fraud, any non-infinitesimal 

expenditure on enforcement will have no benefit. By this argument, as W approaches Wc 

as a result of increases in the GMO seed price the government will react by gradually 

decreasing expenditure on enforcement unless enforcement is already equal to zero. 

Thus, the government reaction function will, at least initially, be negatively sloped. 

lim — < 0 (GP 2) 

A possible reaction function for the government is shown in Figure 11. 
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10.3 Possible Outcomes of the IDF VS Government Game 

The reaction functions of both the government and the IDF have now been described. 

From here, we consider the possible "'no-regrets" outcomes, or Nash equilibria, that may 

occur. In other words, we examine the situations where for a given level of expenditure 

on enforcement, the IDF has set the price of the GMO seed such that the maximum profit 

is obtained. Meanwhile, given the GMO seed price, the government is spending the 

amount on enforcement that provides for the best possible welfare for the country. There 

are three different configurations of Nash equilibria that should be examined. 

10.3.1 Enforcement and Fraud 

The first possible outcome, and probably the typical one, is an internal or non-boundary 

equilibrium where the government expenditure on enforcement is at some non-trivial 

positive level and the IDF sets the price of the GMO seed below Wc. This outcome is 

illustrated in Figure 12. The point where neither the government nor the IDF would want 

to change their respective actions is at Nl. At this Nash equilibrium the government 

spends a positive, non-trivial, amount on enforcement equal to e* 1 and the IDF sets the 

price of the GMO seed at W* 1. This means that profit-maximizing GMF farmers will 

commit fraud and the non-GMF market will not be pure. Further, GMF farmers will be 

selling into the GMF market at prices below cost, for reasons already discussed, and if 

they export the sector may be subjected to anti-dumping measures. 
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10.3.2 Pooling Equilibrium 

The second possible outcome is effectively a pooling equilibrium. In this case the 

Nash equilibrium is that the government decides to spend no money on enforcement. 

This being the case there are no costs associated with fraudulent sales and thus no GMF 

farm would sell to the GMF market. In effect, there would be only one market and the 

results would be analogous to those described by Plunkett (2000). Given strategic 

interaction between the government and the IDF, there is no point in implementing 

mandatory labeling. The government's reaction function has expenditures equal to zero 

because any beneficial quality effects to Group-B consumers are insufficient to offset 

both the adverse price effects to all consumers and the costs to the IDF and the 

government. 

This pooling case is shown in Figure 13 where the Nash equilibrium is at N2. 

The government spends nothing on enforcement, e*2=0 , and the IDF sets a GMO seed 

price that maximizes profits, W*2. On the one hand, the IDF's profit-maximizing GMO 

seed price, W*2, may result in GMF firms being able to make zero profits at a price that 

preempts activity by any GMF firms. In such a case market purity on the non-GMF 

market will be equal to zero. On the other hand, the IDF's seed price may accommodate 

the survival of non-GMF firms in the pooled market such that purity lies between zero 

and 100% (i.e., O<0<1). 

32 Saying that the government does not enforce the mandatory system is equivalent to saying that there is no 
Mandatory IPS. It would be inefficient to have separate supply chains with no enforcement. 
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Figure 13 Pooling Equilibrium 
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10.3.3 No Fraud and Minimal Enforcement 

The final possible outcome is where the IDF finds it maximizes profit by setting a 

GMO seed price that forces the GMF market price into equality with that of the non-

GMF market price. Essentially the IDF prices such that the GMF firms only cater to 

Group-B consumers. In this situation, without enforcement, GMF farmers would be 

indifferent to committing fraud because both the costs and the benefits would be zero. 

While the extent of cheating is indeterminate if enforcement is equal to zero, an 

infinitesimal expenditure on enforcement will impose costs on fraudulent activity and 

thereby eliminate fraud. Consequently the non-GMF market will be 100% pure. In these 

circumstances, a minimal expenditure on enforcement by the government improves 

welfare, but further increases would be superfluous and therefore welfare reducing. 

This case is shown in Figure 14 where the Nash equilibrium is at N3. The IDF 

maximizes profit at any level of enforcement by setting W equal to Wc. At Wc, P2 is 

equal to PI and GMF firms are indifferent to committing fraud or to being honest when 

enforcement is zero. If the government sets expenditure on enforcement at an 

infinitesimal positive value such as e*3=0+, then fraud will be zero and the non-GMF 

market will be pure. The government, through its own enforcement actions alone is not 

able to orchestrate this type of equilibrium where purity is achieved. Rather, such 

equilibrium requires particular circumstances facing the IDF such that its profit-

maximizing seed price equates the price of the GMF with the non-GMF. 
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Chapter-11 Conclusion 

This thesis attempts to answers two questions. First, is fraud a possible outcome 

to a system that contains both GMF and non-GMF markets maintained by mandatory 

labeling? Second, if fraud is a likely outcome, what influences will it have compared to 

the naive assumption that all firms are honest law abiding entities? 

The answer to the first question is an emphatic yes. Not only is fraud a possible 

outcome it is almost a fore-drawn conclusion. The government, on its own, will be 

unable to remove fraud completely from the market. The only possible way for the GMF 

and non-GMF markets to be perfectly maintained would be if the biotechnology firm 

found it profitable to set the price for seed at a level where the price in the identified 

GMF market was the same as the price in the non-GMF market. It seems rather ironic 

that the only situation where fraud is completely eliminated is the case where the IDF 

prices it seed such that the GMF has the same price as the non-GMF making the 

government's enforcement role virtually non-existent. Other than this case, fraud will 

exist no matter how much money the government spends on enforcement. However, the 

government may find that even though it can not eliminate fraud by penalizing GMF 

firms they may be able to regulate the IDF in such a way that the price of GMO is set to 

discourage fraud. If the government could regulate the price of GMO seed to Wc it 

could, in effect, eliminate fraud. 

Another option open to the government is to completely prohibit the production of 

the GMF. As shown in Plunkett's thesis (Plunkett, 2001) it is possible that this option 

could be the best for society. In this case the negative quality effects are greater than the 
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positive price effect. This particular outcome becomes even more likely when the 

segregation costs of maintaining two separate supply chains is taken into consideration. 

On the other hand, the government may find that the country is best off with no 

expenditure on enforcement. In this case, all sales of GMF firms would be fraudulent 

sales and a pooling equilibrium would result. In this situation it would be better if the 

mandatory IPS were not implemented at all in order to save the cost associated with 

segregation of the separate supply chains. 

The answer to the second question concerning the impact of fraud has a number 

of important dimensions. There are two types of consumers in the model. The first 

group, Group-A, is heterogeneous. Within this group, each consumer has a preference 

for the non-GMF but some will have an extremely strong preference and some will have 

only a weak preference. Since fraud has two conflicting impacts, a negative quality 

effect in the non-GMF market and a positive price effect in the GMF market, the 

influence on a Group A consumer is unknown. However, the stronger the preference the 

more likely fraud will hurt any given Group-A consumer. By reverse token, Group-A 

consumers with a strong preference for the non-GMF will benefit from greater 

enforcement of mandatory labeling. 

The remaining consumers in Group-B are homogenous in the sense that they have 

no preference for the non-GMF. These consumers benefit unambiguously from fraud 

since the GMF price falls as a result. The result is exactly the opposite for increases in 

enforcement; when expenditure on enforcement increases, Group-B consumers 

unambiguously lose. This presents a conflict of interest between Group-A and Group-B 
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consumers. Although increases in expenditure on enforcement may benefit Group-A it 

will positively hurt Group-B. 

Moving from consumers to farm level firms we see that, although fraud results in 

more GMF farms and fewer non-GMF farms, the expected economic profits that farms 

make remains equal to zero regardless. One interesting result stemming from fraud is 

that GMF farmers sell to the GMF market at below cost because expected profits on their 

fraudulent sales are positive. This being the case, GMF firms that participate in exporting 

may become subject to anti-dumping measures. This cost was not accounted for in the 

model and may deserve further study. This conclusion may also have application outside 

of the biotechnology framework. Any firm in a regulated competitive market where 

fraud is an option will make honest sales at below cost and may be open to anti-dumping 

measures internationally. This seems even more likely if one considers two countries 

with different levels of enforcement. If the domestic country has low enforcement, a high 

percentage of domestic sales will be fraudulent. Then if the foreign country has high 

enforcement, most sales by its domestic producers will be honest and closer to cost. 

The innovation developing firm (IDF) will be made better off from fraud. 

Increasing levels of fraud will increase the demand for seed and this will result in 

increased profits for the IDF. What was not formally modeled here is what influence this 

may have to induce more IDF firms to engage in research and development so as to enter 

the market. If fraud results in positive profits for a monopoly IDF, this may encourage 

other firms to enter. It would be worthy of further study to see how new IDFs entering 

the market as a result of positive profits would influence the model. 
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Several other areas of further research arise from this thesis. The most obvious 

and exciting avenue is to extend this research to voluntary labeling systems for non-GMF 

firms. An analysis of a voluntary labeling system, rather than a mandatory system, is 

likely to lead to a somewhat different set of winners and losers because of the extra costs, 

and therefore higher prices, that would prevail for non-GMFs. Both in general, and in the 

context of voluntary labeling, the conflict of Group-A and Group-B consumers is worth 

further study. 

Further research into the area of output enhanced products would also be of 

interest. The growth in this field may negate the problem of GMF firms cheating. It is 

likely that a GMF with qualities such as higher nutritional value, distinctive 

flavor/texture/aesthetic qualities will be easier for consumers to identify. When output 

enhanced GMFs are not easily identifiable to consumers GMF firms will likely want to 

voluntarily label them. Under these conditions non-GMF consumers may be the most 

likely perpetrators of fraud. 

Another point that arises from this thesis and deserves further examination is how 

the government sets the penalties for firms caught cheating. As was examined in this 

thesis the government and the IDF end up playing a game. The government sets the 

amount to spend on enforcement and the IDF sets the price on GMO seed. When both 

the government and the IDF have no regrets about their decision based on that of the 

other equilibrium occurs. However, if the model were expanded the game could be 

thought of in two stages. The second stage would be as described. The first stage would 

involve the government setting the penalty for cheating and the IDF setting the amount to 

invest in developing a new GMO. If this were done not only could how the government 
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optimally selects the penalty be described but more work could be made on the 

investment decision of the IDF. 
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Appendix A - The G M F F i r m Cost Minimization 

This appendix shows how a GMF firm chooses from its inputs in order to produce a 

given output in a manner that minimizes the production costs of the firm. From the cost 

minimization the GMF firms demand for its inputs can also be calculated, particularly the 

demand for GMO seed. 

Suppose a GMF firm has the production function, 

q2 =f(x,Xv;Z„) 

which allows for the possibility of substitution between inputs. The Firm wishes to 

minimize the cost of producing q2s units of GMF, given the cost of GMO seed and other 

inputs of W and g7,,..., and Wn. 

mm inc2 =Wx + Yjcoixi 

s.t.q* = f(x,xx,...,Xn) 

The constrained minimization can be solved using the Lagrange-multiplier method. 

i = Wx + fjwi%i+Q(ql-f(x,%l,...,%n)) 

The first-order conditions are 

1=1 

ex 

dXi 

W - C I * 

= W - C I * 

dx 
0 « ^ = Q* 

y ( q l - / ( j ^ i l ) ) 
\ f r i -

dx j 

df(ql -f(x,Zi,-,Z„)) 

$X\ 

81 

dX„ 
= W - C I * 

v dX„ 

d£_ 

do. 
= q2 -f(x,Xi,-~,x») = o 

dx„ 
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From the first order conditions the demand functions for the inputs can be determined 

x*(q\,W ,a5,,...,a5n) 

Zn *(qS2,rV,0)l,...,(D„) 

The minimized cost function 

c2* = Wx*(ql,W,a)i,...,o)J + ^c3)izi*{ql,W,(Dl,...,co„) 

By the envelope theorem the comparative static properties are: 

r3c\ * 
— = x 
dW 

8c2 * _ 

OCX), 

8c2 * 

The above equations also give the demand functions for each input by the GMF firm. 
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Appendix B - A Group-A Consumer's Market Demand Properties 

The following is a proof of the comparative static properties of a Group A consumer's 

market demand. To determine the properties of q'a\ - qdaA *,P2,0) and 

qda2 = qd2 * (Pl,P2,0) take the first-order conditions of the consumer's utility 

maximization and totally differentiate. 

Maxua =u.(flri,M)ri +qd2)~P[qdl - P2qd2 +M 

nz=u\{d,Px,P2,M) 

The First order conditions are: 

Pi=* "a, (to*, 0 - + qU) + 0 - m« , 0 - *W + *i) 

c9\,11+2^(l-c9K21+(l-c9)2Wa22SA11 

0 u M + (l-0)ua22 = A n 

"ai ~ua7 +OqdAuau -"ui2) + ( l - ^ i ( " f l 2 i -"„22) = Bi 

dPx=Axxdqdx+AX2qd2+Bxd0 

P2=t4a2(BqdaX,(l-0)qdal+^2) 

ua2\0 + ua22{\.-d) = A21 

Wa22 = A-22 

(Wa21 _W«22k«l = B 2 

tfP2 = A2Xdqdx+A22qd2+B2d0 

Using Cramer's Rule to solve the total differential equations and derive the properties of 

the consumer's market demand functions. 
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A11 "12 

A A 

d1da\ 
dR + dP2 + 

- B , 
de 

The determinant of the 2x2 matrix, 

0 = A A - A A 
VJ_ A1IA22 -rt-21-rt-12 
& = ( e \ u +2e(\-e)ua2{ +(i-e)2ua22\ua22)-(ua2]e + u(l22{\-e)){eua]2 + {\-e)ua22) 

e = e2(uaUua22 -ua22)>o 

(a) 0 
22 

^>(Ua22)<0 

i 
A, 

BP & 
(b) °r2 

=~(*«.u+Mk2_)>o 
@ 

^ i = i(B2A,2-B,A22) 
50 0V 2 12 1 22/ 

(C) = — ((("a2l - W«22 JO9 ",12 + 0 - ^22 ) 

This expression can be expanded and simplified. 

^L = ^(^^l("a212 -W«11W„22)-W«22(Wa2 -"al)) 

As expected the prices have the traditional influences. An increase/decrease in the non-

GMF market price decreases/increases the quantity demanded from that market. An 

increase/decrease in the GMF market price increases/decreases the quantity demanded 
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from the non-GMF market. A change in the purity of the market has an ambiguous effect 

on the quantity demanded in the non-GMF market. 

(a) dP> 0 

=^(<?J«„„ +20(i-0k,2, +(i-0)!«„2J<o 

? s k — L K 
8P 0 
(b) 1 

= ~ ( U a 2 ^ + Ua22(\-9))>0 
0 

^ = i(B1A21-A11B2): 
de © 

(°) i v k i - w«2 + - »ai2)+(i - o h * (uan - K22 %ua2ie + ua22 (1 - e)) 
0 0 

-{e2uaU +20(l-0)ua2] + (l-0)2ua22\(ua2] -ua22)qdal)) 

This expression can be expanded and simplified. 

^f- = ^(^(1-^Wl("0ll"fl22 +"«222 - 2ua2\2))+02qal(UaUUa22 -Uau)+{UaX ~ Ua2 X^l + (l ~ ^K22 ) 

= —fealW"flll"fl22 -W«212)+^(1_^)(M«222 ~ 12 )) + " W«2 X^«21 + 0 " ^K,22 )) 

As expected the prices have the traditional influences. An increase/decrease in the GMF 

market price decreases/increases the quantity demanded from that market. An 

increase/decrease in the non-GMF market price increases/decreases the quantity 

demanded from the GMF market. A change in the purity of the non-GMF market has an 

ambiguous effect on the quantity demanded in the GMF market. 
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Appendix C - A Group-A Consumer's Expected Consumption Properties 

The following is a proof of the comparative static properties of an optimized Group A 

consumer's expected consumption. To determine the properties of q''lX = qdaX *(P1,P2,9) 

and qd2 = qd2 * (pl ,p2,9) take the first-order conditions of the consumer's utility 

maximization and totally differentiate. 

A Group-A consumer's problem first order conditions. 

px=uaXe-p2[\-e] 

or 

Ua\{) 
9 

0 

dPx =9uaUdqdaX +9ua]2dqd2 +(\-9)dP2+{ual +P2)d9 

or 

u 0 - ^ = 0 
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dP2 =ualxdqdaX + ua22dqd2 

Using Cramer's Rule to solve the total differential equations and derive the properties of 

the optimized Group A consumer's expected consumption. 

UaU Ua\2 

Ua2\ Ua22 
dP + 

\-0 

e dP2 + 
-{Px-P2) 

o1 
0 

de 

The determinant of the 2x2 matrix, 

A=M„ll"«22 -Ua2\Uan >0 

is positive because goods are imperfect substitutes which means the direct effects are 

larger than the indirect effects. 

(a) 
a f t T 22 

dP A 
<0 , 

(b) 

(e) 

1-0 

dq'»\ _ 9 

dP, 

•ua22 ua]2 

A 

<P,-P2>a22 

>0 , 

>0 
80 A02 

An increase in the price in the non-GMF market decreases the expected amount of non-

GMF consumed. An increase in the price in the GMF market or in purity increases the 

expected amount of non-GMF consumed. 

(a) 
ap, 

"all +Ua2\ 

A 

1-0 

-^<0,(b)5^ 

1 

0 

dR A 
>0 , (c) 

8qda2 u2](Px-P2) 

30 A02 
<0 
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An increase in the price in the GMF market or purity decreases the expected amount of 

GMF consumed. An increase in the price in the non-GMF increases the expected amount 

of GMF consumed. 

Both of these results are as expected. 



164 

Appendix D - Proof of Equivalence of Alternative Equilibrium Conditions. 

In the model there are two separate but equivalent sets of equilibrium conditions. The 

first method has the condition that both the impure non-GMF market and the pure GMF 

market have no excess demand or that the quantity supplied to those markets is equal to 

the quantity demanded. 

D2=S22+-^—S2, (1) 
1 - F 

Dl=Sl+S2i (2) 

The second method of defining equilibrium sets the conditions that there must be no 

excess expected demand for the non-GMF or the GMF. In other words the amount that 

consumers expect to consume of the GMF must equal the amount that GMF firms 

produce and the amount that consumers expect to consume of the non-GMF must equal 

the amount non-GMF firms produce. 

D2{Px,P2,0)=S2(P2,W,m2) (3) 

Dx(Px,P2,0) = Sx (Px,mx) (4) 

Next, we want to prove that these two methods of determining equilibrium are 

equivalent. 

F 
D2 - S22 + - — 521 

1 - F 
Dx =5, +S2] 

D2(Px,P2,0) = S2(P2,W,m2) 

t Dx{Px,P2,e) = Sx(Px,mx) 

The following properties are true: 

D2 = D2+(l-0)Dx (5) 

A =0DX (6) 
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Using 7 we can define 1 — 6 to be: 

Substituting 1 and 2 into 5 gives: 

f)2 = D2 + (i _ g)D =522+_F_52i+(i_ ^S, + 52)) 
1 - F 

and then using 8: 

^22 + 7^2, + (i - *Xs. +s2l)=s22 +-^-s2] + -^—{s{ +s2l)=s22 +-^-s2] + s2 
1 - F l - F SX+S2X l - F 

where, 

F 1 
2̂1 + ̂ 21 = ^ ^ 2 1 • 1 _ F - " i _ F 

Make this simplification yields: 

D2 - S22 + S2l. 
1 - 1 

Recall that S2X is the amount that of GMF successfully supplied into the non-GMF 

market. Therefore, —-—S2] is the total amount that GMF firms attempt to sell, including 
1 - F 

the amount confiscated, into the non-GMF market. When this is added to the amount that 

GMF firms sell honestly, S22, it equals the total amount GMF firms produce, S2. 

D2=S2. 

Next substituting 1 and 7 into 6 gives: 

D 1 = d D l = - ^ — ( S l + S 2 l ) = Sl 
^1 + ̂ 21 

Thus we have proven that the two sets equilibrium conditions are in fact equivalent. 
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Appendix E - Downward Sloping Fraud Isoquants 

To factors influence the optimal quantity a GMF farm sells fraudulently into the non-

GMF market. First, the price of the GMO seed because it influences the price in the 

GMF market. Second, expenditure on enforcement because it increases the marginal 

cost of cheating. If the amount of cheating a firm attempts is to be held constant a change 

in the expenditure on enforcement must be matched by a change in the price of the GMO 

seed and vice versa. This relationship is expressed by: 

dW 

3e 

dq2\ 

/dW 

¥ • ( i ) 

where, 

dq2\*/ _ dq2\ * dR 
21 /au/ = ~"J2' (2) 

dqs2] * / _ M l * | M l * dP2 
XSe Qe qP Qe 

Substituting 2 and 3 into 1. 

dq2\ * < dq'v * dP2 

dW 

(3). 

de 

de dP, de 
(4) 

dq2\ * dP2 

SP, dW 

Then from totally differentiating the GMF firms second first order condition, 

dq'2l * 

8F(as * e) 
P l - P 2 - XPXF{qs2*,e)- IP,qs2X * — w f ' J = 0, (ignoring P1) for maximized 

profits. 
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dP2 - /LP, 
' dF(q'2*,e) d2F{qs2*,e)" 
z + q2i 

dq°2] dq*2l*< 
dq2] 

\ H / 

-/LP, 
dF(<72y,e) a2F(^,*,e) 

6fe = 0 
de 5# 2, * e 

For convenience the following substitution will be made. 

H = 2dF(q2\*,e) 32F(g2',*,g) 

From the total differentiation 5 

52 

^2 , * 

^2, * 

+ #21 
3#2, * 3e 

H 

8P2 XpxH 

(5) 

(6) 

(7) 

The GMF firms optimized profit equation. 

^2* = P2q2 (P2 . w) + (P, - P2 fe, (P,,P2,X,e) 

-c2(qs2(P2,W),rf)-F(q;i(P1,P2l,A,e),e>lP]qs21(Pl,P2,/t,e) 

Total profits are zero in the long run. Total differentiating the profit equation. 

0 = (, q2 --q )dp2 
5c 2 

5W 

8F dF 
dW - /LP,qs2, * — Je = q22dP2 - x * dW - /LP,qs21 * — de (8) 

de de 

From the total differentiation 8. 

dP2 _ x* 

dW~~qJ2 

/T>qs2, 
dF_ 

~de~ 

de qs22 

Substituting 6, 7, 9, 10 into 4. 

(9) 

(10) 
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dW 

~de~ 

dF , d2F 

~de+q2] dq2\ *de | AP,q52, * dF 

Xp\Hq2\ * de 

XpxH qs22 

122 
DF d2F q21 * 8F 

+ q2j 
de 8q2] * de q22 * de 

Finally simplfing the equation yields the following expression: 

dW 

de 
•Xpx 122 

as * dF d2F 

22 
de dq2\ * de 

<0. ( I D 

This shows that fraud isoquants are downward sloping. In other words, in order for the 

quantity a GMF firm attempts to sell into the non-GMF market to be held constant when 

the price of GMO seed decreases (increases) expenditure on enforcement must increase 

(decrease). 
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Appendix F - Unstable Markets 

While Figure 6 in Chapter 8 shows a stable node in the number of firms in each 

sub-sector, Figure 15 shows a case where the equilibrium is a saddle point that will not be 

stable. In sectors A and C the number of firms in each market will adjust away from the 

equilibrium combination number of firms. Except for one knife-edge stable arm in region 

B and another in D, the adjustment paths in these regions are also unstable. These paths 

always move eventually into either unstable region A or C. Thus, the equilibrium will be 

unstable unless we arbitrarily assume the instantaneous adjustment of the number of firm 

in one sector so as to permit a jump to a stable arm. 



170 

Figure 15: A n Unstable Equilibrium. 

m-| 
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Appendix G - Proof of Comparative Static Properties of G M O Seed Demand 

In order to prove that an increase in enforcement typically reduces the demand for 

GMO seed as suggested by equation (ElOa) in Chapter 8, it is necessary to examine the 

cost structure of a representative GMF firm. By Hotelling's lemma, the cost-minimizing 

input quantities are equal to the marginal effect of a change in the input price on the 

firm's cost. Using this result, allows the cost function to be written as: 

^ ' ' 8W tT 'da, 1=1 

where %t * and coj refer to the optimum quantities and prices of the other n inputs used 

in GMF production. The marginal cost of a representative firm in the GMF sub-sector is 

thus: 

MC2 = W 7 + X CO 
dWdql dcopq\ 

The average cost of the GMF sub-sector firm is, 

AC, 
W 5c, A co, do 

q\ dW ,=i q\ dcQj 

The difference of marginal and average cost is, 

M Q -AC2 = W 
d2c, 1 dc2 

dWdq2 q2 dW 

. A B J 

d2c2 1 dc2 

dcoidq\ q\ 8coj 

\ A ' B J 

If we make the assumption that the production function is homothetic, returns to 

scale will be independent of the input combination being used to produce a particular 

output. In such a case the average utilization of each input will move in the same 
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direction when output is increased at constant factor prices. Since the difference between 

marginal and average factor utilization rates for any is directly proportional to the change 

in the average factor utilization rate in response to an increase in output, the sign of A 

minus B must be the same for every input. Recall from chapter 6 that: 

c2(qlW) dc2(ql,W) 

q2 dq2 

Average cost is greater than marginal cost, which is equal to price, because GMF firms 

make losses on their legitimate sales that are offset by profits on fraudulent sales. Thus, 

with a homothetic production function for the GMF, A minus B must be negative for 

every input, including GM seed. In this case, the effect of increased enforcement on the 

demand for seed in equation (ElOa) is negative. Further, homothetic production is a 

sufficient, but not necessary condition for this result. Consequently, it is safe to conclude 

that an increase in enforcement typically shifts the demand curve to the left. 

The proof that an increase in the penalty index typically shifts the demand curve 

for seed to the left as specified by equation (ElOb) is completely analogous. 

Finally, in determining the typical effect that a change in GMO seed price has on 

the quantity of seed that is demanded, it is necessary to show that term F in Equation 

(ElOc) is negative. Recall from chapter 6, the identities S4a and S4b. 

d2c, 

dP2 dW d2c, 

dqf d q f 

Further, the induced change in price of the GMF, which keeps optimal profits equal to 

zero in response to an increase in the price of GMO seed, can be written as: 
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dW 
,T*=0 

dP2 

dW 

d n * 

J B L = J L 

dR 
122 

These values can be substituted into F to yield: 

lS * 

d2c2 1 dc2 1 
f 
X 

%2 \ 
o c2 

dWdqf r D W J d2c2 dq2dW J 

dq2dq2 

r 

* o c2 
-i 

X d2c2 X d2c2 
<0 

dq\dq\ j q f dWdqf dq2dW 
<0 

+ A J K^1 

From the previous proof of inequality (ElOa) it has already been established that 

when preferences are homothetic, A minus B is negative. Therefore B minus A must be 

positive. Also since the quotient of H is the honest GMF supply, which must be less than 

or equal to total supply, H must be greater than B meaning that H minus B must also be 

positive. Overall this gives the result that. An increase in the price of GM seed must 

decreases the amount of seed demanded by the GMF sub-sector whenever GMF 

production is homothetic. Thus the demand curve for seed will typically be negatively 

sloped. 




