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Preface

the pace of change seems boundless. New technologies, new products and new 
ideas emerge on such a rapid basis that simply staying abreast of the changes not 
only seems, but proves, daunting. innovations in the tripartite fields of information, 
technology and communications (itc) continue to advance based on Moore’s law. 
some have boldly predicted, if not the end of this rapid rate of change, a slowdown 
in the pace of innovation, however, these predictions are all for naught. it is not out 
of reason that the twenty-first century will witness a greater degree of innovation 
than the innovation that occurred in all the centuries preceding it.

accompanying innovation is change and change brings a multitude of responses. 
change can be welcomed or rejected by some or can bring uncertainty for others, 
leading to trepidation, nervousness and in some instances fear. although modern 
society is based on innovation, it is important to keep in mind that adoption occurs 
at varying rates for all sorts of reasons, with some countries and cultures leading the 
way, with others closely following, and yet others languish. innovation displaces 
current practices and processes, most of these changes being beneficial, but not all. 
one thing common to all innovations is that they create considerable discourse. 
agricultural biotechnology and the resulting genetically modified products have 
triggered rigorous international discussions, debates and dilemmas. response to the 
innovation of genetically modified organisms (gMos) has been diverse; with some 
jurisdictions preferring to rely on the market to determine the success of gMos, 
while others have rationalized a more centralist approach and heavily regulated gM 
crops.

the global debate regarding the acceptance of gM crops has grown particularly 
acrimonious of late. Most opponents and advocates of the technology continue to 
talk past each other, with progress on resolving the regulation and trade of gM 
crops and food products moving at a glacial pace at best. the discussions are spo-
radically populated with evidence and facts, however, they are frequently rift with 
myths, rumours and innuendos. one way to distill the issue to its core is to observe 
that for the large part, many of the countries that have adopted and produced gM 
crops, have largely done so using science-based regulations, while non-adopters 
have often included socio-economic considerations (secs) in domestic biosafety 
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regulations, as is allowed under article 26 of the cartagena Protocol on Biosafety 
(cPB).

given the global context of the debate on the regulation of gM crops and food 
products, there is a strong need for a book that compiles expert assessments of the 
issues relevant to sec assessment of gMos which are, ultimately, also fundamen-
tal for decisions regarding whether to undertake such assessments at all. to this end, 
we have produced an authored and edited book that provides an overview of the 
inclusion of sec assessment in the regulation of gMos, that:

1. looks at the rationale for the inclusion of secs, in the context of the existing 
science-based risk assessment systems;

2. through the use of a chapter template, reviews the various factors that can and 
have been suggested for inclusion in sec assessment; and

3. Provides a meaningful dialogue about the contrasts, benefits and tradeoffs that 
are, and will be, created by the potential move to the inclusion of secs in the 
regulation of gMos.

it is not intended to assess whether the inclusion of secs should or should not oc-
cur. that is a policy decision to be made by policy-makers in each of the federal 
jurisdictions contemplating the inclusion of secs into their domestic regulatory 
frameworks. instead, this book is intended to assist in the development of best prac-
tice, methods and policy guidelines for sec evaluation implementation and inclu-
sion in decision-making. the compilation of materials found in this book will mean 
that countries and policy-makers will have a clearer, more consistent understanding 
of the issues raised by each sec and what is required for the evaluation of them 
so that better informed decisions can be made regarding the inclusion of secs in 
biotechnology regulation and decision-making.

this book is intended to be a resource for a broad audience, not just an audience 
that supports or opposes gM agriculture. the book focuses on agricultural gM 
plants and animals. Nevertheless, it can be expected that much of the learning will 
be relevant to other gMos and sectors. the invited authors represent a spectrum 
of disciplines and jurisdictions, providing readers with a thorough discussion of 
relevant issues. it is our hope that the compilation of a volume containing this in-
formation will be a resource for all delegates participating in the intergovernmental 
committee meetings for the cPB. in addition, we hope that this information will 
be of value to policy-makers in the countries that will be formulating national and 
regional policy, as well as to industry and non-governmental organizations on these 
issues.

of course, the production of this large undertaking required many hands and 
the authors are deeply appreciative of the contributions from the invited experts. 
Without their contributions, the content of the book would be a pale imitation of this 
highly insightful and knowledgeable compendium.

Preface
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Part I
Governance of Agricultural Biotechnology

those countries that have adopted agricultural biotechnology are familiar with us-
ing science-based risk assessment processes to regulate gMos. this process in-
volves gathering scientific data and applying standard methodologies to determine 
whether a risk is present, and if one is, whether that particular jurisdiction is willing 
to take it in allowing the deliberate release of gMos into the environment. How-
ever, this process is generally used with respect to safety concerns (such as risk to 
human, plant and/or animal health and safety) or environmental damage. it is not 
that these concerns are ‘science-based’, but rather that society is comfortable with 
using science to measure risk regarding them. inclusion of secs into the gMo 
regulation process means there is now a need for a broader range of factors to be 
the subject of consistent, clear and objective assessment processes and decision-
making rules. this is necessary if very significant problems are to be avoided. such 
problems include the avoidance of claims that secs are being used (or abused) as a 
blanket justification for rejecting the technology without the need to support claims 
or debating the strengths of evidence presented to support such claim. international 
trade is also facilitated if there is consistency in approach or at least use of important 
terms, between jurisdictions and data and research can also be more easily shared 
and developed. such clarity and transparency is also important to maintain the trust 
of both stakeholders and other interested parties.

this section frames the present global environment for agricultural biotechnol-
ogy and secs. the cartagena Protocol on Biosafety came into effect 10 years ago 
when the 50th nation ratified the Protocol in 2003, thus allowing it to enter into 
force. over the past decade though, there has been an increasing global disconnect 
in approaches to agbiotech. For example, argentina, Brazil, canada and the usa 
are all strong adopters of gM varieties of canola, corn, cotton and soybean, while 
the eu and its historical trading partners in africa have predominantly avoided the 
technology. this trans-atlantic gap in attitudes to agbiotech shows no signs of abat-
ing in the near future and the intent of this section is to document the current status 
of varying approaches to the regulation of gMos.
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Chapter 1
Introduction to Socio-Economic Considerations 
in the Regulation of Genetically Modified 
Organisms

Karinne Ludlow, Stuart J� Smyth and José Falck-Zepeda

K. Ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation,
Natural Resource Management and Policy 37, DOI 10.1007/978-1-4614-9440-9_1,  
© Springer Science+Business Media, LLC 2014

K. ludlow ()
Monash university, clayton, australia
e-mail: karinne.ludlow@monash.edu

S. J. Smyth
university of saskatchewan, saskatoon, canada
e-mail: stuart.smyth@usask.ca

J. Falck-Zepeda
international Food Policy research institute, Washington, dc, usa
e-mail: j.falck-zepeda@cgiar.org

1�1  Introduction

Just over 20 years ago, an innovation occurred in agriculture—one with global im-
plications. in 1992, the first commercial planting of a genetically modified (gM) 
crop was undertaken. this involved about 100 acres of gM tobacco production 
in China (James and Krattiger 1996). From this modest beginning, agricultural 
biotechnology and gM crops have become nothing short of the most rapidly, and 
widely, adopted innovation in the history of commodity agriculture. However, the 
innovative wave of biotechnology has not been without controversy. a diverse array 
of opponents to agricultural biotechnology and gM crops quickly began champi-
oning an equally diverse array of criticisms regarding the impacts of the technol-
ogy. as with any innovation, there have been challenges and setbacks. ultimately, 
though, farmers, be they in developed or developing countries, have rapidly adopted 
gM crops and are benefiting from their production.

James (2010) estimated that by 2010 gM crops were grown on 148 million ha 
around the world, in 29 different countries, made up of 10 industrial and 19 devel-
oping countries. Within those countries, 15.4 million farmers grew the crops, more 
than 90 % or 14.4 million of whom were farmers in developing countries. the domi-
nant gM crop is soya bean, followed by maize, cotton and canola. However, other 
gM crops are being introduced to agriculture all the time and now include fruits and 
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vegetables, flowers and spices. gM livestock are also being approved by regulatory 
authorities, including pigs, cows, sheep and goats.

Herbicide tolerance has consistently been the dominant trait introduced into 
crops by the modification. However, as second- and third-generation gM crops 
(and now animals) are released, a wider spectrum of characteristics is being intro-
duced. these characteristics include pest and disease resistance, improvements to 
nutritional qualities, changes to the plant or animal’s growing patterns such as time 
of maturity or colour and changes to reduce the plant or animal’s environmental 
impact or production costs. the ever-growing range of modified organisms and the 
traits modified create an immeasurable array of both national and individual atti-
tudes to genetically modified organisms (gMos).

Farmers, when they enjoy the option to produce gM crops in a market without 
burdensome conditions, are choosing to do so. Many other farmers have expressed 
the desire to produce gM crops, as is evidenced by the regular, illegal production 
of gM crops in unapproved markets. Presently, one of the leading challenges for 
the innovation of agricultural biotechnology and gM crops is that posed by market 
access. Numerous governments are using regulatory frameworks that govern the as-
sessment and approval for new plant varieties as a means to increase the barriers for 
commercialization. early adoption countries simply modified their existing science-
based regulatory frameworks to accommodate the innovation of agricultural biotech-
nology (see chap. 2 for more details), while other countries are currently engaged in 
the process of increasing the regulatory requirements for products of biotechnology, 
many of which are a move away from science-based risk assessments. Many of the 
new regulatory requirements involve precaution and include socio-economic aspects 
and as such are less concerned about risks measurable using science, but more about 
aspects of the innovation that cannot be assessed in scientific terms.

there is a growing need for clarification of socio-economic considerations (secs) 
associated with biotechnology, particularly gMos. at their sixth meeting in october 
2012, more than 100 countries that attended the conference of the Parties to the Con-
vention on Biological Diversity (cBd) serving as the meeting of the Parties to the 
cartagena Protocol on Biosafety (coP/MoP 6) agreed on the need for more research 
and discussion on the issue of including secs in regulatory frameworks.

the cartagena Protocol on Biosafety (cPB), an implementing agreement of the 
convention, establishes the rights of recipient countries to be notified of and to 
approve or reject the domestic import and/or use of lMos. decisions regarding im-
port and use are to be on the basis of a biosafety assessment. article 26.1 of the cPB 
allows for the optional inclusion of secs into that biosafety assessment process.

some countries have already included secs assessments in their national bio-
safety frameworks, policies and/or regulations (Falck-Zepeda 2009). However, the 
implications resulting from the inclusion of secs in biosafety decision making are 
poorly understood. this is not surprising given that there is very little information 
available on important aspects of secs in biotechnology decision making. While 
there is much discussion of the issue and there has been some work by certain 
jurisdictions, there is a lack of information on crucial matters. these include the 
content (or meaning) of particular secs, methodologies to measure such secs and 
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their advantages, disadvantages and costs and the legal repercussions of including 
them in biotechnology regulation, such as compatibility with existing international 
agreements and institutions.

this lack of understanding and detailed information complicates the policy set-
ting environment. there is therefore a strong need for a book that compiles expert 
assessments of the issues relevant to sec assessment of gMos and fundamentals 
for decisions regarding whether to undertake such assessments at all. this edited 
book aims to meet that need by providing an overview of sec assessment in bio-
technology regulation. through the use of a consistent chapter template, it reviews 
the various factors that can and have been suggested for inclusion in sec assess-
ment in the context of agricultural biotechnology regulation. it then evaluates and 
discusses the contrasts, benefits and tradeoffs that are, and will be, created by the 
move to the inclusion of secs in biotechnology regulation. this book uses both the 
terms gMos and living modified organisms (lMos), although the cPB itself uses 
lMo, because both terms are commonly used in the literature.

it is not intended to assess whether the inclusion of secs should or should not 
occur. that is a policy decision to be made by policy makers in each of the federal 
jurisdictions contemplating the inclusion of secs into their domestic regulatory 
frameworks. instead, it is intended to assist in the development of best practice, 
methods and policy guidelines for sec evaluation implementation and inclusion 
in decision making. the development of such material in this book will provide 
countries and policy makers with a clearer and more consistent understanding of the 
issues raised by each sec and what is required for the evaluation of them so that 
better informed decisions can be made. it should also assist in answering perhaps 
the most central question for policy makers and one that may be answered differ-
ently by different policy makers—what is the purpose or goal of including SECs in 
the regulatory framework.

this book is intended to be a resource for a broad audience, not just an audi-
ence that supports or opposes gM crops and agricultural biotechnology. the book 
focuses on agricultural gM plants and animals. Nevertheless, it can be expected 
that much of the learning will be relevant to other lMos and sectors. the editors 
and authors are from a spectrum of disciplines and jurisdictions, providing readers 
with a thorough discussion of relevant issues. the compilation of this information 
will be a resource for policy makers in countries formulating national and regional 
policy on these issues, as well as to industry and non-governmental organizations.

1�2  The Conflicted Field of Agricultural Biotechnology 
Regulation

international trade in products of agricultural biotechnology is a two-sided coin. 
in parallel with growing international trade in such products, there is a growing 
threat (and reality) of the spread of plant and animal pests and diseases, particularly 
in cases of intercontinental trade. therefore, as international trade law aimed at 
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encouraging trade was introduced, international measures to protect plant, animal 
and human health also emerged. the first international plant health control measure 
was signed in 1878 and was aimed at preventing the spread of an american vine 
louse to european vineyards. amongst the measures it introduced was the need for 
a written assurance to be given of the pest-free provenance of vine material traded 
internationally (ebbels 2003). this began a pattern of competing regulatory priori-
ties in agricultural trade.

international trade law is now codified under the rules of the World trade orga-
nization (Wto), the main function of which is ensuring non-discriminatory trade. 
amongst the principal Wto measures aimed at protecting plant and animal health 
and food safety is the agreement on the application of sanitary and Phytosanitary 
Measures (sPs agreement), the main aim of which is to prevent the abuse of health 
protection measures for trade protectionist purposes. the multilateral approach to 
trade taken by the Wto (and plant and animal health in particular under the sPs 
agreement) is primarily aimed at enhancing the global interest by requiring all 
countries to be treated equally.

However, the regulatory field for agricultural products is crowded with concerns 
beyond trade and human, plant and animal health. agricultural products are unique 
when compared with other traded goods because as living things (or goods derived 
from living things), they are an important part of the world’s biological diversity. 
the provisions of the cBd, one of the main purposes of which is to address con-
servation of biological diversity, are therefore also relevant. the lens of the cBd 
is also attracted by the growing competition between agriculture and the natural 
environment for limited resources fundamental to life, such as land and water.

tightening the focus of our concern to agricultural biotechnology does not ex-
clude these competing regulatory regimes. Whilst the cBd has no provisions spe-
cifically regulating biotechnology, it does provide for a protocol on biosafety, in the 
context of the aims of the cBd. that Protocol, the cPB referred to above, creates 
a regime for the regulation of transboundary movements of lMos. in the Wto 
context, lMos can be the subject of particular regulation provided it is justified 
through scientific assessment of the risks to food safety or to plant or animal health 
protection. the use of regulations under the Biosafety Protocol to advance aims 
other than protection of plant or animal health would not fall within the terms of the 
sPs agreement but could well be in pursuance of the aims of the cBd.

a final participant in this crowded field of agricultural biotechnology regula-
tion is domestic regulations aimed at social purposes. schefer defines ‘social’ trade 
regulations as laws or policies enacted ‘for purposes that are related to the further-
ance of political or ideological goals—praiseworthy goals such as the protection 
of the environment, the raising of health standards, or the increased protection of 
human rights (whether political, civil, economic, cultural, or social), as well as less 
commendable goals…of imposing the sender’s “way of doing things” on the target’ 
(schefer 2010, p. 2). agriculture and the food it produces are intimately important 
to individuals and societies—foods’ characteristics and other attributes are some-
times central in a community’s culture or religion. Matters such as food security and 

 K. ludlow et al.
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the importance of a country’s agricultural industry to broader national political and 
economic debates are central to a nation’s sovereignty. But the pursuit of such goals 
inevitably creates conflict between Wto objectives and domestic social trade regu-
lations intended to advance goals relevant to the jurisdiction imposing them. the 
lack of success of countries seeking to justify social trade regulations in the Wto 
dispute resolution process illustrates the preference of that forum to prevent inter-
ference with the global interest in international trade by the disparate values held by 
different societies even where they are linked to plant and animal health concerns.

it is not surprising then that the Biosafety Protocol, with its provision for secs to 
be included in a country’s agricultural biotechnology regulatory matrix, is a flash-
point for debate.

1�3  Bringing SECs into LMO Regulation

amongst other things, article 19 of the cBd provides for Parties to the conven-
tion to consider the need for and modalities of a protocol on biosafety. the mean-
ing of ‘biosafety’ itself is controversial but in this context one possible meaning is 
that given by the Convention’s own website—the safe use of biotechnology and 
its products, in particular those precautionary practices intended to ensure the safe 
transfer, handling, use and disposal of lMos and their products.

While article 19 is important, what is creating considerable international debate 
and discussion is the inclusion of secs within domestic regulatory frameworks as 
is provided for in article 26 of the Biosafety Protocol. article 26 reads as follows:

1. the Parties, in reaching a decision on import under this Protocol or under its 
domestic measures implementing the Protocol, may take into account, consistent 
with their international obligations, socio-economic considerations arising from 
the impact of living modified organisms on the conservation and sustainable use 
of biological diversity, especially with regard to the value of biological diversity 
to indigenous and local communities.

2. the Parties are encouraged to cooperate on research and information exchange 
on any socio-economic impacts of living modified organisms, especially on indi-
genous and local communities.

as noted above, more than 100 countries attended the sixth meeting of the conference 
of the Parties to the cBd serving as the meeting of the Parties to the Protocol (coP/
MoP 6) in october 2012. it was agreed at that meeting to develop conceptual clarity 
on what constitutes secs under article 26, in order to assist Protocol Parties that may 
wish to consider sec factors in reaching decisions on lMo imports. to assist with 
that clarification, it was agreed that an ad Hoc technical expert group (aHteg) be 
established, with the ultimate aim being the future development of guidelines.

leading up to the coP/MoP 6, second national reports were submitted by the 
vast majority of Parties. these were reviewed by the executive secretary together 
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with the results of regional online conferences and a workshop held by the executive 
secretary.1 of those countries that responded to the question in the second national 
reports regarding whether, in making a decision on lMo import, the country had 
ever taken into account secs arising from the impact of the lMo on the conserva-
tion and sustainable use of biological diversity, the majority (56 % of 72 responses) 
responded they had not. of those that had done so, 15 % responded this was only 
done sometimes, and for the remainder it was not clear whether this was done always 
or not. looked at by region, members of the africa region were most likely to have 
taken into account secs (33 %), members of the Western europe and others region 
were second most likely (29 %), 14 % in both the asia-Pacific region and the group 
of latin american and the caribbean countries did so and the least likely to take secs 
into account were those countries in the central and eastern europe region (10 %).2

the international institute for sustainable development (iisd) analysis of oth-
er information provided in the national reports concludes that there is a low rate 
of implementation of biosafety frameworks by Parties and that only a very small 
number of countries oppose lMos entirely (iisd 2012). the iisd put this down 
to the reality that the biotechnology landscape is a fast changing one and that as 
more countries move from simply importing lMos to also producing and exporting 
them, the more their biosafety frameworks must balance the aim of protection from 
risks associated with lMo imports with that of the least disruption to international 
trade to advance their exporter interests (iisd 2012).

1�4  What Are the Relevant SECs?

Whilst article 26 allows parties to take secs into account in their lMo decision 
making, it does not define either the term ‘sec’ or provide any guidance on what 
issues would be included with that term. its reference to secs in article 26.1 to 
‘[secs] arising from the impact of living modified organisms on the conservation 
and sustainable use of biological diversity’, is the basis for debate about the proper 
interpretation of the article and whether a narrow focus of secs should be used. at 
the 2012 conference of the Parties to the Protocol, it was noted that any guidelines 
developed following the work of the aHteg will need to respond to the debate 
between ‘those who felt that broader [secs] should not be dealt with under the 
Protocol, because it is limited to transboundary movements; and participants who 
wanted to address potential negative socio-economic impacts of lMos, such as the 
loss of agricultural varieties that have cultural value’ (iisd 2012). a similar schism 
exists around whether the impact must be to indigenous or local communities to be 
relevant (Jaffe 2005).

Nevertheless, others, such as the third World Network, argue that because the 
Protocol sets only minimum standards countries can take into account much broader 

1 uNeP/cBd/Bs/Ws-sec/1/3 (18 october 2011)
2 UNEP/CBD/BS/COP-MOP/6/15 Socio-Economic Considerations (Article 26) 28 July 2012.
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secs (third World Network, post 22 March 2011 on online conference, theme 1, 
#1996) and clearly some countries, including developed and developing countries, 
provide for a broad range of secs in their biotechnology regulation. But whichever 
view is accepted, secs in the context of agricultural biotechnology are a ‘broad 
spectrum of concerns about the actual and potential consequences of biotechnology’ 
(la Vina and Fransen 2004).

Various bodies are beginning to compile possible lists. the european directive 
2001/18/ec3 on the deliberate release of gMos into the environment requires the 
european commission to report every 3 years on Member states’ experiences with 
implementing the directive, including an assessment of the socio-economic implica-
tions (defined to mean the advantages and disadvantages) of deliberate releases and 
placing on the markets of gMos. the 2004 report raised the lack of experience with 
the issue as a hurdle in making an assessment of the secs. therefore, further work on 
such assessments was undertaken by the european commission and Member states, 
resulting in a 2011 report and accompanying working paper which provides a useful 
snapshot of what eu Member states are doing in respect of the implications of gMos. 
But it does not provide any detail on how secs are or could be included in regulatory 
frameworks. eu Member state reports have a similar deficiency. For example, a 2009 
report by the Netherlands commission on genetic Modification (cogeM 2009) on 
the potential role of socio-economic assessments as part of the approval process for 
lMos suggests nine criteria as ‘building blocks’ for an assessment framework on the 
socio-economic and sustainability aspects of lMos. the cogeM report concludes 
that the criteria most relevant to europe but which have not yet been included in an 
assessment framework could be summarized down to three themes: (1) benefit to 
society, (2) economics and prosperity and (3) cultural heritage.

a more detailed list of secs has been compiled as part of the cPB process 
(uNeP/cBd/Bs/coP-MoP/5/iNF/10 17 september 2010). the 2008 Protocol’s 
conference of the Parties/Meeting of the Parties (coP/MoP 4) decided further 
technical guidance on secs in biosafety assessments was needed. in 2009, coun-
tries with decision-making systems that allowed for secs were asked to identify the 
secs that could be taken into account in their countries’ decisions on lMos and 
to rank secs after they were provided with a list of 20 possible issues. From that 
information the list of secs referred to above was drawn up. alternative lists come 
from the third World Network (2008), Chatham House, UK (Jarvis 2009) and a 
briefing paper by Brookes (2009). a very influential report in developing countries 
is that published by the World resources institute (Fransen et al. 2005).

after considering these lists, this book uses the following list of secs to focus 
discussion:

• Benefits to producers and society
• Consumer choice
• Environmental impacts
• Ethics/equity

3 OJ L 106, 17 April 2001.
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• Food security and safety
• Health impacts
• Impacts on biodiversity
• Traditional knowledge
• Intellectual property rights
• Labour impacts
• Market access and trade
• National trade interests
• Producer choice
• Culture and religion
• Animal welfare

even when an acceptable list of secs is compiled, the content of any particular 
sec must be defined. this definition is difficult because the secs are tightly inter-
woven. as the recent 2011 european commission report to the european Parlia-
ment and the council on socio-economic implications of gMo cultivation noted, 
‘[t]he understanding of the meaning and scope of the socio-economic dimension of 
gMo cultivation varies widely among the Member states and the stakeholders. …
several participants regretted that the terms, indicators and baseline for compari-
son (conventional and/or organic sectors) were not sufficiently defined’ (european 
commission, coM (2011), p. 3, para 1.2). so, for example, ‘ethics’ is commonly 
cited as a sec that should be included in the decision-making process regarding 
the release of lMos and has been included in this book’s list. However, there is no 
consistent meaning of what is included in that concern. For example, some com-
mentators include equity with respect to developing countries in the term and others 
include morality of behaviour only in the jurisdiction under consideration as part 
of this sec. Further still, others include cultural concerns in ‘ethics’. For example, 
the New Zealand regulator has noted that ‘[e]thics’ is defined for its purposes as the 
values held by individuals and collectives, and is deemed to incorporate the con-
sideration of ethical and cultural issues, since both are concerned with values and 
beliefs. this is a broader term than that used by academia where ‘ethics’ is more 
narrowly defined as a sub-branch of philosophy (New Zealand ERMA Technical 
guide 1999). this book has split ethics and cultural issues into two separate chap-
ters, grouping ethics and equity together and culture and religion in another chapter. 
But admittedly that classification is arbitrary.

content of any particular sec is also very dependent on context. different coun-
tries and groups within countries (such as consumers, producers and industry) in-
terpret and are impacted by any particular sec in different ways. impact and what 
methodologies are therefore appropriate to measure that impact will vary because 
of different cultural and religious values, political and economic capacity and forms 
of agriculture and biotechnology research undertaken in particular countries. How 
a particular sec is relevant to a specific country and what methodologies are ap-
propriate in an assessment of that will also vary depending on, for example, whether 
the country is a developed or developing nation because that determines the infra-
structure and human resources available and the usual governance patterns used in 

 K. ludlow et al.
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the nation. This array of interpretations and impacts poses an additional problem—
defining a sec broadly enough to be inclusive of at least a representation of this 
array so that the definition is justifiable as being shared by most in the community, 
but avoiding using a definition that is so broad that it is likely to become ambiguous 
(Hope 2001, p. 444). But responding the other way when defining a sec by diluting 
homogeneity so that individual attitudes and values are more accurately reflected 
gives rise to the real risk that many of those other attitudes and values will be ex-
cluded from the decision-making process (Hope 2001, p. 444).

1�5  SEC Measurement, Assessment and Inclusion in 
Decision Making

When the relevant secs have been agreed upon and defined, important decisions 
must then be made regarding what a functional sec assessment regime requires 
and how the results of that assessment should be included in the lMo regulatory 
decision-making process. so, for example, in regards to the construction of a func-
tional sec assessment, regime decisions must be made as to the institution most 
suited to undertaking the assessment, who should have input into the process or 
parts of it, at what stage of the lMo’s introduction should the assessment be un-
dertaken (ex-ante (before) or ex-post (after) release into the environment), how will 
the implications of a sec be measured, will only negative or also positive implica-
tions of a particular sec be taken into account and will the assessment be at a local, 
national or international scale?

this policy milieu is complicated because the examination is, in fact, of complex 
interactions between democratic societies’ right to decide how to proceed, produc-
ers’ freedom to operate and consumers’ right and freedom to know. it also creates an 
interface that must be negotiated between an approach focusing on the importance of 
individual autonomy in choosing to adopt or reject a new technology with one that 
puts the sum total of individual decisions and what these mean for society as a whole 
as the priority. as Moses has explained in a more general context ‘[a] new technol-
ogy carries with it new possibilities, and these can potentially conflict with existing 
social, environmental and cultural value’ (Moses 2007, p. 248). these impacts are 
the result of ‘innumerable individual decisions to develop individual technologies for 
individual purposes without explicit attention to what all these decisions add up to for 
society as a whole and for people as human beings’ (Moses 2007, p. 248).

given the background of the Wto and its primary aim of non-discriminatory 
trade and consistency, many nations, but particularly export-driven nations, are ac-
customed to using science-based risk assessment processes using data gathered and 
measured using standard methodologies. this approach has then been adapted for 
the regulation of lMos. scientific data are gathered and standard methodologies 
applied to determine whether the risk(s) of environmental release of a lMo is one 
that the particular jurisdiction is willing to take. the ‘risks’ assessed in this process 
are generally limited to safety concerns, such as risk to human and/or animal and 
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plant health and safety or environmental damage. risks or benefits to other con-
cerns such as secs or market implications are excluded, as is the use of social fac-
tors in the evaluation of the human health or safety or environmental risks.

Nevertheless, methodologies and literature with respect to assessment of eco-
nomic concerns regarding lMos is well developed, at least in some areas. For ex-
ample, the economic impacts of lMos at the farmer level is well developed, at least 
for some nations, such as the usa and canada. However, for social concerns this 
is not the case. As the New Zealand regulator has observed (New Zealand ERMA, 
technical guide 2009, p. 34):

other forms of knowledge in addition to science are necessary to understand the values 
embedded in and transmitted through the social, economic and cultural dimensions of the 
environment, and how these things may be affected by or in turn affect a particular use of 
a technology. the key issue is how to relate these other forms of knowledge to scientific 
knowledge in the decision making process.

literature about assessment of secs already exists. indeed as discussed later in this 
book, some countries or regions already include (or could include) sec assessment 
in their lMo regulation. However, as between different jurisdictions and even within 
the one jurisdiction, there is considerable uncertainty and inconsistency in the current 
approach to assessment of secs. it may be that there is not sufficient consensus on 
what approach to take but there is a fundamental need for this broader range of con-
cerns to be the subject of evidence-based, predictable and objective measurement and 
assessment processes. this is necessary if very significant problems are to be avoided. 
such problems include the avoidance of claims that secs are being ‘used (or abused) 
as a blanket justification for rejecting the technology without the need to support 
claims or debating the strengths of evidence presented to support such claim’ (Falck-
Zepeda et al. 2010, p. 8). international trade is also facilitated if there is consistency 
in approach or at least use of important terms, between jurisdictions and data and 
research can also be more easily shared and developed. such clarity and transparency 
is also important to maintain the trust of both stakeholders and other interested parties 
(New Zealand ERMA, Technical Guide 1999). It is hoped that this book will assist in 
the move towards certainty and consistency.

even when the individual secs are appropriately assessed though, a functioning 
regulatory framework is needed to balance and prioritize competing secs and oth-
er concerns, including the health, safety and environmental risks already assessed 
in biotechnology regulation. inevitable conflicts will arise between the different 
secs and their potential, probable and future positive and negative effects. Balanc-
ing these in a consistent and transparent way will be crucial to creating regulatory 
frameworks that are both democratically inclusive but cost-effective, tread the line 
between risk and progress and satisfy the tension between national sovereignty and 
international trade obligations. this work is particularly important because in the 
context of agricultural biotechnology regulation, where there are as yet no interna-
tional standards, guidelines or recommendations on sec assessment, any best prac-
tice developed under the cartagena Protocol may become the de facto international 
protocol (Smyth and Falck-Zepeda 2012, p. 18).
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1�6  Structure of This Book

this book is made up of three sections. the first section of the book, ‘governance 
of agricultural Biotechnology’, provides a broad overview of the context and set-
ting for the discussion of secs in biotechnology regulation. this is done through 
three chapters, the first of which is this, the introduction. the next two chapters 
consider the two ends of the spectrum of gMo regulatory frameworks. chapter 2 
addresses the evolution and current state of ‘science-based’ gM crop regulatory 
frameworks, using examples from existing regimes. the role of international insti-
tutions such as the Wto and iPPc which have been important in the development 
of the international governance will also be discussed. chapter 3 examines gM crop 
regulatory frameworks that already include secs. again, the evolution of such an 
approach and examples of existing regimes will be considered.

the second section of the book, ‘analysis of socio-economic considerations’, 
comprises 15 chapters. each chapter concerns a different sec taken from the list 
given above and is written by an expert in the particular field. the chapters in this 
second section of the book use a template to analyse the common factors routinely 
included in the discussion about secs. the purpose of the template is to enhance 
consistency across the chapters to better enable comparison by readers across the 
different secs. generally, each chapter therefore includes an introduction that de-
fines the particular sec and explains how that sec is relevant to the production 
and import of lMos. an explanation of existing methodologies that are used or 
could be adapted to measure and account for the sec and a critical assessment of 
the methodology or methodologies is then provided. each chapter then undertakes 
an analysis of how such methodology fits with existing international agreements 
and protocol obligations and the administrative consequences for both international 
and national institutions that administer or coordinate decisions regarding the sec. 
each chapter then ends with a brief policy summary and synthesis of the chapter in 
dot-point form so readers can quickly gain an appreciation of the most significant 
issues raised by the sec concerned.

the third and final section of the book, ‘Navigating the challenges’, contains 
a practical synthesis of the practicalities and options relevant to the assessment of 
secs and their introduction and implementation into the agricultural biotechnol-
ogy decision-making process. the section highlights the methodological issues that 
arise and provides a sense of the matters that need to be developed for the introduc-
tion of a regime where secs are included as part of the regulation of the import and 
production of gMos and why it matters that inclusion be done right.
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2�1  Introduction

Mankind’s relationship with risk has changed in a multitude of ways and degrees 
over the millennia. While the likelihood of being attacked, killed and eaten by a 
wild animal has dramatically decreased, the probability of being killed in an au-
tomobile accident has increased. life expectancies at the dawn of the twentieth 
century in europe ranged from the mid-30s to the high 40s but by the close of the 
century, life expectancies had risen to the mid-70s for men and low 80s for women 
(Kinsella 1992). clearly, the nature of the risks that humans face has changed over 
time and so have the incidences of life-threatening risks. at the beginning to the 
twenty-first century, mankind has mitigated many risks that have previously been 
life threatening, especially when it comes to food and food security.

this mitigation has been more successful in industrialized nations than develop-
ing ones, but even in developing nations risks are being successfully addressed. For 
example, in the centuries past, millions and millions of people in the world died 
from a disease simply known as “consumption” or, more colorfully, galloping con-
sumption. today this disease is known as tuberculosis and, in the industrial world, 
it has been virtually eradicated. in canada, for example, the risk of dying from 
tuberculosis reached a high of 7 % of all deaths in 1926 (when death from other 
infectious diseases was 5 % of all deaths) and, by 1990, deaths from any infectious 
disease contributed less than 1 % of all deaths (canadian lung association 2004). 
the developing world is also making significant progress in reducing this risk of 
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death, with the World Health organization reporting that tuberculosis incidences 
have fallen globally in several years and that the mortality rate has fallen by 41 % 
since 1990 (World Health organization 2012).

While the actual risks and the magnitude of them change over time, total hu-
man exposure to risks is relatively constant. exposure to a specific risk or even 
a class of risks may appear and then increase or wane over time, but the over-
all exposure to risk stays relatively constant through the ages as other risks ap-
pear and are addressed. so, for example, while exposure to risk in areas of food 
safety, nuclear contamination and climate change may be increasing, the risks of 
exposure to global warfare, starvation and enslavement have greatly decreased. 
returning to the tuberculosis example, as the risk of tuberculosis has waned, 
global concerns about overall infectious disease risks are once again growing 
because of the effect that climate change may be having on the habitat of disease 
pathogens. one example of this is the recent rapid spread of the West Nile virus 
in North america.

Nevertheless, although the actual level of risk has stayed about the same, the per-
ceived magnitude of risks in modern societies has risen to previously unimaginable 
levels. More often than not, it is our perception of exposure to risks that has grown 
rather than the actual risks. the risk of living in modern, industrial, and largely 
urban societies directly parallels the risks experienced in the societies of our grand-
parents and even that of their grandparents. Whilst the variety of risks that members 
of modern societies are exposed to are certainly larger, the absolute incidence of 
risk may not be substantially changed. technological advances throughout the past 
century have, for example, introduced the risk of death due to airplane travel. While 
this risk is not trivial, it is actually lower than risks posed by many historical or 
traditional forms of transportation.

the pace of change of the variety of risks we face, however, has increased rap-
idly over the past century and is expected to continue into the future in response 
to technological and scientific advances. For example, within the past decade, the 
fields of computers, robotics and genetics have combined to dramatically affect 
human reproduction, agricultural biotechnology and nanotechnology. technologi-
cal innovations in these areas have allowed genetic modification of crop varieties; 
arguably the most important and successful innovation in the modern history of 
agriculture.

one fundamental unchanged factor when responding to risk is the need for a 
governance strategy adapted to the ever-changing nature of risk. risk governance 
strategies are inevitably diverse, both in their objectives and their implementation. 
this chapter offers insights into the governance challenge by examining the devel-
opment of risk assessment frameworks that have manifested themselves within and 
around the technology of agricultural biotechnology and the role that science-based 
regulation plays in biotechnology regulation. as will be seen, the original risk as-
sessment frameworks were developed to respond to risks to human health posed by 
factors such as chemicals and human, plant and animal pathogens, matters which 
are particularly amenable to scientific assessment. that approach continues to be 
used by many nations today, particularly North america.
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2�2  Origins of the Risk Analysis Framework

regulations have been used to address innovation for practically as long as there 
have been innovations. Building codes, labor laws and unions, all in part, owe their 
origins to methods of dealing with innovation. aspects of all of these social features 
can be related to improvements in economies, environments, and/or health. given 
our ancestral history of coping with the innovation of the day and the resulting im-
pacts on societies, it is no wonder that modern society is increasingly fixated on the 
mitigation of and, to a large extent, the eradication of risk. it is this latter concept 
of the eradication of risk that creates multiple challenges in modern societies as op-
ponents of a particular innovation will argue that the innovation should have zero 
risk if it is to be commercialized. the problem they ignore is the technology that the 
innovation is replacing, or at least competing with, frequently, has a higher degree 
of risk associated with it. Further, in today’s marketplace, no scientist or manufac-
turer will declare that any product is 100 % safe, because there is always a degree 
of risk associated with every product that is purchased, be it for entertainment (a 
television), communication (a cell phone) or to eat (a tomato).

over time, the framework for understanding and responding to risk in relation 
to innovation became increasingly codified. this was, especially, the case follow-
ing the technological innovations of the post-war years (Phillips et al. 2006). it was 
during this period that regulators developed a structured format for risk analysis as 
a regulatory response to public policy problems.

this process officially became part of government regulation with the american 
National research council’s 1983 report to the united states federal government. 
this report has become known as the redbook on the risk analysis Framework 
(raF). the report identifies the council’s mission as “a search for the institutional 
mechanisms that best foster a constructive partnership between science and govern-
ment, mechanisms to ensure that government regulation rests on the best available 
scientific data and judgments in the unavoidable collision of the contending interests 
that accompany most important regulatory decisions” (National research council 
1983, p. 1). While this is a broadly interpreted objective, the mandate was more 
focused in that it sought to “examine whether alterations in institutional arrange-
ments or procedures, particularly the organizational separation of risk assessment 
from regulatory decision-making and the use of uniform guidelines for inferring 
risk from available scientific information, can improve federal risk assessment ac-
tivities [original emphasis]” (National research council 1983, p. 17). this process 
was done within the scope of examining the possible risks of cancer from exposure 
to the increased use of chemicals in the environment.

the raF redbook definitions have become the cornerstone for modern raFs. 
the redbook defines risk assessment as “the use of the factual base to define the 
health effects of exposure of individuals or populations to hazardous materials and 
situations” (National research council 1983, p. 3). risk management is defined 
as “the process of weighing policy alternatives and selecting the most appropriate 
regulatory action, integrating the results of risk assessment with engineering data 
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and with social, economic, and political concerns to reach a decision” (National 
research council 1983).

Most risk assessments comprise some or all of the following aspects: hazard 
identification, dose–response assessment, exposure assessment, and risk charac-
terization. Hazard identification determines if the element in question is causally 
linked, or not linked, to known health effects. dose–response assessment deter-
mines the relationship between the magnitude of the exposure and the probability 
of detrimental health effects. exposure assessment determines the extent of human 
exposure prior to the onset of detrimental health effects. Finally, risk characteriza-
tion describes the nature and magnitude of the risk, such as low, high, or uncertain.

the development of the raF based on these factors was derived from a variety 
of the us federal risk assessment guidelines developed by numerous federal regula-
tory agencies or institutions dating back to the early 1960s. some of these guide-
lines met with greater success than others. in the late 1970s, efforts were undertaken 
by the interagency regulatory liaison group (irlg) to reduce inconsistencies and 
duplication among the various federal agencies while working to improve coordina-
tion (National research council 1983). in 1979, the irlg developed guidelines for 
carcinogens that were adopted by the President’s regulatory council. these guide-
lines were used as a starting point for the development of the raF under the prem-
ise that if structured properly, uniform guidelines should be used for risk assessment 
by all federal agencies. the report of the irlg served to develop the uniform risk 
analysis framework, which has gone on to be widely adapted and adopted. the next 
section examines how the raF has evolved over the past 30 years.

2�3  Advancement of the Risk Analysis Framework

the risk evaluation systems operating in most developed organisation for eco-
nomic co-operation and development (oecd) member countries generally are 
scientifically based processes that combine the identification and characterization 
of hazards with assessments of exposure to evaluate risk. in essence, they purport 
to objectively assess the probabilistic outcomes of discrete adverse events, abstract-
ing from issues related to risk management or risk communication. in practice, 
governments establish a risk threshold for products or classes of products, allowing 
those with acceptable impacts to enter the market and prohibiting new products 
with unacceptable risks. over time, the ability to accurately and reliably test for the 
presence of adventitious materials in food products has dropped from the detection 
of parts-per-million to parts-per-billion.

the Food and agriculture organization (Fao) of the united Nations defines risk 
assessment as a scientifically based process consisting of the following steps: hazard 
identification, hazard characterization, exposure assessment, and risk characteriza-
tion (Food and agriculture organization 2012). Powell (2000) offers an elaboration 
of the system by combining the united states Nrc model of risk assessment with the 
observations of lammerding and Paoli (1998). in this model, hazard identification 



192 The State of Science-Based Regulation and Genetically Modified Crops

is the determination of whether a particular element in the food system is, or is not, 
causally linked to particular health effects. this includes determining the link be-
tween disease and the presence of the food pathogen, as well as the conditions where 
the pathogen survives, grows, causes infection, and dies. as such, this stage often in-
volves epidemiological and surveillance data, challenge testing, and scientific stud-
ies. these macro results need to be scaled to sub-populations in society. exposure 
assessment, sometimes called dose–response assessment, involves determining the 
relation between the magnitude of exposure and the probability of occurrence of the 
health effects in question. therefore, by necessity, a range of responses in the popula-
tion to a pathogen must be examined. this often involves examining sub-groups of 
consumers that might be most at risk (e.g., old, young, and immunosuppressed). the 
combination of hazard identification and characterization provides a theoretically 
supported rationale for a causal relationship between exposure and response.

exposure assessment, in contrast, is the determination of the extent of human 
exposure both in the absence of and, with the application of, post-release regulatory 
controls. this includes a description of the pathways through which a hazard is in-
troduced, distributed, and challenged in the production, distribution, and consump-
tion of food. in short, it is assigning a probability to the event based on extensive 
situational analysis of how the food system operates and how it would relate to 
a hazard. Finally, risk characterization entails describing the nature and often the 
magnitude of human risk, including aspects of uncertainty. as such, this is the final 
stage of the analysis where the hazard, exposure, and variability of the results are 
combined to estimate the potential risk of a new or transformed product.

traditional risk assessment theory (isaac 2002) suggests that risk is a combined 
measurement of the degree of exposure multiplied by the hazard, which is the level 
of adverse effects of the agent on other organisms. this can be expressed by the 
following formula:

RISK scientific HAZARD EXPOSURE= × .

science has used this formula to evaluate whether initial research findings should 
proceed or be halted. if the assessment revealed a level of risk higher than was 
scientifically safe, then government agencies would not approve the technology 
or product for commercial release. although the hazard would appear to be quite 
objectively derived through risk assessment by the global scientific community, the 
acceptable levels and the estimated relative level of risk for a product could vary 
widely between intended uses (e.g., countries or markets). it is not unreasonable to 
expect to see different levels of risk accepted in different circumstances.

there has been significant effort put into understanding the divergence between 
the old model of objectively assessed risks and what many are calling socially con-
structed risks. sandman (1994) believes the old formula underestimated the actual 
level of risk because it ignored the public response to a risk, which he termed out-
rage. He argues that regulators should instead use the following formula for under-
standing consumer perceptions of risk:
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RISK socially constructed HAZARD OUTRAGE= × .

sandman argues that public concern is focused on whether the risk is acceptable 
rather than on the scientifically perceived incidence of that risk. although that mod-
el accommodates areas where outrage dominates, it does not fully account for the 
interaction between expert opinion on exposure and public concerns.

Perhaps a better configuration of the risk analysis framework for new technolo-
gies is one that incorporates all elements of the perspectives, that is, hazard identi-
fication and characterization, exposure assessment and consumer/citizen response, 
or outrage. thus:

RISK modern HAZARD EXPOSURE OUTRAGE= × × .

Hazard and exposure would be as elucidated in the scientifically derived measure 
of risk, but the outrage factor would be a socially derived measure (Phillips et al. 
2006). When outrage factors are very high (or very low), industry, non-government 
organizations (Ngos) and international agencies and organizations may either 
take suitable actions to position themselves to exploit those divergences or they 
may seek to ameliorate the divergences through lobbying or engagement in public 
processes.

ultimately, the risk assessment system ought to be designed to make the right 
decisions—that is accepting safe products and rejecting unsafe products. As with 
any human system there is potential for error, especially when a new class of prod-
ucts is being considered where there is no accepted body of empirical evidence. 
Although the system is, and should be, designed to avoid making Type I errors—
that is accepting something that is not safe—it has to be mindful of the trap of 
making Type II errors—that is rejecting safe products and activities. While we can 
tally up the cost of type i errors in lost lives or damaged ecosystems, we cannot 
convincingly estimate the cost of foregone opportunities and all of the attendant 
benefits that could flow from them. the difficulty is that social amplification of 
risk (reflected in high outrage factors) significantly raises the potential of making 
a type ii error, thereby diminishing the flow of new and innovative products and 
progress in a knowledge-based economy. in one sense, risk amplification increases 
the probability that a Pareto potential improvement—net welfare enhancement—in 
our production system might not be realized because of the uncertainties of how 
the market might respond. Fear, in and of itself, can raise the potential and cost of 
type ii errors.

this underlying set of overlapping and, at times, conflicting processes and ob-
jectives provides the baseline against which new products or technologies are as-
sessed. deviations from expectations, especially those reflecting an outrage factor, 
provide the basis for legal, political and socio-economic discussions about liabili-
ties and compensation. Moreover, if the degree of outrage is not included explicitly 
in the risk analysis, when there is a type i error, the liability may be even higher 
due to punitive damages.
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2�4  International Governance of Risk

safety, especially as it relates to the safety of food and agricultural commodities, 
has a history of being subject to manipulations (smyth et al. 2009, 2011). the im-
proper use of sanitary and phytosanitary measures as the rationale for restricting 
trade in agricultural products is difficult for those countries, or firms, adversely 
affected to document and substantiate. therefore, such measures are attractive to 
governments seeking to protect national interests. the ability of individual govern-
ments to manipulate sanitary and phytosanitary standards to serve the interests of 
particular segments of domestic agricultural markets created an international agri-
cultural trade market that was fraught with frustration and uncertainty. throughout 
the course of the twentieth century, numerous international institutions sought to 
harmonize the standards pertaining to international trade in agricultural products to 
ensure a more “level” playing field. at present, there are five different international 
institutions that stake a claim to coordinating and regulating the food and environ-
mental/health safety of biotechnologically developed bioproducts, foods and crops. 
table 2.1 provides a summary of these institutions. While many of these institutions 
and agreements have a broader range of mandates, for relevant purposes, only those 
that relate to agricultural biotechnology will be discussed.

the Wto does not, and has not, established regulations governing trade in prod-
ucts of biotechnology, but it does adjudicate international trade disputes, based upon 
the standards established by three standards setting organizations: Codex Alimen-
tarius commission (codex); the office international des epizooties (oie), which 
is now known as the World organization for animal Health, and the international 
Plant Protection convention (iPPc). a nation that enacts a regulation or standard 
that contravenes the standards of any of codex, the oie or the iPPc, can be subject 
to any other Wto member nation filing a claim that argues that the regulation or 
standard is an unfair barrier to trade and, therefore, seeks compensation for lost 
trade opportunities. the agreement on sanitary and Phytosanitary Measures (sPs) 
of the Wto establishes the use of science as the decision-making criteria for justi-
fying barriers to trade for the protection of the environment or human, animal and 
plant health. the sPs agreement allows for the adoption or enforcement of mea-
sures necessary to protect the environment or human, animal or plant life or health. 
However, criteria are specified as to the application of any such measures. the sPs 
specifies that: (1) any measure(s) should not discriminate between countries; (2) 
standards which conform to international standards developed by international or-
ganizations (i.e. codex, oie, iPPc) are presumed to be consistent with the obliga-
tions outlined in the sPs agreement; (3) standards that are in excess of established 
international standards or where no international agreement exists must be based on 
scientific principles and the completion of a risk assessment; and (4) measures shall 
not constitute a disguised restriction on international trade.

codex, the oie and the iPPc provide the technical standards framework for the 
sPs. if an international standard for Phytosanitary Measures (isPM) established 
by the iPPc allows for a trade barrier, then every member country of the Wto is 
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allowed to implement this standard into their domestic regulatory framework with-
out fear of challenge. if a Wto member country implements a regulatory standard 
that contravenes the iPPc standards, then that country may be accused of using a 
trade barrier in a case brought to the Wto by any other member country. countries 
may have higher standards than the iPPc but only if there is a scientific justification 
and a risk assessment that satisfies sPs commitments.

the iPPc is a multilateral treaty that seeks to protect natural flora, cultivated 
plants and plant products from the spread of pathogens through international trade. 
through collaboration between regional and national plant protection organiza-
tions, it provides a forum for international cooperation, dialogue, harmonization and 
technical exchange of plant information. the iPPc has addressed the regulation of 
biotechnology and genetically modified (gM) crops through several of the isPMs.

to determine the relationship between socio-economic considerations (secs) 
and the iPPc, one must look to the international standards for Phytosanitary Mea-
sures (iPsMs). there are 24 different isPMs, none of which provide an allowance 

Table 2�1  international institutions regulating biotechnology. (source: adapted from Buckingham 
and Phillips 2001; updated by authors)
institution date coverage Member 

states
dsM orientation

World trade 
organization

1947 trade in all 
goods and 
most services

159 Binding establish rules for 
transparency and 
dispute settle-
ment through 
tBt and sPs 
agreements

international 
Plant 
Protection 
convention

1952 Pests and patho-
gens of plants 
and plant 
products

178 Non-binding, 
sets Wto 
standards via 
sPs s.3.4

international stan-
dards for plant 
measures involv-
ing quarantines

organisation for 
economic co-
operation and 
development

1961 Harmonization 
of regulatory 
requirements, 
standards and 
policies

34 None consensus docu-
ments; special 
commissions and 
events to seek 
common ground

codex 1962 Food labeling 
and safety 
standards

185 Non-binding, 
sets Wto 
standards via 
sPs s.3.4

international stan-
dards to provide 
guidance for the 
food industry and 
protection for 
consumer health

cartagena 
Protocol on 
Biosafety

2003 transboundary 
movements of 
gMos

166 None treaty creates rules 
for the trans-
boundary move-
ment of gMos

TBT technical barriers to trade, SPS sanitary and phytosanitary, DSM dispute settlement mecha-
nism, GMOs genetically modified organisms
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for secs. However, isPM No. 5, supplement No. 2 provides guidelines relevant 
to understanding the potential economic importance and the related terms of refer-
ence for environmental considerations. economically unacceptable impacts and/
or environmental damage relating to the unintended introduction of a plant pest 
are compensable. three criteria are required to be documented before economic 
compensation from plant pests can be sought: first, the potential for the plant pest 
to be introduced; second, the potential for the pest to spread; and third, the potential 
for harmful impacts on crops (lower yield or quality), the environment (damage to 
ecosystems, habitats or species) and other values (tourism or recreational activities). 
Based on the definition of economic damage provided by isPM No. 5 of the iPPc 
and therefore as part of the sPs agreement of the Wto, any country that incorpo-
rates secs into their domestic regulatory system that do not address risk reduction 
of the environment or human, plant or animal health, should know that this will be 
deemed a barrier to trade and said country should expect to have a disputes case 
brought to the Wto to have this barrier removed.

codex develops international food standards that identify a processed food 
product and its essential composition and quality factors, identifies additives and 
potential contaminants, sets hygiene requirements, provides labeling requirements 
and establishes the scientific procedures used to sample and analyze the product. 
Jackson and Jansen (2010) provide a detailed discussion of the science-based risk 
assessment process for food safety and its relationship to Wto dispute cases. it 
commonly takes in excess of six years to develop a codex standard. upon a co-
dex standards being adopted, each member country is encouraged to incorporate 
it into any relevant domestic rules and legislation but they may unilaterally im-
pose more stringent food safety regulations for consumer protection, provided the 
different standards are scientifically justifiable. codex plays an important role in 
the agri-food trade because its standards, guidelines and recommendations are ac-
knowledged in the sPs and tBt agreements of the Wto. there are currently no 
codex standards in place for products of biotechnology; however, there has been 
significant effort on behalf of codex to develop a standard for the labeling of food 
products derived from biotechnology. the codex committee on Food labeling was 
tasked in 1993 to initiate work on the development of a standard on the labeling of 
gM-derived foods and for nearly 20 years the committee’s efforts were gridlocked. 
However, in 2011 the usa relented on its opposition to the labeling of gM food 
products and, in 2012, codex adopted the principles for a risk analysis of foods 
derived from biotechnology, which establishes that if a risk is identified, labeling 
is an appropriate management strategy. codex stresses that any risk analysis of 
biotechnology derived foods has to be science-based and that these principles do 
not address “environmental, ethical, moral and socio-economic aspects…” (codex 
alimentarius commission 2012, p. 1). it is important to note that this is a codex 
principle on risk analysis of foods derived from biotechnology and not the standard 
on the labeling of gM foods that the committee was tasked with 20 years ago.

the oecd has actively assisted in the harmonization of international regula-
tory requirements, standards and policies related to biotechnology, beginning in 
1995. the oecd has undertaken a number of projects aimed at making regulatory 
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processes more transparent and efficient, to facilitate trade in the products derived 
from biotechnology and to provide an information exchange and dialogue with non-
oecd countries. the oecd leads efforts to develop consensus documents that set 
out the biology of the crop plant, introduced trait or gene product and to provide a 
common base to be used in the regulatory assessment of an agricultural or food prod-
uct derived from biotechnology. these consensus documents focus on the biology of 
the organism, containing the technical knowledge that is utilized in risk assessment of 
products derived from biotechnology, that are becoming embedded in the regulatory 
frameworks for Member states and are to be mutually recognized by other Member 
states.

the cartagena Protocol on Biosafety (cPB) is representative of recent efforts to 
provide a comprehensive international structure to ensure the protection of biodi-
versity and to facilitate considerations of non-scientific concerns, so-called secs. 
the cPB is a new international institution negotiated specifically to deal with trade 
in the products of biotechnology. the cPB, which was concluded in Montreal in 
2000 and came into effect in 2003, provides rules for the trans-boundary move-
ments of lMos intended for environmental release and those destined for the food 
chain. the cPB only applies to the nations that have ratified the agreement, and 
the challenge of using the cPB to govern production and trade of gM crops is that 
many of the leading producers of gM crops are not signatories to the cPB, let alone 
having plans to ratify the agreement. None of argentina, canada or the usa is sig-
natory to the cPB and these three countries represent three of the top five producers 
of GM crops (James 2011). this creates considerable challenges for the cPB.

as illustrated by the above discussion, most of the international institutions that 
hold a stake in the governance of products of biotechnology have existed for 50 
years or greater and use regulations and principles to respond to risks that science 
can measure and assess. the recent cPB takes a different approach. that approach 
has been led by the efforts of numerous european nations and can be seen as a 
means of reducing global reliance on the Wto as the dominant institution that gov-
erns biotechnology products and trade. to a large extent, it has been the cPB that 
has created the impetus for the development and incorporation of concerns that 
science has not (and perhaps cannot) measured and assessed (the so-called secs) 
into domestic regulatory frameworks for gM crops. this international divergence 
of regulatory strategies, with europe following a socio-economic/precautionary 
principle-based approach which is discussed further in the next chapter, versus 
the science-based approach utilized in nations such as those in North america, has 
created a trans-atlantic gap in the international governance of products from bio-
technology. Many african nations have opted to follow the regulatory path of the 
european union and its open aversion to agricultural biotechnology, while many 
south and latin american countries are choosing to base their gM crop regulations 
on science. there have been many costs to this trans-atlantic gap as illustrated by 
the January 2012 announcement by BASF that it was moving its research division 
from europe to the usa due to the delays in regulatory decisions in europe (BasF 
2012). the increased polarization of attitudes towards the regulation of biotechnol-
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ogy across the atlantic is not likely to be resolved in the near future as is witnessed 
by the 20 years of codex dialogue regarding the labeling of gM food products.

2�5  Structure of Science-Based Biotechnology Regulatory 
Frameworks

the advent of biotechnology products has triggered a spirited debate about what 
risks we should assess, how we should assess risks, who should undertake the task 
of defining what is acceptable, what rules we should draw upon and where we 
should vest the authority to decide. For the most part, the americas have increas-
ingly moved towards the “scientific evidence-informed” or what is referred to as 
the “science-based” assessment of risks, where the risks being governed are those 
posed to environmental and human health and safety capable of measurement and 
assessment by science. this was initiated by canada and the usa in the early 
years of the 1990s, when their domestic biotechnology regulatory frameworks 
were created by adapting existing regulations and institutions. this section pro-
vides a concise overview of the science-based approach to the regulation of bio-
technology in both canada and the usa. For greater details on the canadian and 
american regulatory systems, see smyth and McHughen (2008) and McHughen 
and smyth (2008).

2.5.1  Canada’s Institutional Regulatory Framework

two departments of the canadian federal government are responsible for the regu-
latory framework for gM crops, the canadian Food inspection agency, and Health 
canada.

2�5�1�1  The Canadian Food Inspection Agency (CFIA)

in canada, all commercialized gM plants to date have been considered to con-
tain novel traits and, therefore, have been assessed for additional safety factors. 
Because of this, government regulators carefully assess potential impacts before 
these modified plants can be released into the environment on a case-by-case basis. 
the regulation of plants with novel traits (PNts) is the responsibility of the Plant 
Biosafety office within the cFia. environmental safety assessments examine five 
broad categories of possible impacts of a PNt. these are:

• The potential of the plant to become a weed or to be invasive of natural habitats;
• The potential for gene flow to wild relatives;
• The potential for a plant to become a plant pest;
• The potential impact of a plant or its gene products on non-target species; and
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• The potential impact on biodiversity (Canadian Food Inspection Agency 2011a).

every gM crop variety application that the cFia receives is treated as a PNt and is 
assessed for safety under the following cFia directives:

• Directive 94-08: Assessment Criteria for Determining Environmental Safety of 
Plants with Novel traits;

• Directive 95-03: Guidelines for the Assessment of Novel Feeds: Plant Sources;
• Directive 96-13: Import Permit Requirements for Plants with Novel Traits, and 

their Products; and
• Directive 2000-07: Guidelines for the Environmental Release of Plants with 

Novel traits within confined Field trials in canada.

using these directives, the cFia assesses all PNt applications for environmental 
release and use as animal feed. there are three stages in the assessment process 
for a PNt variety. in stage 1 of the development of a new PNt variety that is 
intended for unconfined environmental release and/or use as a livestock feed, the 
plants are required to be grown in a contained facility (i.e., greenhouse or laboratory 
growth chamber). growing conditions in these types of facilities follow biosafety 
guidelines that have been established by Health canada and the Medical research 
council. research institutions may develop and require that codes of practice be 
followed in addition to the above.

in stage 2, the PNt variety developer must submit an application to the cFia 
and receive authorization to conduct confined field trials in canada. directive 
2000–2007 is used to establish how many trials are allowed in canada, the size 
of the plot and isolation distances that are required. the cFia notifies each prov-
ince where field trials applications have been received and provincial authorities 
are given a 30-day comment period. Field trials are conducted over several years in 
various locations that represent potential adoption regions and the data produced by 
these trials is used to provide information to the cFia for the safety assessments in 
stage 3.

stage 3 is designed to address the five priority categories listed above. to pro-
vide the necessary information to satisfy these questions, the product developer is 
required to submit scientific data that has been gathered from the field trials. the 
cFia has undertaken scientific studies and uses these to assist in review and may 
commission additional studies if required. Peer-reviewed journal articles are also 
utilized as sources of relevant information. the scientific data that are required for 
the cFia to undertake the safety assessment includes: identification and classifica-
tion of the PNt; modification methods; description of the novel trait(s); environ-
mental data; and livestock feed data that is comprised of nutritional, toxicity, and 
allergenicity data (canadian Food inspection agency 2011b).

Following the review of the scientific data, a decision document is drafted and 
sent to the product developer as well as posted on the cFia’s website. this document 
explains how the review took place and provides a basis for rendering the final deci-
sion. if, at any point following this, additional scientific information becomes avail-
able regarding the crop variety, the product developer is required to report this in-
formation to the cFia who will undertake a re-evaluation based on the information. 
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at this point, the cFia regulation process is complete and the successful product 
developer receives notification from the cFia granting unconfined release status.

When unconfined release is granted, the developer then submits the variety to 
the specified variety recommending committee so that it can be evaluated based on 
agronomic attributes, the same as conventional varieties. each crop commodity has 
its own variety recommendation committee that evaluates a variety of agronomic 
attributes for all varieties put forward for consideration. if the agronomic attributes 
are sufficient, compared to a “check” variety, the recommending committee sends a 
letter recommending variety approval to the Variety registration office (Vro) of the 
cFia. the Vro accepts the recommendations of the variety recommending commit-
tee and grants final variety approval to all new crop varieties, gM or conventional.

2.5.2  Health Canada (HC)

unlike the cFia, which uses a product trigger, Health canada defines novel foods 
as foods resulting from a process not previously used for food, products that do not 
have a history of safe use as a food or foods that have been modified by genetic 
manipulation, genetically engineered foods or biotechnology-derived foods (Health 
canada 2011a). Health canada assesses the safety of all gM and other novel foods 
proposed for sale in canada. companies are required to submit detailed scientific 
data for review and approval by Health canada, before such foods can be sold.

Health canada is also responsible for the environmental assessment of products 
regulated under the Food and drugs act, including novel foods, but only those 
that are not subject to environmental safety assessment by the cFia. this activity 
is required by the New substance Notification regulations of the canadian envi-
ronmental Protection act (1999). two branches within Health canada, the Health 
Products and Food Branch (HPFB), and the Healthy environment and consumer 
safety Branch (HecsB), started working in 2001 to develop new regulations to as-
sess the impact on the environment and on human health of new substances used in 
these products. this process was known as Health canada’s environmental impact 
initiative (Health canada 2011b) and was finalized in 2010.

Health canada does not review all foods new to the canadian market but only 
those that are deemed novel. therefore, the concept of prior safe use as a food was 
introduced to exclude foods new to the canadian market which have a history of 
safe food use in other countries, from being the target of a novel food notification. 
secondly, the concept of “major change” was introduced into the novel food defini-
tion in order to avoid the potential of a minor processing change triggering a novel 
food notification. this approach is intended to restrict novel food notifications due 
to the introduction of new processes to only those that are truly new and cause sub-
stantial changes in the composition of the food.

a major change with respect to food is defined as a change peripheral to the 
manufacturer’s experience or generally accepted nutritional or food science theory. 
this would place the modified food outside the accepted limits of natural variations 
for that food with regard to the following:
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• Composition, structure or nutritional quality of the food or its generally recog-
nized physiological effects;

• Manner in which the food is metabolized in the body; or
• Microbiological safety, the chemical safety or the safe use of the food. (Health 

canada 2011c).

regulators at Health canada receive safety assessment data from the product devel-
oper relating to novel foods. this is when the nutritional, toxicity, and allergenicity 
data are reviewed and assessed. data are also needed to satisfy safety assessments 
regarding dietary exposure, metabolization, and microbiological safety. one salient 
feature of the Health canada regulatory process is the use of experience from other 
jurisdictions. if a novel food product has a history of safe production and consump-
tion in another country, then this history is admissible as data for regulatory approv-
al in canada. Health canada is more accepting of this data than the cFia, although 
the cFia will allow data from other jurisdictions to be included in a submission 
package, provided it has a valid scientific rationale.

Health canada has established criteria for the assessment of novel foods that 
provides information to establish the safety of the novel food. Written notification 
is required at least 45 days prior to the sale or advertising for sale of any novel food. 
Health canada is required to respond within 45 days of receipt of the notification 
regarding its acceptability for sale. if additional information is required to properly 
establish the safety of the product, such information will be requested in writing and 
“the clock” is stopped, thus extending the period. the applicant is not permitted to 
sell or advertise the product until the additional information requirement is fulfilled 
and the department has agreed to the acceptability of the product.

once the Novel Foods section of Health canada receives the application for a 
new food product from the product developer, there are four assessments involved 
at this stage. the product developer has to address environmental safety, chemical 
safety, nutritional changes/stability and microbial hazards.

once the scientific review of data is complete, Health canada can request ad-
ditional information, which then requires another scientific review of the new data. 
if there are no requests at this point, a draft ruling is developed by the Novel Foods 
section that then goes up the bureaucratic ladder for review. senior management 
within Health canada has the right to request additional information from the prod-
uct developer at this stage, and this process would trigger another scientific review. 
if the drafted proposal is acceptable, then a letter is sent to the product developer 
informing them of this, and the decision document is posted on Health canada’s 
website. at this point, the product developer may market the novel food.

2.5.3  The United States Institutional Regulatory Framework

in 1986, the White House established a committee at the office of science and tech-
nology Policy (ostP) to recommend how best to regulate the quickly advancing 
technology known as biotechnology. the resulting publication outlined several im-
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portant factors for the regulation of biotechnology in the usa (office of science and 
technology Policy 1986). one of the most vital findings was that the ostP conclud-
ed that rdNa was not inherently risky and that regulations should therefore focus on 
the risks of products, not on the processes used to develop them. existing legislation 
and regulations designed for current products could be adapted to deal with prod-
ucts of biotechnology. the coordinated framework also recognized the concept that 
gMos were not inherently riskier than other, non-modified organisms. Finally, the 
ostP document assigned regulatory priority amongst the relevant federal agencies: 
the us department of agriculture (usda), the Food and drug agency (Fda), and 
the environmental Protection agency (ePa). under the coordinated framework, the 
usda was to be the lead agency in the evaluation of plants as potential pests of agri-
culture, the Fda was to review gMos as potential threats to the food and feed supply 
and the ePa was to take priority in evaluating new gMos with pesticidal properties.

the National environmental Policy act (NePa) of 1970 requires most federal 
regulatory agencies to investigate the potential for environmental impacts prior to 
making certain decisions or taking certain actions that could pose environmental 
risks. the relevant agency starts by asking “is the action we are being asked to regu-
late likely to have significant environmental effects?” and then sets out to answer this 
question. the simplest finding is a categorical exclusion, which includes items or 
actions that do not pose significant effects on the environment. after ascertaining that 
no extraordinary circumstances exist (due to, e.g., possible interactions with unique 
regional features or endangered species) the agency approves the application, which 
is known in the usa as deregulation. if the proposal presents significant environmen-
tal effects, the agency conducts and publishes an environmental assessment (ea).

the ea is a critical analysis of the environmental consequences of conducting 
the proposed activity or releasing the product. after reviewing the various relevant 
factors, the agency can conclude that either the proposed activity/product demands 
additional analyses and (1) issues a Notice of intent (Noi) to prepare a more elabo-
rate environmental impact statement (eis) or (2) that the proposed activity/product 
poses insignificant risk and prepares another document, the Finding of No significant 
impact (FoNsi). the FoNsi summarizes the ea and justifies and provides rationale, 
using the data presented in the ea, why the agency came to the conclusion that the 
activity/product was deemed environmentally benign. Both the ea and the FoNsi 
are public documents and the NePa act provides a parallel opportunity for citizen re-
view of agency decision-making. When industry petitions to a regulatory agency for 
deregulation of a biotech crop, the resulting agency’s ea process includes solicitation 
of public comment regarding draft assessment and the deregulation petition. it is dur-
ing this public comment process that private individuals may raise or voice concerns.

if the ea suggests that the proposed activity or product might present a signifi-
cant environmental impact, the agency can publish the Noi in the Federal register. 
the Noi includes information on the proposed activity/product, outlines how the 
agency plans to proceed with an eis and how the public can contribute along with 
contact information at the agency. the plan identifies specific relevant issues for 
in-depth investigation and a timeline for completion.
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the eis is a major analysis document, requiring careful deliberation and active 
wide consultation. When the agency completes a draft eis, a Notice of availability 
(Noa) is published in Federal register, which opens the draft to public comment. 
For at least 45 days, anyone can read the draft and provide input to the agency, 
which may additionally provide other fora (such as public meetings) to solicit broad 
public input. the agency is required to take public comments seriously and respond 
to all reasonable input in preparing the final eis. When the final eis is completed, 
the agency publishes another Noa in the Federal register, which signals another 
30-day (or more) waiting period before a final decision is made. eventually, the 
agency publishes a record of decision (rod), the final step in the whole process. 
the rod summarizes and discusses the issues investigated in the proposed activity/
item prior to making the final decision and is made publicly available.

2�5�3�1  United States Department of Agriculture (USDA)

Within the usda, oversight for gM crops is the responsibility of the office of ani-
mal and Plant Health inspection service (aPHis). the primary concern is with pro-
tecting agriculture and the environment (broadly interpreted) from potential pests 
(also broadly interpreted). the usda regulates all gM plants prior to environmen-
tal release, including during import, interstate movement, small and large field trials 
and commercial production. initially, legislative authority was distributed among 
several statutes, including the Plant Quarantine act, the Federal Plant Pest act and 
the Federal Noxious Weed act, but this regulatory authority was consolidated in 
2000 in the federal Plant Protection act (PPa).

Most field trials are approved under a notification procedure, which is a process 
designed for the simplest or most familiar gM plants. usually, notification involves 
submitting a letter to aPHis, documenting how the proposed gM plant meets six 
specified criteria and designated performance/characteristic standards. the criteria 
include such considerations as the gM plant not being of a noxious weed species 
and not transformed with human or animal pathogenic sequences. the notification 
can be used for field trial approval as well as importation and transport of specified 
gM plants within the usa.

aPHis issues permits for the production of field trials and is primarily con-
cerned with biosafety, that is, the unintended release and spread of a potential plant 
pest. the permit procedure is much more elaborate than the notification process and 
requires greater amount of information and data.

in March 2003, in response to concerns surrounding non-food substances in trans-
genic plants and a series of highly publicized permit violations, aPHis announced 
that they would strengthen mandatory permit conditions for field-testing transgenic 
crops. the number of site inspections would increase to five during the trial and 
two, the following season. the permits for pharmaceutical trials with transgenic 
corn (a common host plant species) imposed several conditions, including that no 
corn can be grown within one mile of the trial site, that no food or feed crop can be 
grown on the site the following season and the size of the buffer zone was doubled.
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2�5�3�2  Food and Drug Administration (FDA)

the Fda has responsibility for ensuring the safety and security of human food and 
the supply of animal feed. in 1992, the Fda issued a policy statement establishing 
its authority to regulate new foods and feeds under the Federal Food, drug and 
cosmetic act (FFdca), irrespective of the method of breeding (Food and drug 
administration 1997). under this act, the Fda considers the food or feed composi-
tion relative to currently available counterparts, looking especially at the presence 
of allergens and toxins and any changes in levels of nutritional and anti-nutritional 
substances. Foods containing unexpected or novel substances, or usual substances 
falling outside normal ranges for that kind of food, are considered adulterated and 
subject to Fda regulatory action. Foods and feeds identical, or nearly identical, 
in composition to regular versions are not considered adulterated and do not trig-
ger Fda review, even if they were produced using rdNa technology. the FFdca 
establishes that the Fda is concerned for food and feed safety, and that safety is a 
function of substances present (or of nutrients absent) from the food in question. if 
foods or feeds produced from or with gMos are composed of the same substances 
and in the same amounts and relative proportions, there is no basis for a safety con-
cern (above and beyond whatever safety concerns may ordinarily reside in that food 
or feed), and no need to invoke the “adulteration” action trigger. this is why some 
people consider the Fda review to be “voluntary”. Because most foods and feeds 
from gM plants are compositionally identical (or nearly so) to regular versions, the 
Fda does not require mandatory regulatory assessment. the Fda regulates food 
and feed based on the objective changes in product composition.

although called “voluntary,” all gM foods and feeds currently on the us market 
have undergone what is called a Fda “consultation”, in which the developer sub-
mits a dossier of compositional data relating to the putative “identical” food or feed, 
and Fda scientists evaluate the composition in comparison with the composition of 
the regular food and feed. the data submitted include such information as genetic 
stability of the plant, compositional analyses, nutritional assessment, as well as al-
lergenicity and toxicology of any substances ordinarily present in the food or feed, 
along with such assessments of the introduced gene products. the Fda published 
guidelines to assist developers in compiling the dossier in 1997 (National academy 
of sciences 2000). this procedure is beneficial to all parties, as it provides some 
assurance to consumers that a government agency is evaluating a new food or feed 
product prior to commercial release. it gives the developer an opportunity to have 
an independent third party (Fda) cast expert eyes over the data to ensure no po-
tential problems were overlooked, and it keeps the Fda up to speed on new foods 
and feeds coming through the development pipeline. even without a compulsion, 
all developers of gM foods and feeds on the us market have completed the Fda 
consultation, largely because it is relatively simple, straightforward and prudent to 
do so. Nevertheless, some people demand that the Fda adjust their policy to make 
the procedure mandatory.
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2�5�3�3  Environmental Protection Agency (EPA)

the ePa enjoys broad regulatory authority over substances with pesticidal charac-
teristics, with particular concern for threats to human health and the environment. 
in addition to regulating the pesticides themselves, the ePa regulates according to 
changes in pesticidal properties or pesticide usage. importantly, the ePa claims not 
to regulate gM plants per se, but rather regulates the pesticidal properties associ-
ated with gM plants. this trigger captures plants such as gM virus resistant plants, 
even though there is no pesticidal substance necessarily sprayed (or synthesized in-
ternally), as well as the more obvious herbicide tolerant gM plants, where the crop 
is designed to be sprayed with a new pesticidal substance. the ePa also captures 
gM plants that produce their own substances with pesticidal properties, the plant 
incorporated protectant (PiP), which means gM plants expressing, for example, Bt 
or other insecticidal substance.

the ePa has regulatory authority to regulate the pesticidal properties in gM 
plants under the Federal insecticide, Fungicide and rodenticide act (FiFra). un-
der the coordinated framework, the ePa published their proposed regulations in 
1994 and began acting on those in 1995. the ePa’s working definition of a PiP was 
“… a pesticidal substance produced in a living plant and the genetic material neces-
sary for the production of that pesticidal substance, where the substance is intended 
for use in the living plant” (National academy of sciences 2000, p. 127).

in 1994, the ePa proposed exempting several low-risk categories. one would 
be those plant pesticides in which the genetic material originates in a sexually com-
patible species. that is, if the pesticidal trait could be crossed through ordinary 
breeding, the resulting novel pest-protected plant would be exempted under Fi-
Fra. a second exemption category included those using physical barriers (and 
similar mechanisms such as inactivating toxic substances) to preclude the pest from 
attaching to or invading the plant. the third category included plants expressing vi-
ral coat proteins as means to provide virus resistance. the proposals also included 
language to circumvent, as required under FFdca, the establishment of a tolerance 
limit for such substances (National academy of sciences 2000). By 2001, the ePa 
issued final rules exempting the previously captured sexually compatible PiPs, as 
well as exemptions for residues of the pesticidal substances and genetic material 
(dNa, rNa).

in accordance with the coordinated framework, the ePa evaluates each submis-
sion on a case-by-case basis, so the focus of the concerns with novel herbicide 
uses will differ from those with novel insect protection. to date, all gM PiP plants 
evaluated by the ePa produce proteins, mainly the Bt endotoxin and viral resis-
tance proteins, such as coat proteins. in addition to data requirements related to 
product characterization, the ePa also requires data on mammalian toxicity, non-
target organisms’ effects and environmental metabolism. For Bt products, the ePa 
also demands an insect resistance management program. For herbicide-resistant 
gM plants, the ePa coordinates with the usda and the Fda. the ePa empha-
sizes that it does not regulate the gM plant per se, but the herbicide used on or with 
the gM plant.
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like aPHis, the ePa is also concerned with gene flow issues. However, un-
like aPHis, where gene flow interest is driven by concern for potential increase 
in weediness or plant pest characteristics, the ePa’s interest in gene flow is due 
to the possibility of expanding exposure to novel pesticidal substances. the ePa 
is required by FiFra to consider adverse environmental impacts attributable to 
possible gene flow, and by FFdca to exempt or issue tolerances for the pesticidal 
substances that might enter the food and feed supply. so far, the ePa has analyzed 
several plant species with Bt constructs and all have received exemptions. the ePa 
has prohibited the unregulated sale and cultivation of Bt cotton, however, in some 
areas (Hawaii, Florida, Puerto rico and the Virgin islands), due to the local pres-
ence of interfertile relatives or feral cotton populations, as they present a recipient 
sink and opportunity for greater uncontrolled Bt exposure.

By the same reasoning, the ePa seeks to preclude gene flow between gM plants 
and wild or feral relatives as that is a primary means of gene escape, invasion and 
possible establishment of undesirable plants. to date, this policy has not posed great 
hardship (except possibly to growers in Hawaii, Florida, Puerto rico, or the Virgin 
islands wishing to grow Bt cotton) but may take on greater significance with the 
increasing interest in biofuels made from gM versions of energy crops such as 
switchgrass. at present, in spite of considerable research and development of tech-
nologies to limit gene flow (via, e.g., pollen disabling genes), no such gene flow 
mitigation technology is 100 % effective (National academy of sciences 2004).

the ePa is also concerned with effects of PiPs on non-target organisms in the 
environment. the requirements involve an initial assessment of potential toxicity 
and exposure to non-target species, followed, where warranted, by up to four tiers of 
testing on the relevant species. Finally, the ePa considers the environmental fate of 
PiP substances, for example of Bt endotoxin in the soil, and how soil biota respond to 
the Bt deposited by transgenic plant roots, decaying leaf matter, pollen settling, etc.

The EPA is also concerned about organisms—particularly insects—developing 
resistance to pesticides, and so the ePa considers management strategies to mini-
mize and delay the onset of resistance in pest populations. Pests are known to de-
velop such resistance to pesticides, antibiotics and other such substances based on 
exposure and intensity. Because Bt is an important insect control chemical to many 
farmers—even organic farmers—the onset of resistant insect pest populations is a 
concern for all. the ePa takes the lead in requiring appropriate insect resistance 
management (irM) strategies, and farmers are required to follow the irM practice 
regulations. For Bt, these practices include areas of on farm refugia to allow Bt 
sensitive and resistant insects to mate in the absence of Bt selection pressure. the 
exact size and locations of the refugia will vary depending on the crop, the particu-
lar pest and the nature of the pesticide being used. other factors, such as nearby 
alternate refugia or PiP crop species, may also influence the optimum presentation 
of the refugia.
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2�6  Conclusions

regulatory oversight can never bring perfect foresight of risks. essentially, we see 
through a dark glass and can only hope to pick out every potential risk requiring 
preventive action—through new designs, new warnings or, in some cases, a ban on 
the emerging technology pending thorough assessment.

in canada, the use of science-based regulations results in a regulatory frame-
work that provides consistent and repeatable regulatory decisions on gM crops. 
in turn, this provides firms in the industry with confidence about the regulatory 
system and these firms continue investing in the development of new crop varieties. 
this is not to say that the biotechnology industry is without complaints about the 
regulatory system, but what complaints do exist can be addressed via consultative 
processes. the triggering of PNt status on some mutagenic varieties does frustrate 
variety developers, especially given that there is no way of knowing in advance of a 
submission as to whether or not the cFia will deem the submitted variety as a PNt. 
the ability of science to test, and to test with confidence, at smaller and smaller 
percentages, means that the system responds to new discoveries. the adaption of 
the previous regulatory framework for plant agriculture to regulate gM crops has 
resulted in a continual and efficient process that has approved new gM crops for 
nearly 20 years.

like the canadian experience, the us regulatory framework is based on the 
adaptation of existing regulations. given the scientific basis of the regulations, 
consistent and repeatable regulatory decisions result from the american regulatory 
system. the usda has suffered somewhat of a setback at the end of the past de-
cade with courts regarding gM alfalfa, bent grass and sugar beets. in each case, the 
usda was found to have failed to undertake a thorough eis, which is in violation 
of NePa. the usda will have to become more rigorous in its approach to the con-
ducting of environmental impacts as it deals with future variety assessments.

However, despite the success of the North american regulatory frameworks, 
there is no definitive set of “science” facts that can underpin decision-making for 
technologies like gM crops. even confining the assessed risks to those relevant to 
environmental or human health and safety does not provide a closed set of facts to 
be measured. With harm to biodiversity in particular, the harm depends largely on 
complex questions of ecological science. detecting and documenting all the lives 
that comprise biodiversity and monitoring and measuring negative impacts to such 
biodiversity present daunting technical challenges given limits of knowledge and 
understanding. if the assessed risks are expanded beyond these traditional concerns, 
the difficulties greatly increase. However, this does not mean that science-based 
systems should be replaced—rather, it highlights the need to more clearly and con-
cretely define the appropriate human institutions that can develop and use the “sci-
entific consensus” that is needed to make decisions that further the public interest. 
in essence, the efforts to develop an effective regulatory and trade system, one that 
facilitates optimal market adoption, is not complete. the integration of agriculture 
into the Wto, the adoption of a binding dispute settlement mechanism and the 
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incorporation of the international standards setting organizations (codex, iPPc, 
oie) into the regulatory and trade systems were all vital steps. But, they should not 
be viewed as the end of the process. rather, they provide the launching pad for a 
process to develop a more highly integrated and effective science-based regulatory 
system for new agri-food technologies.
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3�1  Introduction

Many countries have made significant investment in developing broad agricultural 
biotechnology capacity focused on developing plant and animal breeding, advanced 
genomics, tissue culture, and genetic transformations (Falck-Zepeda et al. 2009). 
developing countries have been particularly interested in supporting their resource 
poor smallholder farmers while addressing multiple productivity challenges and 
cultural diversity and operating in agricultural and natural ecosystems which may 
be mega biodiverse. these challenges are made more difficult to overcome because 
developing countries also face significant institutional and policy challenges.

However, investments in innovation have yielded a growing portfolio of gM 
technologies made by developing countries for developing countries. these tech-
nologies are likely to address agricultural productivity issues relevant to their con-
text. some have reached a relatively advanced state of development and may have 
moved along the biosafety regulatory pipeline but most are simply not reaching 
farmers (atanassov et al 2004; stein and rodriguez-cerezo 2009). this state of 
affairs will continue unless countries address regulatory hurdles that unnecessarily 
slow or stop the deployment of potentially valuable technology (Nature Biotechnol-
ogy 2012). investigating the regulatory hurdles affecting biosafety may help de-
velop a robust innovation system responsive to the needs of farmers in developing 
and developed countries.
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over time, diverse actors and stakeholders have developed conceptual 
frameworks, models, and positions with regard to agriculture, food production, and 
the role of science and technology in addressing productivity. actors and stakehold-
ers have interacted in different policy arenas with contrasting outcomes which have 
influenced policies and decisions made in the international context. Policy outcomes 
range from countries making proactive investments in agricultural biotechnology 
serving as a major driver of agricultural productivity to countries that have passed 
informal or formal bans or moratoriums.

in this chapter, we propose that over time conceptual and theoretical models 
and frameworks have shaped the international policy milieu. the policy milieu in 
turn has molded many developed and developing countries’ political and decision-
making landscape with regard to gM crops. in this chapter, we attempt to describe 
some of the conceptual drivers that help explain and describe the international con-
text related to gMos.

3�2  Models

We have identified four knowledge strands in the literature that are useful in de-
fining the policy pathways taken by countries toward gM technologies and thus, 
in turn, help shape the international context. the four strands are (1) productiv-
ity and endogenous growth theory and models, (2) technological and sector dual-
ism, dependence theory and the structure of the agricultural sector, (3) the political 
economy of agricultural policy and innovation models, and (4) post-normal science 
frameworks.

3.2.1  Productivity and Endogenous Growth

Productivity and endogenous growth theories and subsequent models focus on 
technology’s role in promoting growth and externalities as a source of endogenous 
growth (solow 1957; lucas 1988). the induced innovation models (Hayami and 
ruttan 1985; Binswanger and ruttan 1978) proposed that technical innovation is 
directly correlated by the incentive environment farmers face while making deci-
sions. schultz (1964) proposed the “poor but efficient hypothesis” which suggested 
that most developing country farmers lack technological and financial resources 
necessary to improve their welfare even when being technologically efficient with 
the resources they have available. technology adoption and its impact garnered 
a prominent role in economic development. seminal papers by griliches (1957), 
Feder et al. (1985), de Janvry (1981), and Feder (1985) introduced the concept of 
technology adoption dynamics and its critical impact on development. one out-
come of these productivity and endogenous growth models is that producers in 
developing countries will need significant external investments in technology and 
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complementary inputs in order to improve production and productivity. this will in-
clude investments in developing appropriate improved technologies to benefit those 
that adopt the technology.

the previous models were tempered in their embrace of technology by models 
proposed in the literature. one such model is the “technology treadmill” (cochrane 
1958; gardner 2002). application of these models showed that in many small open 
economies most gains from technology adoption would accrue to consumers. in 
the long run, producers tend to not gain from technical change, and are forced to 
perpetually pursue newer technologies to capture short-term gains in productivity 
which are then bid away by the market.

Productivity and endogenous growth hypotheses and models provide the con-
ceptual framework that supported, and continues to support, significant investments 
by multilateral development agencies, developed and developing countries’ gov-
ernments and the private sector. For example, the outcome from investment in or-
ganizations such as the consultative group of international agricultural research 
(cgiar) and its research centers around the world gave rise to the green revolu-
tion in the 1950–1970s and its impact on agriculture.

3.2.2  Technological and Sector Dualism, Dependency, and the 
Structure of the Agricultural Sector

the development economics literature introduced models based on the concept of 
dualism and dependence. lewis (1954) proposed that growth in developing econo-
mies could be described and might be limited by the existence of dual sectors in the 
economy: a modern and capitalistic sector coexisting with a traditional one. Produc-
ers in the modern sector frequently have access to credit, technical services, tech-
nology, and complementary inputs while participating in market operations. rural 
producers in the traditional sector tend to be subsistence farmers, frequently poor, 
and often excluded from formal markets. the basic lewis model was expanded to 
consider technology dualism and technology adoption and use, such as those by 
eckaus (1955) and Higgins (1956).

dualism has also been expanded to explain dissimilarities between developed and 
developing countries’ pathways and the deteriorating terms of trade described by 
singer (1970), Myrdal (1968), Prebisch (1950), and others. these models, collective-
ly known as dependency theory, indicated that poor countries are not poor because 
they lack technologies or resources, or whether they are integrated to the global and 
modern economic system, but rather how they are integrated in such system.

the persistent poverty, the existence of dualistic sectors, and the economic in-
equality in many developing countries is perhaps one of the main drivers for the 
existing policy and decision-making positions, pressure groups, and other formal 
and informal organizations that have opposed the deployment of gM technologies. 
Many of these agents may oppose most “modern” technologies because they are 
viewed as a causal agent reinforcing duality and poverty. they also assert that mod-
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ern technologies may be irrelevant or not economically justifiable under the set 
of decision-making parameters available to traditional producers. as poverty tends 
to be associated with ethnicity and race, duality can also be a driver for the indig-
enous and ethnically based organizations and movements which may oppose gM 
and other modern technologies.

3.2.3  Political Economy and Institutional Analysis 
Considerations

the institutional analysis and decision (iad) Framework proposed by ostrom 
(2005) and other political economy approaches are quite similar in their focus and 
objectives. duncan and Williams (2010) describe the centrality of politics while 
focusing on institutions to describe the incentives frameworks that guide behavior. 
Both approaches focus on understanding the intricacies of the systems or coun-
try situations and thus base analysis and potential strategies for improvement on 
a strong contextual base. Furthermore, both approaches describe the factors that 
shape the political and institutional processes and the arenas for interaction. Wheth-
er a study emphasizes politics or institutions may determine whether it is labeled 
one or the other.

3.2.4  Post-normal Science and the Social Interpretation 
of Science

Post-normal science is a conceptual framework developed by Funtowicz and ra-
vetz (1991, 1992, 1993). Post-normal science attempts the characterization of an ex-
tension and modification of the scientific approach as a methodology of inquiry ap-
propriate in those cases where according to the authors “facts are uncertain, values 
in dispute, stakes high and decisions urgent.” the primary use of this approach is 
regarding long-term issues such as climate change where less information is avail-
able creating uncertainty requiring short-term decisions with uncertain outcomes. 
Proponents of this approach propose that this conceptual framework is appropriate 
in such circumstances especially when potential outcomes are quite costly to soci-
ety. some authors have proposed that biosafety and environmental evaluation are a 
post-normal science (aslaksen et al. 2013; Myhr 2010).

the main implication of the implementation of the post-normal framework is the 
absolute critical need to implement the “extended peer community” that includes all 
stakeholders that may be affected by an issue, prepared to enter into a dialogue about 
the issue. the extended peer community would be supported by an expanded defini-
tion of what constitutes evidence and facts about the issue. the later usually implies 
departing from a reliance on experimental and field research, scientific peer review, 
and not applying such concepts as burden of proof, causality, and statistical signifi-
cance in favor of inclusion of social review, local knowledge, and other materials.
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discussion of the different knowledge strands above helps understand why coun-
tries have developed different approaches to science, technology, biosafety, and other 
regulations and agricultural and food policy issues. in the next section, we explain in 
more detail the general approaches that countries have taken with regard to biosafety 
and thus inclusion of socioeconomic considerations (secs) in decision-making.

3�3  Current Approaches to Biosafety

isaac (2004) discusses two significantly different international approaches to bio-
safety in the context of the us and the eu regulatory frameworks. these approach-
es can be roughly grouped into two distinct categories, the scientific and the social 
rationality, which can be used to examine regulatory paradigms and risk analysis. 
a summary of both interpretations is presented in tables 3.1 and 3.2, and shows 
significant differences between both trajectories (isaac’s terminology) in their ap-
proach to risk analysis and other regulatory paradigms. isaac (2004) proposes that 
the substantial equivalence approach is closely associated with the scientific ratio-
nale for viewing reality. in turn the precautionary approach has been linked to the 
social rationale for examining reality.

according to isaac, the main difference between both rationalities is their funda-
mental belief about the role of science and technology in society. scientific rationality 
posits that innovation and technology are vital to enhance productivity and maximize 
efficiency. the outcome of an innovative process is the maximization of society’s 

Table 3�1  risk analysis framework and the regulatory trajectories for biosafety: general regulatory 
issues. (source: adapted from isaac (2002, 2004))

risk analysis framework
attribute scientific rationality social rationality
Belief technological progress technological precaution
type of risk recognized and hypothetical recognized, hypothetical, and 

speculative
substantial equivalence accepts substantial 

equivalence
rejects substantial equivalence on the 

basis of the precautionary approach
science or other in risk 

assessment
safety safety
Health Health

Quality
other legitimate factors

Burden of proof innocent until proven guilty guilty until proven innocent
risk tolerance Minimum risk Zero risk
science or other in risk 

management
safety or hazard basis: risk 

management is for risk 
reduction and prevention 
only

Broader secs: risk management is for 
social responsiveness

science makes the regulatory 
decision

science only informs the regulatory 
decision

SEC socioeconomic consideration
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welfare and thus an increased interest in food production and other related outcomes. 
countries that follow the scientific rationality of regulation therefore tend to imple-
ment regulations that support or encourage innovation. this strong support of science, 
technology, and innovation tends to yield regulations based in the scientific method 
and in risk analysis processes. this approach requires compilation of existing data to 
estimate objective risk or, if data is not available, the use of subjective risk estimates, 
usually by a community of experts. substantial equivalence is used as a regulatory 
decision-making rule, where if a new technology is deemed to have the same level of 
risk as existing technologies; the technology is approved for use by consumers. if a 
technology is deemed as not “substantially equivalent” then it is considered novel and 
extensive testing is required to demonstrate safety. the risk assessment approach that 
uses substantial equivalence follows an approach that estimates the likelihood and 
magnitude of the impact based on quantitative approaches. the scientific rationale 
will tend to only consider secs when they affect a technology’s safety profile.

the social rationality approach views science, technology, and innovation as one 
more component of society. regulatory decisions are not only taken based on the 
biophysical impacts on public health and the environment, but also on the multiple 
relationships and impacts with other aspects relevant to society. there is then great-
er inclusion of societal concerns consistent with proponents view that science can-
not explain all issues related to humanity. Quantitative risk assessments are viewed 
as incomplete and not sufficiently broad to consider multiple and often non-linear 
impacts. thus countries which have adopted a social rationality approach to regu-
lation will tend to support inclusion of secs in their decision-making, including 
ethical, philosophical, religious, and other broad considerations.

3�4  Institutions and Organizations

3.4.1  Historical Context

an understanding of the history behind the cPB discussions and country positions 
is necessary for a better understanding of the relationship between secs, biosafety, 

Table 3�2  risk analysis framework and the regulatory trajectories for biosafety: specific regula-
tory issues. (source: adapted from isaac (2002, 2004))

risk analysis framework
attribute scientific rationality social rationality
Precautionary principle scientific interpretation social interpretation
Focus Product-based, novel 

applications
Process- or technology-based

structure Vertical, existing structures Horizontal, new structures
Participation Narrow, technical experts Wide, “social dimensions”

Judicial decision-making consensual decision-making
Mandatory labeling strategy safety or hazard based consumers’ right to know based
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and gM technologies. during the negotiations leading to the cPB, inclusion of 
secs in biosafety decision-making was a divisive issue between countries. in 
general, most developing countries supported their inclusion, whereas developed 
countries took the position that inclusion of secs should fall under the purview of 
domestic measures and were not appropriate for consideration in an international 
protocol. However, these positions were not monolithic and changed over time. 
thus, the next subsection provides a more detailed review of such positions.

secs were first considered by the cPB Parties after a decision of the first con-
ference of the Parties serving as a Meeting of the Parties (coP-MoP decision Bs-
i/12) and in other Protocol documents, such as medium-term plans. the second 
meeting of the Parties (coP-MoP2) requested feedback from the Parties in terms 
of position reviews and case studies regarding socioeconomic impacts while pro-
viding incentives for information sharing among parties (coP-MoP decision Bs-
ii-12). the fourth meeting of the Parties (coP-MoP4) in 2008 considered the feed-
back from parties, non-parties, and other relevant international non-governmental 
organizations. coP-MoP decision Bs-iV/16 invited the intersessional coordination 
meetings on capacity building to further discuss the issues.

the formal agenda at the Protocol’s conference of the Parties/Meeting of the 
Parties in 2008 and 2010 (coP-MoP4, coP-MoP5) included some discussion 
on socioeconomics usually under the agenda item on capacity building. in both 
meetings, discussion on socioeconomics was postponed to allow more inputs from 
expert groups and to define more conceptual clarity within the Parties. in turn, in 
coP-MoP6 in Hyderabad, the formal agenda included discussions on secs.

at the conclusion of the coP9-MoP 6 meeting, however, cPB Parties decided 
to postpone any decision with regard to secs to pursue further deliberations, on-
line consultations, and expert opinions (including the creation of so-called ad-Hoc 
technical expert group or aHteg) that would help parties obtain conceptual clar-
ity. inclusion of secs into gMo biosafety decision-making is controversial and has 
been extensively debated by Parties and non-parties to the cPB.

3.4.2  Interests and Institutions

table 3.3 introduces a list of potential agents relevant to the gM debate.1 in ta-
ble 3.3 the Miami group, composed mostly of those countries which are innovators 
and/or large users of gM crops, tend to oppose the formal and/or mandatory inclu-
sion of secs in risk assessment and decision-making. according to gupta (1999) 
the Miami group and industry viewed the cPB as a “vehicle by which to insti-
tutionalize predictability in decision-making with regard to genetically modified 
organisms (predictability premised upon decisions being based on sound science).” 

1 Kikulwe et al. (2010, 2011) reminds us there may be significant heterogeneity among different 
groups and agents in society in their positions toward gM crops. these differences may shape 
perceptions and influence policy and thus understanding each group of countries and agents is 
warranted.
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the implication of this statement is that biosafety would focus on science-based 
issues only.

gupta (1999) indicated that in turn the european union (eu) bloc, like-minded 
countries, some green and environmental groups viewed the cPB as a “vehicle by 
which to institutionalize flexibility in decision-making with regard to genetically 
modified organisms (a flexibility premised on the ability to implement the precau-
tionary approach).” inclusion of socioeconomics within a social view of regula-
tion that considers biosafety as a post-normal science implies that socioeconomics 
would be a critical aspect in the regulation of gM crops. the compromise, gru-
lac, and cee groups seem to have taken a somewhat neutral position or in some 
cases a wait-and-see approach to socioeconomics.

it is important to note that the eu has not been a heavy supporter of such inclu-
sion––compared to the like-minded countries which includes the african group––
apparently attempting to address the issue through domestic measures (tewolde 

Table 3�3  agents and groups involved in the biosafety and socioeconomic policy debate. (source: 
author’s compilation from cBd secretariat conference of the Parties serving as a Meeting of the 
Parties (coP-MoP) meeting documents)
actors examples
the Miami group australia, argentina, canada, chile, uruguay, usa
european union bloc 27 member states
like-minded countries g77 and china
african Bloc 47 member states
compromise group Japan, Mexico, Norway, Singapore, South Korea, 

Switzerland and, occasionally, New Zealand
latin american and caribbean countries 

group (grulac)
30 member states

central and eastern european bloc of 
countries (cee)

23 member states

green, environmental and socially 
responsible groups (nongovernmental 
organizations)

third World Network, greenpeace, european Net-
work of scientists for social and environmental 
Responsibility (ENSSER), GenØk—Centre for 
Biosafety Norway, ecoroPa, Worldwide Fund 
for Nature (WWF), Friends of the earth, council 
for responsible genetics, edmonds institute at 
Washington state university, Washington Biotech 
action council

industry global industry coalition (gic), croplife inter-
national, Biotechnology industry organization 
(Bio), individual company representatives

scientists (public and private sector) Public research and regulation initiative (Prri)
intergovernmental organizations (igos) united Nations environmental Program-global 

environmental Facility (uNeP-geF)
supranational treaties World trade organization, codeX alimentarius
government agencies Ministries of environment, agriculture, science 

and technology, Foreign affairs, international 
trade and commerce, Food and drug, National 
Biosafety committees/agencies
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Berhan gebre egziabher 2000, 2009). gupta (1999), however, indicates that al-
though negotiations leading to the deployment of the cPB may have been portrayed 
as protecting the interests of developing countries, in the end the Protocol is more 
like a conflict between divergent factions on biosafety and technology governance 
within the oecd. We tend to concur but we expand this narrow interpretation to 
include other actors which may have used both positions to advance their own agen-
das and positions as described in table 3.3.

We do not want to convey the message that the eu positions have been mono-
lithic nor constant over time. rhinard and Kaeding (2006) have indicated that eu 
efforts in promoting and negotiating a biosafety protocol have evolved over time 
toward convergence but not unanimity of positions. Positions with regard to bio-
safety and secs have changed over time, although there seems to be a tendency 
toward convergence.

in turn other green and environmental groups viewed the Protocol as a way to 
stop the deployment of agricultural biotechnologies and other technologies. Many 
Ngos had a critical role in supporting the passage of the cPB and of several issues 
purported to be of importance to developing countries including secs and liability 
and redress issues. the supporters of Ngos such as third World Network, Friends 
of the earth, greenpeace, and the edmonds institute at Washington state univer-
sity, among others, were critical in putting forward issues such as the precautionary 
principle and other issues viewed as protective to countries in the south (tewolde 
Berhan gebre egziabher 2000, 2009). according to tewolde Berhan gebre egzi-
abher, the lead negotiator of the african Bloc for the negotiation leading to the Pro-
tocol, this support was made possible due to a large coalition of like-minded Ngos 
and research units in educational institutions connected through the internet, which 
tended to oppose gMos.2

government agencies may have different positions or even in some cases con-
flicting positions with regard to gM technologies and the issue of secs. this state 
of affairs may be due to the mission, objectives, and time horizons that each agent 
has in a country. agriculture or science and technology Ministries may have a dif-
ferent position than environmental and Natural resources Ministries, which may 
be different to that of Foreign affairs or trade Ministries. it is also important to note 
that the cPB, being part of the cBd, has until recently been under the purview of 
the Ministries of environment or Natural resources. although limited, agents such 
as Ministries of agriculture and public sector scientists have only recently begun to 
express their positions in the matter.

2 a paper by takeshima and gruere (2010) suggests that anti-gMo lobbying efforts may be more 
successful in those countries where conditions may not be favorable for the introduction of a 
gMo in the first place. this hypothesis seems to be confirmed by results obtained in the analysis 
conducted in the paper. We posit that this hypothesis may also apply to the particular case of policy 
debate spaces, yet this remains an unexplored research area.
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3�5  Examples of Existing Regulatory Frameworks That 
Include SECs

the following examples of countries are from those who have included socioeco-
nomics through regulations, policies, through informal or ad hoc procedures, and/or 
where there has been pressure from actors to their inclusion. this is not meant to be 
an exhaustive list of countries who have taken socioeconomics into consideration, 
rather to illustrate the fact that there are different approaches by which to do so in 
practice.

3.5.1  Australia and New Zealand

the australian national regulatory framework for gene technology, created by the 
Gene Technology Act 2000 (cth), does not address secs, focusing only on human 
health and environmental impacts. However, some individual states have called for 
the inclusion of secs in the risk assessment process and have introduced state leg-
islation dealing with secs. Moratoria on certain gMo releases pursuant to that leg-
islation have now ended in four states but continue in two others. While the purpose 
of the state legislation was to protect markets and provide time for consideration of 
secs, no explicit details were given regarding which, or how, secs were to be as-
sessed or included within a broader assessment regime.

3.5.2  Norway

Norway is an example of a country that explicitly includes secs in its national 
biosafety framework. the gene technology act of 1993, section 10 explicitly men-
tions:

the deliberate release of genetically modified organisms may only be approved when 
there is no risk of adverse effects on health or the environment. in deciding whether or not 
to grant an application, considerable weight shall also be given to whether the deliberate 
release will be of benefit to society and is likely to promote sustainable development.

the Norwegian Biotechnology advisory Board has prepared a document “describ-
ing the implementation of the concepts in the gene technology act” (Norwegian 
Biotechnology advisory Board 2009, Preface), which includes information for the 
assessment of benefits to the community. these elements are seen “as a source of 
inspiration for how the Biotechnology advisory Board will implement the require-
ments of ‘benefit to the community’” (Norwegian Biotechnology advisory Board 
2009, p. 15). interestingly, the secs are not necessarily only relevant to imported 
gMos––Norway currently does not produce any gMos––but also to the conditions 
of producers in the exporting country.
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3.5.3  Argentina

argentina, although not a party to the cPB, has formally included secs in its bio-
safety approval process. argentinian regulations limit the scope though to impact on 
argentinean productivity with a focus on exports (sagPya argentina 2003, 2006, 
2007). this situation may change as more products enter the regulatory pipeline for 
internal use, where producer productivity may become an additional aspect in the 
sec assessment for regulatory purposes.

3.5.4  Brazil

Brazil approved its Biosafety law No. 11.105 in 2005. that law establishes three 
distinct bodies for gMo regulation (goB 2005): two technical bodies, the national 
biosafety committee (ctNBio) and the institutional Biosafety committee, and the 
National Biosafety council (cNBs). ctNBio is considered the competent regu-
latory authority and performs the gMo risk assessment in conjunction with the 
proponent, considering human and animal health and environmental impacts. the 
cNBs is composed of government ministers. cNBs has commercialization approv-
al power. if any social or economic issue is raised during the risk assessment pro-
cess, cNBs has the power to commission a socioeconomic study by a third party. 
an important note is that the Brazilian law explicitly sets the different risk analysis, 
communication, and management roles that all actors may take which are involved 
in the biosafety regulatory process.

in Brazil’s case, several advantages derive from separating the functions of the 
technical body from those of the body that examines non-biosafety related issues. 
the main advantage is that risk assessment is in essence separated from political 
issues that may obscure the technical assessment, thus allowing the former to be 
completed as needed. an important observation is that the Brazilian system is simi-
lar to the one used by the eu, the main difference being that the political process 
deals only with one country rather than many as in the eu.

3.5.5  Mexico

in Mexico, the Biosafety law and other related law instruments explicitly refer 
to the inclusion of secs. For example, article 64 of the National Biosafety law 
of 2005 (geuM 2005) and chap. iii article 16 section V(d) of the implementing 
regulations (geuM 2008) strongly encourage inclusion of secs.

chapter ii article 5.XiV of the 2006 decree (coNacyt 2007) defines making 
a decision on the socioeconomic studies needed to analyze the impact of gMos as 
one role of the competent authority (comite intersecretarial de Bioseguridad de los 
organismos geneticamente Mejorados––ciBiogeM). the 2006 decree indicates 
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that the proponent must perform the sec assessment, while the ciBiogeM con-
ducts a detailed review and can ask for additional information as needed. the law or 
policy instruments do not, however, define any methodologies or decision-making 
standards on which to base a decision.

3.5.6  India and China

in india, current rules from 1989 (goi 1989) based on the environment Protection 
act (goi 1986) guide the manufacture, use, import, export, and storage of haz-
ardous microorganisms and/or genetically engineered organisms. the 1989 rules 
do not explicitly require inclusion of secs, although in past biosafety evaluations 
the competent regulatory authority, the genetic engineering advisory committee 
(geac), has commissioned economic studies assessing the potential impact from 
the introduction of gM crops in india. there is very little clarity on the extent of 
these evaluations, how they have been considered for decision-making or their im-
pact.

in china, the 2002 decrees 8, 9, and 10 of the Ministry of agriculture (Moa 
Prc 2002a,b,c) and the 2002 decree 304 of the state council of the People’s re-
public of china (sc-Prc 2002), and other regulations govern the application of 
biosafety and use of gMos in china, although these decrees seem to be in a state 
of review (usda-Fas 2012). the text of available regulations only considers the 
technical aspects of biosafety assessment procedures made by the competent regu-
latory authority. the final decision for commercial approval lies in the chinese 
central government where other considerations including secs, such as impacts on 
foreign trade, may play a role in the decision-making process. the process of as-
sessing secs is not explicitly defined in any of these regulations.

3�6  Critical Assessment

there are two defined and contrasting country positions in the gM debate although 
many countries have not taken a formal position at this time. one position taken 
by some countries focuses on the scientific risk assessment of gMos. in this view, 
secs have a limited role in risk assessment, except perhaps on those issues which 
may affect risk management plans and strategies. this position is based on the right 
reaffirmed in cPB article 26 to not include a mandatory requirement for sec as-
sessment and that biosafety assessments focus on environmental and public health 
issues only. countries which do not support sec inclusion as a formal regulatory 
step tend to be innovators, developers, and/or broad-scale users of gMos.

the second position taken by some countries is that secs are critical for protect-
ing biodiversity, particularly that relevant to indigenous and local communities in de-
veloping countries especially those classified as mega-diverse. countries proposing 
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this view tend to focus on potential negative impacts of gMos including, in some 
instances, hypothetical and even speculative risks that may be associated with their 
use. this approach is firmly based on the post-normal science framework and the 
social rationality approach to science and regulation discussed above. Most coun-
tries that pursue this approach tend to be net importers, have limited investments in 
gM innovation, and have significant limitations in terms of science, technology, and 
innovation capacity that includes the capacity to implement biosafety assessments.

these two seemingly conflicting positions can lead to delays in the implementa-
tion of functional biosafety systems and to the deployment of gM technologies that 
may be of value, especially in developing countries. the tensions between these 
opposing positions on secs can disrupt further discussion defining technical issues 
including the implementation of the risk assessment itself which are mandatory for 
cPB parties.

the fact that cPB article 26 dealing with secs is of a voluntary nature and that 
some countries have already acted to exclude secs from their processes, points to 
the need for those countries that have or wish to include secs in decision-making to 
undertake internal discussions. this conversation should focus on achieving concep-
tual clarity, evaluate existing national financial and human resources, and seek sup-
port from the international community and supranational organizations when there is 
very little or no capacity for implementation, rather than attempting to develop an in-
ternationally agreed response that would be mutually agreeable to all parties, particu-
larly when, as is the standard procedure in the cPB, this would require consensus.

3�7  Concluding Comments

National policy spaces often define the international context and vice versa. in 
both spheres, agents and organizations can have a critical role in influencing policy 
pathways. We propose that this has been the case for biosafety debates and for the 
potential inclusion of secs in decision-making. critical drivers shaping the inter-
national context of biosafety and sec inclusion have been development models 
and frameworks, economic development history, agents and organizations, and the 
precautionary principle as a unifying theme. Most signatories to the cPB incorpo-
rate a version of the precautionary principle in their biosafety regulations, although 
version of such principle vary from weak to strong.

We encourage those countries that have explicitly indicated that they will move 
forward with a policy and regulations requiring inclusion of secs to focus on im-
plementation issues as a way to move forward. Focusing on identification of meth-
ods and research approaches, timing, scope, definitions, rules, and decision-making 
standards, and on innovative ways to comply with such regulatory requirements 
with a proactive view of improving time and cost efficiencies will contribute to 
the development of a functional biosafety system nationally and internationally. 
the next section in this book will help define these implementation issues in sec 
assessments.
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Part II
Analysis of Socio-Economic Considerations

Many countries have already included secs assessments in their national biosafety 
frameworks, policies or regulations. However, there is very little understanding 
of all the implications resulting from the inclusion of secs in biosafety and/or 
biotechnology decision-making. this lack of information on important aspects of 
secs in biotechnology decision-making complicates the policy decision environ-
ment. While there is much discussion of the issue and has been some work by 
certain jurisdictions, there is a lack of information on the content (or meaning) of 
particular secs, methodologies to measure secs, including the advantages, disad-
vantages and costs of such methodologies, and the legal repercussions of including 
particular secs in biotechnology regulation, such as compatibility with existing 
international agreements and institutions.

Perhaps the assessment of the broader group of concerns, the so-called secs, 
could go so far as using a science-based assessment but at the least the assessment 
needs to be objectively measurable, evidence based and identifiable in advance. 
literature about assessment of secs already exists. However, as between different 
jurisdictions and even within the one jurisdiction, there is considerable uncertainty 
and inconsistency in the current approach to assessment of secs. content is also 
very dependent on context. different countries and groups within countries (such 
as consumers, producers and industry) interpret and are impacted by any particular 
sec in different ways. impact differs because of factors such as different cultural 
and religious values and forms of agriculture practiced in particular countries. How 
a particular sec is relevant to a specific country and what methodologies are appro-
priate in an assessment of that may also vary depending on, for example, whether 
the country is a developed, developing or least developed nation. this section is 
intended to assist in the move towards certainty and consistency.

using a standard template, the chapters in this section provide an informative, 
factual and concise synthesis of 15 different secs. authors of the chapters in this 
section were tasked with identifying possible models that could be utilized to assess 
the various secs and to then provide a summary of how the models are applied, and 
what data requirements are necessary. some secs methodologies are extremely 
challenging to identify, while others have several options.
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4�1  Introduction

Most studies conducted to date about the adoption and impacts of genetically modi-
fied organisms (gMos) have examined the direct, on-farm benefits to producers 
(Qaim 2009; smale et al 2009; Pontifical academy of sciences 2010; Potrykus and 
ammann 2010; areal et al. 2012). to estimate on-farm benefits, applied research-
ers have most often relied on farm data collected through survey interviews to test 
hypotheses about changes in yield, use of labour and other inputs, costs and returns. 
the same data can be aggregated to represent benefits to a sector and to society.

researchers have also used estimates of net profits per hectare from survey data, 
trial data or data obtained from companies to estimate overall returns to produc-
ers (for a complete discussion, see smyth et al., forthcoming). Benefits to society 
have been generally estimated via the well-known economic surplus approach or 
the global trade analysis Project (gtaP) and similar approaches that consider 
market supply and demand for a specific sector or for the economy as a whole. use 
of trade analysis reflects the interest of decision-makers in understanding whether a 
specific country stands to gain from the potential adoption of gMos. researchers 
have also modified the economic surplus approach to address issues such as tempo-
rary monopoly conferred to innovators through intellectual property, heterogeneity 
among producers, uncertainty and the postponement of benefit flows due to regula-
tory processes. Benefits to society are often expressed as the size and distribution of 
economic benefits accruing to producers, consumers and innovators.

this chapter discusses methods and approaches used to evaluate benefits to 
producers and society, and their limitations and implications for national and 

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_4,
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international regulatory environments. studies examining producer and societal 
benefits are more relevant to formal technology evaluation processes than the 
environmental and/or the food/seed risk assessment procedures used in biosafety 
regulatory processes. this is largely because very few aspects related to the mea-
surement of benefits to producers and to society are directly related to risk consid-
erations. some exceptions to this state of regulatory and decision-making affairs 
may be the financial or production risks connected to market and post-release 
environments.

4�2  Methodologies

a fundamental distinction concerns ex ante as compared to ex post analyses. Meth-
ods described here can be used in either. ex ante impact assessment refers to analy-
sis that estimates the potential impact of the adoption and diffusion of a gM in-
novation. Practitioners customarily perform ex ante analysis to evaluate competing 
project options and allocate resources based on a priority setting exercise. in an ex 
ante analysis, the researcher proposes plausible values for key parameters in the 
model chosen.

in contrast, ex post impact assessment refers to analysis that evaluates past per-
formance and achievements. this is an after-the-fact analysis that examines use of 
inputs and seeks to provide information to policy-makers. in an ex post analysis, 
the researcher collects data on key parameters from primary or secondary sources. 
the probability of success, adoption rates and information about production perfor-
mance are known, elicited from experts, or can be estimated from different sources.

one critical issue of ex post (and to a certain degree ex ante) analysis is mak-
ing the appropriate comparison between the scenarios that depict conditions ‘with’ 
and ‘without’ the innovation (the counterfactual). agronomic and other life sci-
ences experiments customarily deal with the counterfactual by comparing a group 
of individuals (plants, persons) that received the proposed treatment (a treatment 
group) with a group that did not (a control group). in the case of quasi-experimental, 
economic impact studies conducted among farmers, it is not feasible to identify the 
control group. We observe those farmers who received a treatment (adopted a tech-
nology) after they adopted, and those who did not, but we cannot observe adopters 
had they not adopted. adopters and non-adopters are likely to differ in important 
ways. similarly, the researcher cannot observe the prices and quantities that would 
have prevailed had technical change not occurred. the next best solution is to use 
information available for the conventional (older) technology. the researcher esti-
mates ‘without-innovation’ prices and quantities using formulas derived from the 
system of supply and demand equations.

We group analytical approaches into three distinct sub-categories, according to 
their objectives: (1) cost/benefit analysis, (2) partial and general equilibrium analy-
sis, and (3) regulatory impact assessment.
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4.2.1  Cost/Benefit and Net Present Value Methods

the purpose of cost/Benefit analysis (cBa) is to evaluate the consequences of 
decisions using consistent procedures. often the literature distinguishes two types 
of cBa. the financial approach considers only cash costs and benefits, and is typi-
cally used by private firms and individuals. the decision rule is simply that a project 
is undertaken as long as benefits exceed costs. this decision rule is equivalent to 
positing that net benefits are greater than or equal to zero. the second, or economic 
approach, adds the cost of alternatives (opportunity cost) and external influences on 
society. alternative costs are customarily valued using ‘shadow prices’, which in-
clude all the cost incurred by society in order to supply a good in a specific market.

to reflect the time value of money, researchers discount the flow of future net 
benefits using the appropriate discount factor or interest rate. discounting is a way 
to estimate the present value of benefits and costs realized during the course of 
adoption and use of a technology. the process of discounting assumes that money 
spent today is more valuable than money spent in the future because today’s money 
can be invested, generating income until it is spent in the future. in addition, dis-
counting assumes that most people prefer to consume now rather than later.

the net present value (NPV) is the sum of the discounted stream of annual net 
benefits. all costs necessary to bring the project into existence are considered. an 
alternative measurement is the internal rate of return (irr), which is simply the rate 
of interest which, when applied to discount the stream of net benefits, equates the 
NPV to zero. the analyst compares the irr to an existing benchmark rate of inter-
est, usually the prevailing bank-lending rate. if the irr is greater than the bench-
mark rate of return, the project is accepted.

4.2.2  Partial and General Equilibrium Analysis

Partial and general equilibrium analysis—including economic surplus approach-
es—seeks to estimate net additional benefits to the economy due to the adoption 
of an innovation. the economic surplus methodology is based on the principle that 
supply and demand for a particular good reaches an equilibrium point. equilibrium 
represents the combination of prices and quantities at which the quantity demanded 
by individuals exactly equals the amount supplied by producers. changes in the 
equilibrium quantity and price occur because of external shocks to the system of 
supply and demand functions (e.g. introduction of a biotechnology innovation). in 
particular, a technology innovation may cause a per-unit cost reduction (increase) or 
equivalently, more (less) output produced with the same amount of inputs.

economic surplus is composed of consumer and producer surplus, both mea-
sured as changes with respect to a counterfactual. change in consumer surplus 
arises when adoption of the technology causes a shift in supply and a decrease in 
product price, and is calculated by multiplying the price change by the quantity of 
the good consumed. change in producer surplus results from the increase in benefits 
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associated with increased output or decreased cost of production. Benefits to society 
are estimated as the sum of producer, consumer and innovator surplus and changes 
in deadweight losses. Figure 4.1 shows changes in producer and consumer surplus 
and deadweight losses due to a change in demand or supply.

this is a well-established methodology in economics literature and has been shown 
to provide valuable contributions to impact assessment efforts. When there are other 
impacts beyond the sector, researchers can use multi-market approaches. impacts may 
be ‘horizontal’ in the sense that the adoption affects two or more commodity markets, 
or ‘vertical’, meaning that effects are transmitted among output and input markets.

researchers initiate the estimation procedure of economic surplus by deciding on 
the type of model to use. a decision on the model type will also include decisions 
about the type of functions (linear vs curvilinear) and the type of supply or demand 
shift (parallel or pivotal). if there is a need to have preliminary estimations, proce-
dures using a parallel shift and linear functions are handy. at this point, researchers 
must also consider whether there is data that is sufficient and of strong-enough qual-
ity for an econometric analysis.

impact assessment practitioners choose from among several techniques to esti-
mate economic surplus. the main advantage of econometric techniques is that these 
enable the researcher to test hypotheses about the parameters in the model with sta-
tistics. the mathematical programming method obviates the need for extensive data, 
but requires extensive knowledge about the processes and production characteristics 
of the innovation and has the disadvantage that it is hard to judge the robustness of 
the model.

Fig� 4�1  Producer and consumer surplus changes due to supply shift. Notes: (1) consumer surplus 
is the area below the demand curve and above the price. Producer surplus is the area above the sup-
ply curve and below the price. (2) Prior to the shift in supply from S0 to S1, producer surplus was 
areas B + E. after the supply shift, producer surplus is area E + F + G. change in producer surplus 
is thus F + G − B. consumer surplus before the shift was A. after the supply shift it is A + B + C + D. 
change in consumer surplus is B + C + D
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the quasi-rent approach provides an expedient and simple means to measure eco-
nomic surplus. However, it is significantly close to economic surplus only when the 
change in supply or demand is small, and the elasticity of supply is unitary. if the 
innovation under study departs from these narrow assumptions, quasi-rents and eco-
nomic surplus will diverge. equilibrium displacement models have a stronger theo-
retical basis, are relatively expedient to use and also enable the researcher to explore 
a range of policy questions. Minimal data is required and this is provided from the 
existing literature. However, because equilibrium displacement models are based on 
linear functions and parallel shifts, they may not be suitable for all problems encoun-
tered by practitioners.

general equilibrium analysis (gea) is a technique used when the technology 
under study affects a large number of sectors in the economy, directly or indirectly. 
gea is grounded on the principle that structural equations describe not only the 
stock of resources but also resource flows, processes and linkages among them. the 
impact of regulation can therefore be estimated by formulating the appropriate ex-
pected effects relative to the baseline model. input/output models, linear program-
ming models and computable general equilibrium models are gea tools. For more 
details on partial and general equilibrium analysis, the reader is directed to chap. 
15 (Market access and trade).

4.2.3  Regulatory Impacts Assessment

regulation can introduce costs and benefits that affect producers and society as a 
whole. examples of studies in which these are measured, and the tools to measure 
them, are few. if the cBa (described above in general terms) is oriented towards 
estimating the regulation’s impact on the private sector, or a representative firm, it is 
also known as a business impact methodology. if the cBa is based on examination 
of estimated or true budgets, then it is known as a budgetary analysis. cost effec-
tiveness (ce) is a special case of cBa which can be used when benefits of a regula-
tion cannot be easily estimated and when the regulatory policy sets specific target 
objectives. the ce of a regulatory policy is estimated by dividing the regulation’s 
annual costs by the physical units described by the regulatory objective. For ex-
ample, if the explicit objective of a biosafety regulation is to reach a pre-determined 
level of safety, then the cost of implementing the regulation is determined for this 
level of safety. the ce method does not identify an optimal regulatory level but can 
be used to compare alternative regulatory policy options. additionally, ce does not 
preclude the selection of regulatory policy options exclusively on the basis of hav-
ing ‘the least-cost’ option.1

direct compliance cost (dcc) is the simplest means of assessing regulatory im-
pacts. dcc equates the social cost of implementing a regulation to the sum of all 

1 this method is also used in the food security and medical literature where it may be inappropriate 
to quantify the value of human life. typically, the ce method is the ratio of outcome (life saved, 
years of life saved) to the cost of achieving the outcome. Most common ce method is the Quality 
life adjusted years (Qalys).

1
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analytical procedures necessary to meet the regulation by a representative institu-
tion or private firms. in the case of private firms, dcc tends to overestimate the 
true value of the social cost of regulation because it ignores possible substitutions 
or changes in the production system. Moreover, analysts using dcc do not take 
into consideration the changes in capital or labour investments by private firms that 
result from implementing a biosafety regulation. this approach may approximate 
true social costs when expected changes in prices and quantities are small and there 
are few indirect effects.

4�3  Critical Assessment

Most practitioners agree that socio-economic impact assessment is not an end in 
itself but rather a way to identify and choose among innovation alternatives. impact 
assessment can empower scientists and policy-makers by providing them with es-
timates of the potential costs and benefits associated with innovations, and in some 
cases, pinpointing ways to enhance overall benefits and reduce social costs.

However, these estimates should be considered with caution because they are by 
nature, speculative. even in ex post analysis, some parameters and variables will be 
subject to some bias and measurement error, although not all error is systematic and 
bias may not alter qualitative findings (e.g. the relative rank of innovation options). 
in most cases, care should be taken in extrapolating or generalizing from one study 
context to another.

4.3.1  Cost/Benefit and Net Present Value Methods

cost/Benefit and partial budget approaches are deceptively simple. in fact, con-
siderable care must be used in applying them. For example, because of the costs 
of survey implementation, most early studies conducted in developing countries 
reported only gross margins. as compared to net margins, gross margins include 
the costs of intermediate inputs but exclude costs of labour and land. this was a 
shortcoming given that some crop-trait combinations, such as herbicide tolerance, 
are specifically designed to influence labour costs.

Partial budgets treat only one farm activity at a time. even where farmers are 
fully commercialized, the net impact of adoption on whole-farm production and 
resource use cannot be deduced from a partial budget. cross-activity impacts have 
rarely been systematically investigated in studies of gM crops, particularly in de-
veloping countries.

Partial budgets are also of limited utility in situations with missing or imperfect 
markets, such as in the case of subsistence food crops in many developing econo-
mies. in those cases, the effective prices that influence farmer decision-making de-
pend on the characteristics of individual households and their access to markets, 
ranging between the consumer and producer price for the food crop. this can be 
addressed by employing sensitivity analysis based on the price range between the 
consumer and producer price.
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Finally, risk and uncertainty have been considered explicitly in only a few of 
these studies. stochastic analysis, Monte carlo simulations and real option models 
can be utilized to introduce risk and uncertainty into cBa and partial budget analy-
sis. given the consistent evidence of outcome variability in the literature, examin-
ing the statistical distributions of impact variables (yields, costs, profits), in addition 
to average impacts, seems fundamental for future work.

4.3.2  Partial and General Equilibrium Analysis

The assumptions behind the partial and general equilibrium—including economic 
surplus approaches—most closely depict an industry with commercially oriented 
farmers who buy and sell in well-organized markets and grow their crops under 
relatively homogeneous conditions. this depiction is quite useful for portraying 
farmers in developed economies but unrealistic for most farmers in developing 
economies, and particularly those who produce staple food crops.

the quality of the underlying data is crucial for results validity. generally, reli-
able cross-sectional, time-series data to support sector analyses of gM crops are not 
yet available in developing economies. at present, such data are probably too costly 
to assemble, maintain and disseminate publicly given the information infrastructure 
found in most of these countries.

one way researchers have compensated for the lack of large cross-sectional, 
time-series data has been to expand existing data from both primary and secondary 
sources using stochastic simulations and real option models, as mentioned above. 
these tools assume special significance when technologies are developed by farm-
ers in heterogeneous production environments for uncertain markets, where loca-
tion and year-specific effects on productivity can generate large coefficients of 
variation in model parameters, including farm profits, adoption rates and prices. 
if the number of input suppliers is small or markets must be segregated, risk and 
uncertainty in the market channel may be somewhat higher in the case of gM crops 
relative to other new crop varieties.

as the most used method to date is the economic surplus approach, additional 
information about the most common specific methods used under this approach is 
provided in table 4.1. this table is useful when choosing between different options. 
For a more complete discussion of the different economic surplus methods, see 
alston et al. (1995) and alston and Pardey (2001).

the evaluation criteria to choose the appropriate methodology are expediency, 
available resources, data availability and quality, and the type of research or policy 
question to be answered. For example, the quasi-rent, standard surplus models and 
the equilibrium displacement models (eMds) are very expedient, with little data re-
quired, and require relatively few resources to implement. However, the quasi-rent 
approach can only be thought of as a first approximation to check results from other 
economic surplus models. the eMds can model policy implications readily; how-
ever, they require the researcher to have advanced knowledge of economic concepts 
and methods, as well as extensive knowledge of the policy implications in hand.
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4.3.3  Regulatory Impact Assessment

studies about the impacts of regulations on research and development (r&d) and 
innovation in developed and developing economies have become more frequent. 
given the salience of issues related to regulatory impact assessment issues such as 
supply channel performance, and industrial organization in the development and 
diffusion of gM crops, quantitative analyses of these issues are particularly needed. 
in addition, policy issues such as effects on health and the environment have not 
been adequately addressed. one explanation for the rarity of such studies is that 
these topics may be less amenable to analysis with conventional, applied research 
methods. Health and environmental analyses typically require interdisciplinary re-
search design and analysis.

4.3.4  Overarching Issues

4�3�4�1  Developing Economies

generally speaking, applied researchers must adapt their tools to the empirical con-
text in which they conduct their analysis. this is also true when analyzing the im-
pact of technology adoption on farmers in developing economies. as described in 

Table 4�1  advantages and disadvantages of economic surplus estimation approaches
estimation approach advantages disadvantages
standard models Very little data required

simple models
Most data found in the literature

May be inflexible
linear models may not be 

appropriate for some produc-
tion processes

econometric ability to test statistically 
hypotheses about parameters
Possibility of addressing some 
data problems

large amount of good quality 
data required

equilibrium 
displacement Models 
(edM)

ability to model explicit 
economic and policy
 considerations
Very little data required
data available in the literature

linear models may not be 
appropriate for some produc-
tion processes

linear programming Very little data required extensive production (engineer-
ing) knowledge required

in most cases unable to statisti-
cally test hypotheses about 
parameters

Quasi-rent approaches expedient
relatively little data required

converges to standard models 
of economic surplus only 
when cost or yield changes 
are small and when the elas-
ticity of supply is unitary
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tripp (2000), such farmers typically work on small landholdings, and depend on a 
few key commodities, livestock or aquatic resources for food consumption and sale. 
Many of these are remote areas, where farmers have poor access to many goods and 
services, and particularly, modern farm inputs and related information. smallholder 
farmers are often cash constrained unless they are linked to markets through farm 
credit or producer associations.

4�3�4�2  Data Problems

data are the most critical ingredient in the above assessments. However, historical 
data series of prices and quantities supplied and demanded are often not available in 
developing economies. this limits the possibility of time-series econometric analy-
sis. differences in data collection procedures and definitions also limit the possibil-
ity of cross-national and regional comparisons. survey data collected through in-
terviews with farmers in developing countries, discussions related to various types 
of bias and ways to address them can be found in studies assembled by smale and 
Falck-Zepeda (2012).

4�4  International Arena

the international experience with inclusion of socio-economic issues of benefits to 
producers and society in biosafety decision-making is relatively weak. argentina 
(a non-party to the cartagena Protocol on Biosafety) has a mandatory process that 
assesses economic consequence on exports and producer competitiveness. Brazil 
and Mexico allow the environmental and food/feed risk assessment to proceed. if 
any socio-economic issue is raised, a third party is then commissioned with a study. 
india and china do not have a formal requirement in their legislation/policy, but 
both have conducted socio-economic studies considering benefits to producers or 
society with different degrees of impact.

4�5  Administrative Consequences

society can gain knowledge and information of technology impacts on producers and 
society. inclusion of socio-economic considerations (secs) focused on producers 
and society, especially as a result of thorough assessment studies, can help identify 
valuable technologies and discard those which are unacceptable for society. assess-
ment studies can help stakeholders take advantage of the benefits from such technol-
ogies by identifying limiting issues relevant to technology deployment and adoption. 
Furthermore, society can learn much about the multiple feedbacks and links between 
technology, science, r&d and the users’ context in an innovation setting.
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inclusion of studies examining benefits to producers and society can increase 
regulatory costs of compliance with biosafety and/or technology approval regula-
tions. conducting socio-economic assessments will unequivocally increase imple-
mentation costs. in fact, the more complex and broader the portfolio of issues in 
an assessment, the more expensive a specific study will be to any developer and to 
government itself as it leads to a more complex regulatory process. an economic 
study examining impacts on biodiversity and long-term sociological and anthropo-
logical issues on producers will be far more complex (and expensive) to implement 
than one focused on a very specific topic (e.g. impact of exports/trade or impact on 
small-scale producers).

the likelihood of asymmetric impact on public sector r&d and public goods 
also increases. this scenario is particularly crucial to the public sector in developing 
countries that are likely to develop technologies of a public good nature. in fact, the 
introduction of additional regulatory hurdles can impact national and international 
public investments in r&d, which in turn may impact technology flows by causing 
a reduction in the number of potential technologies available to producers and soci-
ety. this may be a result of additional regulatory complexity, cost implications and/
or uncertainty. Bayer et al. (2010) have shown delays can have a significant impact 
on the net benefits from the potential adoption of gM crops in the Philippines. this 
research illustrated that even small delays of three years compared to the baseline 
can significantly decrease net benefits to producers. increases in cost of compliance 
had a very small effect on net benefits. inclusion of socio-economic studies will 
increase the cost of compliance and if not done in a careful manner and in close co-
ordination with other assessments processes, they may increase the amount of time 
necessary to complete a biosafety regulatory assessment process.

Perhaps a more important impact of the inclusion of socio-economics into deci-
sion-making is the introduction of additional uncertainty into the process. a work-
able regulatory system can be defined as one where all elements of society are 
able to define, describe and trust the process and its outcome. society actors can 
thus judge the system based on transparency, participation ability, predictability 
and robustness and cost and time efficiency. For example, developers (public or 
private sector) with predictable regulatory systems can attach a value on outcome 
by projecting potential gains by producers and consumers, and add the respective 
probabilities of success into their decision-making process. if developers cannot at-
tach such probabilities due to an unpredictable or uncertain process and thus cannot 
attach success probabilities and calculate potential benefits, the likelihood is that 
they will not make investments in such jurisdiction.

4�6  Summary/Synthesis

• Sound estimates of the benefits and costs of innovations to producers, consum-
ers and society as a whole are important because this information can be used by 
decision-makers to improve innovation systems.



654 Benefits to Producers and Society 

• There is an array of approaches used by applied economists to estimate these 
costs and benefits; no approach is superior, each method has advantages and dis-
advantages, and the choice of approach depends on the nature of the innovation, 
the empirical context of the study, its feasibility, data requirements, the research 
budget, parameter uncertainty and relevance to the socio-economic context.

• A number of issues related to sampling, measurement and parameter variability 
should be carefully addressed by practitioners.

• Limitations and the applicability of methods are particularly acute when exam-
ining costs and benefits in developing agricultural economies. approaches have 
been recommended in the literature.

• While there is no ‘best’ practice, applied researchers should attempt to follow 
good practice. Practitioners are encouraged to describe the challenges met during 
study implementation if these may affect study outcomes, and report how they 
were addressed.
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5�1  Introduction

in the closing years of the twentieth century, europe witnessed a series of disturb-
ing food-related crises. they encompassed cases of deliberate and illicit adultera-
tion, contamination with noxious chemicals from industrial effluents and the in-
volvement of animal diseases, including bacterial and viral infections, and bovine 
spongiform encephalopathy (‘mad cow disease’). in some countries, this generated 
growing scepticism about information, particularly assurances about food safety, 
deriving from industry as well as from governmental and other official sources. 
these food problems were the precursors of the genetically modified (gM) food 
debate which remains partly unresolved to this day.

the ‘debate’ about gM foods and products has raged in europe for 15 years. 
european consumers (and european institutions) are widely regarded as the very 
epitome of anti-gM sentiment. is that really true or is it the widely held perception 
of anti-gM attitudes rather than the reality which prevails? Moreover, how are the 
views of the public to be evaluated: by their statements or by their actions?

in spring 2004, customers in a german city were offered ‘pretend’ gM bread in a 
bakery and French fries at a lunch counter. the products, labelled as containing gM 
ingredients (although they did not), were offered at reduced prices alongside ‘non-
gM’ equivalents (which were, of course, identical). Four times more of the cheaper 
‘gM’ loaves and more than 20 times more ‘gM’ fries were sold compared with 
the ‘conventional’ variety (südwestrundfunk 2004). an experiment with asparagus 
revealed similar results. in the uK, an experiment showed that 28 % of customers 
were willing to buy gM breakfast cereals at equal or at lower prices compared with 
conventional counterparts (Moon and Balasubramanian 2004). is price thus a (or 
the) determining factor?

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_5,  
© springer science+Business Media, llc 2014
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When, in april 2004, the eu regulation 1829/2003 legislation (european union 
2003)—requiring the labelling of more than a 0.9 % content of adventitious GM-
derived material in any ingredient in a foodstuff—came into force a number of 
such products were already on sale in the grocery stores of several Member states. 
there was indeed a widespread expectation (including pronouncements by some 
government ministers (deutsche Welle 2004)) that more and more gM products 
would be offered for sale in the supermarkets and grocery shops of europe (gMo 
compass 2007). that accordingly seemed to be the right time to observe the ap-
pearance in european food stores of gM products together with consumers’ reac-
tions to them and accordingly prompted the coNsuMercHoice proposal which 
directly asked the question ‘do european consumers buy gM foods?’ (coNsuM-
ercHoice 2008).

it soon became clear that while some predictions were fulfilled, others were not. 
Before the enactment of regulation 1829/2003 there was no obligation for food 
manufacturers and suppliers to indicate the presence of gM ingredients on pack-
aging and very few had done so. some retailers had announced specifically that 
they were removing gM ingredients from own-label products. it was left to private 
organisations (non-governmental organisations (Ngos) and others) inclined to do 
so to attempt to identify products containing the gM ingredients and make the facts 
known to the public.

the eurobarometer polls and other reports showed widespread scepticism to 
gM food (durant et al. 1998; gaskell et al. 2000, 2003; grove-White et al. 1997, 
2000; Marris et al. 2002; Wagner et al. 2001). the arguments and underlying prem-
ises of popular viewpoints have been investigated in qualitative studies using in-
depth interviews and focus groups. such studies have shown that attitudes to gM 
food (and its labelling) are linked to moral, existential and epistemological issues 
about trust and people’s sense of agency. lay scepticism about gM foods may be 
influenced by a lack of trust in the institutions and the actors responsible for the new 
technology (grove-White et al. 1997; Marris et al. 2002; Wagner et al. 2001), or by 
a lack of a sense of agency (gaskell et al. 2000; Wagner et al. 2001; Wibeck 2002). 
in addition, gM food is sometimes perceived as ‘unnatural’, challenging traditional 
perceptions of nature, agriculture and humanity’s place in nature, which may bring 
about moral objections (gaskell et al. 2000, 2003).

over recent years there has been a gradual decline in antipathy to gM foods and 
crops, more so in some countries than in others. thus, a recent uK study showed 
a decline in concerns about gM foods from 25 % in 2006 to 20 % in 2007 (Food 
standards agency, uK 2008), a trend which is continuing (Food standards agency, 
uK 2009). swedish consumer opinion polls point to a relatively negative public 
opinion to gM foods (gaskell et al. 2006). For 2005, the number of opponents in 
sweden was markedly higher than the total percentage of opponents in europe gen-
erally, which amounted to 58 %. there were, however, indications that the swedish 
negative opinion was not absolute (the consumer organisation 2007). it is plausi-
ble that under certain circumstances, for example if environmental benefits could 
be proved, there would be some willingness among swedish consumers to buy gM 
foodstuffs.
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Various interesting examples of consumer reactions have been observed. in swe-
den, a beer is brewed containing gM maize grown in germany (Øresund Food 
excellence 2004). it was for a time sold in a large swedish retailer chain but was 
withdrawn due to consumer protests. it is now offered in some restaurants and in 
southern sweden through the swedish state-owned liquor monopoly systembolaget 
(independent on sunday 2004). this Kenth beer was available for tasting at the 
Food and drink expo 2004 exhibition in Birmingham in March 2004; passers-by 
and visitors to the booth were invited to sample it. of about 2,000 people so invited, 
only 12 refused on the grounds that it contained a gM ingredient. in that same 
exhibition, visitors were asked, as they had been in 2002, to predict when they 
expected to see gM products in the stores. the period has become shorter, with 
the overwhelming proportion of consumers expecting gM foods to become part of 
normal existence in the next 2–5 years. that has turned out to be rather optimistic.

While some reports continue of consumer antipathy to gM (Muschel 2011), 
others perceive changes in attitude. some not unreasonably see consumers more 
willing to consume gM if they can perceive personal advantage (Halliday 2010): 
Nutritional or health benefits (Health canal 2011) seem more attractive than price 
advantages since the latter will often be small and not necessarily readily percep-
tible by shoppers faced with constant variability in food prices. other studies take 
a more general view, asking what the prevailing consumer attitudes are and trying 
to understand the reasons for them. the igd in the uK updated their study of con-
sumer attitudes in 2010 (igd 2010) (following earlier studies in 2003 (aerni et al. 
2011) and 2008 (igd 2008)).

a 2011 experimental study (aerni et al. 2011) offered three clearly labelled types 
of corn bread at five market stands across the French- and german-speaking regions 
of switzerland: one made with organic corn flour, one with conventional and one 
with gM maize. in addition, the consistency was tested between purchasing deci-
sions at the market stand and the previous voting decisions on gMos in 2005 by 
means of an ex post questionnaire; note that in 2005, swiss citizens had expressed 
their negative attitude towards genetic engineering in agriculture by voting in fa-
vour of a ban against using gM crops in their domestic agriculture. the results 
of this discrete choice analysis showed that swiss consumers treat gM foods just 
like any other type of novel food. a similar earlier experiment (2007) involving 
six countries (Belgium, France, Germany, Sweden, the UK and New Zealand) in-
volved setting up real roadside fruit stalls based on a choice modelling experimental 
design. at each site, conventional fruit was placed on sale labelled as ‘organic’, 
‘spray-free genetically modified’ or ‘conventional’ (or appropriate translations of 
same in the prevalent local language) and offered at varying price levels. the price 
for each fruit category was set at one of three levels: the median market price in that 
locality, median plus 15 % or median minus 15 %. a parsimonious main effects bal-
anced fractional factorial design was used to generate nine price and fruit offerings. 
research assistants fluent in the local language operated the stalls. the experiment-
ers commented (Knight et al. 2007) that their research revealed a significant (and 
in some markets, surprisingly high) percentage of consumers in european countries 
were apparently willing to choose gM food provided there is a price advantage 
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coupled with a consumer benefit (in this case ‘spray-free’ status). But it might be an 
uphill job in some places. While awareness in some european countries might be 
growing, in others it still seems to be at a remarkably low level. thus, a report from 
Poland (gentle 2012) noted a growing understanding but from a low base: only 3 % 
of Poles knew correctly what ‘gMo’ meant while two-thirds of those asked were 
unable to answer the question.

5�2  Methodologies

in asking ‘do european consumers buy gM foods?’ it will never be the case that 
any conceivable positive answer could or would apply to all the hundreds of mil-
lions of european consumers. the response to the coNsuMercHoice study 
question could be no more than that some people did purchase such foods as a mat-
ter of choice or disinterest in the gM issue; investigating in depth their motivations 
was beyond the resources of the study. similarly, some consumers buy kosher, halal 
or vegetarian products while others do not. retailers sell the products as a matter of 
marketing, leaving individuals to decide whether to buy. there is no public consul-
tation on ethics or whether to do so; it is seen as a normal commercial transaction. 
But with gM products there are additional factors: objections (sometimes vigorous 
to the extent of vandalism) of special interest groups, policies of retailers, as they 
put it, ‘catering (albeit selectively) to customer demand’ and the influence of the 
media and public policy in the different Member states which may actively encour-
age or discourage a favourable view of gM products.

With only a few gM products actually available to european consumers (most 
probably unlabelled in the earlier period), most public opinion assessments have 
been undertaken using various types of opinion polls. such polls usually take the 
form of questionnaires to be answered either in person or in writing. there might 
be many or just one question; if just one it might be as leading as ‘Would you eat 
Frankenstein food?’. But other polls ask a number of questions, sometimes fairly 
balanced, at other times less so, and accordingly derive more interesting and rel-
evant information. thus the Food standards agency, uK (2009), in its quarterly 
evaluation of (uK) public attitudes found that only 4 % spontaneously expressed 
concern about gM food but around 20 % did so when prompted (i.e. asked specifi-
cally whether they had concerns). exactly similar effects were obtained with all the 
other questions asked, ranging from food poisoning and the amount of salt in food 
to gM food and Bse (the two lowest concerns recorded). in the summer of 2012, 
the independent (grice 2012) reported that ‘[a]sked whether the government 
should encourage experiments on gM crops so that farmers can reduce the amount 
of pesticides they use, 64 per cent of the public agreed and 27 per cent disagreed, 
while 9 per cent replied “don’t know”’; that seems to have justified the headline 
‘dramatic change as two-thirds now support gM crop testing.’

What is it that such questionnaires and polls reveal? at the very least they show 
how people respond to such questions in the circumstances in which they are asked. 
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But do they predict how people will behave when presented with a real choice situ-
ation in the familiar environment of their normal activities (Friese et al. 2012)? our 
data (see below) suggest perhaps not.

Nevertheless, as noted above, there have been some focus group studies and a 
few ‘experiments’ staged in which the reactions of consumers supposedly offered 
a choice of gM or non-gM items are recorded. to what extent the participants in 
such activities realised, at least in europe, that the ‘gM items’ were not gM at 
all, is not clear; perhaps some of them did not and thought they had a real choice. 
Most, but not all, evidence of the published opinion polls have all along offered a 
variable picture of European consumer attitudes—and still do. By and large, they 
have revealed a small fraction of consumers (perhaps 10 % or so) vehemently 
against gM, a similar proportion enthusiastic and the rest indifferent to varying 
degrees. The evidence of the ‘experiments’—and, indeed, of supermarket sales—
suggested and suggests that when offered products really or falsely labelled ‘gM’ 
at a favourable price, or they see gM products in the familiar environment of 
the supermarket, consumers tend to buy. Not all consumers, of course, but then 
there is probably no single product that all consumers want. the discrepancy 
between what consumers say in questionnaires and polls, and what they do when 
they shop casts doubt on whether opinion polls actually provide reliable indica-
tions of how consumers would or do behave when presented with real rather than 
theoretical choices.

With the eu labelling regulations coming into force, consumers would have the 
information reasonably required to decide whether they wished to consume prod-
ucts containing or made from gMos. as the new products appeared on the shelves, 
an opportunity existed of observing what shoppers actually bought when faced with 
this new choice, rather than what they might have said they would purchase; this 
prompted the development of the coNsuMercHoice project. a possible dis-
crepancy between the public opinion polls about gM foods and the actual behav-
iour of customers when faced with real choice had not previously been extensively 
explored. the objective of coNsuMercHoice was thus to determine what con-
sumers actually do when buying (labelled) food as distinct from what they say they 
will do as reported in polls and questionnaires.

the experiments commented upon earlier sought to explore consumer behaviour 
with respect to choosing or rejecting gM products. such studies have value in seek-
ing to understand consumer decision-making when presented with choices ‘clearly 
in the context of an experiment’. the problem from the perspective of the real con-
ditions of daily life in non-experimental environments is whether consumers going 
about their normal business of buying food in food stores behave in the same way 
(rousu et al. 2007; Mccluskey et al. 2003; lusk et al. 2004; colson et al. 2011). We 
had our doubts, justified as it turned out.

rather than concentrating on what consumers said they might do with respect 
to buying gM foods, or how they behaved in experiments, coNsuMercHoice 
explored as far as possible what consumers actually bought in those countries 
where such foods were on sale. the variety and presence of labelled products on the 
shelves, sales data, the recorded purchasing behaviour of customers and published 
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material were combined with the project’s own surveys of opinion using polls and 
focus groups to offer a view of the real attitudes and behaviour of consumers in a 
number of countries towards foods containing ingredients derived from gM sourc-
es. in Member states with no or only a few such products on the shelves, attention 
was directed to consumer responses to ‘gM-free’ labels.

an ideal exploration would have involved taking up station in the appropriate 
sections of food stores, waiting for customers to choose gM products and then ask-
ing why they had done so. For all sorts of reasons, that was impracticable: it is not 
clear that food store managers would have agreed and the resources to do anything 
of the sort in several countries—on a scale which would have been statistically 
plausible—were simply not available.

the coNsuMercHoice project (2006–2008) was accordingly configured to 
investigate as far as practical:

• What products labelled ‘GM’, ‘non-GM’ or ‘GM-free’ were on sale in the par-
ticipating Member states, and where

• What evidence there was for ongoing sales of such products: whether shoppers 
actually bought gM products when they were present on the shelves

• How both purchasers and non-purchasers responded to questions about their at-
titudes towards buying these products

• What consumers said they would do if they had the opportunity to purchase freely

in addition, there were limited inquiries into what europeans did when they resided 
in or visited North america where many gM foods are on sale, none of them la-
belled. all this information was set against the background of the public mood as 
expressed by the media and in polls in each country together with major decisions 
made by national governments and their agencies.

several gM products were consistently offered for sale in the czech republic, 
estonia, the Netherlands, Poland, spain and the uK, but not in greece or slovenia. 
in sweden there was just one product (a beer containing gM maize) on sale only 
under very restricted circumstances. in germany gM products have appeared in 
supermarket chains over the years only to be withdrawn soon after.

in most cases the product was oil or lecithin derived from gM soya, packaged 
as cooking or salad oil, or incorporated into other products, including margarines. 
a few maize products were found, including popcorn in the czech republic and 
maize oil and chips/crisps in the Netherlands.

generally, the gM-labelled foods were sited on the shelves next to related prod-
ucts; in most cases there were non-gM equivalents to the gM products readily 
available in the same store. there was no special shelf labelling or other overt in-
dication that the product was of gM origin aside from the container label. in the 
czech republic, there appeared to be a consistent price differential between the less 
expensive gM versus the more expensive non-gM cooking oil.

that supermarkets and grocery stores in some countries have continued for years to 
offer gM food items indicates that they must be selling. store shelf space is valuable; 
products are not displayed for long periods if they do not sell. We therefore conclude 
that some consumers have for those long periods been buying foodstuffs labelled as 
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containing GM ingredients, just as those pioneers once did with tomato purée in the 
uK in the mid- to late-1990s (National centre for Biotechnology education 2006).

an essential consideration in deciding whether or not european consumers 
bought gM-labelled food was to find out what they actually did when given the 
opportunity rather than what they said they might—or would do—should such an 
opportunity arise.

it is clearly not possible to observe purchasing behaviour if there are no relevant 
products. asking people what they would do about purchasing gM-labelled prod-
ucts brings consideration of that issue to the forefront of their minds. Were they 
actually just buying their groceries as usual, they might pay no attention at all to 
whether or not the items contained gM ingredients. one can set up trial experi-
ments, as some people have done on occasion, pretending to offer consumers gM 
products, perhaps at a reduced price, in order to test how they react (Moon and 
Balasubramanian 2004). But it is not clear that consumers really accept this ruse, 
particularly as it will be an unusual event for them (very unusual indeed; it would 
be virtually unique!); they may realise what is going on and frame their responses 
accordingly.

the closest it was possible to get to reality in a european context was to com-
pare actual purchases of gM products made by consumers with their subsequent 
responses to questions, without focussing or otherwise bringing to their attention 
the fact that they might have already bought such items.

gfK, a market research company, maintains panels of shoppers in a number of 
countries. Provided with a bar code reader, the panellists scan each and every item 
they have purchased so that, for each of those individuals, gfK has an exact record 
of their purchases. In collaboration with GfK, CONSUMERCHOICE submitted—
‘after their grocery shopping was complete and the barcode data recorded’—a list 
of ten questions to individual consumers in four countries (the czech republic, the 
Netherlands, Poland and spain) asking for attitudes towards gM-food purchases. 
Without, of course, their personal identities being disclosed, it was then possible to 
compare individuals’ authentic purchases of food products as reported via their bar 
code readers with their responses to the specific questions.

interestingly, almost no difference was found between buyers and non-buyers 
of gM-labelled products in the four countries, all of which have a range of foods 
containing gM ingredients available in the shops. When they were asked whether 
they ‘bought food labelled as containing gM ingredients’, half of all respondents 
said they did not buy such products.

Just more than 21 % and 23 % of consumers who actually had or had not chosen 
gM foods, respectively, said they believed they had bought gM products. even 
more remarkable is the fact that of the people who did buy gM-labelled foods, 48 % 
said they would not buy such products. did this represent confusion on their part 
about what they were buying or a lack of awareness that gM foods were what they 
had already bought? did they not read the labels? if so, was that because they had 
no interest in doing so? or had they read the labels but not fully understood them?

the 22.9 % willingness to buy gM-labelled foods on the part of non-buyers 
might suggest there is a potentially significant market for gM-labelled products 
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which has not so far been satisfied because products of interest to them were not 
available with gM content. this conclusion is supported by the finding that only 
one person in five is careful to avoid choosing gM foods. it might well be the case 
that the non-buyers did not buy gM-labelled foods because they had no interest in 
the particular items on offer which did carry gM labels, so neither a gM nor a gM-
free label would have meaning for them in that context. Had their favoured products 
been available with gM ingredients, they might well have bought them.

the views expressed in the focus groups during the coNsuMercHoice in-
quiry showed that concerns about harm from the use of gMos were voiced when 
people are questioned directly, with differences between those who buy gM and 
those who do not. in most countries participating in this project (sweden was a no-
table exception), a majority of consumers claimed they were aware of the require-
ment for gM products to be labelled but only half of the respondents agreed that 
they read the labels. on the other hand, there was a significant difference between 
the answers from buyers and non-buyers of gM-free-labelled products, suggesting 
that buying gM-free is a more conscious choice.

there are however contradictions. Many people say it matters to them that the 
products they buy do not contain gM ingredients. With this in mind one would 
expect the shoppers to be very careful when buying their food products. yet when 
asked how careful they are to make sure to avoid gM products, many say they are 
not careful. in the uK, for example, 48 % replied that they cared whether their food 
contained gM ingredients yet the only food so labelled which is relatively widely 
on sale is soya cooking oil: do consumers really take care not to buy gM-labelled 
products when there is actually only one on sale? and how great is the demand spe-
cifically for cooking oil derived from soya compared with oils from other sources?

5�3  Critical Assessment

it was and is, of course, impossible to predict in advance how in real life consumers 
will respond to food labelled as containing gM ingredients, hence the dilemma for 
retailers, manufacturers and farmers. some retailers claim no philosophical objec-
tion to offering gM products but are clearly worried about the effect on their sales 
or protests by activists, especially if they become the first locally to do so. How-
ever, providing products for a minority of consumers with incompatible special 
requirements presents few problems for retailers: they already do so for patrons 
with religious requirements or wishing to avoid animal products, while offering 
other products in the same stores for the bulk of their customers. if they so decided, 
it could be done in the same way for gM products.

it is important to bear in mind that questionnaires, interviews and focus group 
discussions on gM food have dealt mainly with hypothetical products and scenar-
ios, since clearly labelled gM products have rarely and mostly only comparatively 
recently been available on the european market. together with extensive anecdotal 
observations, the polls often generate uncertain and conflicting conclusions. con-
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sumers generally may not be so antagonistic as some retailers fear (Øresund Food 
excellence 2004; independent on sunday 2004; Muschel 2011) and not all food 
suppliers focussing on non-gM foodstuffs are necessarily successful. For example, 
sales of specifically non-gM pork (from animals fed non-gM fodder) by a danish 
meat-producing group fell far short of expectation (Politiken 2004). But, so far, few 
food manufacturers and retailers have withstood pressures (mainly from Ngos) to 
withdraw gM-labelled products from their shelves (the times 2004; langelüddeke 
and deichmann 2004). Many, perhaps most, large retailers have somewhere on their 
websites a statement about their policies regarding gM products, although those 
pages are often difficult to find and are, indeed, becoming rarer; some retailers ap-
pear to have deleted them.

lay persons’ expressed attitudes to gM food products may well differ from their 
actual choices when such products are available in the stores. Moreover, whatever 
form consumer reaction takes to gM foods in the stores, public reaction is conduct-
ed in the context of government decisions, media news items, discussions, articles 
and presentations, as well as a range of activities by scientific, civic and industrial 
bodies, and by Ngos. No matter its ultimate origin, most members of the public 
acquire their information on gMo topics from the media; what the newspapers and 
magazines print—and the broadcasters say—is obviously important.

5�4  International Arena

there are no internationally agreed rules on labelling of gM food or products, al-
though national or regional labelling regulations exist. the Codex Alimentarius 
commission (codex) develops international food standards that, amongst other 
things, identify a processed food product and its essential composition and quality 
factors, provide labelling requirements and establish the scientific procedures used 
to sample and analyse product. each member country is encouraged to incorporate 
codex standards into relevant domestic regulation, but they may unilaterally im-
pose more stringent food safety regulations for consumer protection, provided the 
different standards are scientifically justifiable. Jackson and Jansen (2010) provide 
a detailed discussion of the science-based risk assessment process for food safety 
and its relationship to World trade organization (Wto) dispute cases.

codex plays an important role in the agri-food trade because its standards, guide-
lines and recommendations are acknowledged in the sanitary and Phytosanitary and 
technical Barriers to trade (tBt) agreements of the Wto. there are currently no 
codex standards for products of biotechnology, although there has been significant 
effort by codex to develop a standard for the labelling of food products derived 
from biotechnology. the codex committee on Food labelling was tasked in 1993 
to initiate work on the development of a standard on the labelling of gM-derived 
foods and for nearly 20 years the committee’s efforts were gridlocked. in 2011, the 
us relented on its opposition to the labelling of gM food products and in 2012, 
codex adopted principles for a risk analysis of foods derived from biotechnology, 
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which establishes that if a risk is identified, labelling is an appropriate management 
strategy. codex stresses that any risk analysis of biotechnology derived foods has 
to be science-based and that these principles do not address ‘environmental, ethi-
cal, moral and socio-economic aspects…’ (codex alimentarius commission 2012, 
p. 1). it is important to note that this is a codex principle on risk analysis of foods 
derived from biotechnology and not the standard on the labelling of gM foods that 
the committee was tasked with 20 years ago.

5�5  Administrative Consequences

to introduce regulations on gM food labelling, a number of policy decisions would 
need to be made. all of these decisions would need to be guided by clear informa-
tion on the purpose of the labelling. gathering real data on consumer and retailer 
concerns requires further research and cannot rely only on polls conducted in an 
artificial ‘what if’ scenario. Policy decisions that would need to be made include 
clearly defining which products were to be labelled: what is ‘gM’ for these pur-
poses, how far down the food chain would the label be required (only at the final 
retail level, only packaged food or food in restaurants etc.), what would the label 
be required to tell consumers, how and where should the label appear on packaging 
and so on. a further, and more difficult, question is how much ‘gM’ content a food 
could contain before labelling requirements apply. No food is 100 % pure—and 
even if not intentional, adventitious presence is unavoidable. a feasible threshold 
needs to be set. the additional costs of labelling (and the segregation and contrac-
tual obligations required to enable accurate labelling) would need to be assessed 
and recognised. issues with markets outside the particular domestic market having 
different thresholds would also need to be considered in making these decisions. 
Further, to be worthwhile, labelling regulations would need to be enforced by moni-
toring food products available in the marketplace. these costs would also need to 
be assessed and recognised.

5�6  Summary/Synthesis

• Assessing consumer opinion and the reasons for those opinions is difficult.
• Asking consumers what they would do under ill-defined circumstances is not 

necessarily a guide to what they actually do in real life.
• Consumers choose labelled GM products although they say they have not. This may 

indicate that the sensitivity food retailers fear among consumers is exaggerated.
• Past consumer behaviour shows customers do not necessarily desert stores sell-

ing gM products. desertion did not happen when asda’s and Morrisons’ egg 
suppliers in the uK introduced gM feed for their chickens; outside the gM 
debate, consumer groups with strong attitudes to certain food types continue 
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to shop in stores offering products they actively avoid, provided the products 
wanted by them are labelled according to their needs and clearly separated from 
forbidden items. Fear of disruptive demonstrations by anti-gM activists may 
also have a chilling effect on retailers although it is unknown how extensive 
demonstrations would now be, if they occurred.

• Without understanding the reasons for consumers’ opinions and motivations for 
reluctance by retailers, devising labelling regulations to address these matters is 
difficult.
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6�1  Introduction

concerns about the introduction of genetically modified organisms (gMos) have 
been driven by impacts on: (1) human and animal health; and (2) the environment 
(see, e.g., eu council for the environment 1999). rules and regulations have been 
implemented for gMos in response to these concerns to: govern their approval 
process; cultivation; international trade; and products derived from them.

implementing regulations incurs administration costs. delays caused by this pro-
cess entail costs of foregone benefits for companies, which have to be justified by 
the benefits of compliance. However, knowing this in advance is always unclear. 
companies only introduce a new product if there is a market for it. a potential 
market exists if the new product is superior to what is currently available or more 
competitively priced. if users expect this to be the case, they adopt the new product 
with the allied expectation of increasing their net benefits, and society benefits as 
more goods can be produced with the same input of resources, or the same amount 
of goods with fewer resources.

Producing and consuming gMos may have negative impacts on human health 
and/or the environment. including these negative impacts in the net-benefit assess-
ment at the user level may warrant gMos being either restricted or banned. con-
versely, if the impacts are included and result in positive net gains, additional con-
straints on gMo use or a ban may be unjustified from a cost-benefit perspective. 
Hence, it is unclear if introducing a gMo warrants additional use restrictions or a 
ban merely because its use has a negative environmental impact. despite all forms 
of production in agriculture impacting the environment, the impact of gMos may 
be smaller than that of the non-gMos they replace.

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_6,  
© springer science+Business Media, llc 2014
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6�2  Methodologies

a framework for assessing the environmental benefits and costs of gMos is pre-
sented in Fig. 6.1. the x-axis depicts the quantity, Q, produced, either for a single 
crop or a portfolio of crops on a specific plot, farm, or region. the y-axis represents 
marginal benefits (MBs) and costs (Mcs) of producing quantity, Q. the marginal 
private benefits (MPBs) decrease with an increase in the production of Q while the 
marginal private costs (MPcs) increase with production: that is, as the production 
of Q increases, private costs increase and private benefits decrease due to the in-
verse relationship between benefits and costs. the optimal quantity, Q, produced is 
at point c, where MPBs equal MPcs, and reflects the optimal level of production for 
society if no additional benefits or costs need to be considered.

Producing Q may bear additional costs unconsidered under private costs, which 
if added to MPcs, give us marginal social costs (Mscs), which are greater than 
MPcs, and the societal optimal level of production, Q, decreases from QPo to Qso. 
Q could be reduced by taxing its production. The optimal tax rate—the Pigouvian 
Tax—should increase private costs so that MPCs intersect at point d with MPBs. 
the external effects of production are then internalized, and the polluter pays for 
the extra environmental damage caused, equivalent to a minus b. Figure 6.1’s im-
portant message is: despite Q’s production causing external environmental damage, 
reducing its production to zero is suboptimal. a ban is unjustified from a benefit-
cost perspective by merely observing that producing an agricultural crop causes 
environmental impacts.

the Pigouvian view presented on regulating environmental externalities has 
been criticized, most prominently by coase (1960), who argued that observing ex-
ternalities does not necessarily justify government intervention via, for example, 
a Pigouvian tax. stakeholders should have an incentive to reduce environmental 

Fig� 6�1  internalizing external effects of agriculture production
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pollution. an investigation is necessary to determine if government intervention 
can improve the current situation of observed environmental pollution; all insti-
tutional arrangements available to address the problem should be considered. as 
a reference, coase suggests comparing the outcome of alternative institutional ar-
rangements with the existing situation. an intervention is warranted if a different 
institutional arrangement improves the outcome, as presented in Fig. 6.2, where the 
MPc has been adjusted by internalizing the external effects of production so that 
MPcs are equivalent to Mscs, indicated by Msc = MPc’.

coase’s view is challenged by libertarians; the question of government inter-
vention, however, depends on property rights. they argue externalities should 
be settled by the courts. “We have concluded that everyone should be able to do 
what he likes, except if he commits an overt act of aggression against the person 
and property of another. only this act should be illegal, and it should be pros-
ecutable only in the courts under tort law, with the victim or his heirs and assigns 
pressing the case against the legal aggressor” (rothbard 1997, p. 169). While ex 
post liability can address a number of environmental externalities, this does not 
per se exclude the use of ex ante regulations, even under the libertarian view, if, 
for example, “everyone” freely decides to work together in a group to implement 
regulations imposed on members of the group. Farmers may voluntarily form a 
group and decide about their own production standards. Further, implementing 
ex post liability has its own problems (shleifer 2010). However, ludlow and 
smyth (2011) have argued that innovations are vital to society and hence, the 
future of an entire innovation should not be decided by the courts, but rather by 
governments.

However, the libertarian view does not necessarily contradict the situation 
shown in Fig. 6.2. the expected ex post liability costs increase MPcs. Further, ex 
post liability costs provide incentives for implementing ex ante measures to reduce 

Fig� 6�2  internalized external effects of agriculture production where Msc = MPc’

 



84 J. Wesseler and R. Smart

ex post liability, hence increasing the MPc compared to a situation where this pos-
sibility is absent, as discussed, for example, by Beckmann and Wesseler (2007) for 
coexistence.

in conclusion, externalities bear additional costs under the Pigouvian, coasian, 
and libertarian views; and views on measuring the costs and appropriate responses 
differ. these views reach the same conclusion: the mere existence of externalities 
per se does not justify a ban.

Figure 6.3 illustrates the case where the introduction of a gM crop increases 
MPBs compared to the second best alternative, but the Msc function remains unaf-
fected. an increase in MPB is necessary otherwise no market for the gM crop ex-
ists. Here, the quantity of agricultural production and hence Mscs increase; but the 
overall change in social welfare is always positive.

the situation differs if the introduction of the gM crop changes the Msc func-
tion. in Fig. 6.4, the Msc = MPc’ function steepens, and it is unclear if the introduc-
tion of the gM crop is desirable from a social welfare perspective. Private benefits 
increase, but so do social costs. Because it is assumed external costs are internal-
ized, private costs also increase. in the end, if MPBgM − MPC’gM > MPB − MPC’, 
farmers will adopt the gM crop. conversely, if MPBgM − MPC’gM < MPB − MPC’, 
farmers will fail to adopt the gM crop. if regulations are not adopted and the Msc 
function steepens, more will be produced than is socially optimal.

Figure 6.5 illustrates the case where the Msc curve flattens; the gM crop re-
duces the environmental impact, and farmers plus other members of society benefit 
from its introduction. if, in this case, the regulations for crop production remain 
unadjusted and the Msc function remains unchanged (does not flatten), overall 
welfare will only be reduced at a production level corresponding to point c.

Fig� 6�3  equilibrium with positive marginal private producer benefits of gMos and no changes 
in marginal social costs
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6.2.1  The Precautionary Principle

the previous discussion failed to differentiate between different types of external 
costs. environmental impacts may be irreversible and/or catastrophic, which is one 
of the reasons why the precautionary principle is mentioned in many regulations on 
gMos (such as the cartagena Protocol) or regulations on release within the euro-
pean union (ec 2001).

the precautionary principle is diversely interpreted; the most widely held is the 
prospect that harmful effects of a new technology take precedence over the prospect 

Fig� 6�5  equilibrium with positive marginal private producer benefits of gMos and a decrease in 
marginal social costs

 

Fig� 6�4  equilibrium with positive marginal private producer benefits of gMos and an increase 
in marginal social costs
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of beneficial effects. as harmful effects are potentially catastrophic, and this possi-
bility cannot be excluded, and “the infinite costs of a possible catastrophic outcome 
necessarily outweigh even the slightest probability of its occurrence” (Van den Belt 
2003, p. 1123), the result would be a ban of gMos and all other new technologies 
(e.g., nanotechnology, cellular telephones). Many disagree with this view, and line 
of reasoning as pointed out in 2003 by philosopher Henk van den Belt.

For gMo approval, where catastrophic effects cannot be excluded, this interpre-
tation of the precautionary principle is unhelpful. Van den Belt recommends compar-
ing the benefits and costs of possible errors as a guideline for approval, which cor-
responds with recommendations by leading economists who state: “…regulate until 
the incremental benefits from regulation are just off-set by the incremental costs. in 
practice, however, the problem is much more difficult, in large part because of inher-
ent problems in measuring marginal benefits and costs” (arrow et al. 1996, p. 221).

a method of addressing potential environmental impacts in line with the pre-
cautionary principle, and in particular considering uncertainties and irreversible 
damage, is by performing an extended benefit-cost analysis suggested, amongst 
others, by Wesseler et al. (2007). they propose modeling the uncertainty of future 
net benefits using a stochastic process. the economic literature suggests if a policy 
includes irreversible costs, the net benefits arising from the policy have to be larger 
than otherwise. the additional net benefits needed to compensate for irreversible 
costs are calculated by using real-option models.

6.2.2  The Environmental Impact Quotient

Measuring the direct impact on the environment of using gMos remains unsolved. 
However, the environmental impact Quotient (eiQ) is an indicator, which includes 
the impact of pesticides on the ecology, farm workers, and consumers (Kovach et al. 
1992) and is computed by summing the calculated impacts of a given pesticide on 
the aforementioned parameters (Nillesen et al. 2006). some of the eiQ’s shortcom-
ings, addressed by Kleter and Kuiper (2005), are that temporal aspects—important 
for measuring the effect on water reservoirs of a continuous use of glyphosate on 
herbicide resistant (Hr) crops or changes in insecticide use caused by pest resist-
ance—are ignored. Such long-term effects pose problems for environmental risk as-
sessment in general (european Food safety authority (eFsa) Panel on genetically 
Modified organisms 2010).

6�3  Critical Assessment

the environmental impacts of gM crops arise at different levels: direct effects are 
due to changes in input (pesticide, fuel) use and indirect effects are due to changes 
in yield, land use, and pesticide use.
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6.3.1  Yield Increase

Most gM food and feed crops have shown relative increases in yield by reducing 
deviations from the yield frontier caused by biotic and abiotic stress. Higher yields 
reduce pressure on land use. ex post calculations by Brookes and Barfoot (2012) in-
dicate substantial yield increases of gM crops versus non-gM crops. therefore, gM 
crops can potentially contribute towards reducing pressure on natural habitats from 
agricultural land uses—the existence and magnitude of which is yet to be addressed.

6.3.2  Pesticide Use

Pesticides are used to control pests and nontarget plants. a direct benefit of gM 
crop cultivation is the reduction of pesticide applications, incidentally reducing 
farmers’ exposure to chemicals (Hossain et al. 2004; Huang et al. 2005), and low-
ering pesticide residues in crops. also, quantities of chemicals released into the 
environment are lower, potentially increasing on-farm biodiversity (Nickson 2005). 
additionally, the level of mycotoxins in crops can be reduced through genetic en-
gineering (Wu 2006).

decreased pesticide use is one of the most important direct impacts of gM crops 
on the environment (Kleter and Kuiper 2005), but how to measure this impact re-
mains unsolved. However, applying the eiQ to Hr soybeans indicates an overall 
positive environmental impact versus non-Hr soybeans. Kleter et al. (2007) cal-
culated that for pesticide applications on conventional versus gM oilseed rape in 
the usa, applications of pesticide-active ingredients; total ecological impact per 
hectare; ecological impact; and farmer impact were 30, 42, 39, and 54 % lower, 
respectively.

Brookes and Barfoot (2008) found that for conventional and gM crops at the 
national level, eiQ values decreased by 15.4 %, and that for Hr canola in North 
america, the amount of active chemical ingredients applied decreased by 7.9 mil-
lion kg (12.6 %). smyth et al. (2011a) noted that the results of this study, and hence 
the net overall benefit, may be biased as they assumed the highest application rate 
was used in all instances.

gusta et al. (2011) and smyth et al. (2011a, b) show the adoption of Hr canola 
has changed weed control practices in canada, shifting from soil-incorporated to fo-
liar-applied post-emergent herbicides. More than 60 % of the respondents reported a 
simplification of weed management. as a result, the environmental impact of canola 
production—based on a modified EIQ—dropped by 59 % between 1995 and 2006.

there are concerns about the control of volunteer canola (e.g., ellstrand 2001). 
according to smyth et al. (2011b), 8 % of the Hr canola-growing farmers men-
tioned volunteer canola as a problem, of which 35 % reported that additional effort 
to control volunteers was needed, thus supporting results by Beckie et al. (2006) and 
serecon Management consulting inc (2005). control costs for volunteer canola are 
less than canadian $ 3 per hectare (gusta et al 2011).
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the selection pressure caused by glyphosate use on nontarget flora is of concern. 
glyphosate resistance was reported for Amaranthus palmeri (gaines et al. 2010). 
up until 2007, 13 glyphosate-resistant (gr) weeds were reported worldwide (ser-
vice 2007) posing a medium- to long-term threat on Hr technology (Bonny 2008). 
However, Frisvold and reeves (2010) contend the emergence of weed and pest 
resistance could be addressed by appropriate crop management strategies.

since the late 1990s, there has been a two to sevenfold suppression of the cot-
ton bollworm population in areas where Bt cotton was introduced in china (Wu 
et al. 2008), and less damage to non-Bt cotton and other affected crops, plus a host-
preference change for the cotton bollworm (Jongsma et al. 2010). Kuosmanen et al. 
(2006) report that chinese farmers growing Bt cotton may continue using insecti-
cides, as is the case in india, because of inferior seed quality (Herring 2009), or the 
problem of secondary pests (Pemsl et al. 2008; lu et al. 2010). the implications of 
target-pest suppression for resistance and pest management are poorly understood 
and need further investigation (Jongsma et al. 2010; carrière et al. 2003).

gusta et al. (2011) quantified spillover benefits of Hr canola cultivation in 
canada on herbicide applications of the succeeding crop to be worth canadian $ 37 
per hectare (54 % of the respondents reported a benefit) in 2007.

6.3.3  Fertilizer Use

Fertilizers are used to increase both crop yield and quality by providing plants with 
additional nutrients. Quantitatively, the most important fertilizers are: nitrogen (N); 
phosphorus (P); and potassium (K).

the contribution of biotechnology to improvements in N use efficiency (Nue; 
in agronomic terms, the ratio of crop yield to the N fertilizer supplied (Moose 
and Below 2008)) is exclusively indirect via yield-improving traits (pest and/or 
herbicide resistance); for example, reduced damage to the root system of gM corn 
resistant to corn rootworm can lead to greater N uptake. trigo and cap (2003) note 
that gr soybean adoption has increased the area under no-till practices exponen-
tially in argentina, with a potential positive effect on Nue (rao and dao 1996). 
conversely, the adoption of gr soybeans increases the use of glyphosate, which 
is toxic to the N-fixing symbiont Bradyrhizobium japonicum—important for sup-
plying soybeans with N; Zablotowicz and Reddy (2007) found slight negative ef-
fects in N fixation at label use rates, but a consistent reduction at excess rates of 
glyphosate use.

concerns exist about the impacts of gM crops on soil microbes and hence nutri-
ent cycling, but empirical evidence is lacking (Motavalli et al. 2004; al-deeb et al. 
2003; saxena and stotzky 2001).

From the above, it is inconclusive that yield gains due to genetic modification 
directly result in Nue improvements. studies investigating effects of gM crops 
consider biotechnology to be neutral in terms of fertilizer use (see, e.g., Qaim and 
traxler 2005).
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6.3.4  Environmental Safety Issues

the transfer of pest- and herbicide-resistant traits to weedy species and the persis-
tence of feral crop plants carrying these traits raise issues about their impacts on the 
environment. Environmental safety issues focus on the effects—direct or indirect—
of gM crops on nontarget organisms and the transfer of gM traits to populations of 
wild plants (Food and agriculture organization 2003).

gene flow via pollen transfers gM traits from crops to wild relatives and non-
gM crops. seed escaping during harvest, transportation, or processing contributes 
to this process (dunwell and Ford 2005). if the gM trait confers a selective ad-
vantage over wild plants, then persistence and introgression of this trait into wild 
or weedy populations is more likely (Jenczewski et al. 2003). if the trait confers a 
physiological disadvantage, the transgene will be competed out of the population 
by selection pressure. therefore, gM traits have the potential to cause different 
environmental and agronomic impacts (dunwell and Ford 2005).

Movement of herbicide-tolerance traits into wild populations will only confer an 
advantage where herbicides are applied. the physiological effort of sustaining the 
trait in the absence of herbicide selection may be costly in the longer term (snow 
et al. 1999; gueritaine et al. 2002) resulting in selection against these plants. es-
sentially, processes of intrapopulation genetic drift determine the fate of traits that 
confer no benefit (Pilson and Prendeville 2004).

the movement of gM traits into wild plant populations has the potential to re-
duce the number and/or diversity of wild plants, thereby altering the ecological 
structure of communities. Wild relatives may become extinct as a result of swamp-
ing by competitive plants and repeated hybridization. traits like drought and salt 
tolerance may enable plants to invade new habitats leading to unwanted ecological 
change (dunwell and Ford 2005). However, Van de Wiel et al. (2005) point out the 
high variations in the results of gene flow studies make it difficult to gain a consist-
ent view about their implications for the environment. it seems regional aspects are 
important in quantifying the magnitude of gene flow (scatasta 2005).

6.3.5  Tillage and Greenhouse Gas Emission Effects

estimates show greenhouse gas (gHg) emissions from agriculture contribute to 
15 % of annual emissions globally. interestingly, adopting gM crops can contribute 
towards reducing these emissions (Hassan 2005) via an increase in reduced- or 
zero-tillage systems (Frisvold et al. 2009; Ward et al. 2002).

in the usa, estimated savings for diesel use under reduced-tillage systems were 
37 l/ha (griffith and Parsons 1980), and 1.43 l/ha for Hr sugar beets in europe 
from savings in pesticide applications (demont et al. 2004).

Fields planted with Hr crops require less tillage between crop plantings to manage 
weeds, possibly contributing to reduced soil erosion (Fawcett and towery 2003; Nick-
son 2005). in the usa, no-tillage and conservation-tillage reduced soil erosion by up 
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to 90 % (Baker and Johnson 1979). reduced-tillage contributes to increases in soil or-
ganic matter, and improvements in soil structure and water-holding capacity (Karlen 
and sharpley 1994), and pesticide runoff can be reduced significantly (Baker 1990; 
Waibel and Fleischer 1998). improved water-holding capacity reduces soil-nutrient 
losses (Blevins et al. 1983; Karlen 1995), and improvements in above- and below-
ground water quality have been reported because of reduced N emissions (Wheatley 
et al. 1995). a survey among Hr canola-growing farmers in canada (smyth et al. 
2011a) confirms higher soil moisture content and fewer erosion problems.

reduced-tillage positively affects the biodiversity of soil microorganisms and 
above-ground fauna (see, e.g., castrale 1985; Best 1985; Basore et al. 1986), and 
populations of small mammals (Basore et al. 1986) and benthic invertebrate com-
munities (Barton and Farmer 1997). While reduced-tillage provides important 
environmental benefits, these might be reduced through the use of glyphosate or 
other broad-spectrum herbicides in reduced-tillage systems. Nevertheless, the us 
environmental Protection agency considers glyphosate to have a minimal toxicity 
towards mammals, fish, and invertebrates (united states environmental Protection 
agency (us-ePa) 1986).

Phillips (2003), Beckie et al. (2006) and Kleter et al. (2007) found correlations 
between adopting Hr oilseed rape and zero-tillage systems. according to smyth 
et al. (2011a), tillage operations among farmers growing Hr canola in canada 
dropped by more than 70 % (2.73 down to 0.74 passes).

Noteworthy is the contribution Hr crops have made to the adoption of reduced- 
and zero-tillage systems (Frisvold et al. 2009), and the indirect overall net environ-
mental benefits of the change in tillage systems induced by their adoption.

6�4  International Arena

introducing gMos into a country has been perceived to be a threat to biodiversity, 
human health, and the economy of rural communities, hence threatening sustainable 
development. in parallel, scientists, especially in developing countries, fear being 
bypassed by the new technology (Wesseler 2010).

the cartagena Protocol on Biosafety is an international agreement protecting 
biological diversity from the potential risks posed by gMos. countries may ban 
gMo imports if they feel there is insufficient scientific evidence on the product’s 
safety, and exporters are required to label shipments containing gMos (secretariat 
of the convention on Biological diversity 2000).

the World trade organization (Wto) agreement on the application of sanitary 
and Phytosanitary Measures allows its members to impose trade measures protect-
ing human health, animal or plant life, and health. For food products, the Wto uses 
the codex alimentarius commission’s scientifically based standards and defini-
tions for risk assessments (Hobbs 2010).

consumers and/or environmentalists have sought protection from gMos, espe-
cially in the eu where, in 2003, the gMo approval process resulted in separate 



916 Environmental Impacts 

Wto complaints by argentina, canada, and the usa. the Wto ruled in 2006 that 
the eu’s gMo policies from 1984 to 2004 were, in effect, a ban on gMos and il-
legal. restricted market access remains a concern despite continued negotiations; 
gMos have nevertheless been approved for import since 2004 (Wesseler 2010).

6�5  Administrative Consequences

empirical evidence indicates substantial environmental benefits being provided by 
the cultivation of gM crops, especially reductions in gHg emissions and pesticide 
use. documenting these effects should continue and be institutionalized to maintain 
current information.

relatively little information about yield increases on land conservation is avail-
able, and should be addressed at the international level. to date, information on the 
impact of yield increases on land use has been poorly investigated.

Problems related to pest and weed resistance have recently emerged. resistance 
problems can be reduced, if not avoided, by appropriate site-specific management 
plans (requiring monitoring of pest populations and their properties), the costs of 
which need to be balanced against their benefits; local farming conditions, and the 
economic environment also need to be considered.

administrative bodies involved in the approval process of gMos should address 
potential risks, and weigh those risks against the potential benefit/s of the specific 
gMos under consideration. the benefits of adopting gM crops, especially on the 
environment are often ignored. as agricultural production always impacts the envi-
ronment, an environmental impact assessment should be done, comparing the gMo 
under consideration with the second best alternative.

6�6  Summary/Synthesis

• Substantial positive environmental impacts of GM crop cultivation have been 
reported, especially on reductions in pesticide use and emissions of gHgs, and 
do not justify a ban on environmental grounds.

• Bans and delays in approval of herbicide and pest-resistant traits result in un-
necessary damage to the environment.

• Pest resistance has emerged and needs to be addressed to maintain the environ-
mental benefits already generated by gM crops.

• All agricultural activities have environmental impacts—environmental impact 
assessments therefore need to be done to draw comparisons with the second best 
alternative.

• A comprehensive environmental impact assessment should account for revers-
ible and irreversible benefits and costs, and differentiate between private and 
external benefits and costs in relation to the existing regulatory environment.
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7�1  Introduction

Perspectives and views regarding rights are often developed as an attempt to spec-
ify the basic freedoms or capabilities that are necessary for human flourishing. al-
though views on rights acknowledge that natural scarcities constrain the potential 
for flourishing, they insist that when the action of one human limits the potential of 
another, this is the paradigmatic case calling for ethical critique. rights are intended 
to protect human beings from oppression by other human beings; they are not to be 
understood as entitlements against the natural world. an alternative starting point 
is that of “values.” in either case, what is needed is an articulation of the ethical 
theories under the identified rights or values.

in a broad sense, ethics is simply “doing the right thing.” to consider criteria 
for acting ethically is to ask “How should we act?” in principle, all considerations 
relevant to answering this question are of potential relevance to any assessment of 
ethics. Any element in a technology assessment is therefore also a component in 
ethical assessment, given this broad definition. For practical purposes, however, 
criteria become categorized as “ethical” as distinct from environmental, economic, 
or social criteria for one of three reasons.

First, the criteria may concern domains of activity or types of impact that have 
been omitted from an assessment focused on environmental, safety, or economic 
outcomes. outcomes that do not affect key decision-makers (or their client groups) 
directly are frequently and sometimes willfully overlooked. When someone clas-
sifies an omitted element as having ethical significance, it can simply be a way 
of asserting that the assessment or decision procedure should have taken it into 
consideration.

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_7, 
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second, some criteria for evaluating an emerging technology are routine while 
others are contested or controversial. the fact that people disagree about the 
relevance or significance of a given feature is liable to result in that feature being 
relegated to the category of ethics. in general, criteria that bear directly on human 
health are noncontroversial. However, they do involve a value judgment. Nature 
places no particular value on the survival or flourishing of human beings, so the 
fact that emphasis on health-related outcomes is utterly uncontroversial should not 
be viewed as a “value-free” assessment. in contrast, there is no unanimity about 
claims that an environmental impact is “intrinsically valuable” (meaning that it has 
significance apart from its impact on human beings), or claims about the spiritual 
value of an impact. there are also deep and longstanding controversies about when 
and whether impact on an individual or group’s economic well-being should be 
reflected in a technology assessment. in each of these cases, categorizing an impact 
or outcome as “ethical” may be a way of acknowledging that there is controversy 
and lack of agreement over the value that should be attributed to it.

Finally, procedural characteristics of the assessment or decision process itself are 
likely to be characterized as ethical. Who is involved in making judgments about 
which outcomes are to be included, or how is the relative value of outcomes to be 
weighted? When there is controversy about the value that should be attributed to an 
outcome, there is likely to be controversy about the way that an assessment process 
is structured and carried out. this is especially the case when a process for evaluat-
ing action or policy can be shown to have systematic or characteristic weaknesses 
and omissions. Hence, inattention to ethical dimensions (as defined in the first two 
senses) may support the judgment that the procedure itself is ethically deficient. a 
structural bias in the assessment procedure toward outcomes that can be measured 
using biological or medical methods may be categorized as an ethical deficiency in 
the assessment procedure.

although a focus on these three domains of ethics narrows the scope for this 
chapter considerably, the range of potential topics for inclusion under the heading 
of ethics in the case of agricultural biotechnology is still broad. this chapter will 
emphasize criteria that have been characterized in terms of fairness, equity, and 
equality.

7�2  Methodologies

Neoliberal thought arguably blends elements of utilitarian and libertarian ethics 
with the theory of economic growth. resistance to neoliberalism plausibly relies 
upon ethical critiques of utilitarianism and libertarianism that will be summarized 
below. these critiques have circulated for over 200 years and there is every reason 
to suspect that such ideas motivate many opponents of genetic modification, as 
well. there is, however, very little empirical work that links resistance and philo-
sophical ideals of any kind. What is more, sociological analyses of neoliberalism 
and globalization do not cite philosophical discussions of the role that utilitarianism 
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and libertarianism might play in the development and evaluation of gM crops. as 
such, the intriguing possibility of linking these sociological and philosophical anal-
yses remains undeveloped.

Fairness or fair play is a commonsense notion that may have a basis in the fun-
damental way that human beings experience interpersonal relationships. research 
in moral psychology indicates that children develop an innate sense of fairness very 
early in their cognitive development (Fehr and Fischbacher 2004). theoretical char-
acterizations of fairness that associate the idea with equity are often grounded in 
the tradition of economic and policy analysis known as social choice. Here, society 
is viewed as if the relative wealth and well-being of all persons, their respective 
relationships of power, interdependence, and vulnerability, and also their freedom 
and capabilities for future action were the result of a decision or choice. doing so 
motivates a way of evaluating factors that give rise to alternative states of affairs 
in a manner analogous to the way that an individual would evaluate a decision to 
pursue one course of action rather than another (sen 2009).

the social choice perspective can be deployed both as an abstract exercise in the 
comparative evaluation of alternative states of society, as well as in a more practical 
assessment of specific actions, initiatives, or policies that will alter the status quo 
in more or less predictable ways. in the latter case, an analysis of the outcomes that 
an initiative or policy is expected to produce can be utilized as a decision aide for 
real-world decision-makers, including managers, administrative officials, legisla-
tors, and in some cases, judges. social choice is a tradition of normative (or ethical) 
analysis closely associated with the utilitarian philosophy articulated by Jeremy 
Bentham and John Stuart Mill, who argued that the utilitarian maxim—act so as to 
produce the greatest good for the greatest number—provides a general rule to be 
followed in selecting which action, initiative, or policy should be undertaken in any 
given situation.

For public officials contemplating a policy or a piece of legislation, the utilitarian 
approach to social choice requires first an assessment of all effects or impacts—the 
total utility—that the action (as well as its alternatives) has on individuals within so-
ciety. Bentham characterized this assessment as an inquiry into the pain and pleasure 
that the action will produce. Mill, and most subsequent utilitarians, have understood 
utility in terms of whether a given individual is more or less satisfied in each of the 
possible states of society under consideration, but have followed Bentham in insist-
ing that the utility experienced by all parties must be included in the assessment of 
competing alternatives. this formulation of social choice has influenced welfare 
economics, where theorists have proposed methods to characterize the satisfaction 
of preferences in the language of benefit and cost, and have proposed a succes-
sion of principles to more carefully express the intent of the utilitarian maxim. the 
Kaldor-Hicks rule—total benefits should be large enough to compensate for total 
costs—has been an especially influential rule (Thompson et al 1994).

classical economic theory argued that no reallocation of resources could be 
made without making someone worse off. a nineteenth century economist, Vil-
fredo Pareto, advocated that resources could be reallocated such that at least one 
individual would be better off, without making anyone worse off. this has come 
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to be known as a Pareto improvement. When there are no further allocations pos-
sible without making one individual worse off, this is known to be Pareto efficient. 
gM-crop commercialization that adversely affects nonadopters would establish that 
nonadopters have been made worse off because of negative externalities, such as 
lower prices for comingled commodities. the Kaldor-Hicks criteria, however, can 
address this situation. in an attempt to propose a means of allowing innovation that 
would result in the nonadopters not being made worse off, Kaldor and Hicks pro-
posed an improvement that would be Pareto efficient, provided two criteria were 
followed. the Kaldor-Hicks criteria hold that: first, if the “winners” of an innova-
tion are able to compensate the “losers” then the innovation is a Pareto improve-
ment; and second, if the “losers” are unable to bribe the “winners” to prevent the 
commercialization of the innovation it is also an improvement. Provided the com-
pensation is at least equal to the losses suffered by the nonadopter, they are, in terms 
of Pareto efficiency, no worse off.

Whether one focuses on Bentham’s original idea of maximizing social utility 
or one adopts the more feasible (but also less ambitious) Kaldor-Hicks criteria, 
this family of approaches in social choice has always been seen to have an ethical 
weakness in its apparent insensitivity to the distribution of costs and benefits. By 
focusing on the total or net utility for all affected parties, utilitarian decision rules 
allocate no special significance to outcomes that are experienced by a particular 
subgroup. Bentham and Mill intended utilitarian social choice theory as a critique 
of social policies that tended to benefit a small subgroup consisting of the wealthy 
elite. But so long as net utility is positive, there is nothing in the utilitarian tradition 
that prevents a persistent pattern of “winners”—people who gain benefits—at the 
expense of “losers”—people who bear costs. Thus, the general problem of distribu-
tive justice can be conceptualized as one of articulating a principle or criterion that 
would either constrain the set of options available to a decision-maker to those that 
can be considered “fair” or that would at least provide a basis for comparing alterna-
tives in terms of their distributive impact.

Perhaps the most straightforward way to do this is to stipulate that benefits and 
costs should be shared equally: no one person or subgroup should reap a dispropor-
tionate share of benefit or bear a disproportionate share of costs. this is the prin-
ciple of equality. equality and the feeling of injustice that arise when distributions 
are unequal may have a basis in the cognitive structure of human experience. there 
may be a root ability to perceive a distribution of rewards as “equal” or “unequal” 
and to associate fairness or unfairness with this perception that develops relatively 
early in childhood and transcends cultural variation. if so, there is a profound sense 
in which the principle of equality is a primitive building block of cognition. there 
is, however, little doubt that the adult human ability to recognize a given distribu-
tion as equal or unequal in the ethical relevant sense is subject to numerous cultural, 
historical, and experiential modifications. thus, for example, adult males may feel 
fully justified in claiming the largest share of a household’s food supply in a given 
social context, and other household members may be fully reconciled to this pat-
tern. in a different social context, children may be favored. such differences may be 
supported by extended belief systems, say that adult males need strength and energy 
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for hunting or other physical work, in the first case, or that the unique developmen-
tal needs of children take precedence, in the latter case.

economists have developed a variety of tests to measure differential impacts on 
winners and losers, and even to estimate the degree to which these impacts can be 
attributed to economic growth or to specific technological innovations (acemoglu 
2000; Barro 2000). Many of these tests attempt to determine the value of “losses” 
to the “losers.” the redistribution of wealth has taxed many a society and govern-
ment. there is a variety of wealth redistribution programs and mechanisms and 
according to alston et al. (1998), many economists assumed that the cost of wealth 
redistribution, regardless of the economic sector, was equal to the revenue that was 
redirected. these original assumptions held that the redistribution of money by gov-
ernment was costless. this is obviously not the case and research provides estimates 
on the marginal social welfare cost that ranges from us$ 1.20 to 1.50 for every 
dollar distributed (alston and Hurd 1990). in a review of this literature, Fullerton 
(1991) reconciled the results and suggests that the marginal cost of taxation (in the 
usa) is considerably lower than first thought, ranging from us$ 1.07 to 1.25. in 
essence, the redistribution of every $ 1 of government revenue will cost between 7 
and 25 %, thus reducing the amount of revenue that is available to be redistributed.

these tests offer insight into the sense in which any given cluster of technologi-
cal innovations—in the present case new seeds or other input technologies—can be 
viewed with respect to distributive impact. However, applying these tests to support 
an ethical judgment about the equity of an emerging technology presupposes the 
resolution of key interpretive ambiguities that reside within the social choice ap-
proach. in important respects, it is the process of arriving at a consistent conceptual 
framework for conceptualizing the impacts that lies at the heart of ethics.

one important pattern emphasizes the idea that one’s share of the rewards from 
a productive activity should be proportional to one’s contribution to the productive 
process. under this interpretation, an unequal share of rewards would occur when 
one person who has contributed relatively little to the production process receives 
more than someone who has contributed a great deal. the most dramatic instance 
of inequality involves the failure to recognize a given contribution entirely. critics 
of gM crops have argued that biotechnology companies fail to recognize the con-
tribution that farmers have made to the germplasm of crops they sell. the criticism 
extends a longstanding claim against breeders in the developed world, who collect 
seeds often from poor farmers in developing countries, and then utilize the germ-
plasm to develop economically valuable varieties (Juma 1989). Historically, farm-
ers, who may have made extensive contributions to the quality of the germplasm 
over centuries of trial-and-error seed selection, have been excluded from any share 
in the economic benefit or consequential intellectual property.

unequal power represents an important shift in the way that a principle of equal-
ity is interpreted. equality is no longer being interpreted in terms of whether the 
benefits are being shared equitably. the key idea here is procedural equality, or 
what is often referred to as “equality under the law.” this notion of equality has 
a lengthy history, developing in the european political tradition. it descends from 
doctrines such as Magna carta, by which absolute monarchs recognized a domain 
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of law in which their authority would be limited. at first all nobles, then later all 
citizens, were said to be equally subject to the authority and procedures of law. 
rank or status would accord no favorable treatment when questions of law were at 
hand. the idea of procedural equality then enjoyed a considerable expansion with 
the development of neoclassical economic theory, which postulated conditions in 
which all parties freely agreed to have transactions under conditions of complete 
information.

economists postulated these conditions as prerequisites of rational exchange. 
transactions in which one party is not free to say yes or no or in which one party has 
information that the other lacks do not qualify as instances of rational choice. But 
“rationality” in this economic sense conforms quite closely to the conditions for an 
ethically justifiable or defensible exchange. a transaction or pattern of transactions 
in which a weaker party is forced to accept terms reluctantly exposes unequal power 
relationships. there is thus an important sense in which the rationality and hence 
the legitimacy of economic exchanges depends on whether parties are truly free to 
accept or decline the terms of trade. Poverty can produce procedural inequalities in 
that poor people may be forced to accept terms of trade that better-off trading part-
ners would regard as unacceptable (sen 1999). in such cases, inequality in terms 
of overall wealth can create conditions in which less well-off people can be forced 
to accept low wages or high prices because the alternative is starvation. the mor-
ally relevant inequality is grounded in the coercive nature of the situation, violating 
conditions of procedural equality, and only incidentally related to overall wealth.

7�3  Critical Assessment

scientific risk assessment has played a crucial and contested role in the evaluation 
of agricultural biotechnologies. What is crucial from an ethics perspective is that 
assessments presuppose an ability to recognize a given outcome as harmful, and this 
is a value judgment. the working conception of fair and equitable distribution of the 
benefits and burdens of new technology developed so far presupposes that people 
will not be coerced into enduring harmful impacts from new technology, but the 
responsibility for ensuring that this is indeed the case is delegated to agencies that 
rely heavily on scientific expertise. some impacts (death or disease among human 
beings) are noncontroversially recognized as ethically significant harms, and scien-
tists may be able to identify otherwise poorly understood mechanisms that lead to 
these noncontroversial harms. However, science cannot exclude the possibility that 
some unknown mechanism exists. Hence, one source of controversy arises when 
nonscientists engage in speculation about unknown mechanisms. But there are also 
forms of harm that are themselves subject to debate. some would assert that simply 
being placed in a situation where they consume something unknowingly constitutes 
a form of harm. People who observe certain religious dietary prohibitions or prac-
tice vegetarianism may think this way, for example (thompson 2002). thus, while 
scientific risk assessment provides an indispensable element in the ethics of emerg-
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ing technology, it does not provide an infallible or uncontestable way to assure the 
ethical legitimacy of technological innovations.

But how do these rather formal conceptions of procedural equality apply to 
emerging technologies? New technologies that succeed in the sense of being widely 
and voluntarily adopted can be presumed to be benefiting both those who adopt 
them as well as those who profit from their development, manufacture, and sale. 
To the extent that greater efficiencies lead to lower prices for consumers—a fea-
ture common in the case of agricultural technologies—benefits are significantly 
multiplied. New technologies are also associated with upheaval and change in the 
workplace, with the bankruptcy of firms that are slow to innovate, and the loss of 
employment from those firms. it is thus plausible to view technological innovation 
as a process that is amenable to evaluation using the general framework of social 
choice. the innovation (or cluster of innovations) can be evaluated according to 
a Kaldor-Hicks test: if benefits outweigh costs or losses, the technology can be 
viewed as ethically justified (Wise 1978).

But the inequality between winners and losers due to the implementation of new 
technology provides a particularly challenging puzzle from the perspective of social 
choice. if there is a persistent pattern among the “losers” (e.g., if it is always the 
low-wage workers and those too poor to afford the new technology who lose) it is 
possible to see technological innovations that pass a Kaldor-Hicks test by a large 
margin as troubling from the perspective of distributive justice. yet some of the los-
ers can be thought of as victims of their own bad decision-making or bad luck just 
as readily as they can be thought of as victims of a social decision to implement a 
new set of technological means.

should technological innovation even be evaluated from the social choice per-
spective? recall that in social choice theory society is viewed as if the relative 
wealth and well-being of all persons, respective power relationships, and their capa-
bilities for future action are the result of a decision or choice. it is possible to apply 
this framework to events that are unambiguously not the result of decision-making. 
one can evaluate the costs and benefits of a natural disaster, such as a hurricane, 
from the perspective of social choice. although a hurricane is unlikely to gener-
ate benefits that outweigh costs, such an analysis might indeed provide interesting 
insight into the way that benefits and costs are distributed. But in this case, there is 
clearly no “decision” to launch a hurricane. it is possible that technological innova-
tion is more like a hurricane than a social choice.

the development and dissemination of new technology require a number of 
clear decision points that distinguish it from a natural event, but these decision 
points are quite diverse: they accrue to different individuals or groups existing at 
different times and places, and occupying very different social roles. some deci-
sions are specifically focused on the research and development of the technology, 
while others involve funding the development process through capital investment or 
grants. other decisions concern the regulatory environment in which the technology 
will operate, while still others concern the rules for patenting, licensing, and trans-
ferring the technology. other decisions focus on liability for losses. Furthermore, 
although these decisions may have profound implications for the likely benefits and 
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costs of technological innovation, many of the key legal and policy choices are not 
even focused on the particular technology in question, at all. these legal and policy 
decisions may be structured as social choices about the structure for a wide array of 
technological innovations that will occur in fields such as information technology 
or health care, and their impact on agricultural production may not be taken into 
consideration by decision-makers at all.

the sheer complexity of the decision-making processes in question means that 
technological innovation is, in some key respects, more like a hurricane than a sin-
gular activity or action that would clearly be amenable to evaluation from a social 
choice perspective. in cases where individuals or groups do make clear decisions, 
they face uncertainties about the disposition of other human decision-makers (not 
to mention natural events) that sharply limits their ability to execute an informed 
analysis of costs and benefits to all affected parties. thus, one school of thought 
within the tradition of social choice holds that the managerial or planning perspec-
tive implied by utilitarian ethics is simply incapable of delivering the result implied 
by any formulation of the utilitarian maxim: decisions about whether or not to in-
novate or to adopt technology should not be based on a prediction of expected util-
ity. instead, public policy should be confined to rules that protect individual liberty 
and stipulate conditions for the utilization and exchange of private property (Nozick 
1974; de gregory 2001). this libertarian perspective on social choice holds that 
however unfortunate distributive inequalities may be for the individuals who end up 
on the losing end of technological innovations, it is inappropriate for public authori-
ties to do anything to relieve or reverse them.

this is not to say that libertarians see technological innovation as equivalent to 
natural disasters. one important difference is that unlike a hurricane, technological 
change comes about because human agents undertake planned activities with some 
expectation of personal benefit. thus while innovations initiate patterns of change 
that defy social planning, they are unlike natural disasters in that post hoc attempts 
to compensate losers have the effect of interfering with the planning and intentional 
action of individuals. a second important difference relies on utilitarian reason-
ing about the relative net value of outcomes. While hurricanes do produce winners 
(people in the salvage or construction industry see a pickup in business), the overall 
net social value is overwhelmingly negative. the history of technological innova-
tion, however, is one of improvements in the efficiency of production processes and 
public health, and the creation of entirely new social goods, especially in the arts, 
entertainment, and recreation. a blend of these views produces an ethic that ties a 
bias in favor of innovation with the view that losers are not entitled to compensa-
tion.

although the libertarian position removes considerations of equity from the do-
main of considerations relevant to public authorities, it does not preclude actions to 
address inequality by private individuals. individuals may make gifts or donate to 
charitable organizations that are dedicated toward helping the poor without violat-
ing the libertarian’s master principle. the upshot of this twist in the social choice 
perspective is a shift in the meaning of “ethics.” it is perfectly appropriate to en-
courage individuals to redress inequalities through charitable acts, and to claim that 
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they have an ethical obligation to do so. However, investment decisions should be 
steered by a principle of profit maximization, which is believed to be a more reliable 
guide to promoting the public good than attempting to predict the complex interac-
tion of forces that cause social inequalities, in the first place. “ethics” then comes 
to be seen as a domain of private charity, while “capital” indicates the investment 
decisions that should steer technology (Nozick 1974). one conceptual weakness 
of this position is that it provides no guidance to individuals (or private firms) as 
to how much of their wealth they should allocate to ethics as compared to capital.

a further difficulty with models suggested to assess ethics is the metric used. 
Measures of economic growth or material progress are being used as proxies for 
“benefit,” which could ultimately be understood as well-being or happiness, rather 
than economic well-being (sparrow 2007). Further, benefits can accrue to individu-
als although their individual wealth or that of their community does not change.

7�4  International Arena

the cPB  itself is the most pertinent international agreement relevant to the inclu-
sion of an assessment of ethical considerations. However, any international agree-
ment or protocol arguably articulates the international community’s values and 
demonstrates what “rights” exist (australian gene technology ethics and com-
munity consultative committee,  gteccc). thus, for example, the international 
community’s response to “sterile” conifers demonstrates a particular attitude to such 
developments and is perhaps the evidence of embedded values and motivations.

7�5  Administrative Consequences

agricultural biotechnology raises potential ethical concerns with regard to the in-
herent characteristics of the technology itself, its products, and the consequences of 
the use of such products, and therefore any administrative body involved in address-
ing these concerns will need to adopt a broader approach. Further, as in the context 
of any developing technology, any model used to measure ethical concerns will 
need continual updating to reflect the technology’s development, particularly to re-
main relevant regarding what its actual or likely consequences are (Weckert 2007). 
societal values change rapidly and are difficult to identify accurately (australian 
gteccc) but regular measures of these will also be needed for an assessment 
process that includes ethical and equity concerns.
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7�6  Summary/Synthesis

• Equity can be measured by reference to the distribution of benefits and costs 
occurring as the outcome of technological innovation. this utilitarian approach 
includes noncontroversial criteria (such as safety risks) and changes in secs 
such as wealth, well-being, power, or social status as outcomes.

• An alternative equity measure focuses on interference with personal freedoms 
and political and economic activity of others. this libertarian approach values 
equal rights but not necessarily equal benefits and loss. Financial losses and 
changes in secs are treated as the result of market forces and not directly rele-
vant to equity.

• An alternative focus is agency and autonomy whereby an individual or social 
group’s ability to undertake planned activity and affect the course of events is 
emphasized. When situations are consistently dominated by the same relatively 
few actors or where one group or class persistently lacks agency and autonomy, 
they are unjust.

• Different measures will be appropriate for developed as opposed to developing 
countries. For example, in developing countries, an assessment of farmers’ per-
ception of the new technology and also the social conditions under which it is 
being offered as being consistent (or not) with their ability to have power or 
influence over the conditions in which they live and farm would be relevant. a 
test for equity emphasizing whether farmers’ decisions to adopt biotechnology 
was made on self-interested economic grounds might be wholly inappropriate in 
such a context.

• Decisions about whether or not to innovate or adopt technology should not be 
based on a prediction of expected utility. instead, public policy should be confi-
ned to rules that protect individual liberty and stipulate conditions for the utiliza-
tion and exchange of private property.
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8�1  Introduction

times have changed since the days of royal tasters. as our concerns extend to the 
rest of the kingdom and beyond national borders, we face the critical need to de-
velop increasingly complex policies to ensure the safety of the mainstream food 
supply. incidents involving food contamination, particularly salmonella and E. coli 
in eggs, peanuts, and produce have been numerous and widespread. tainted foods 
have caused illnesses and deaths that perhaps could have been prevented by more 
rigorous and proactive policies. recognition has emerged that consumers need 
greater protection before these outbreaks occur, through more stringent require-
ments and better enforcement of food safety standards, including inspections. 
Moreover, traceability and recall mechanisms are necessary to resolve the problems 
that do arise. Food safety is important for all foods, regardless of the process to 
produce them. these concerns are heightened in the area of genetically modified 
organisms (gMos), where scientific uncertainty compounds the issues in the effort 
to determine and evaluate the risks of harm to human health and the environment as 
essential elements in developing food safety regulation.

a study commissioned by the World Health organization (WHo) identified sev-
eral risks presented by gMos and gM foods for human health as part of its safety 
assessment, including: direct health effects (toxicity); tendencies to provoke aller-
gic reaction (allergenicity); specific components with toxic properties; the stability 
of the inserted gene; nutritional impact; and any unintended effects that could result 
from genetic modification (WHo study 2005; see also strauss 2006). of particular 
concern is gene transfer, whereby genes from gM foods could transfer to bacteria 
in the gastrointestinal tract or to cells of the body and cause negative health effects 
(WHo Food safety 2012). recognizing that the long-term effects are unknown, 
the WHo study (2005: iii) cited additional risks to the environment as “unintended 

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_8, 
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effects on non-target organisms, ecosystems, and biodiversity.” For instance, out-
crossing—the spread of transgenes in the natural environment through cross-pol-
lination—has since been documented to occur and threatens to make GM crops 
the dominant species in the ecosystem; herbicide-resistant “superweeds” have also 
arisen (Nrc 2000; Nrc 2010; Bratspies 2003; strauss 2010). long-term scientific 
studies in humans have not yet been done, but some initial findings in animals and 
several case examples suggesting hazards have caused significant concern (losey 
et al 19991; Pusztai 20012; strauss 2006; Bt and Monarch Butterflies 2012; angelo 
2007). Moreover, a 2011 canadian study reported that “the blood of 93 % of preg-
nant women and 80 % of their umbilical-cord blood samples contained a pesticide 
implanted in gMo corn by Monsanto, though digestion was supposed to remove 
it from the body.” the researchers concluded, “given the potential toxicity of these 
environmental pollutants and the fragility of the fetus, more studies are needed.” 
(aziz and leblanc 2011, p. 532).

ironically, the issues raised are no longer merely matters of science and answers 
no longer hinge on scientific knowledge, claimed to be inadequate in this area both 
for the purposes of performing risk assessment and for determining unknown future 
effects (strauss 2009). instead, policy makers should use a broader perspective to 
examine the important implications for the international community and reshape 
matters of international trade and economics in line with long-term public inter-
est. implementing more international regulations on domestic issues, for purposes 
such as food security and safety may detract significantly from state sovereignty, 
limiting the nation-states’ abilities to act in the best interests of their citizens, follow 
their cultural norms, or adhere to previously established international agreements 
(strauss and strauss 2009). sensitivity to this position could help strike a balance 
between the global governance approach fueled by international trade aspects and 
the states’ abilities to protect the food security rights of their citizens. Food safety in 
the regulation of gMos raises key questions for policy makers, including:

• What is the appropriate role of risk assessment in the face of scientific uncertainty?
• Who should bear the risk of these products—consumers or biotech companies?
• What is the responsibility of government and regulatory bodies to ensure the 

safety of the food supply?
• Are there conflicts of interest behind the scenes affecting food policies? If so, 

they must be clearly identified, cautiously approached, and explicitly balanced, 
thus making transparency critical to the process.

1 the journal PNas (Proceedings of the National academy of science) published a volume in 
2001 (http://www.pnas.org/content/98/21.toc) containing 6 articles that refute losey’s study. the-
se studies posit that the conditions created by losey in the laboratory would never be created in 
nature.
2 the royal society in the uK released a report that found that there was no evidence of adverse 
effects from feeding gM potatoes to rats as reported by Pusztai. see: http://royalsociety.org/uploa-
dedFiles/royal_society_content/policy/publications/1999/10092.pdf.
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• What are some of the cultural differences in perception of risk, how have these 
views shaped regulatory structures, and how can differences be accommodated 
on a global level while still respecting national sovereignty?

• How do GMOs fit with broader food safety issues and policies, and how can 
these policies be made consistent (e.g., a proactive, preventative regime versus a 
proof-of-harm approach)?

8�2  Methodologies

gMo regulation reflects cultural differences in consumers’ degree of trust in their 
government as connected with their aversions to risk given scientific uncertainty 
and the government’s decision as to whose perceptions of risk should determine 
public policy in view of possibly competing stakeholder interests—subgroups of 
consumers, consumer and trade groups, biotech companies, industry suppliers, 
farmers using gM crops, and those with conventional or organic techniques (see 
chap. 18 for greater detail on cultural aspects of biotechnology). Moreover, regula-
tors have varying levels of responsiveness to public opinion due in part to public de-
mand and accountability corresponding to the level of trust in the government. For 
example, perhaps because of food scares that hit europe before the usa, us con-
sumers have more trust in their government and the us approach has been laissez 
faire, in contrast to the strict regulatory regime of the eu (strauss 2006). However, 
recent food contamination issues have raised american awareness and resulted in 
new food safety legislation embodied in the Fda Food safety Modernization act 
(FsMa), and it is possible that this proactive mandate will trigger greater regulation 
of gM foods (strauss 2011a, 2012; lin 2012).

the divergent legal approaches reflect this cultural difference in consumer at-
titudes toward genetic engineering technology through the level to which scientific 
uncertainty is factored into risk assessment as part of the regulatory process. one 
approach would be to treat gM foods the same as other foods and focus on the end 
product’s properties in assessing food safety. as an illustration, the usa has chosen 
to fit gM crops and food products into existing laws. in the usa, these crops are 
not subject to special regulatory scrutiny despite their novel properties and there is 
no acknowledgement of any risks inherent in the technology through which they 
were derived. us consumers appear less aware of potential risks and more trusting 
of regulatory agencies; whereas europeans are more risk averse to possible human 
health and safety issues associated with gM food products. consequently, europe, 
Japan, and most of the international community give greater weight to this uncer-
tainty than does the us government.

us regulations do not mandate labeling of gM foods, instead recommending 
voluntary labeling of gM foods and requesting that companies notify the Food 
and drug administration (Fda) of their intent to market gM foods at least 120 
days before launch (Fda 2001). the inquiry focuses on whether the gM foods are 
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substantially equivalent to their parent crops.3 if so, only the general labeling re-
quirements for all foods apply. the absence of mandatory labeling and monitoring, 
as well as a premarket approval process, stands in stark contrast to the approach in 
some other jurisdictions.

another way to treat the same scientific uncertainty as to the unknown effects 
of this new technology would be to adopt a precautionary and proactive approach 
and special regulatory regime. For instance, eu regulators treat biotechnology as 
“a novel process requiring novel regulatory provisions,” and have launched eu and 
international initiatives that take into account a wider range of known and unknown 
risks to human health and the environment (strauss 2006, p. 176). Most significant 
is eu directive 2001/18/ec, regulating and restricting the distribution of gMos 
and foods containing gM ingredients (eu council directive 2001; see also BiNas 
online 2006). recognizing that the effects may be irreversible, the directive man-
dates that “due attention be given to controlling risks from the deliberate release into 
the environment of (gMos)” (cls 4 and 5). this directive provides a notification 
procedure before a gM product is placed on the market, a period of public comment, 
an assessment report, principles for environmental risk assessment, field testing, and 
a gradual scale of release with proper evaluation at each step (cls 24 and 25).

the directive also has specific provisions for labeling and packaging, including 
a requirement that “this product contains genetically modified organisms” appear 
either on a label or in an accompanying document (art 13, § 2, f.). For products 
with unavoidable traces of authorized gMos, minimum threshold levels for the 
labeling requirement shall be established (art 21, § 2). Postmarket monitoring by 
the industry is required, as well as notification of authorities of new information and 
taking immediate measures necessary to protect human health and the environment 
(arts 19, § 2, f. and 20). the directive allows a temporary ban of gM products if 
there is evidence exposing risks to human health or the environment, a measure that 
led to a trade dispute initiated by the usa, canada, and argentina at the Wto (ec-
Biotech reports 2006; strauss 2008).

More recently, the eu enacted regulations establishing a stricter framework for 
monitoring gMos, strengthening existing labeling rules for gM food, implement-
ing labeling of gM feed, and dictating an authorization procedure for deliberate re-
lease into the environment (ec regulation 1830/2003 and 1829/2003; see also eu-
ropean commission, Questions and answers). a tolerance level of 0.9 % is set for 
non-gM foods, feed, and processed products, as allowable “adventitious presence” 
or unintended low-level presence of an eu-approved gM substance. all products 
containing more than this level must be labeled as containing gMos. the practical 
effect of these laws is to impose a “zero tolerance” standard for non-eu-approved 
gM crops. traceability provisions require segregation of gM crops at all stages of 

3 the Fda asks the industry to compare the compositions of gM and non-gM crops; when they 
are not significantly different the two are regarded as ‘substantially equivalent’, and no additional 
labeling or animal testing is required. this concept has been disfavored in europe where the capa-
bility to classify a novel food as being substantially equivalent no longer justifies a lack of safety 
assessments.
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production, handling, storage, shipment, processing, and marketing, including the 
prevention of pollen drift to non-gM fields.

in response to a series of food safety failures, in May 2003, the eu created 
the european Food safety authority (eFsa) to serve as a “food safety watchdog” 
(Podger 2004; strauss 2006, pp. 180–181). eFsa deals only with the science of risk 
assessment (determining what risks exist), while the Fda, its us counterpart, also 
handles the policy decisions involved in risk management (determining whether 
those risks are considered acceptable). the european Parliament wanted an orga-
nization that gave “genuinely objective, independent and public advice”, leaving 
policy judgments to the european commission (ec) (Podger 2004; strauss 2006, 
pp. 180–181). another goal is to instill “a much clearer degree of scientific input 
into the risk management measures adopted by the eu” by taking care not to avoid 
difficult scientific issues of risk assessment for fear of unpopularity (Podger 2004). 
at the same time, in light of european sensitivity to food issues and past food 
scares, eFsa seeks to achieve more transparency and restore public confidence. 
the new regulations further strengthened its charge, requiring eFsa to provide 
more detailed justification in its opinions on individual applications for permits, 
particularly as to overruling scientific objections raised by the national authorities; 
and asking applicants as well as eFsa in their risk assessments to address potential 
long-term effects and biodiversity issues (strauss 2008).

these alternative regulatory regimes illustrate differences in the weight given to 
considerations of food security, primarily in their view of the level of risk the gov-
ernment is willing to accept and the comfort level of its citizens in being chosen to 
bear those risks. commentators have asserted that: “risk analysis examines the dis-
tribution of risks and all distribution questions are inherently political” (olufs 2012, 
p. 16 (emphasis in the original)). these decisions are not transparent or subject to 
democratic scrutiny when made by bureaucratic organizations; moreover, “consum-
ers and food producers often have radically different views of risk” (p. 16). us rules 
favor large food companies rather than seeking and giving more weight to the public 
and consumer organizations in an open dialogue. in the us government’s view, there 
is no scientific basis to presuppose that biotech foods are more risky or substan-
tially different from other food products. in contrast, by establishing a separate food 
safety agency that addresses problems with risk assessment in the face of scientific 
uncertainty, the eu has made an effort to separate science from politics and policy, 
increase transparency, and promote traceability. these differences reflect divergent 
views on the role of science, decisions on who bears the risk of uncertainty, the du-
ties of the government and agencies, and the involvement of other organizations.

8�3  Critical Assessment

the potential safety issues from unintended and unknown risks and scientific 
uncertainty have sparked calls for a more effective approach to risk assessment 
in the usa, and resistance to the pressure to extend this laissez-faire approach 
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internationally. the ultimate question is who bears the burden of proving that these 
substances are not hazardous—the companies before approval or the consumers. 
recognizing that science is fallible, who should bear the risk of as-yet undetect-
ed hazards? if rigorous preapproval processes are not required, this consideration 
would at a minimum necessitate that the food should be labeled to enable consum-
ers to be informed and individually make this choice as to the level of risk they 
are willing to undertake. surveys of americans and europeans consistently show 
that consumers, when prompted, are concerned about food safety and want label-
ing in order to exercise their right to choose whether they eat gM food (european 
commission 2001; Pew initiative 2005; institute for agriculture and trade Policy 
2002). However, when consumers are asked generally about food labeling, only 
3 % mention that they would like additional information about biotechnology on the 
label (iFic 2012). ultimately, only through labeling, segregation, and monitoring 
can there be some chance of removal from the market if, through the development 
of scientific assessment techniques and long-term studies, problems are discovered. 
under an ideal approach that most values food safety, these substances would not be 
allowed to enter the food supply unless their safety can be established with enough 
reliable certainty in advance.

countries with mandatory labeling legislation for gM foods allow their consum-
ers a choice in selecting foods according to their comfort level. transparency can 
be ensured only by requiring labeling and traceability of food products derived 
from gM plants at all stages of production and distribution. it has been suggested 
that countries tailor their regulations to minimize harm to trade while also respond-
ing to consumer concerns. Mandatory labeling of internationally traded gM foods 
would help address cultural differences and risk factors, while still allowing free 
trade and economic markets to control the process. industry and trade associations 
have also begun to respond to the perceived risks of biotechnology in food. Fear-
ful of losing buyers, large food producers have underscored their acceptance of 
consumer demands for labeling and have asked suppliers to segregate fields, grain 
bins, and storage elevators, with some even paying a premium for non-gM crops 
(e.g., strauss 2006).

the international community should pay close attention to the problems engen-
dered by the usa due to its failure to set up segregation mechanisms. of significant 
concern to us producers is “the fact that u.s. farm, grain storage, and transporta-
tion systems are not designed to segregate bulk, untagged, biotechnology agricul-
tural products, on a large scale and with precision, from conventional varieties” 
(stamps 2002, p. 7). as a result, “the u.s. [g]overnment [cannot] certify that certain 
varieties are completely absent from export channels” (stamps 2002, p. 7, quot-
ing us dept of state 2001). these changes in storage and transportation structure 
would place added costs on the us farm sector but may become necessary due 
to the concerns of international trade, economic loss for traditional and organic 
farmers, and potential future policy changes under a new proactive safety mandate. 
Most significantly, such an ineffective system highlights the dangers of unintended 
cross-contamination—that biotechnology crops will crossbreed with other plants 
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resulting in unintended harmful breeds—the consequences for biodiversity are far 
more severe than simple economic costs such as labeling. if these genetic modifica-
tions cannot be monitored effectively, a more extreme remedy such as a ban may 
be necessary.

critics of the us approach have also observed that food policy and its imple-
mentation are too fractionated and that “‘[t]his fragmented federal system makes 
communication, efficiency and uniformity almost impossible during an emer-
gency.’ as a consequence, the need for better coordination is paramount” (strauss 
2012, pp. 312–313; see also Benson 2010; Notes 2007; taylor 2004). there have 
been calls for a single federal agency dedicated to food safety; however, in an area 
of such complexity with overlapping and intersecting spheres of expertise (e.g., 
food and components, plants, environmental hazards), perhaps the effort would be 
better spent on improving coordination, communication, and management under a 
common mandate rather than creating yet another administrative agency (strauss 
2012). such a proactive mandate for food security may now be embodied in the 
FsMa, which as a preventative approach for food safety that gives increased au-
thority to the Fda including expansion of overseas inspections and restrictions on 
imports, should be extended in the future to other agencies such as the usda as 
well as gM foods (strauss 2011a). currently each agency focuses only on its own 
narrow charge without viewing the broader scope of food safety, and they lack the 
scientific expertise to comprehend the real potential impact of gM crops on the en-
vironment or even raise the most relevant health and safety concerns (strauss 2012; 
aoki 2011). Moreover, the systemic problem is compounded by agency reliance 
on information provided by the companies they regulate and conflicts of interest in 
that research.

these limitations could be ameliorated by the use of expert groups and advi-
sory panels with transparent process and balanced representation, similar to those 
consulted by the Wto in international trade disputes (strauss 2011b, 2008). other 
stakeholders, particularly trade associations and suppliers, organic and convention-
al farmers and consumers, will also need to remain vigilant in their demands for a 
proactive regulatory regime. in an area of such increasing scientific and socioeco-
nomic complexity, a unified multilateral approach is clearly warranted. govern-
mental units and experts must work together to study the long-term human health 
and environmental effects of gMos and prevent further contamination and extinc-
tion of non-gM crops. Food security includes biodiversity, which may be lost if 
gM crops become the dominant species and when they spur the development of 
“superweeds”; some of these effects have already been documented (e.g., Nrc 
2010; Kaskey 2011). until more of these effects are known, mandatory labeling, 
monitoring, and segregation of crops are the most prudent approach to protect the 
integrity and security of the food supply (strauss 2012). similar concerns apply on 
the international level (strauss 2009).
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8�4  International Arena

several international agreements hold special relevance for food security, most sig-
nificantly embodying the precautionary principle that reflects and reinforces the 
risk-aversion approach of the eu and international community. the cBd recogniz-
es that “biological diversity is about more than plants, animals and microorganisms 
and their ecosystems—it is about people and our need for food security, medicines, 
fresh air and water, shelter, and a clean and healthy environment in which to live” 
(cBd, about the convention 2013). as the only international regulatory instrument 
established to protect biological diversity from the risks of biotechnology, the cart-
agena Protocol expressly focuses on the potential adverse effects of living modified 
organisms (lMos) on the environment, while taking into account the risks to hu-
man health as a secondary consideration (art 1).

according to the WHo study (2005), the cartagena Protocol is only the first 
step in the international regulation of gM foods. the Protocol’s scope does not 
consider gM foods that do not meet the definition of an lMo. gM foods are within 
the scope of the cartagena Protocol only if they contain lMos capable of transfer-
ring or replicating genetic material. Moreover, the primary focus on biodiversity 
limits its consideration of human health issues. as a further limitation, the leading 
GM exporters—Argentina, Canada, and the USA—have not signed on and are not 
bound by its terms. in the ec-Biotech case, the Wto declined to apply it to these 
nonsignatories nor to extend its precautionary principle to the level of customary 
international law (ec-Biotech reports 2006; strauss 2008).

to provide international consistency in gM food assessment, the Codex Alimen-
tarius Commission—an international standard setting body for food safety jointly 
administered by two uN agencies, the Food and agricultural organization (Fao) 
and WHO—adopted principles setting a uniform standard for assessing food safe-
ty for foods derived from modern biotechnology (Fao/WHo 2003). the codex 
principles set forth a premarket assessment, implemented on a case-by-case basis, 
including an evaluation of direct effects from the inserted gene and unintended ef-
fects that may arise. the safety assessment principles for gM foods require an in-
vestigation of the risks previously identified, namely, toxicity, allergenicity, specific 
components having nutritional or toxic properties, the stability of the inserted gene, 
the nutritional effects of the specific gene modification, and any unintended effects 
from the gene insertion. the Wto agreements such as the sPs agreement embrace 
the codex principles, although the codex does not in itself have a binding effect on 
national legislation. these principles are further referred to as a standard in cases of 
trade disputes (strauss 2006). However, there has been criticism that the standards 
determined by the codex give preferentiality to supporting trade and biotechnology, 
over protecting consumer interests and safety (Morse 2007; strauss and strauss 
2009; olufs 2012). Biotech-labeling standards, which the codex was tasked with in 
1993, have still not been developed.

in the international trade of food, the sPs agreement acknowledges that states 
can protect domestic food supplies for scientific, well-documented health and 
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safety risks, provided this does not unfairly discriminate against a particular indus-
try or country for unfounded reasons. instead of banning all products, a state could 
implement less costly or less restrictive alternatives, such as mandatory labeling or 
quality testing, to sustain free trade while protecting its citizens (strauss and strauss 
2009). under the sPs agreement (art 5.1), risk assessments must be used to justify 
such a ban (strauss 2008). article 5.7 provides an exception to the risk assessment 
requirement where relevant scientific evidence is insufficient.

However, the Wto in the ec-Biotech dispute rejected attempts by several eu 
member states to ban gM food under this exception because of their failure to do 
a scientific risk assessment, despite their contention that there was substantial sci-
entific uncertainty as to the risks and that the insufficiency of scientific evidence 
made it impossible to conduct risk assessments (ec-Biotech reports 2006; strauss 
2008). despite its narrow interpretation, the Wto ruling does not preclude the pos-
sibility of utilizing other Wto agreements, such as the tBt agreement. the tBt 
agreement would be a particularly appropriate vehicle in view of recent proposals 
for the labeling of gM foods as a form of “least restrictive trade” measure (strauss 
2008, pp. 820–821).

developing countries have a particular stake in the international agreements un-
der interpretation in these trade disputes. in attacking the eu’s ban, the usa was 
sending a message to developing countries not to use their rights under the carta-
gena Protocol. in the ec-Biotech dispute, the Wto refused to embrace the precau-
tionary principle as a key principle in environmental governance. For developing 
countries, the protection of transnational corporate interests at the expense of their 
citizens may also fall within the rubric of the international covenant on economic, 
social, and cultural rights (cescr 1966), which (in art 2(1)) mandates that its 
members work to ensure the right to the highest attainable standard of health care 
and other socio-economic rights, including the right to food (straub 2006; strauss 
2009). the vulnerability of developing countries as to their own food security high-
lights the need to reaffirm their rights and augment them if necessary.

Notwithstanding these international agreements that provide a foundation for 
further regulations on lMos, it will be difficult to develop a global consensus on 
standardized policies due to “the inherent limits to regulatory harmonization in this 
policy area” (Falkner 2007, p.  108).

8�5  Administrative Consequences

although ultimately it may be determined that food security issues involving gMos 
should be controlled by national agencies, according to the food policies of each 
country, this discussion explores administrative consequences at the international 
level to consider which international bodies might be the most appropriate venues 
for handling gMos in the global food supply. the key questions for consideration 
would be whether to:
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• Establish a separate agency for food safety?
• Separate science and policy makers?
• Involve advisors from scientific and university community with expertise?
• Include nongovernmental organizations (NGOs), transnational corporations 

(tNcs), and/or other organizations to shape food policy?

Past disputes such as the ec-Biotech case illustrate that the Wto is not the ap-
propriate body to make determinations about issues involving biotechnology and 
global food security due to its exclusive focus on international trade. as a result, 
the Wto has been unsuccessful in considering scientific matters such as risks to 
human health and the environment and has repeatedly failed to acknowledge the 
importance of the precautionary principle and environmental treaties (lee-Mura-
moto 2012; strauss 2008; uNu-ias report 2005). Moreover, by failing to take 
into account cultural values and excluding consideration of public health and en-
vironmental issues, the Wto has arguably legislated beyond the regulatory scope 
of international trade and undermined its credibility in the international community 
(strauss 2008; Zurek 2007).

Because genetic engineering is a new technology, there are uncertainties as to 
where gMos fit within the international regulatory framework. While the standards 
set forth by codex have been a useful reference point in Wto disputes, this very 
link to the trade organization and its process of principle making may limit its ap-
propriateness as a purely scientific body (strauss 2009; Post 2006).4 the WHo or 
the Fao could be more appropriate bodies, because they take scientific evidence 
into consideration when determining international policies. the WHo has recog-
nized the importance of giving consideration to human health issues, traditional 
knowledge protection, and equitable benefit sharing (WHo traditional Medicine 
Workshop 2000). However, the WHo is not an ideal candidate due to a lack of 
resources and effective enforcement mechanisms. although the WHo has been in-
strumental in studying the risks of gMos to human health and the environment, the 
organization has had limited capacity beyond reporting its findings (WHo study 
2005).

Perhaps an international body such as the Fao would be an appropriate admin-
istrator in this area. the Fao currently serves as the world forum for discussing the 
“use, control, and conservation of germplasm” (strauss 2009, p. 314). the Fao 
commission on Plant genetic resources adopted the international undertaking on 
Plant genetic resources (Fao undertaking), a nonbinding declaration that aims 
to remedy the inequity in exchanges of plant genetic resources.5 it stated as its 
objective “to ensure that plant genetic resources of economic and/or social interest, 
particularly for agriculture, will be explored, preserved, evaluated and made avail-
able for plant breeding and scientific purposes” (Fao undertaking, art 1). as the 
culmination of this process, the international treaty on Plant genetic resources for 

4 on the other hand, as an international organization codex has been successful in openly inclu-
ding relevant stakeholders in its process and thereby achieving consensus. see Post 2006.
5 over 100 countries signed the Fao undertaking, but the usa did not.
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Food and agriculture (itPgr 2001) further clarified the level of intellectual prop-
erty protection available for banked seeds subsequently modified by the recipient 
(strauss 2009; itPgr 2001). as the primary international organization in the area 
of food and agriculture, the Fao has supported a cautious approach that legitimizes 
the role of member states in controlling the safety of their food supply.

sharing an initiative under the WHo study, the organisation for economic co-
operation and development (oecd 2012) established the internal coordination 
group on Biotechnology in 1993 to aid international coordination in the areas of 
agriculture, technology, and trade. the oecd Biotrack provides a clearinghouse 
of information on biotechnology products and field trials, as well as consensus 
documents for the Work on Harmonisation of regulatory oversight in Biotechnol-
ogy (oecd consensus documents 2006). this oecd effort seeks to promote in-
ternational harmonization in the safety assessment and regulation of biotechnology 
food products, including conforming food labeling practices, which otherwise have 
a potential to impede international trade in food products as nontariff trade barriers. 
although this organization’s mission includes consideration of the environmental 
implications of economic and social development, its primary charge is to promote 
economic growth and financial stability (oecd). Most recently, the oecd and 
Fao jointly produced a report indicating that increased productivity and a more 
sustainable food system will improve global food security (oecd-Fao 2012).

if an existing international organization is not fully appropriate, responsibility 
for gM foods could span multiple international bodies each with specific spheres of 
authority. a combination of international organizations might be able to overcome 
the inherent limits of each. For example, the codex, Fao, and WHo could work 
together to establish labeling guidelines that would serve as risk management tools 
and provide consumers with more information on the presence of gM ingredients 
along with warnings about potential allergens (strauss 2009; codex 2006). if such 
a collaboration is insufficient, perhaps a new transnational regulatory body could 
be established as a scientific and policy-making entity to focus more specifically 
on the global food supply. While such an entity should incorporate the cultural, 
economic, and scientific aspects of gMos into its policies, there must also be one 
or more independent scientific bodies that could focus on safety and efficacy apart 
from policy, akin to how the eFsa functions. as discussed above, this component 
in shaping food policy could include the use of advisory panels of scientific experts 
and a transparent representation of all stakeholders.

8�6  Summary/Synthesis

• In an area of increasing scientific and socioeconomic complexity, a unified mul-
tilateral approach is warranted, engaging in the dialogue between governmental 
units, international organizations, and other stakeholders, including trade asso-
ciations and suppliers, organic and conventional farmers, and academics and 
consumers.
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• Government units and international experts must avoid conflicts of interest and 
work together to study long-term human health and environmental effects of 
gMos and prevent further contamination and extinction of non-gM crops, while 
developing more appropriate means of risk assessment in the face of scientific 
uncertainty.

• Until these effects are known, mandatory labeling, traceability requirements, and 
monitoring and segregation of crops would be the most prudent approach to pro-
tect the integrity and security of the food supply; such an approach would also 
help address cultural differences and risk aversions, respect national sovereignty 
and special concerns of developing countries, and facilitate free trade and global 
economic markets.

• The Codex, FAO, and WHO could work together to establish labeling guidelines 
that would serve as a risk management tool and provide consumers with more 
information on the presence of gM ingredients and warnings about potential 
allergens.

• If the collaboration of already established international organizations is insuf-
ficient, a new transnational regulatory body could be established to incorporate 
the cultural, economic, and scientific aspects of gMos into its policies, through 
consultation with one or more independent scientific bodies with the ability to 
focus exclusively on safety and efficacy.
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9�1  Introduction

From a public health perspective, an important group of the coming generations 
of genetically modified (gM) crop plants and livestock are those with the value-
added output traits of improved nutrition and food functionality. continuing im-
provements in molecular and genomic technologies contribute to the acceleration 
of development of these products. Newell-Mcgloughlin (2008) presents examples 
of crops that have been genetically modified with macronutrient and micronutrient 
traits that may provide benefits to consumers and domestic animals. these new 
products and new approaches require a reassessment of appropriate criteria to as-
sess benefits for human and animal health and well-being, and manage potential 
risks, while ensuring that the development of innovative technologies and processes 
is encouraged to provide value-added commodities for the consumer.

at a fundamental level, food is a source of nutrition to meet daily requirements 
at a minimum in order to survive but with an ever greater focus on the desire to 
thrive. in the latter instance, there is ever-growing interest in the functionality of 
food. “Functional foods” are modified foods or food ingredients that may provide a 
health benefit beyond the traditional nutrients they contain (Bidlack and rodriguez 
2011; goldberg 1994).

From the basic nutrition perspective, there is a clear dichotomy in the demon-
strated need between different regions and socioeconomic groups, the starkest being 
overconsumption in the developed world and undernourishment in less developed 
countries. dramatic increases in the occurrence of obesity and related ailments in 
developed countries are in sharp contrast to the chronic malnutrition in many less 
developed countries. Both problems require a modified food supply, and the tools 
of biotechnology have a part to play.

Worldwide, plant-based products comprise the vast majority of human food in-
take, irrespective of location or financial status (Mathers 2006). in some cultures, 
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either by design or default, plant-based nutrition comprises 100 % of the diet. 
therefore, it is to be expected that nutritional improvement can be achieved via 
modifications of staple crops. While the correlative link between food and health 
is still open to debate, a growing body of evidence indicates that food components 
can influence physiological processes at all stages of life. Functional foods are of 
increasing interest in the prevention and/or treatment of at least four of the leading 
causes of death in the usa: cancer, diabetes, cardiovascular disease, and hyperten-
sion. the us National cancer institute estimates that one in three cancer deaths are 
diet related and that eight of ten cancers have a nutrition/diet component (Block 
et al. 1992; Potter and steinmetz 1996). inverse relationships have been observed 
between carotenoid-rich foods and certain cancers (Botella-Pavı´a and Rodriguez-
Conceptı´on (2006). other nutrient-related correlations link dietary fat and fiber 
to the prevention of colon cancer, folate to the prevention of neural tube defects, 
calcium to the prevention of osteoporosis, psyllium to the lowering of blood lipid 
levels, and antioxidant nutrients to the scavenging of reactive oxidant species and 
protection against oxidative damage of cells that may lead to chronic disease, to list 
just a few (Mutch et al. 2005; Mathers 2006). Further, many food components are 
known to influence the expression of both structural genes and transcription factors 
(tfs) in humans (go et al. 2005; Mazzatti et al. 2007). examples of these phyto-
chemicals can be found in Newell-Mcgloughlin (2008, table 9.1).

on the functionality side, there is a mirror component from the perspective of 
the genetic makeup of the individual doing the consumption. this field of personal 
response to nutrients is further divided into two thematic subsets. Nutrigenomics is 
the prospective analysis of differences among nutrients in the regulation of gene ex-
pression, while nutrigenetics is the analysis of genetic variations among individuals 
with respect to the interaction between diet and disease. these spheres of enquiry 
are designed to provide nutritional recommendations for personalized or individu-
alized nutrition (Marti et al. 2010; Brigelius-Flohe and Joost 2006). Haplotyping 
studies are beginning to indicate gender- and ethnicity-specific polymorphisms that 
are implicated in susceptibilities to polygenic disorders such as diabetes, cardiovas-
cular disease, and some cancers (Corthe´sy-Theulaz et al. 2005; Mutch et al. 2005; 
Brigelius-Flohe and Joost 2006).

it is estimated that plants produce up to 200,000 phytochemicals across their 
many and diverse members (Oksman-Caldenty and Inze´ 2004); obviously, a small-
er number is available on our food plate, with approximately 25,000 different phy-
tochemicals in food plants (go et al. 2005). the quality of crop plants, nutritionally 
or otherwise, is a direct function of this metabolite content (Memelink 2004). From 
a health perspective, plant components of dietary interest can be broadly divided 
into four main categories, the first two to be enhanced and the latter two to be lim-
ited or removed: macronutrients (proteins, carbohydrates, lipids (oils), fiber); mi-
cronutrients (vitamins, minerals, functional metabolites); anti-nutrients (substances 
such as phytate that limit the bioavailability of nutrients); and allergens (intoler-
ances and toxins).

the flagship of gM-improved nutritional varieties is the beta-carotene-enhanced 
rice commonly referred to as golden rice. despite being under consideration and 
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trait crop (trait detail) reference
Protein and amino acids
Protein quality and level Bahiagrass (protein↑) luciani et al. 2005

canola (amino acid 
composition)

roesler et al. 1997

Maize (amino acid composition; 
protein↑)

cromwell 1967, 1969;yang 
et al. 2002; o’Quinn et al. 
2000; young et al. 2004

Potato (amino acid composition; 
protein↑)

chakraborty et al. 2000; li 
et al. 2001; yu and ao 1997; 
atanassov et al. 2004

rice (protein↑; amino acid) Katsube et al. 1999
soybean (amino acid balance) rapp 2002; dinkins et al. 2001
sweet Potato (protein↑) Prakash et al. 2000
Wheat (protein↑) uauy et al. 2006

essential amino acids canola (lysine↑) Falco et al. 1995
lupin (methionine↑) White et al. 2001
Maize (lysine↑; methionine↑) agbios 2006; lai and Messing 

2002
Potato (methionine↑) Zeh et al. 2001
sorghum (lysine↑) Zhao et al. 2003
soybean (lysine↑; tryptophan↑) Falco et al. 1995; galili et al. 

2002
oils and Fatty acids

canola (lauric acid↑; γ-linolenic 
acid↑; + ω-3 fatty acids; 
8:0 and 10:0 fatty acids↑; 
lauric + myristic acid↑; oleic 
acid↑)

del Vecchio 1996; Froman 
and Ursin 2002; James et al. 
2003; ursin 2003, dehesh 
et al. 1996; agbios 2006; 
roesler et al. 1997

cotton (oleic acid↑; oleic 
acid + stearic acid↑)

chapman et al. 2001; liu et al. 
2002

Linseed ( + ω-3 and -6 fatty 
acids)

abbadi et al. 2004

Maize (oil↑) young et al. 2004
oil Palm (oleic acid↑ or stearic 

acid↑; oleic acid↑ + palmitic 
acid↓)

Parveez 2003; Jalani et al. 
1997

Rice (α-linolenic acid↑) anai et al. 2003
soybean (oleic acid↑; 

γ-linolenic acid↑)
Kinney and Knowlton 1998; 

reddy and thomas 1996
safflower (γ-linoleic acid gla↑) arcadia 2008

carbohydrates
Fructans chicory, (fructan↑; fructan 

modification)
smeekens 1997; sprenger et al. 

1997 Sévenier et al. 1998
Maize (fructan↑) caimi et al. 1996
Potato (fructan↑) Hellwege et al. 1997
sugar beet (fructan↑) smeekens 1997

Fructose, raffinose, stachyose soybean Hartwig et al. 1997

Table 9�1  examples of crops in research and/or development with nutritionally improved traits 
intended to provide health benefits for consumers and animals. (Modified from ilsi 2004, 2004a)
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trait crop (trait detail) reference
inulin Potato (inulin↑) Hellwege et al. 2000
starch rice (amylase ↑) chiang et al. 2005; schwall 

2000
Micronutrients and functional 

Metabolites
Vitamins and carotenoids canola (vitamin e↑) shintani and dellaPenna 1998

Maize (vitamin e↑; vitamin c↑; 
folate↑; lycopene)

rocheford et al. 2002; cahoon 
et al. 2003; chen et al. 2003; 
Bekaert 2008; Naqvi et al. 
2009; Harjes 2010

Cassava (+β-carotene) Welsch r et al. 2010
Mustard (+β-carotene) shewmaker et al. 1999
Potato (+β-carotene and lutein↑) ducreux et al. 2005; diretto 

et al. 2010
Rice ( + β-carotene, folate↑) ye et al. 2000; storozhenko 

et al. 2007
strawberry (vitamin c↑) agius et al. 2003
tomato (folate↑; phytoene and 

β-carotene↑; lycopene↑; 
provitamin a↑)

della Penna 2007, díaz de la 
garza et al. 2004; enfissi 
et al. 2005; Mehta et al. 
2002; Fraser et al. 2001; 
rosati 2000; sun et al. 
2012; Klee et al. 2012

Functional 2ndrymetabolites apple ( + stilbenes) szanowski et al. 2003
alfalfa ( + resveratrol) Hipskind and Paiva 2000
Kiwi ( + resveratrol) Kobayashi et al. 2000
Maize (flavonoids↑) yu et al. 2000
Potato (anthocyanin and alkaloid 

glycoside↓; solanin↓)
lukaszewicz et al. 2004

rice (flavonoids↑; + resveratrol) shin et al. 2006; stark-loren-
zen 1997

soybean (flavonoids↑) yu et al. 2003
tomato ( + resveratrol; chlo-

rogenic acid↑;flavonoids↑; 
stilbene↑anthocynanins↑)

giovinazzo et al. 2005; 
Niggeweg et al. 2004; Muir 
et al. 2001; rosati 2000; 
gonzali et al. 2009

Wheat (caffeic and ferulic 
acids↑; + resveratrol)

uPi 2002

Mineral availabilities alfalfa (phytase↑) austin-Phillips et al. 1999
lettuce (iron↑) goto et al. 2000
rice (iron↑) lucca et al. 2002
Maize(phytase↑, ferritin↑) drakakaki 2005, Han 2009
soybean (phytase↑) denbow et al. 1998
Wheat (phytase↑) Brinch-Pedersen et al. 2000, 

2006
excludes protein/starch functionality, shelf life, taste/aesthetics, fiber quality, and allergen/toxin 
reduction traits

Table 9�1 (continued) 
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risk assessments since the late nineties, it was finally approved in the Philippines 
only in 2013. ingo Potrykus, the developer, says an unreasonable amount of testing 
has been required, without scientific justification. in a 2010 Nature article, he lays 
the blame solely at the door of the regulatory process which he considers excessive, 
stating “i therefore hold the regulation of genetic engineering responsible for the 
death and blindness of thousands of children and young mothers” (Potrykus 2010, 
p 561). scientific, civic, and religious opinion leaders from all over the world have 
expressed support for the value of this technology. Florence Wambugu of Kenya 
(1999) states that the great potential of biotechnology to increase agriculture in 
africa lies in its “packaged technology in the seed,” which ensures technology ben-
efits without changing local cultural practices. Potrykus’ golden rice is a seminal 
example. incorporation of beta carotene into rice cultivars and widespread distri-
bution of this “packaged technology in the seed” could prevent one to two million 
deaths each year. Wambugu (1999) observes that in the past, many foreign donors 
funded high-input projects, which have not been sustainable because they failed to 
address social and economic issues such as changes in cultural practice. since the 
trait is incorporated into the seed this will obviate the need to learn novel cultural 
practices in order to avail of the nutritional improvement.

While the correlative link between food and health, beyond meeting basic nu-
trition requirements, has only been unequivocally proven in a number of cases, 
a growing body of evidence indicates that food components can influence physi-
ological processes at all stages of life. Nutrition intervention from a functional-
ity perspective has a personal dimension. Parsing individual response is at least as 
complex a challenge as the task of increasing or decreasing the amount of a specific 
protein, fatty acid, or other component of the plant itself (Brigelius-Flohe (2006). 
there is also evidence that early food regimes can effect later-life health; for exam-
ple, some children who survived famine conditions in certain regions of africa grew 
into adults battling obesity and related problems, presumably due to the selective 
advantage of the thrifty gene in their early food-stressed environment becoming a 
hazard during more abundant times especially if later diets are calorie dense. Func-
tional food components are of increasing interest in the prevention and/or treatment 
of a number of the leading causes of death: cancer, diabetes, cardiovascular disease, 
and hypertension. Many food components are known to influence the expression of 
both structural genes and transcription factors in humans (go et al. 2005; Mazzatti 
et al. 2008, Bidlack and rodriguez 2011). the large diversity of phytochemicals 
suggests that the potential impact of phytochemicals and functional foods on human 
and animal health is worth examining as targets of biotechnology efforts.

9�2  Methodologies

it is well recognized that absolute safety is not an achievable goal in any human 
endeavor, and this is relevant with respect to food and feed. the safe use of food 
or feed has typically been established either through experience based on its com-
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mon use or by application of generally recognized scientific assessment procedures. 
starting in the 1990s, novel (especially gM) food and feed crops have been held 
to the standard that they should be as safe as an appropriate counterpart with a his-
tory of safe use. Based on this with respect to potential risks to human health, the 
consensus of scientific opinion and evidence is that gM foods and feeds present no 
new or unusual dangers to human health (Food and agriculture organization Fao/
WHo 1997; oecd 2003; Seven Academies Report; Académie Des Sciences Fran-
çaise 2003; royal society of london 2002; us National research council 2000; 
society of toxicology 2003). the main principles of the international consensus 
approach are listed below. they serve to illustrate the variety of principles that have 
been at the center of the discussions and that are continuously being updated:

Substantial equivalence this is the guiding principle for the safety assessment. in 
short, substantial equivalence involves the process of comparing the gM product 
to a conventional counterpart with a history of safe use. such a comparison com-
monly includes agronomic performance, phenotype, expression of transgenes, and 
composition (macro- and micronutrients), and identifies the similarities and dif-
ferences between the gM product and the conventional counterpart. Based on the 
differences identified, further investigations may be carried out to assess the safety 
of these differences. these assessments include any protein(s) which are produced 
from the inserted dNa. reports have demonstrated that gM crops are often more 
closely related to the isogenic parental strain used in their development than to other 
members of the same genus and species.

Potential gene transfer Where there is a possibility that selective advantage may be 
given to an undesirable trait from a food safety or environmental impact perspec-
tive, this should be assessed; for example, in the highly unlikely event of a gene 
coding for a plant made pharmaceutical is transferred to commodity to corn. Where 
there is a possibility that the introduced gene(s) may be transferred to other crops, 
the potential environmental impact of the introduced gene and any conferred trait 
must be assessed.

Potential allergenicity since most food allergens are proteins, the potential aller-
genicity of newly expressed proteins in food must be considered. a decision-tree 
approach introduced by ilsi/iFBc in 1996 has become internationally acknowl-
edged and updated by codex (Fao/WHo 2003). allergy safety assessments use 
a panel of characteristics to evaluate novel proteins for allergenic potential. the 
starting point for this approach is the known allergenic properties of the source 
organism for the genes. other recurrent items in this approach are structural simi-
larities between the introduced protein and allergenic proteins, digestibility of the 
newly introduced protein(s), and eventually if needed, sera-binding tests with either 
the introduced protein or the biotechnology-derived product. if a novel food protein 
is not similar to allergens and is not derived from allergenic protein families, it is 
unlikely to provoke allergy. Moreover, if a protein is degraded in simulated gastric 
fluid, is small in size (e.g., < 10 kda), and is not glycosylated, the likelihood that it 
will be an allergen is also unlikely (lehrer and Bannon 2005; sánchez-Monge and 
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salcedo 2005). there are many factors that may elicit food protein allergy, includ-
ing extrinsic factors such as food use and processing; however, this is not well 
understood and is a continuing topic of research and discussion. it is important to 
note that many proteins possess one or more of the properties characteristic of an 
allergen, and yet they do not cause allergy. the likelihood that a novel biotechnol-
ogy-derived protein will be an allergen is very low for proteins without sequence 
similarity and physical properties comparable to known allergens. From a safety 
perspective, the risk of allergy due to introduction of a novel protein into a crop 
remains low, regardless of whether proteins are introduced through conventional 
crop breeding or modern biotechnology.

Potential toxicity some proteins are known to be toxic, such as enterotoxins from 
pathogenic bacteria and lectins from plants. commonly employed tests for toxicity 
include bioinformatic comparisons of amino acid sequences of any newly expressed 
protein(s) with the amino acid sequences of known toxins with those of introduced 
proteins, as well as rodent toxicity tests with acute administration of the proteins. 
currently, appropriate toxicity studies are typically needed for the introduced pro-
tein in gM crops. the assessment often includes studies such as conducting a bio-
informatic comparison of the new protein’s amino acid sequence with a database 
of all publicly available protein sequences (e.g., protease inhibitors, lectins), and 
testing the newly introduced protein’s stability to heat or processing and to degra-
dation in suitably representative gastric and intestinal model systems. appropriate 
toxicity studies may be needed in cases where the protein present in the food is dis-
similar to proteins that have previously been consumed safely in food. such studies 
should also take into account the biological function of the protein in the plant, 
when known. in addition to purified proteins, whole grain from gM crops has been 
tested in animals, commonly in subchronic (90-day) rodent studies.

Unintended effects Besides the intended effects of the modification, interactions 
of the inserted dNa sequence with the plant genome are possible sources of unin-
tended effects. another source might be the introduced trait unexpectedly altering 
plant metabolism. unintended effects can be both predicted and unpredicted. For 
example, variations in intermediates and endpoints in metabolic pathways that are 
the subject of modification while undesirable are predictable, while switch on of 
unknown endogenous genes through random insertion in control regions is both 
unintended and unpredictable. the process of product development that selects a 
single commercial product from hundreds to thousands of initial transformation 
events eliminates the vast majority of situations that might have resulted in unin-
tended changes. the selected commercial product candidate event undergoes addi-
tional detailed phenotypic, agronomic, morphological, and compositional analyses 
to further screen for such effects.

Long-term effects it is acknowledged that premarket safety assessment should be 
rigorous to exclude potentially adverse effects of consumption of foods or feeds 
derived from gM crops. Nevertheless, some have insisted that such foods should 
also be monitored for long-term effects by post-market surveillance. the cost to 
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benefit of such surveillance is severely skewed toward the cost side. this observa-
tion is predicated on a number of facts. in the first place, no international consensus 
exists as to whether such surveillance studies are technically possible without a test-
able hypothesis in order to provide meaningful information regarding safety. sec-
ondly, any gM crop with a testable safety concern will not pass regulatory review 
as the deregulation process is so thorough. in fact, there is probably a greater prob-
ability of a non-gM crop slipping through as they are not subject to any premar-
ket surveillance. Finally, the practical feasibility of implementing such a process is 
also not trivial. one potential method would be the use of measurable biomarkers, 
however, these would need to be determined for all foods and feeds, whatever the 
source, and the question of reasonable economic burden arises. Most probably, the 
marketplace would not support such a requirement as the value gained would not be 
considered a counter to the enormous cost of enforcement.

an example of using gM to improve the level of a macronutrient is work being 
done to increase the level of protein in plants. Protein energy malnutrition is the 
most lethal form of malnutrition (Food and agriculture organization 2006) and 
affects every fourth child worldwide, according to the World Health organization 
(2006). the Food and agriculture organization estimates that 850 million people 
worldwide suffer from undernutrition, to which insufficient protein in the diet is 
a significant contributing factor. While they forecast that this would drop to 582 
million by 2015, market circumstances have pushed back that estimate. the Millen-
nium development goal of halving the number of those facing “extreme poverty 
and hunger” (united Nations 2000) is currently receding. at the end of the first dec-
ade of the twenty-first century, an estimated 1.2 billion people lacked food security 
(Nature 2010).

Most plants have a poor balance of essential amino acids relative to the needs of 
animals and humans. the cereals (maize, wheat ( Triticum aestivum), rice, etc.) tend 
to be low in lys, whereas legumes (soybean, pea ( Pisum sativum), etc.) are often 
low in the sulfur-rich amino acids Met and cys. Poultry, swine, and other nonrumi-
nant animals have specific requirements for each of the essential amino acids. the 
primary requirements for maize and soybean meal-based diets are lys in mammals 
and Met in avian species. High-lys and high-Met maize and soybeans could allow 
diet formulations that reduce animal nitrogen excretion by providing an improved 
balance of essential amino acids. When out of balance, the amino acid in excess 
results in increased nitrogen excretion. that balance can be accomplished now, but 
only by adding costly synthetic lys and Met to the diet. successful examples of im-
proving amino acid balance include high-lys maize (eggeling et al. 1998; o’Quinn 
et al. 2000) canola ( Brassica napus), and soybean (Falco et al. 1995). Free lys is 
significantly increased in high-lys maize by the introduction of the dapa gene from 
Corynebacterium glutamicum, which encodes a form of dihydrodipicolinate syn-
thase that is insensitive to lys feedback inhibition. some novel indirect approaches 
have also been taken to improve protein content. uauy et al. (2006) “rescued” an 
ancestral wheat allele that encodes a transcription factor (NaM-B1) which acceler-
ates senescence and increases nutrient remobilization from leaves to developing 
grains (modern wheat varieties carry a nonfunctional allele). reduction in rNa 
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levels of the multiple NaM homologs by rNa interference delayed senescence 
by more than 3 weeks and reduced wheat grain protein, zinc, and iron content by 
more than 30 %. consumption of foods made from these crops potentially can help 
prevent malnutrition in developing countries, especially among children.

conversely, genetic modification is used to limit the level of toxins in plant foods 
by downregulating or even eliminating the genes involved in the metabolic path-
ways for the production, accumulation, and/or activation of these toxins in plants. 
For example, the solanine content of potato has been reduced substantially using an 
antisense approach, and efforts are under way to reduce the level of the other ma-
jor potato glycoalkaloid, chaconine (Mccue et al. 2003). Work has also been done 
to reduce cyanogenic glycosides in cassava through the expression of the cassava 
enzyme hydroxynitrile lyase in roots (siritunga and sayre 2003). When “disarm-
ing” natural defenses of plants in this way, we need to be cognizant of potentially 
increased susceptibility to pests and diseases, so the base germplasm should have 
input traits to counter this.

in the larger context, the ability to modify the nutritional content of food crops 
can have a significant part to play in addressing issues related to the disability-
adjusted life year (daly), which is a measure of overall disease burden, expressed 
as the number of years lost due to ill health, disability, or early death and the quality-
adjusted life year (Qaly), which not only measures disease burden but also the 
quality and quantity of life lived. the daly extends the concept of potential years 
of life lost due to premature death to include equivalent years of “healthy” life lost 
by virtue of being in states of poor health or disability. in so doing, mortality and 
morbidity are combined into a single, common metric. traditionally, health liabili-
ties were expressed using one measure: (expected or average number of) “years of 
life lost” (yll). this measure does not take the impact of disability into account, 
which can be expressed by: “years lived with disability” (yld). dalys are cal-
culated by taking the sum of these two components. daly = yll + yld.

the daly relies on an acceptance that the most appropriate measure of the ef-
fects of chronic illness is time; both the time lost due to premature death and the 
time spent disabled by disease. one daly, therefore, is equal to one year of healthy 
life lost. Both daly and Qaly measurements clearly have the potential to be af-
fected by nutrition and food functionality intervention since knowledge about, and 
delivery of, those traits can have major effects on health and longevity.

9�3  Critical Assessment

While translation of biotech research into value added products for producers and 
consumers is a challenge in the eu and even the us, it is exponentially more dif-
ficult in least developed countries. a problem facing africa in particular is the lack 
of a dynamic private sector to take technologies to the farmer. it has also been 
estimated that regulatory costs exceed the costs of research and experimentation 
needed to develop a given gM crop, which is a major problem in releasing such 
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crops to the market. a way to reduce the costs of generating food and environmen-
tal safety data is to develop regional “centers of excellence” with complementary 
facilities for biosecurity compliance. this can be done reliably and could help with 
reduction of regulatory costs. the economic gains from using gM crop technology 
in sub-saharan africa (ssa) are potentially large according to the World Bank 
group (anderson (2005). the results suggest the welfare gains are potentially very 
large, especially from golden rice (beta-carotene-enhanced rice) and nutritionally 
enhanced gM wheat, and that those benefits are diminished only slightly by the 
presence of the eu’s current position gM foods. using the global economy-wide 
computable general equilibrium model known as global trade analysis Project 
gtaP, anderson et al. (2005) specifically noted that if ssa countries impose bans 
on gM crop imports in deference to eu market demand for non-gM products, the 
domestic consumer’s net loss from that protectionism would be more than the small 
gain derived from greater market access to the eu.

given the current regulatory climate, it is difficult to imagine many future traits 
ever reaching the marketplace. this discourages research on anything but the most 
mundane of crops and traits and is a real disincentive to creative research. a case 
in point is the BasF decision to end its development of the late blight-resistant 
“Fortuna” potato in the eu. two genes from a wild variety of potato confer robust 
resistance against Phytophthora infestans and are a much preferred and more sus-
tainable system than the use of topical fungicides, natural or otherwise. in october, 
2011, the company requested cultivation and marketing approval as a feed and food 
from the eu Food safety authority (eFsa) for the potato with a notion of com-
mercializing by 2015 (BasF 2011). However, in March 2012, BasF announced the 
discontinuation of its breeding efforts for all gM crops adapted to european condi-
tions (dixelius 2012). it will close its agricultural branch in europe and is choosing 
instead to focus on the american and asian markets. Now instead of adopting the 
gM Fortuna cultivar and the subsequent reduction of the use of harmful chemicals, 
european farmers must rely on the continued use of fungicides, some of the least 
friendly biocontrol chemicals. ironically, this choice obstructs further expansion 
of organically produced potatoes and tomatoes because adopting the gM Fortuna 
cultivar in “conventional” agriculture could have led to reduced disease pressures 
benefitting alternative farming systems (dixelius 2012). in addition, as a major con-
sumer of potatoes, the eu will become increasingly dependent on imports from 
other regions, as they inevitably lose the battle against P. infestans. over time, these 
imported potatoes are likely to be gM Fortuna so europe is still left with the prob-
lem of tackling political resistance against it or any other gM crop.

in india, the further development of nutritionally enhanced potato varieties with 
balanced amino acid compositions is also awaiting approval for commercial re-
lease. However, despite the success of Bt cotton in india, the experience with Bt 
brinjal (eggplant) creates optimism about the prospects for commercialization of 
food crops difficult. Bt brinjal is effective against fruit and shoot borer (FsB), with 
98 % insect mortality in shoots and 100 % in fruits compared to less than 30 % 
mortality in non-Bt counterparts. Multilocation research trials confirmed that Bt 
brinjal required, on average, 77 % less insecticides than non-Bt counterparts for 
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control of FsB, and 42 % less for the control of all insect pests of brinjal. the 
benefits of Bt brinjal translate to an average increase of 116 % in marketable fruits 
over conventional hybrids, and 166 % increase over popular open-pollinated varie-
ties. Furthermore, the significant decrease in insecticide usage reduced the farmers’ 
exposure to insecticides and results in a substantial decline in pesticide residues on 
brinjal fruits (Bricknel 2010). it is estimated that Bt brinjal will deliver farmers a 
net economic benefit ranging from us$ 330 to 397 per acre with national benefits 
to india exceeding us$ 400 million per year. However, in February 2010, the indian 
environmental Minister announced a 6-month moratorium citing that “there is no 
overriding food security argument for Bt brinjal. our objective is to restore public 
confidence and trust in Bt brinjal,” clearly articulating the fact that the decision 
was not based on scientific analysis or risk assessment. reinforcing this notion, 
in 2012, an interim report of the technical expert committee (tec) appointed by 
the supreme court of india recommended a ban on open field trials, including any 
ongoing trials, for 10 years. However, in october 2012, the supreme court decided 
that before considering this interim recommendation they would seek the views of 
all stakeholders, including the agriculture ministry and the gM crop industry, on the 
issue (times of india 2012).

the above case studies illustrate that there is a need to address the issue that bar-
riers exist to commercialization. the actual commercialization of biotech products 
may have little to do with technical limitations and more to do with external con-
straints primarily the process of regulatory approval. Most of the crops approved 
to date support that notion that the deregulation process is prohibitive for any but 
well-financed companies whose focus is primarily the large commodity crops as 
just discussed. Worldwide there is clear asymmetry and lack of consensus in regula-
tory systems. Non-hypothesis-based evaluations have become the standard around 
the world, and these are being enshrined in the cartagena Protocol’s roadmap, with 
the result that cost of safety assessment has skyrocketed without any discernible 
gain in safety. given the current regulatory climate, it is difficult to imagine many 
of the traits described ever reaching the marketplace. as noted, this discourages re-
search on anything but the large commodity crops, marginalizing some of the most 
crucially important crops and traits, and is especially a disincentive for translatable 
research in public institutions. For all intent and purposes there is just one trait 
from a public institution that has successfully traversed the regulatory minefields 
and been translated into a commercially viable commodity and that is the viral coat 
protein protection system initially developed for the papaya ringspot virus (PrsV) 
pandemic in Hawaii. Papaya is an important tropical fruit crop in the asian region. 
However, production in many countries is set back by the prevalence of the PrsV 
disease as well as post-harvest losses. the PrsV-resistant papaya, based on rNai 
suppression of the coat protein expression, literally saved the economy us$ 17 mil-
lion in Hawaii, and while the disease is of significant importance in taiwan and oth-
er southeast asian countries, it has yet to be approved there. rather interestingly, 
it has been reported anecdotally that organic papaya growers now surround their 
plots with the transgenic rainbow variety as the post transcriptional gene silencing 
(Ptgs) system proves to be a most effective method to reduce the viral reservoir 
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thus protecting susceptible varieties through a mechanism that is similar to herd im-
munity in mammalian systems.

the clear importance of improved nutrition goes beyond the mere delivery of 
crops with improved nutritional content, the secondary implications for improved 
quality, and access to improved nutrition has an additive effect on the socioeconom-
ic impact. When determining regulatory oversight the focus is solely on risk of in-
troduction especially within the eu where the precautionary principal prevails. the 
“cost” of precautionary inaction needs to be addressed from an ethical viewpoint 
relative to the “cost” of failing to adopt a new product that could significantly bene-
fit sizable world populations. as noted in chassy et al. (2008), similar to risk assess-
ment, the methodology for assessing other impacts, particularly positive nutritional 
effects, has to be sufficiently detailed and science based. in addition, it is conceiv-
able that some positive impacts may be dependent upon certain variable conditions, 
such as regional differences in processing, consumption, and health affections. the 
daly and Qaly assessment methods discussed above, which measure disability 
and Qalys respectively, may provide suitable metrics to carry out this analysis. 
the assessment of impacts most likely is carried out by different scientists than the 
risk assessment, and can be instigated, for example, by a need to verify claims of 
positive health effects on a given food product. it is also important to examine the 
use and the intake of nutritionally enhanced foods and feeds, once they are com-
mercially available, to determine whether the desired nutritional benefit has been 
achieved in the target populations. as noted non-scientific issues may also be linked 
with positive effects, which therefore are within the domain of risk managers, rather 
than that of scientific assessors.

the case studies of novel nutritionally improved crops in this chapter focus on 
recommended scientific assessments of possible risks associated with the new nu-
tritionally improved food or feed. However, science-based premarket assessments, 
as currently performed, do not balance the assessment of potential risks against 
the intended benefits that accrue from use (Boobis 2006; chassy et al. 2008). For 
nutritionally enhanced crops, it is particularly important to balance the intended 
substantial benefits (e.g., significant improvements in health, significant decreases 
in disease, suffering, and/or death) against the outcome of the risk characterization. 
the perceived hazards often represent relatively small risks, whereas the potential 
nutritional benefits are relatively large. an obvious case in point is golden rice as 
discussed above. an additional example is the development of iron- and zinc-dense 
varieties of rice and wheat for india and Bangladesh which, it is estimated, could 
prevent 44 million cases of anemia over 10 years.

In December 2012, FAO’s Director-General, José Graziano da Silva, noted that 
food insecurity in africa’s sahel region is closely linked to peace and stability, and 
he stressed that short-term humanitarian efforts in the sahel needed to be replaced 
with longer-term development (da silva 2012). apart from the suggested implica-
tion of food and agricultural markets as being one of the trigger factors in catalyzing 
the “arab spring,” the most recent global food crisis was in 2008, and 2013 may 
bring an even greater one. during the 2008 crisis, the gates Foundation announced 
us$ 306 million in grants to boost agricultural yields in the developing world, with 
nearly us$ 165 million to replenish depleted soils in africa. as noted by us News 
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and World reports, these efforts are not without controversy as critics consider that 
western philanthropists are violating african “food sovereignty” and promoting 
american interests at the expense of peasant farmers knowledgeable about local 
practices (lavelle and garber 2008). local practices, however, have yielded scar-
city. a farmer in india grows three to four times as much food on the same amount 
of land as a farmer in africa; a farmer in china, roughly seven times as much.

9�4  International Arena

Besides the international organizations such as Fao/WHo, oecd, ilsi, and 
iFBc, other organizations have also formulated their views and recommendations 
on oversight of gM crops. in 2003, the organization for economic co-operation 
and development (oecd) developed international consensus documents on the 
particular components that could be analyzed for specific crops (oecd (2003). For 
the analyses of these components, a number of validated methods are available that 
are well understood through their long history of use. such approaches work well 
to assess the concentrations of specific predetermined compounds that, because of 
their selective nature, may miss other unintended changes. in the codex alimenta-
rius model, based on consensus across the above organizations, risk analysis is com-
posed of three elements (i.e., risk assessment, risk management, and risk communi-
cation). during risk analysis, the risks are to be weighed against other issues, such 
as the benefits, with the aim to ensure the highest appropriate level of public health 
protection and to strive for risk management transparency and continuous com-
munication between assessors and managers during the process. implementation 
should be examined and reviewed for its effectiveness in protecting public health.

in all countries with biosafety protocols in place, a full risk assessment has to 
be carried out, irrespective of the positive effects that may accrue from a particular 
food item.

it is thus recommended that the risk assessment of food follow elaborate, inter-
nationally harmonized procedures.

9�5  Administrative Consequences

commercialization of the products of recombinant dNa technology was another 
facet in a long history of human intervention in nature for agricultural and food 
production purposes. as such, the same parameters of risk-based assessment should 
apply. commercialization of products must be undertaken within a regulatory 
framework that ensures adequate protection of the consumer, the environment, and 
alternate production systems while not stymieing innovation.

there is almost universal agreement that innovation is essential for sustaining 
and enhancing agricultural quality and productivity. there also would be general 



138 M. Newell-McGloughlin

concurrence that this involves at some level, new, science-based products and pro-
cesses that contribute reliable methods for improving quality, productivity and en-
vironmental sustainability. Most of the innovative technologies of that have been 
applied to production agriculture have come into common usage without much 
controversy or even knowledge by the average consumer. However, thanks to the 
globalization and democratization of knowledge afforded by the internet, the cult 
of the amateur as noted by trewavas (2008) is in danger of giving equal weight 
to uninformed opinions and blatant fear mongering when it comes to applying the 
tools of modern technology to improving agricultural efficiencies and effectiveness 
and enhancing food security.

in the past, we have not regulated changes in agriculture based on unpredict-
able secs or public opinion. However, recombinant dNa technology has inspired 
debate in a manner unlike any other previous technological development where 
demand for safety assurance is held to unreasonable standards. there are now 
worldwide data from more than 15 years of commercial use of gM crops and more 
than two decades of research experience and no verified adverse consequences have 
been reported. some scientists have begun asking if the premarket safety assess-
ment used in many countries is attempting to achieve a standard of absolute safety 
by continually adding data requirements as newer analytical methods come avail-
able and indeed, they recommend that the extent and type of data that is part of a 
current safety assessment be updated to reflect this long-term safe experience with 
gM crops coupled with new information about plant genome plasticity (Bradford 
2005a, b; Kalaitzandonakes 2007; McHughen 2007; McHughen and smyth 2008). 
these scientists suggest that, from a scientific perspective, the cumulative experi-
ence over a couple of decades of assessing gM crop safety should allow us to deter-
mine which tests need to be applied to new gM varieties to determine if they are as 
safe as their traditional counterparts with a history of safe consumption. they sug-
gest that refinements to the process could include incorporation of factors such as 
“familiarity” (e.g., for commonly used proteins such as cP4 ePsPs, cry1ab, and 
Pat) and the source of the gene (e.g., when the gene is from the same crop species 
or is one with a history of safe use) into the overall safety assessment, influencing 
the extent to which event-specific data are needed. this process is relatively simple 
for some crop species, while others may require more extensive analysis—yet to-
day all crops species undergo the same assessment process, regardless of risk. the 
fundamental concept to the comparative risk assessment process is that it enables a 
reasonable certainty that a new gM variety of a crop is as safe as the conventional 
varieties currently being safely consumed by humans and animals. We consider this 
to be a sensible and pragmatic approach to regulatory oversight.

in 2001 and 2011, the european commission released two reports that cover 
25 years of research on gM crops or food on human health or the environment: 
“a decade of eu-funded gMo research (2001–2010)” (eu commission report 
2010) and “ec-sponsored research on the safety of genetically modified organ-
isms (1985–2000)” (eu commission report 2001). the more recent was a com-
pendium of 50 research projects on the safety of gMos over the last decade. the 
commission funded research from 130 research projects involving 500 independent 
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research groups over 25 years, concluding that “there is, as of today, no scientific 
evidence associating gMos with higher risks for the environment or for food and 
feed safety than conventional plants and organisms” (europa Press release 2010). 
indeed, they concluded, the use of more precise technology and the greater regula-
tory scrutiny probably make them even safer than conventional plants and foods. 
a declaration signed by more than 3,500 scientists including 25 Nobel laureates 
reiterates this position.

right now, for essential macronutrients and micronutrients that are limited in 
various regional diets, the strategies for improvement are clear and the concerns, 
such as pleiotropic (unintended) effects and safe upper limits, are easily addressed 
by traditional safety risk assessments. However, for many other health-promoting 
phytochemicals, clear links with health benefits remain to be demonstrated. such 
links, if established, will make it possible to identify the precise compound or com-
pounds to target and which crops to modify to achieve the greatest nutritional im-
pact and health benefits. the achievement of this aim will be a truly interdiscipli-
nary effort, requiring expertise and input from many disparate fields, ranging from 
the obvious human physiology and plant research to the less obvious “omics” and 
analytic fields. With rapidly emerging technologies, the increase in our understand-
ing of and ability to manipulate plant metabolism during the coming decades should 
place plant researchers in the position of being able to modify the nutritional content 
of major and minor crops to improve many aspects of human and animal health and 
well-being. Methodologies to measure the positive and negative impacts on public 
health will be needed for these more long-term health impacts of gMos to be prop-
erly included in an sec assessment.

9�6  Summary/Synthesis

• Technical and scientific challenges to modifying intricate metabolic pathways 
and networks as opposed to single genes are not trivial and will need to be met.

• Metabolic engineers must not only understand the fundamental physiology of the 
process to be affected but also the level, timing, subcellular location, and tissue 
or organ specificity that will be required to ensure successful trait modification.

• Acute safety concerns raised by nutritional changes to GM plants and livestock 
are addressed by current risk assessments.

• Although there is a growing knowledge base indicating that elevated intakes 
of specific phytochemicals may reduce the risk of disease, such as certain can-
cers, cardiovascular diseases, and chronic degenerative diseases associated with 
aging, further research and epidemiological studies are still required to prove 
definitive relationships. New methodologies will be needed to measure potential 
benefits to human and animal health and well-being from improved nutritional 
and functionality qualities of food.
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10�1  Introduction

the impact of genetically modified organisms (gMos) on “the conservation and 
sustainable use of biological diversity,” as stated in article 26 of the cartagena 
Protocol on Biosafety (secretariat of the convention of Biological diversity 2000, 
pg. 19), has generated a heated and polarized debate. on one side is the position of 
those who believe that not only economic but ethical, religious, and cultural con-
siderations related to biodiversity should be taken into account. on the other side, 
stand those who believe that the impact of gMos on the environment should be 
circumscribed to environmental assessments. Whatever the position, generating a 
useful analysis of the impacts of gMos on biological diversity requires thoughtful 
definition of concepts and selection of appropriate valuation methods.

the convention on Biological diversity (cBd) defines biodiversity as the vari-
ability among living organisms from all sources including intra- and interspecific, and 
ecosystem diversity (convention on Biological diversity 1992; Hawsworth 1995). 
Biodiversity has and will continue to fluctuate significantly over time going through 
both periods of growth and mass extinction (cockell 2006). Mass extinction periods, 
and to some degree, overall composition of biodiversity, have resulted from rapid 
environmental changes mainly associated with changing and degrading habitats.

surveys of the literature have demonstrated that the impacts of biodiversity 
loss on proposed ecosystem functions vary significantly from negligible to great 
in magnitude, depending on the function, location, and scale of analysis (cardinale 
et al. 2012). although scholars disagree about whether overall biodiversity is de-
clining (e.g., rabosky 2009; Millennium ecosystem assessment 2005), there is a 
knowledge-based consensus that humans have negatively influenced biodiversity 
through accelerated impacts on habitats and ecosystems (tilman et al. 2001; Foley 
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et al. 2005; Phalan et al. 2011). tracking ecosystem degradation may now be more 
complex due to multiple, complex, and interactive causes and linkages. damage 
to some ecosystems may be so great that it poses a barrier for future development 
(united Nations 2005, p. 43).

in fact, one of the united Nations’ development goals is to ensure environmental 
sustainability and reduce biodiversity loss as a requisite to ensuring food security 
and for the eradication of diseases. ecosystem degradation can be reversed in many 
instances by taking corrective actions to address those human activities that have 
negative impacts on ecosystems but also by providing appropriate measures for 
conservation within existing biodiversity reserves and hotspots.

the convergence of biodiversity losses, increasing demand for ecosystem ser-
vices, and the need to eradicate poverty and hunger demands appropriate policies. 
this chapter examines the nexus where these issues converge and argues for the 
need for a systems approach to address complexity. We focus on two distinct scales 
of analysis: (1) the broad ecosystem, which incorporates all biological species; and 
(2) the agricultural system, viewed from the perspective of the farmer. By definition 
and practice, the second scale focuses on domesticated species and/or those that are 
in use by farmers and others.

10.1.1  Ecosystem Services and Assessment

Biodiversity benefits human society in multiple ways, including the provision of 
goods and services such as renewable resources, mitigation of environmental and 
other biophysical challenges, and cultural and aesthetic enjoyment. Biodiversity is 
thus important for sustaining agricultural systems, human health, scientific innova-
tion, business, and industry. Many of the benefits of biodiversity are tangible, but 
some experts also consider that biodiversity has an intrinsic value whichmay not be 
captured by conventional economic measures of progress (gomez-Baggethun and 
Martin-lopez 2012). Valuing the multifaceted benefits of biodiversity is difficult in 
part due to conceptual challenges, but also because most are not valued in markets.

Box 10.1 summarizes some cBd concepts and definitions that are relevant to 
biodiversity assessment. ecosystems refer to all biological communities and the 
non-living environment, which can be considered a functional unit (gomez-Bagget-
hun and Martin-lopez 2012). Natural capital is the concept of an ecosystem as 
a stock or in terms of providing flows of goods and services that are valuable to 
humans. goods and services can be tangible or intangible. ecosystem functions are 
thus the components and processes capable of generating value to human society. 
Functions may include provisioning, supporting, and regulating aspects of biodi-
versity.

ecosystem services are the direct and indirect benefits that contribute to human-
ity’s welfare. in this chapter, we will use the term ecosystem services interchange-
ably with the term “ecosystem goods and services” as we consider all tangible and 
intangible goods and services of value to humanity. changes in ecosystem services 
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have thus direct and indirect impacts on human welfare. in many instances, we 
depend on the provision of ecosystem services for survival such as access to clean 
water, use of good quality soil, crop pollination, and access to genetic resources for 
use in food production, among others.

Figure 10.1 delineates the different steps involved in evaluating ecosystem 
services. Valuation is achieved by examining the biophysical and socio-cultural 

Box 10.1  Terms and Definitions (Source: Article 2 of the Convention on 
Biological Diversity (Convention on Biological Diversity 1992, p� 3)

Biological Diversity
Means the variability among living organisms from all sources inclu-

ding, inter alia, terrestrial, marine and other aquatic ecosystems and the 
ecological complexes of which they are part; this includes diversity within 
species, between species and of ecosystems.

Biological Resources
includes genetic resources, organisms or parts thereof, populations, or 

any other biotic component of ecosystems with actual or potential use or 
value for humanity.

Sustainable Use
Means the use of components of biological diversity in a way and at a 

rate that does not lead to the long-term decline of biological diversity, the-
reby maintaining its potential to meet the needs and aspirations of present 
and future generations.

Natural Capital
economic conceptualization of ecosystems as stocks able to generate 

flows of ecosystem services on a sustained basis over time. the concept 
has precedents in the way land is conceived of as a factor of production in 
classical economics.

Ecosystems
a dynamic complex of plant, animal and micro-organism communities 

and their non-living environment interacting as a functional unit.
Ecosystem Functions
From an anthropocentric perspective, these are all the ecosystem com-

ponents and processes capable of generating ecosystem services benefiting 
human welfare.

Ecosystem Services
direct or indirect contributions of ecosystems to the welfare of society. 

the concept of “ecosystem goods and services” is equivalent to that of “eco-
system services,” but includes both tangible and intangible contributions.



148  J. Falck-Zepeda et al.

contexts, and assessing monetary value. Valuation metrics depend on the context 
and disciplinary perspective of the analyst.

one of the most widely used frameworks is total economic Value (teV), a 
fundamental concept in environmental and resource economics. teV takes into ac-
count both the utilitarian or anthropocentric value and the non-utilitarian, intrin-
sic, or existence value that can complement or compete with the utilitarian value 
(Fig. 10.2).

in the specific case of gM crops, it is critical to establish a line of causality and 
to define the mechanism by which impact occurs. introduction of a gM crop, as 
that of any other crop, can potentially have positive or negative, direct or indirect 
impacts on the stock and flow of ecosystem services of value to humanity.

an alternate line of causality is that adoption of gM crops may increase the 
agricultural frontier and encroach on protected habitats. this impact on biodiversity 
would be considered to be negative. But at the same time gM crops could contrib-
ute to averting the expansion of the agricultural frontier, with benefits for the envi-
ronment. as discussed in other chapters of this book, this is because introduction of 
a gM crop may have other impacts that are unrelated to biodiversity.

10�2  Methodologies

several method categories can be applied to assess the impact of gMos on biodi-
versity. this chapter focuses on three of these. the first type assigns biodiversity 
indicators to specific components of the value of ecosystem services, as depicted 
in Figs. 10.1 and 10.2. the second type includes methods that measure taxonomic 
diversity, usually over space and/or time. given that the focus is on gMos, the dis-
cussion will be limited to those that are used in the context of agricultural biodiver-
sity. the third method type provides an economic value to the taxonomic diversity. 
Value measurement may be in monetary or non-monetary terms or include tangible 

Fig� 10�1  steps in ecosystem 
services evaluation. (source: 
Figure based on Haines-
young and Potschin (2010) 
and gomez-Baggethun and 
Martin-lopez (2012))
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and intangible values. Methods and approaches used to assess socio-cultural aspects 
are described in other chapters in this book.

10.2.1  Using Biodiversity Indicators

Biodiversity indicators use quantitative data to measure different policy issues re-
lated to biodiversity and its status over time and space, ecosystem services, and 
policy consequences. indicators are estimated at the macro, regional, and national 
levels, and their purpose is to assist in policy formulation and decision-making. 
For example, they can be utilized to provide a quantifiable baseline and to permit 
monitoring and tracking of changes over time.

a major driver behind the development of biodiversity indicators is the Biodi-
versity indicators Partnership (BiP).1 the BiP is a coalition of international orga-
nizations that strive to develop and improve existing information and help monitor 
biodiversity trends. table 10.1 introduces the focal areas and the headline indica-
tors used by the BiP as guidance for development of biodiversity indicators at the 
global, regional, national, and ecosystem levels.

1 http://www.bipindicators.net/.

Fig� 10�2  total economic value. (source: Figure based on Fig. 6.1, Millennium ecosystem 
assessment (2005))
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10.2.2  Measuring Taxonomic Diversity

Measurements of taxonomic diversity are a biophysical evaluation of ecological 
structure as shown in Fig. 10.1. the metrics that have been proposed to measure 
species-level biodiversity include quantitative indexes that capture the important 
concepts of species richness and species abundance. examples include richness in-
dices (such as the Margalef), and indices of proportional abundance (such as the 
simpson, shannon-Wiener, Mean species abundance, and the Berger-Parker indi-
ces). a crucial parameter in these indices is the scale of the unit analyzed, or the size 
of the geographic area in which biodiversity is measured over time.

Table 10�1  Biodiversity indicators. (source: 2010 Biodiversity indicators Partnership (2010))
Focal areas Headline indicators
status and trends of the components of 

biodiversity
trends in extent of selected biomes, ecosys-

tems, and habitat
trends in abundance and distribution of selec-

ted species
coverage of protected areas
change in status of threatened species
trends in genetic diversity

sustainable use area of forest and agricultural and aquaculture 
ecosystems under sustainable management

Proportion of products derived from sustaina-
ble sources

ecological footprint and related concepts
threats to biodiversity Nitrogen deposition

invasive alien species
ecosystem integrity and ecosystem goods and 

services
Marine trophic index
Water quality of freshwater ecosystems
trophic integrity of other ecosystems
connectivity/fragmentation of ecosystems
incidence of human-induced ecosystem failure
Health and well-being of communities who 

depend on local ecosystem goods and 
services

Biodiversity for food and medicine
status of traditional knowledge, innovations, 

and practices
status and trends of linguistic diversity 

and numbers of speakers of indigenous 
languages

other indicators of the status of traditional and 
indigenous knowledge

status of access and benefit sharing indicator of access and benefit sharing
status of resource transfers official development assistance provided in 

support of the convention
indicator of technology transfer

 J. Falck-Zepeda et al.
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taxonomic diversity indexes can be calculated at the global, regional, national, 
ecosystem and production system or farm scales. For example, smale (2006) de-
scribes the application of these indices to crop production by farmers in developing 
countries. the emphasis in this approach is thus the apparent diversity reflected in 
those attributes visible by farmers and those that may be managed by farmers. thus, 
the emphasis among the studies in that collection is on biodiversity among “domes-
ticated” rather than “wild” species.

10.2.3  Performing Economic and Non-pecuniary Valuations

When performing economic and non-pecuniary valuations of biodiversity and eco-
system services, the first step is to define value. there are different definitions and 
types of value that have been used. direct value in use are those products arising 
from ecosystem services that can be consumed or used directly including water, 
timber, lumber, biomass, and others. in turn, indirect value in use refers to those 
ecosystems services whose indirect effect draws value. this includes nutrient pro-
duction and retention, climate regulation, and others.

option values refer to the premium difference between using a resource now 
and that drawn from maintaining ecosystem goods and services for future value 
in use. option value may include an estimate of those ecosystems services thatare 
not known at the time of the valuation. intrinsic, existence, or non-use values refer 
to those that exist irrespective of their use and are thus associated with cultural, 
aesthetic, and traditional customs, which may be valuated using economic and non-
pecuniary valuation methods (Fig. 10.2).

there are three major types of economic and non-pecuniary valuation methods. 
the three major approaches include revealed preferences, stated preferences, and 
cost-based methods. a fourth category, systems approaches, referring to approaches 
that are integrated or which use a broader set of methods has also been included 
(see teeB 2012 for as discussion on these approaches).

10�2�3�1  Revealed Preferences

revealed preference methods examine the observed behavior of actors on a market. 
For example, hedonic pricing method relates the price of goods in markets to attri-
butes that are implicitly traded in markets. this approach uses econometric methods 
to determine the relative contribution of each attribute or characteristic to the value 
of the good or service in question. this requires that markets function well, and that 
market prices reflect the values of each one of the attributes that contribute to the 
overall value of a good or service.

there are three major revealed preference methods that are used in the valuation 
of ecosystem services. the market price method provides an estimate of ecosystems 
services that are traded in established markets. the productivity method examines 
the economic values for ecosystems services that are used to produce market goods. 
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the third is the surrogate market method, which may include the benefit transfer, 
hedonic pricing, and travel cost methods. the benefit transfer method examines 
ecosystem services values by extrapolating from studies in similar locations or is-
sues. Hedonic pricing estimates values by examining ecosystem services that di-
rectly have an impact on market prices of a good. in turn, the travel cost method 
estimates value associated with an ecosystem or ecosystem services by estimating 
the cost of traveling to the specific site in question. this method assumes that the 
value that humans are willing to pay to travel to a site or for ecosystem service re-
flects the value of the site or ecosystem services.

revealed preference approaches have two major limitations. First for some is-
sues, real or proxy markets may not exist for biodiversity attributes or characteris-
tics. even if there is such market, prices may not reflect the value of biodiversity 
attributes due to incomplete markets. Furthermore, markets may be thin as they 
may lack standards by which consumers can judge quality and/or governments may 
intervene through price control mechanisms. second, market values may not be a 
good approximation of biodiversity value as by definition they are value in use and 
thus would not necessarily reflect intrinsic values.

10�2�3�2  Stated Preferences

stated preferences are used to address limitations of revealed preferences as they 
may help identify the complete value especially of non-market goods. these meth-
ods explicitly attempt to measure the value of a change in the supply of a non-
market good in carefully designed and implemented studies. there are two major 
methods used in stated preference: contingent valuation and contingent choice.

contingent valuation methods estimate ecosystem services value by attempting 
to estimate non-use values. these methods carefully ask respondents their will-
ingness to pay for a specific ecosystem service. the procedure usually involves 
questions and hypothetical scenarios that are used to estimate value. contingent 
choice methods estimate ecosystems services value by asking respondents to make 
trade-offs between different sets of ecosystem services and/or their attributes or 
characteristics. this method does not directly elicit willingness to pay from respon-
dents; rather it is inferred from trade-off responses while considering the costs of 
such trade-offs.

10�2�3�3  Cost-based Models

cost-based models are those which estimate ecosystems services values based on 
estimates of the cost of avoiding damage to a specific ecosystem, cost of replacing 
ecosystem services, and/or the cost of providing alternate or substitute services. 
these models are largely based on direct and indirect cost estimates and opportunity 
costs.

 J. Falck-Zepeda et al.
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10�2�3�4  Systems Approaches

these are a set of approaches used in the literature to examine different aspects 
of biodiversity and ecosystem services (daniel et al. 2012; uNeP-WcMc 2011) 
these tend to integrate different methods in order to address value of such resourc-
es. the methods have been used to examine agricultural production choices in terms 
of variety used and ex-situ and in-situ conservation of agricultural biodiversity (see 
smale 2006 for several examples). these have also been used to examine house-
hold- and village-level choices for biodiversity conservation, and the institutional 
economics involved in examining the relationship between policy, diversity, and 
productivity, among others.

10�3  Critical Assessment2

the methods outlined above have both advantages and disadvantages. revealed 
preference methods suffer from collinearity among attributes, as well as other mod-
eling issues. stated preference methods have been criticized due to their hypotheti-
cal nature and due to the fact that actual behavior is not being observed. the most 
promising research direction would be perhaps those efforts attempting to merge 
revealed and stated preferences. Merging both approaches may increase statistical 
efficiency of estimation and enhance validity (table 10.2).

estimating the value of ecosystem services and biodiversity is a valuable tool 
for policy formulation and decision-making. Providing such value estimates may 
help provide incentives for biodiversity and ecosystems services conservation, ra-
tional use, and improvement for future use. thus, ecosystem services valuation help 
make better informed policy choices. Based on the state of nature in the ecosystem 
services valuation literature, we recognize that much needs to be done in terms of 
methods development.

any study will be by nature incomplete as we have neither comprehensive data 
(economic and biophysical) nor sufficiently mature tools to examine the full value 
of biodiversity and ecosystem services. in fact, most valuation studies will tend to 
underestimate the value of ecosystem services, especially when conducted across 
a larger scale of analysis as compared to an intensive case study. some ecosystems 
may be too difficult or impossible to replace, so that attempting to estimate a re-
placement cost will be futile. in other cases, the complexity of value determination 
will be such that attempting to estimate impacts may not be feasible.

addressing non-use value such as those related to cultural, religious, ethical, 
and/or aesthetic value may be difficult. Furthermore, focusing only on an economic 
or pecuniary valuation may underestimate the true value of biodiversity and ecosys-
tems services. this may be especially problematic in those situations where there 
may be difficulties in estimating non-use values.

2 this section draws significantly from smale (2006).
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Method triangulation that includes cost methods, institutional analysis, and other 
qualitative methods should help elicit better valuations in the future. developing 
extended applications of stated preference methods that may be used in developing 
countries with less literate populations is needed to bridge a large gap in the litera-
ture (see, for example, Bennett and Birol 2010). developing better models to exam-
ine the dynamics and inter-temporal impacts of biodiversity and ecosystem services 
is urgently needed for future use. Furthermore, other models that consider not only 
values and impacts of biodiversity and ecosystems services, but which also relate 
these to other measures of ecosystem, ecosystem services, and the agrobiodiversity 
system such as resiliency are also needed. such models should also incorporate 
different parts of biodiversity and ecosystem services especially those related to 
agriculture, livestock, and forestry systems.

results from ecosystem services valuation may be ecosystem and even site spe-
cific. results from such valuations may not be extrapolated or used to estimate val-
ue in other ecosystems or sites. these estimates may also be specific for a particular 
group being studied, and may reflect a time dimension representing opinions in a 
particular point in time. as with any other valuation approach there is no guarantee 
that results from such studies will be used in policy making or that that they may 
improve such decision-making.

Table 10�2  advantages and disadvantages of different valuation methods
approach advantages disadvantages
revealed preference data parsimonious only works where there is a 

market for the resource
relatively easy 

implementation
does not estimate intrinsic 

values
ample history of use

stated preference (contingent 
valuation)

Very flexible results sensitive to survey 
design and choice

estimates of option and exis-
tential value

Not clear if contingent 
 Valuation measures 
 willingness to pay

ample history of use
cost-based approaches useful to measure ecosystem 

services
Problematic to implement 

when there is no market for 
the resource

relatively easy implementa-
tion and interpretation of 
results

Provides rough estimates of 
value as it is quite difficult 
to implement by finding a 
substitute

system approaches Helps address issues in a holis-
tic manner

relatively harder to implement 
as they use indicators and 
other approaches to estimate 
value

 J. Falck-Zepeda et al.
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10�4  International Arena

the cBd and in its subsidiary agreement the cPB as well as other international 
treaties have introduced in their texts the potential inclusion of socioeconomics as 
related to biodiversity. the cBd is the main international treaty relevant to biodi-
versity valuation and socio-economics, particularly its article 8j:

(j) subject to its national legislation, respect, preserve and maintain knowledge, innova-
tions and practices of indigenous and local communities embodying traditional lifestyles 
relevant for the conservation and sustainable use of biological diversity and promote their 
wider application with the approval and involvement of the holders of such knowledge, 
innovations and practices and encourage the equitable sharing of the benefits arising from 
the utilization of such knowledge, innovations and practices.

article 8j of the cBd has a relationship with the cPB and socio-economic consid-
erations. in the cPB, article 26 describes the potential inclusion of socio-economics 
in decision-making. this article reaffirms the sovereign right of all countries to po-
tentially implement such procedure pending their international obligations. article 
26 suggests a line of causality originating from the potential release or presence of a 
gMo that may have an impact on the value of biodiversity to local and indigenous 
communities, although it is not limited to such impact. there are several ongoing 
discussions on whether and how to implement this article and what its potential 
impact could be for different countries, particularly developing economies.

article 27 of the cPB considers liability and redress issues related to the poten-
tial release and use of a gMo. Parties to the cPB negotiated the Nagoya–Kuala 
lumpur supplementary Protocol on liability and redress, the ratification of which 
is pending by the parties to the cPB. this supplementary protocol to the cPB re-
quires the parties to evaluate a biodiversity baseline, provide definitions of scope, 
adverse effect (damage), significant effect, who is the operator and the competent 
authority, response measures, administrative approaches, among other issues. this 
is not a compensatory mechanism, rather it provides for restitution to the previous 
state of nature of an affected ecosystem and presumably ecosystems services. thus, 
the inclusion of secs derived from biodiversity and ecosystem services may have 
a relevant role in valuating such components.

there are other international treaties relevant to the valuation of biodiversity 
and ecosystem services, and their relationship with secs. the Wto agreements 
(sPs, tBt, and gatt) may limit the potential inclusion of socio-economics. in 
turn, the international treaty on Plant genetic resources for Food and agriculture 
(itPgrFa), particularly article 5 on the “conservation, exploration, collection, 
characterization, evaluation and documentation of Plant genetic resources for 
Food and agriculture,” article 6 on “sustainable use of plant genetic resources,” 
and article 9 on “Farmers’ rights” may have an influence on policy formulation and 
decision-making at the national and international levels.
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10�5  Administrative Consequences

any nation considering the inclusion of any particular sec factor in a domestic 
regulatory framework will have to consider the legal and administrative require-
ments that would need to be in place to be able to assess impacts on biodiversity, 
particularly in relation to articles 26 and 27 of the cPB.

From the standpoint of legal requirements, the national biosafety framework 
will need to include rules and regulations that define the competent authority, the 
operator, and what constitutes adverse effects or damage to biodiversity. Further-
more, these will have to determine what can be accepted as a significant effect as 
compared to a baseline and the inherent dynamics over time of ecosystems, as well 
as the measures that will be used for compensation or restitution of ecosystem and 
ecosystem services. Finally, countries will have to ensure that these measures are 
consistent with their national legislation and legal frameworks as well as with their 
international obligations.

From an administrative perspective, countries will have to ensure they have ap-
propriate human and financial resources, as well as the technical capability to im-
plement such regulatory procedures. the administrative burden will include iden-
tification of the operator, damage evaluation, identification and implementation of 
response measures, and maintaining appropriate knowledge sharing and communi-
cation flow to inform the public and/or potentially affected communities.

10�6  Summary

• Robust estimates of biodiversity value are quite valuable for decision-making 
but are currently hampered by the available research methods that require further 
refinement.

• Several research method approaches are available to researchers focused on the 
evaluation of biodiversity and the value of ecosystem services. there is no re-
search method that can be considered better than others. all approaches have 
advantages and disadvantages that need to be carefully used as it may need to be 
implemented for specific ecosystems.

• Additional efforts will need to be invested to help advance the current state of 
methods especially with regard to their application to policy questions and its in-
tegration with other socio-economic approaches and methods in order to support 
policy and decision-making.

• Due to the relatively immature state of the research method approaches, appli-
cation of such methods will require extensive expertise and capacity for imple-
mentation especially if its intent is to help drive policy and/or become part of a 
regulatory process. this may limit their application in developing agricultural 
economies.

 J. Falck-Zepeda et al.
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• Applied researchers are advised to follow those elements of best research prac-
tice. the need exists to identify implementation challenges especially in develo-
ping countries and explore innovative approaches to improve the robustness of 
current research methods and approaches.
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11�1  Introduction

there is an increasing interest in the nature, value, use, preservation and ownership 
of a wide range of genetic resources that are embodied in populations of microbes, 
plants, animals, and humans. these resources can be found in situ in organisms in 
all climates and cultures on land, in the sea, and in the air or ex situ in botanical 
gardens, gene banks, and public and private research collections. genetic resources 
are inextricably intertwined with the environment (including human populations as 
hosts and users), complicating an already difficult discussion about how to manage 
them and how to arrange appropriate access and benefits sharing to both the primary 
genetic resources and any complementary or resulting inventions and innovations.

as interest rises, conflicts emerge. While national claims can be problematic, 
for the most part they can be adjudicated within the individual countries where 
they emerge. in contrast, products that may use or be related to claims of traditional 
knowledge (tK) that enter the international marketplace can trigger a wide range 
of challenges, which may be adjudicated by national courts, international tribu-
nals, and various dispute settlement systems. While the World trade organization 
(Wto) and World intellectual Property office (WiPo) both have experience of 
adjudicating other socioeconomic considerations (secs), the advent of the carta-
gena Protocol on Biosafety (cPB), especially art 26, has raised expectations that 
the issue of the “value of biological diversity to indigenous and local communities” 
will be realized (secretariat of the cBd 2000, p 19). the difficulty is that the expec-
tations are high, but the models, methods, and metrics that might be introduced as 
evidence in support or in defense of a challenge are not well established.

the purpose of this chapter is to outline the scale and scope of the problem, the 
array of definitions and conceptualizations of tK, the institutional structures that 
govern any claims and disputes, and the array of approaches different disciplines 
have used to frame the scale and scope of claims and to align rights with obligations.
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11�2  Methodologies

there is a large body of scholarly work on this topic (e.g., see Phillips and onwue-
kwe 2007; Bubela and gold 2012). interestingly, much of the work to date has a 
strong normative framing, as the scholars involved are both committed to and mo-
tivated by a desire to find a more equitable regime for tK, in an effort to support 
the advancement of the rights of indigenous peoples. While this work is valuable, 
it does tend to be more aspirational and exhortative than analytical and descriptive. 
this poses a significant challenge to those tasked with managing and adjudicating 
systems related to access and benefits sharing (aBs) of tK, as the prescriptive 
perspective has not offered much in the way of confirmed and validated models, 
methods, and metrics that can be relied upon to deal with claims and disputes about 
tK and related aBs.

legal and common law studies tend to advocate for new institutions or examine 
the roles of patents and copyright and the potential for using ordre public in pat-
ent systems to address conflicting claims. Meanwhile, economists have examined 
the potential incentive or disincentive effects of the emerging property system and 
assessed the scale of benefits that might be shared while sociologists and some 
economists have examined the potential impacts of different rights regimes on the 
socio-economic systems of indigenous communities. crosscutting all of these ef-
forts, a range of legal and social scholars and Ngos has interjected concerns about 
the ethical underpinnings of the current or any prospective aBs system.

although these issues are all valid and important, they largely ignore how aBs 
systems currently operate. Much of the debate about aBs has been narrowly con-
structed to examine the role of patents and treaties in delimiting rights and facilitat-
ing exchange of codified inventions. although this is clearly a relevant issue, a full 
accounting of the aBs issue requires examination of a full slate of types of knowl-
edge—including TK (which is usually tacit, context laden, and seldom codified in 
any formal sense and frequently known only by a limited group in a community)—
and a complexity of different types of institutions.

dutfield (2004) asserts there are three compelling reasons to protect tK: to ful-
fill moral obligations toward indigenous and local communities; to comply with 
legal requirements embodied in international treaties and emerging norms (e.g., the 
cPB); and for more utilitarian goals such as local, national, and global economic 
and welfare benefits and for improved sustainable management of biodiversity and 
conservation.

11.2.1  Definitions and Moral Obligations

stone (1989) asserts that policy problems are not found, but rather they are con-
structed through the use of causal stories. the policy issues around tK remain some-
what loosely framed, as there is no universally accepted definition or causal story 
that offers hard boundaries for what it is and how one might work with it.  Phillips 
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and onwuekwe (2007) note that neither the convention on Biological diversity 
(cBd 2013), the source of the international agenda related to tK and aBs, nor the 
rio declaration or agenda 21 defines the term, even though they use it in various 
forms. article 8j of the cBd goes the furthest, identifying a range of definitions, 
rights, and obligations related to “tK, innovations, and practices”. article 8j asserts 
that the parties concur that this involves “knowledge, innovations and practices of 
indigenous and local communities embodying traditional lifestyles relevant for the 
conservation and sustainable use of biological diversity”. as with any definition, 
the devil is in the details. the provision, in and of itself, does not define “indigenous 
and local communities”, “ traditional lifestyles,” or “conservation and sustainable 
use”. to fill in the gaps, the secretariat of the cBd offers this elaboration:

traditional knowledge refers to the knowledge, innovations and practices of indigenous 
and local communities around the world. developed from experience gained over the cen-
turies and adapted to the local culture and environment, traditional knowledge is transmit-
ted orally from generation to generation. it tends to be collectively owned and takes the 
form of stories, songs, folklore, proverbs, cultural values, beliefs, rituals, community laws, 
local language, and agricultural practices, including the development of plant species and 
animal breeds. traditional knowledge is mainly of a practical nature, particularly in such 
fields as agriculture, fisheries, health, horticulture, and forestry (convention on Biological 
diversity 2006).

dutfield (2001) contends that tK exists notwithstanding its definitional dilemma. 
He adopts Martha Johnson’s definition of traditional ecological knowledge, as a 
starting point: “a body of knowledge built by a group of people through generations 
living in close contact with nature. it includes a system of classification, a set of em-
pirical observations about the local environment, and a system of self-management 
that governs resource use.”

one reason tK is difficult to define is that it exhibits an array of dichotomies: it 
can be both explicit and implicit; it can be local or global; and it can be individual 
or collective (Jensen et al. 2007). this array of attributes means the functional space 
encompassed by the term is wide and variable.

there have been various attempts in academia to parse the concept of knowl-
edge into tractable and measureable components by considering their degree of 
codification (tacit or codified) and the degree of dispersion (held by individuals or 
extending to the collective). crookshanks and Phillips (2012) extended Malecki’s 
typology to include six discernible types of knowledge: know-why, know-what, 
know-how, know-who, know-where, and know-when (table 11.1).

each type of knowledge has special features. Know-why refers to explanatory 
knowledge of the principles and laws of nature, which in the scientific domain is 
generally undertaken in publicly-funded universities and not-for-profit research 
institutes and is subsequently codified and published globally in academic or pro-
fessional journals. traditional communities also have their causal stories that are 
preserved and transmitted, usually orally or in cultural practices. Know-what refers 
to knowledge about techniques and recipes, which in the scientific domain can be 
codified and transferred through the commercial marketplace for ideas; traditional 
communities also have some capacity to develop instructions. Know-how refers 
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to the combination of intellectual, educational, and physical dexterity, skills, and 
analytical capacity to effectively combine know-why and know-what knowledge. 
this capacity is often learned through education, technical training, or other forms 
of tutelage and perfected by doing, which in part generates a barrier for the uniniti-
ated and makes it difficult to transfer to others and, hence, more difficult to codify. 
Know-who, which involves information about “who knows what and who knows 
how to do what”, is especially important in traditional communities and is becoming 
increasingly important in the scientific enterprise as the breadth of knowledge re-
quired to innovate expands and collaboration become essential. Know-who knowl-
edge is seldom codified but accumulates often within an organization or, at times, in 
communities. to these four “modern” types of knowledge, one can add know-where 
and know-when, which are the foundation of much of the tK claimed by indig-
enous groups. essentially, entire communities, their leaders, or special members of 
traditional communities frequently have knowledge of where and when one might 

Table 11�1  classification of types of scientific and traditional knowledge. (source: adapted from 
crookshanks and Phillips 2012)

degree of codification scientific knowledge traditional knowledge
Know-why completely codified, 

either in journals or 
oral tradition

developed by universities 
and public labs and fully 
published and disbursed 
in scientific journals or 
books

developed, preserved, and 
transmitted by shaman 
or community leaders

Know-what completely codified 
in patents, business 
practices, or 
tradition

universities, public labs, and 
private companies often 
advance basic knowledge 
to application and use 
patents (which disclose 
methods) or trade secrets 
to exploit

the recipes for suc-
cessful exploitation 
are often collectively 
normalized, conserved, 
and transmitted (by 
leaders and community 
members)

Know-how tacit, not codified developed hands-on in labs 
or teams (i.e., learned by 
doing) and often has only 
limited dispersion as it 
becomes an effective trade 
secret

often widely held in 
hands of community 
members

Know-who tacit, not codified developed and sustained 
within firms or research 
communities

often limited to single 
communities

Know-where traditionally tacit; 
can be codified on 
maps

often not formally part of 
system; most important 
for users of scientific 
knowledge

developed and preser-
ved in communities; 
recently codified on 
maps

Know-when traditionally tacit; 
can be codified

seldom part of formal 
system; most important 
for users of scientific 
knowledge

developed and preserved 
in traditional commu-
nities; often managed 
by temporal or civil 
leadership; can be 
codified
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find and use specific plants, animals, or microbes that are important for their food 
or culture. these two types of knowledge often are indistinguishable, as the time 
and place can be distinct for each species or occurrence. While these features can 
be important in advanced agricultural and resource development, the underlying 
knowledge is increasingly disconnected from the scientific enterprise—instead it 
becomes the unique asset of the users of the technologies, such as farmers who 
know which fields have the best returns with specific crops or practices.

another complementary way to classify knowledge is through the use of modali-
ties. according to Michael gibbons (1994) and a group of colleagues at science 
Policy research unit (sPru) at university of sussex, focus should be put on the in-
stitutions governing knowledge generation rather than the types of knowledge. the 
gibbons model posits two modes of knowledge generation. Mode-1, labelled mod-
ern or scientific knowledge (following on the lines of the classics of the sociology 
of science by robert Merton, Karl Popper, and thomas Kuhn), is generated within 
disciplinary and cognitive contexts. Mode-2, in contrast, is created in a broader, 
transdisciplinary social and economic context and tends to lead to a more socially 
distributed knowledge. crookshanks and Phillips (2012) assert neither of the modes 
put forward by gibbons adequately describes tK. they argue tK emerges from a 
Mode-0 system: it is generated only within a stable collaborative social context; it 
is inductive in nature; it is fundamentally inseparable from its social and environ-
mental context; and it is seldom developed or manipulated with the aim of attaining 
commercial goals. Mode-0 knowledge is distributed throughout society, similar to 
Mode-2 knowledge, except that it is adapted to changing environments and com-
munity pressures.

it is clear from the foregoing that the policy area is ill defined and probably ex-
pansive and that expectations are high. given the rather fuzzy and nebulous defini-
tion of tK, the debate about who owns and controls it and how aBs should occur is 
highly complex and fully engages a wide range of groups in global society. twarog 
(2004) concludes that this highlights the need for a common and clearer definition 
that narrows the range of issues under discussion, sharpens the focus on the eco-
nomic dimension, and reduces the potential for confusion and failed coordination 
among forums and agencies.

11.2.2  Legal and Institutional Approaches

Much of the legal scholarship and most of the international negotiations are founded 
on a normative set of principles that vest indigenous peoples, tK and related plants 
and animals with intrinsic value, above and beyond what might be measureable in 
any explicit applied use. these principles are derived from a variety of sources, 
including philosophy, common law, human rights, and sociology. For the most part, 
this style of scholarship has generated a range of valid and informative arguments 
in favor of extending and affirming collective rights to tK and to manage an aBs 
regime. While much of this is focused on the formal IP rights (IPRs) system— 
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embodied in national patent and plant breeders’ laws and in international treaties 
such as the WIPO and the TRIPS Agreement of the WTO—a complementary ap-
proach has been to examine the institutions that give effect to policies that relate to 
tK and aBs. along the way, the literature has helped to frame how one might view 
ownership and what principles and approaches might be used to examine contested 
claims of ownership or to resolve disputes over unauthorized uses of tK.

there is quite an extensive literature that examines the definition of rights for 
tK and the framing of claims to benefits from those accessing those rights. the 
root of this debate was the 1983 international undertaking on Plant genetic re-
sources (iuPgr), which strove “to ensure that plant genetic resources of present 
or potential economic and/or social importance, particularly for agriculture, will 
be explored, preserved, evaluated, and made available for plant breeding and other 
research purposes.” its fundamental assumption was “that plant genetic resources 
are a common heritage of mankind and consequently should be available with-
out restriction.” Many developing nations and quite a few scholars were concerned 
about that blanket appropriation of the tK embodied in seeds (sullivan 2004). in 
1996 the uN environmental Program in the context of the cBd developed a set of 
guidelines on appropriate roles and structures for aBs. in addition to 8j of the cBd, 
a number of other articles offer direction and advice, including: 16 (provisions on 
access to and transfer of technology), 17 (exchange of information), 18 (technical 
and scientific cooperation), 19 (the handling and distribution of the benefits of bio-
technology), and 20 and 21 (financial resources and mechanisms). these provisions 
suggest benefits that could involve: monetary compensation in the forms of fees, 
research support, royalties and salaries; or nonmonetary benefits, such as in-kind 
support for institutions and communities, information, transfer of equipment, soft-
ware and knowhow, training, joint r&d, capacity building, and local employment.

against this institutional backdrop, scholars have attempted to refine how tK 
might be managed internationally and what rights, if any, claims of tK might have 
on benefits sharing. at one extreme, craig (2007) examines the international law 
and policy relating to human rights to determine whether it could provide the basis 
for a sui generis system for protecting the integrated rights of indigenous people. 
she asserts it is becoming increasingly clear that this type of system accords closely 
with a growing body of international law and policy specifically relating to indig-
enous rights and the aspirations of indigenous peoples for self-determination. she 
posits that much work remains to be done to understand human rights, environment 
rights, and specific indigenous rights—the sometimes strained relationship between 
the environmental and indigenous rights movements raises fundamental ethical, 
legal, and moral issues, which could come to play in any dispute. at the other ex-
treme, Mgbeoji (2007) argues that appropriation of indigenous peoples’ knowledge 
is rooted in the “colonial assault” on indigenous and tK systems. in effect, the ap-
propriation of indigenous knowledge systems cannot be divorced from their cultural 
and economic underpinnings. accordingly, he argues modern scholarship seeking 
to devise regimes for the protection and promotion of indigenous knowledge of 
the uses of plants would necessarily need to re-examine the historical roots. He 
is especially concerned about the mischaracterization of indigenous knowledge as 
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superstition, which he views as an unfair generalization of a legitimate alternative 
worldview. He sees the emergence of indigenous knowledge systems as legitimate 
systems of knowledge that can and should be recognized in modern international 
law, but he acknowledges that in the final analysis effective protection requires 
significant work at the domestic level. He asserts the first step will need to be to ex-
plore the juridical resources already recognized by indigenous peoples in their daily 
production, use, sharing, and propagation of knowledge. somewhere in the middle, 
castle and gold (2007) use a set of legal and philosophical arguments to assess 
claims for compensatory benefits, concluding that “justifications for benefit sharing 
cannot be derived from claims to property rights in traditional knowledge, if not 
because natural property rights are themselves problematic, then because property 
is normally considered free unless there is a normative justification for restricting 
access, particularly in the case of knowledge assets”.

dutfield (2004) bridges between the normative and positive approaches, assert-
ing that the moral and legal obligations intertwine in an array of regimes and in-
struments, including customary law, iPr vehicles (such as patents, copyrights, and 
plant variety rights), concepts in civil and common law related to unfair competi-
tion, privacy, breach of confidence and passing off, and contracts law (including 
provisions related to trade secrets, licenses, and material transfer agreements).

crookshanks and Phillips (2012) adopted a more positivist approach in a survey 
of the various institutional approaches used in a range of countries, seeking to find 
common or best practices of instruments. using a variant of the framing of tK 
discussed above, they developed a typology for differentiating different access and 
benefit sharing regimes, based on the type of access afforded (legal or nonlegal) and 
the primary type of benefits (commercial and noncommercial) targeted. table 11.2 
shows the 2 × 2 matrix of possibilities this generates.

Quadrant one, commercial legal systems, involves a strict system of rules that 
bio-prospectors would have to comply with in order to gain access. the primary 
aim of these rules is to ensure that financial benefits are gained through each bio-
prospecting agreement. the preservation and protection of tK is only of secondary 
importance. Brazil, Panama, Mexico, and Malawi all have adopted this approach. 
Quadrant two, noncommercial legal systems, also have strict systems of rules that 
interested parties must follow to gain access to genetic resources and tK, but in this 
case there is rarely a financial incentive behind these rules; the desire to preserve 
and protect local communities drives these restrictions, which results in a largely 
conservation-based, community development approach. uganda, the Philippines, 

Table 11�2  typology of aBs regimes. (source: adapted from crookshanks and Phillips 2012)
Benefits sharing
Commercial Noncommercial

access Legal 1: Brazil, Panama, 
Mexico, Malawi

2: uganda, the Philippines, Peru, 
costa rica, indonesia

Nonlegal 3: samoa, Bangladesh
ghana, Nigeria, Vietnam, 

laos, south africa

4: Pacific islands Framework agree-
ment, oau Model law
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Peru, costa rica, and indonesia all have systems like this. in quadrant three, com-
mercial, nonlegal systems offer open access, with the host country seeking financial 
gains without formal legislation. agreements between the host country and the in-
terested party vary with each transaction; no consistent aBs rules exist. National 
governments will sometimes offer negotiation guidelines, but allow for a case-by-
case determination of the details. Bio-prospectors often prefer this type of system 
as negotiating power is often in their favour, allowing them to create an agreement 
that maximizes their interests. samoa, Bangladesh, ghana, Nigeria, Vietnam, laos, 
and south africa generally operate under such rules. Quadrant four encompasses 
noncommercial, nonlegal systems, which generally apply in the context of regions 
rather than at the nation-state level. these structures offer model frameworks to 
guide countries toward adopting their own precise goals and enforceable rules. re-
gional initiatives have no enforcement power and remain nonlegal in nature. More-
over, regional organizations rarely have full support from member states, as nation-
al governments do not want to relinquish sovereignty over decision-making. as a 
result, participating countries seldom support regional interests, preferring that any 
benefits derived within the country’s borders remain in the control of the national 
government. Both the Pacific islands Framework agreement and the organization 
of african unity Model law are examples of this approach.

in practical terms, both the legal and institutional perspectives offer guidelines 
that might be useful in the development and management of aBs systems for tK 
and for adjudicating disputes about various uses. in addition to the discussion by 
crookshanks and Phillips (2012) about the scale and scope of the legal and com-
mercial relationships (which would go some way to defining “standing” in any 
dispute), a number of other studies have gone into some detail about appropriate 
steps or best practices for collecting data (thornstrom 2009), deal making (costan-
za et al. 2009), and the role of public and private registries (Hansen and van Fleet 
2009). given that trade and property disputes are frequently decided on procedural 
grounds rather than substantive evidence, this body of literature helps to frame the 
nature of various arguments and processes for gathering evidence that might be 
used to determine whether indigenous communities, governments, or researchers 
have engaged in transparent and fair dealing, including advanced informed consent 
and best efforts in concluding and managing equitable aBs. ultimately, commer-
cial best practices in terms of marketplace transactions can provide a benchmark of 
what constitutes “fair and equitable” (tully 2003).

11.2.3  Economic Evidence

Most of the economic argumentation and analysis related to tK and aBs has fo-
cused on two primary issues. First, economists are vitally concerned with innova-
tion. they usually look at the role of incentives and institutional factors on the rate 
of investment in r&d and subsequent improvements in productive capacity. in that 
sense, economists are most concerned about gaining efficient and effective access 
to knowledge from all available sources and not explicitly about protecting and 
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preserving special types of property. second, a number of economists, either di-
rectly or by inference, have attempted to measure the economic value of tK, which 
could be an important input into policy debate, specific commercial ventures, and 
adjudicating disputes.

overall, economists (and many lawyers), while acknowledging the inherent bi-
ases of any intellectual property (iP) system, tend to justify the current property 
rights regime—where exclusionary rights are granted for fixed terms, in exchange 
for disclosure of the protected method—as a second-best approach to accelerating 
investment in research, development, and commercialization. the argument is that 
while any resulting monopoly power may generate short-term profits, intellectual 
property rights (iPrs) ultimately generate incentives that raise the level of produc-
tivity and social welfare of a wide range of people over the long term—the gener-
ally accepted conclusion is that the long-term gain justifies the short-term pain. in 
this context, then, economists are most concerned about the incentives for invest-
ment, which could include the costs of research (which can be influenced directly 
by public subsidies and public provision of specific research services or infrastruc-
ture or indirectly by the spillovers of localized innovation systems), the length and 
cost of the commercialization pathway (which may vary depending on government 
policy and the forward links into the market) and the durability of market power 
(which is conventionally modelled as a question of scope of patent or iP claims and 
duration of those rights). scotchmer (2004) and alston et al. (1995), among others, 
have fully delimited the economic model, formulated a range of methodological 
approaches to analysis, and contributed to a rapidly growing body of empirical evi-
dence that demonstrates the aggregate and differential effect of each of the specific 
parameters of the system.

one important empirical result particularly relevant for tK and aBs policy is 
that the distribution of outputs and benefits is almost always skewed, which wor-
ries many governments and policy advisors. Most of the analyzes tend to assign 
minimal or no economic value to the tK and accumulated productive capacity in 
landraces and traditional cultivars, instead focusing on the value added by the ap-
plication of proactive, modern scientific enterprise. critics often quite convincingly 
point to the important contributing role of genetic resources or tK from developing 
countries and express serious concerns that unless some resolution is found, these 
resources may not (and some argue maybe should not) be available as inputs to the 
global agri-food research system.

Mandelsohn (1999) offers a second economic interpretation, suggesting that 
while the value in tK may be undervalued, there is some market potential. He 
points out that there are significant problems associated with joint ownership, which 
undercut the ability to extract whatever value may be embodied in tK, and suggests 
that some form of monopoly may be required to realize those benefits. the chal-
lenge is to determine the type of monopoly—he posits that one that acts in the best 
interests of all landowners would be able to sell both germplasm and related tK, the 
proceeds of which would be allocated to individual owners.

Meanwhile, a group of economists and practitioners have attempted to mea-
sure the economic significance of tK, offering estimates ranging from immense to 
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 insignificant. ultimately, the diversity of life on earth is based on the protein-gen-
erating capacity of plants—the main question is what value one assigns to the TK 
that underpins that system. richards (2008) argues it is very difficult to accurately 
estimate the value of tK because: (i) it is often an essential component in develop-
ing other products; (ii) most tK-derived products never enter modern markets; and 
(iii) most tK has cultural or spiritual value that cannot be quantified in monetary 
terms. Nevertheless, a number of groups and individuals have made attempts to 
estimate the gross value. the World Bank reports that agriculture comprises 31 % 
of the gdP of low-income economies and the combined annual market of plant life 
forms (in pharmaceuticals, crop production, botanicals, and natural care) was esti-
mated at up to us$ 800 billion in 2007 (Mgbeoji 2006; Wynberg and laird 2007). a 
1992 uNctad-ictsd Project on iPrs and sustainable development put the value 
of plant-based medicines in the pharmaceutical industry at us$ 61 billion annually, 
or about 10 % of the annual value of production. Farnsworth (1988) asserts the link 
to tK was obvious in that they found 119 plant-based compounds used in medicine 
worldwide, 74 % which had the same or related uses as the medicinal plants from 
which they were derived. the World Health organization (WHo) also estimated 
that the global market for traditional therapies, including but going beyond medici-
nal compounds, at more than us$ 70 billion annually. as just one illustration of 
the scale of the issue, the indian government has estimated that worldwide more 
than 2,000 patents are issued annually based on traditional indian medicines. More 
recently, a united Nations development Program (uNdP) study reported that de-
veloping countries are losing as much as us$ 300 million a year in unpaid royalties 
from farmers’ seeds and over us$ 5 billion a year in unpaid royalties for medicinal 
plants (based on a 2 % royalty for material and knowledge transfers) (shiva 2001).

Meanwhile, the flow of plant genetic material has major economic effects both 
on the donor and recipient communities, and the flows are not uniquely one way. 
evenson (1996) estimated that land races acquired from india and overseas contrib-
uted about 5.6 % or us$ 75 million annually to india’s rice yields. dutfield (2004) 
asserts that assuming land races contribute equally to other countries where rice 
is cultivated, the global value added of land races used globally could be as high 
as us$ 400 million per year. Pardey et al. (1996) support that notion, concluding 
that an overall us government investment in cgiar wheat and rice research of 
us$ 134 million generated a gross return up to 1996 of us$ 14.7 billion. While they 
did not explicitly attempt to assign value to tK and related genetic resources, their 
methodology clearly showed the role specific landraces played in the generation of 
value for us producers. some would assert that at least some of that incremental 
value was due to tapping into the knowledge and genetic resources from tK and 
landraces.

if one uses a simple model to calculate the net present value of even the most 
conservative transfers of tK embodied in medicinal plants and recently accessed 
landraces (at a discount rate of 5 %, for example), the base value of these accessions 
is in the range of us$ 65 billion. some advocates use these kinds of numbers to 
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justify compensation claims for misappropriated value. the alternate view is that 
few, if any, of the tK transfers were useful without further invention and adapta-
tion, and that most of the value being assigned to tK is actually more appropriately 
assigned to the subsequent investments in making this genetic material function in 
a new setting or new use. Posey (1999) also notes that economists at one level miss 
the core issue, in that they hesitate to assign any estimates to the intrinsic cultural or 
spiritual value of tK and related genetic resources.

11.2.4  Case Studies

united Nations environment Program (uNeP) (1996) asserts that “since there has 
been little examination of benefit-sharing to date, case studies are needed on com-
mercial and non-commercial arrangements, between different stakeholders,” which 
can then provide a basis for a “detailed dialogue” within countries on appropriate 
mechanisms.

While the literature examined in sect. 12.2.2 suggests that legislation and regu-
lation are the primary vehicles for obtaining access to genetic resources, in practice 
negotiated access arrangements are more important for understanding what tK 
is accessed and how benefits are calculated and distributed (tully 2003). tully 
(2003, p 92) asserts at root, “mutually agreed terms are closely related to Pic [prior 
informed consent] and fair and equitable benefit sharing.” Pic, which is laid out as 
a part of the Bonn guidelines, is the principal procedural basis for regulating trade 
in a wide range of other areas, including hazardous waste, pesticides, and chemi-
cals. this usually involves information exchange, export notifications, global da-
tabases, and designation of competent national authorities. While Pic involves 
using best available science and practices in support of fair and equitable trade, it 
is not as easy to assess as one might imagine, as weak behavioral standards in the 
various international instruments make it hard to adjudicate disputes. concepts of 
respect and dignity, which underlay full equity, are vague and aspirational rather 
than operational.

there has been an array of case studies. twarog and Kapoor (2004) present a 
range of studies on medicinal plants in Vietnam, traditional medicine in Burkina 
Faso and Vietnam, and food crops in ethiopia and Brazil. other more general geo-
political case studies include costa rica (Medaglia 2007) and Kenya (Nnadozie 
2012), First Nations in canada (Phillips et al. 2012), Brazil (rodriques 2012), and 
south africa (ten Kate and laird 1999; Vermeylen 2007). the main message from 
this scan of the literature is that much of the work is focused on a subset of coun-
tries (often centers of genetic diversity), that most of the cases examine medicinal 
plants and traditional medicines and that while many of the systems examined are 
operational, they offer somewhat limited evidence that can be used to develop and 
adjudicate other aBs systems.
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11�3  Critical Assessment

the main message from this analysis of the literature is that the scope of what is 
envisaged by tK and aBs is ill defined, the institutional landscape is still evolv-
ing and diversifying, and the methods for assessing economic value and related 
evidence can support a wide range of interests and opinions. Moreover, the existing 
body of practical cases are for the most part idiosyncratic and offer limited insight 
into how effective and efficient aBs systems might operate more widely.

While each of the main methods—definitional efforts through knowledge fram-
ing, institutional analysis, economic assessment, and case studies—offers some un-
derstanding of the scale and scope of the issue, they are inextricably interconnected. 
What one defines as tK and how one defines the rights and rules related to owner-
ship will define what value can or should be attributed to tK and what practical, 
on-the-ground structures might be appropriate to realizing that value. None of the 
methods can stand alone.

a number of factors complicate the application of art 8j. First, tK and the re-
lated genetic resources are not documented or managed in any way that would meet 
the usual regulatory and legal standards. Hansen and Van Fleet (2003) assert that 
the lack of formal documentation of knowledge in local and indigenous communi-
ties is a key impediment. the challenge is that as information accumulates, we are 
finding that there are overlapping and interlocking claims to tK and related genetic 
resources that frequently transcend specific indigenous communities and often span 
national boundaries and sometimes put different regions in conflict. While we have 
some sense of the original centers of origin, in many cases indigenous peoples have 
added significantly to those initial endowments. although tK may be unique (or at 
least differentiable), the underlying genetic resources may be indistinguishable at 
the molecular level.

the link between tK and genetic resources in modern scientific knowledge var-
ies widely. Many ex situ genetic resources have become disconnected from their 
roots. the recent “omics” revolution is advancing the effort to identify genes of 
interest in existing organisms and make use of that genetic material in the develop-
ment of new and useful formulations, quite often involving sequencing the spe-
cies and then dry science of data mining the genetic code. the recently launched 
international Barcoding of life Project (iBol) project may amplify concerns as 
this international scientific community seeks to collect, identify, and genetically 
barcode all of the species on earth (www.ibol.org). Meanwhile, the emergence of 
new bibliometric and biometric tools and methods are revealing the roots of many 
key genetic lines and establishing a chain of custody through ethnographic and 
scientific explorers’ reports. some argue that this is important in the governance of 
modern research, as the qualitative nature of tK has the potential to provide missing 
context surrounding quantitative studies (economic commission for africa 2002).

given the incomplete package of models, methods, and metrics, it is difficult 
to say when and where in the research pipeline that tK should be managed. While 
optimally one would hope that appropriately-structured aBs agreements could be 
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constructed before research advances significantly, the cost and energy required 
to develop aBs arrangements would undoubtedly discourage most research teams 
from either accessing the related tK or negotiating an ex ante contract. the interna-
tional effort to enact disclosure rules in national patent systems has gained some ad-
herents, with strong disclosure rules enacted in a range of biodiverse countries (e.g., 
costa rica and the andean countries), successively less stringent rules in a number 
of small, rich nations (e.g., Norway, Denmark, Switzerland, and New Zealand), 
and weak rules in the eu but no formal rules in the us and many other countries 
intensively engaged in biotechnology research (Queen Mary intellectual Property 
research institute 2004). these rules could offer a signal to researchers about the 
need to consider the provenance of their genetic materials, but the staging of these 
rules in the iP system is probably too late in the innovation pipeline to overcome 
the “hold-up” problem that results from sunk costs and asymmetric bargaining (Just 
and Hueth 1993). in effect, these rules could simply have a chilling effect on private 
investment. While some granting agencies have encouraged scholars and research-
ers to be proactive about disclosure at earlier stages in the process, the rules are a bit 
hit and miss and have yet to lead to major changes in practice.

if negotiations are for the time being likely to be too little and too late to address 
the concerns of indigenous communities, then disputes are likely to arise. the chal-
lenge is that the adjudication of those disputes will be complicated and delayed, 
if adjudicated at all. the absence of unambiguous ownership, clear guidelines for 
standing, and a plethora of forums, none of which can adjudicate all the claims, and 
a blancmange of models, methods, and metrics that can provide some evidence for 
almost any point of view, will likely lead to complicated and contested solutions, 
which would complicate an already over-subscribed policy landscape.

11�4  International Arena

a large number of governments, institutions, and organizations are involved in ad-
dressing concerns about plant genetic resources aBs. in some respects, there are 
both too many and not enough efforts. although individual countries have attempt-
ed to control access to their genetic resources for hundreds of years, recently there 
has been a diffusion of effort so that now we have an alphabet soup of international 
agencies, treaties, and committees that have produced a wide range of proposals, 
guidelines, and commitments, but little in the way of operational or judiciable struc-
ture. Meanwhile, the commitment of some key nation-states and much of the indus-
trial research system is variable, at best. the usa, for example, is not a party to the 
cBd and hence is not bound by the provisions of article 8j; while key countries 
such as canada are signatories to the cBd, they have declined to fully engage or 
commit to hard measures that would entrench rights to tK and force more extensive 
aBs programming; the eu supports the effort to strengthen the system but many 
of its member states are less committed; and even countries representing centers of 
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origin or diversity have differing approaches and perspectives and seldom are will-
ing to combine their efforts to advance the international agenda.

recently, there has been significant debate and effort invested in negotiating 
a range of international conventions or treaties to delimit and protect indigenous 
rights to genetic resources, involving the international labour organization, the 
uN and inter-american draft declarations on rights of indigenous Peoples, the 
uNdP/uNctad, and the european, asian, and african development Banks. in 
the context of plant genetic resources, in particular, there are a number of special 
institutions involved in delimiting rights and facilitating aBs. these include the 
cBd, the Bonn guidelines on access to genetic resources and Fair and equi-
table sharing of the Benefits arising out of the their utilization, agenda 21 and 
the cPB, the iuPgr and itPgr, the cgiar centers and related genebanks, and 
various national programs (e.g., cida and seda). the 2010 Nagoya Protocol on 
aBs created a clearing house mechanism to facilitate the collection and sharing of 
information on the national implementation of aBs, including legislative and other 
measures, permits, relevant authorities, and institutions as well as codes of conduct 
and best practices.

in effect, the world has created a relatively dense system of national and inter-
national rights, claims, and processes for handling disputes, which all rely on a 
body of evidence to adjudicate (Phillips and ryan 2010). tully (2003) argues that 
while these efforts may yield some value, ultimately what is protected and how it is 
protected and exploited is a matter for nation-states to decide domestically, which 
renders international efforts to benchmark norms and standardize benefit-sharing 
requirements difficult. ultimately, these measures in a worst-case scenario could 
simply add to negotiation costs and generate more disputes.

in the absence of formal, governmental, or intergovernmental structures, civil 
litigation seems to be the only way to advance the agenda. a wide range of pri-
vate concerns have claimed iPrs (mostly patents in the us and eu) on a range of 
genetic resources (ranging from plant cultivars to human genes), which has pre-
cipitated a range of legal disputes in domestic courts (e.g., Moore v. regents of the 
university of california 793 P.2d 479, cal. 1990) and with domestic patent offices 
(e.g., eu Patent office decision to revoke a patent on a fungicide derived from the 
neem tree).

11�5  Administrative Consequences

While national institutions in many of the case studies have demonstrated that they 
can strike aBs agreements and gain some direct or indirect benefits, there is little 
evidence that the international institutions that are being vested with authority for 
administering policies and adjudicating disputes have the appropriate standing, 
membership, staff, models, methods, or metrics to accomplish those tasks. While 
negotiation of treaties and conventions and drafting of law may be important, it is 
just as important to build the human capacity to structure appropriate aBs systems 
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that will stand the test of adjudication and use. that capacity building effort has yet 
to be fully engaged.

11�6  Summary/Synthesis

• TK is incompletely defined, creating challenges for assigning rights and adjudi-
cating disputes.

• The value of TK embedded in plant genetic resources is hotly contested as know-
ledge claims are both ill defined and overlapping and the net incremental value 
to modern breeding programs and the drugs business of using tK is estimated to 
range from the trivial to billions of dollars.

• ABS systems are working, but are highly idiosyncratic; best practices are yet to 
emerge.

• An array of international undertakings, treaties, and guidelines have created sig-
nificant expectations that past and current use of tK in plant genetic resources 
will be used to empower and enrich indigenous communities around the world 
but the institutional structures are incomplete.

• There is inadequate human or institutional capacity to manage effective and re-
silient aBs systems.

Acknowledgment this work was undertaken as part of the ValgeN Project, administered by 
genome canada through genome Prairie.
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12�1  Introduction

intellectual property (iP), broadly defined, is a series of privileges accorded to in-
ventors and creators. these privileges are recognized through a series of interna-
tional agreements that establish minimum standards. the most significant of these 
agreements is probably the World trade organization (Wto) Agreement on Trade 
Related Aspects of Intellectual Property Rights (triPs)1 that binds Wto Member 
states to comply with a range of existing international iP agreements,2 and then im-
poses minimum standards for copyright and related rights, trademarks, geographical 
indications, industrial designs, patents, layout designs (topographies) of integrated 
circuits, and undisclosed information (triPs articles 9–39). these iP privileges 
are generally recognized and enforced through national laws that are consistent with 
these international norms. the result is a patchwork of national laws, each attempt-
ing to articulate at least the minimum standards (albeit many are more generous—
the so-called “triPs-plus”) in the context of national and regional choices. the 
triPs standards adopted and applied by Wto Member states are then subject to 
Wto dispute resolution and penalties that include retaliatory trade sanctions where 
states have not implemented and applied their obligations to maintain triPs’ mini-
mum iP standards (triPs articles 64). the Wto dispute resolution and sanction 
mechanism makes triPs one the few enforceable international laws, and hence its 
gravity in assessing the impacts of iP.

1 albeit there are others, such as, International Union for the Protection of New Varieties of Plants 
(plant variety rights), Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable 
Sharing of Benefits Arising from their Utilization (traditional knowledge), International Treaty on 
Plant Genetic Resources for Food and Agriculture (farmers’ rights), and so on.
2 these are the Paris Convention for the Protection of Industrial Property, the Stockholm Act of the 
Paris Convention for the Protection of Industrial Property (1967), the Berne Convention for the 
Protection of Literary and Artistic Works, the Paris Act of the Berne Convention for the Protection 
of Literary and Artistic Works (1971), the International Convention for the Protection of Perfor-
mers, Producers of Phonograms and Broadcasting Organizations, and the Treaty on Intellectual 
Property in Respect of Integrated Circuits (1989): triPs article 2.
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iP is important to living modified organisms (lMos) under the cartagena Proto-
col on Biosafety (cPB) as many of these organisms are, or embody, inventions and 
creations that are protected by iP. For example, a genetically modified (gM) lMo 
might contain patent-protected gene constructs and sequences, be the product of a 
patent-protected process, be marketed using a trademark, and be associated with 
confidential information provided to satisfy regulatory standards in an importing 
country.

the consequence of iP is to grant exclusivity to the iP holder and exclude all 
others, preventing them from using or applying the product or process protected 
by iP. thus, patent protected lMos can only be used by the patent owner, or those 
licensed or authorized by the patent owner (e.g., triPs article 28). all others will 
be subject to sanction (an account of profits and damages that can be up to treble 
damages in some jurisdictions) for using, applying, copying (making), importing, 
or otherwise infringing the iP owner’s exclusive rights (e.g., triPs article 28). the 
effect of the iP can be either to prevent others accessing and using the iP-protected 
product or process (such as using the patented lMo), or doing something as a 
consequence of the iP-protected product or process (such as importing the patented 
lMo). the result is that for the trade in lMos under the cPB and triPs, there are 
potentially internationally contested inherent conflicts about iP protection, such as:

a. Equality of access to genetic resources—IP-protected genetic resources may not 
be available at a reasonable price. the result is that iP might limit access to a 
particular genetic resource or impose barriers to the uses of a particular genetic 
resource.

b. Sharing the benefits from the accessed genetic resources—IP may not adequa-
tely reward genetic-resource providers through royalties or preferred access to 
the iP-protected products or processes. in essence, the iP appropriates owner-
ship of the genetic resource and inhibits the adequate sharing of the benefits that 
might flow from the exploitation of that genetic resource.

c. Freedom to conduct research—Key products and processes necessary for 
research may be iP protected. the result is that others wanting to conduct 
research might be limited in the research they might conduct and the commer-
cialization of any outcomes of their research because of iP protections. this is 
likely to be particularly problematic where the iP protects and limits the uses of 
key research inputs and materials. the problem can be either limited access to 
iP-protected products or processes, or having to negotiate too many licenses to 
access and use a material (such as a “patent thicket”).

d. Freedom to adopt and apply technology—Key products and processes necessary 
for exploiting the lMos may be iP protected, including both the lMo itself and 
other products and processes, such as pesticides and herbicides. this includes the 
problems associated with transferring technology, and the know-how to enable 
the technology to be exploited.
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e. The increasing consolidation and monopolization of agriculture and food pro-
duction (especially among seeds and chemical companies)—The positioning 
of iP-protected products or processes into vertically integrated production and 
supply chains (especially where corporations have built their businesses around 
the exclusivity delivered by iP-protected products or processes) limiting supply 
and increasing price. this can be particularly problematic where there is not ade-
quate competition on the market (and there is a lack of alternative substitutes).

f. The terms and conditions by which IP-protected products and processes can be 
exploited—The restrictive terms and conditions applying to users of IP-protected 
products or processes, especially onerous license agreements (such as maintai-
ning records for 20 years) and the avoidance of exhaustion so that the purchaser 
never actually owns the purchased item. this raises particularly difficult prob-
lems for saving, reusing, selling, and exchanging seeds.

g. Traditional knowledge and folklore—Either the failure to take into account 
or address traditional knowledge and folklore in the discovery, research, and 
development and commercialization of iP-protected products and processes, or 
the deleterious effects lMos might have on traditional knowledge and folklore, 
such as displacing traditional farming and cultural practices, and so on.

While the cPB does not specifically address iP, other than “confidential informa-
tion” (article 21), there is express recognition that “trade and environment agree-
ments should be mutually supportive with a view to achieving sustainable develop-
ment” and “this [cPB] shall not be interpreted as implying a change in the rights 
and obligations of a Party under any existing international agreements” (Preamble). 
Further, any “socio-economic considerations” taken into account in reaching de-
cisions about importing or regulating lMos under the cPB must be “consistent 
with their international obligations” (article 26(1).3 thus, the cPB must be applied 
and implemented consistent with the Parties’ other commitments to international iP 
agreements, and this specifically includes among others the Wto’s triPs.

thus, iP does have the potential to limit the cPB framework’s reconciling of en-
vironmental and trade needs and any measures adopted under the aegis of the cPB 
that must be “consistent with their international obligations.” importantly though, 
the impact of iP is likely to be considerably reduced in practice as many countries, 
including those adopting and applying domestic iP arrangements, are not required 
to enforce iP unless the iP is expressly protected within that country. While some 
developed countries register and recognize large numbers of iP-protected products, 
processes, and creations, significant amounts of iP (particularly patents and plant 
variety rights) are not registered and protected in most developed and developing 
countries. iP remains, however, a significant limitation on the cPB.

3 Noting also the Preamble: “recognizing that trade and environment agreements should be mutu-
ally supportive with a view to achieving sustainable development.”
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12�2  Methodologies

the iP issue in the context of the cPB is best framed as whether there are exemp-
tions, exceptions, and flexibilities in the international iP agreements that might ac-
commodate decisions involving socioeconomic considerations (secs) made under 
the cPB. this contemplates iP as a grant recognized in national laws that is either 
extinguished or restricted where a sec in a decision made under the cPB imposes 
on the iP by limiting the exclusive rights of the owner. Framed this way there are 
a range of exceptions and flexibilities that allow secs to limit iP, and this in turn 
frames the possible content of those secs. those affecting patents and plant breed-
ers’ rights under triPs are considered here as they are likely to be the main iPs 
affecting lMos.

a further critical distinction is also necessary. triPs generally provides for the 
grant of negative rights so that the privilege awarded is not to exploit or use a par-
ticular protected subject matter but rather to prevent certain acts with that subject 
matter, such as copying (making), using, offering for sale, selling, or importing—
“this fundamental feature of [iP] protection inherently grants Members freedom 
to pursue legitimate public policy objectives since many measures to attain those 
public policy objectives lie outside the scope of [iP] and do not require an exception 
under the triPs agreement” (european communities 2005, (7.210)). this per-
spective justifies a range of laws applied to subject matters generally, independent 
of the iP, such as health and safety laws for medicines and devices. For example, 
the australian Therapeutic Goods Act 1989 (cth) ss 41B-41Mr regulates the safety 
and performance characteristics of medical devices preventing any devices, wheth-
er iP protected or otherwise, from being imported, exported, used, or supplied un-
less they satisfy various standards.

the Wto context of triPs is also important. Most Wto agreements (except 
triPs) are directed toward removing trade barriers setting limits on national regu-
lation based on national treatment and non-discrimination. this allows regulation 
that does not go above the threshold set by the Wto agreements. Meanwhile triPs 
establishes and imposes minimum standards requiring regulation that does not go 
below the threshold set by triPs. the effect of this structural restraint in triPs 
is that there is little room for national differences about how to satisfy a minimum 
standard, contrary to the alternative that allows a range of measures up to the thresh-
old. the norms for the minimum iP thresholds are generally well known and so 
provide little room for significant regulatory differences.4

Further, the kinds of privileges exercised by an iP owner are private interests 
albeit they have a broader public benefit (promoting innovation, creation, invest-
ment, and dissemination). this means, however, that governmental decisions about 
lMos made under the cPB are affecting the private interests of an iP owner, and 
this is likely to be a third party to the governmental lMos’ decision under the cPB. 

4 albeit triPs provides: “Members shall be free to determine the appropriate method of imple-
menting the provisions of this agreement within their own legal system and practice”: triPs, 
article 1(1).
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in essence, the cPB decisions (and regulation) are imposed by governmental bod-
ies setting a legal environment while the iP owners are private entities (persons and 
corporations) whose property interests are directly impacted by the cPB decisions 
(and regulation). this is significant because it means that the concessions being 
sought from iP owners under the cPB’s secs are generally being made by non-
governmental iP owners, and the concession being made will be either a financial 
detriment (such as the loss of a royalty payment) or a commercial disadvantage 
(such as allowing competition).

the basic methodology is, therefore, to:

(1) identify what iP is embodied in the lMo
(2) identify who owns the iP embodied in the lMo
(3) check whether the iP embodied in the lMo is enforceable in the jurisdiction
(4) check whether the cPB’s secs will affect the iP embodied in the lMo

only if the answer to the last question is “yes” is there an issue about the conflict 
between the cPB and iP. this assessment of the methodologies suggests three av-
enues by which the cPB’s secs, as they relate to iP, might be addressed: (1) within 
the exemptions and exceptions in triPs; (2) within the flexibilities in triPs; and 
(3) the financial and technology transfer mechanisms in triPs and the Convention 
on Biological Diversity (cBd) to offset the effects and consequences of iP. simi-
lar avenues might also be considered for other international iP agreement commit-
ments. these avenues under triPs and the cBd are now considered in turn.

12.2.1  Exemptions and Exceptions in TRIPS: 
Articles 27, 30, and 31

the distinction between exemptions and exceptions is that the former does not re-
quire a patent be available for a subject matter (such as a plant or animal) at all, 
while the latter requires that patents for a particular subject matter might not be 
available according to the particular circumstances (such as particular microorgan-
isms in a public health emergency). the scope of these exemptions and exceptions 
are available within the bounds of the triPs text. unfortunately the text is not 
entirely clear and there are contested understandings about what may or may not be 
allowable. so while these exemptions and exceptions are theoretically possible their 
actual scope remains uncertain.

the express exemptions for patents in triPs article 27 are available for ordre 
public or morality (article 27(2)), diagnostic, therapeutic, and surgical methods for 
the treatment of humans or animals (article 27(3)(a)), plants, and animals other 
than microorganisms and certain essentially biological processes (article 27(3)(b)). 
Where patents are not available for plants then “an effective sui generis system 
or by any combination thereof” must be available. a generally accepted sui ge-
neris system is the International Convention for the Protection of New Varieties 
of Plants that provides a broad exemption for the “public interest” (article 17(1)). 
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this convention also provides exceptions for acts done privately and for non-com-
mercial purposes, acts done for experimental purposes, and certain acts done for the 
purpose of breeding other varieties (article 15).

a general and more limited exception is available in triPs article 30 for pat-
ented inventions that satisfy the cumulative thresholds of not unreasonably conflict-
ing with a normal exploitation of the patent and not unreasonably prejudicing the 
legitimate interests of the patent owner, taking account of the legitimate interests of 
third parties. this is definitely an available, and not an illusory exception, although 
it is not a general basis for avoiding patents. this exception has been relied on, for 
example, to allow the making and using of the patent protected invention in gaining 
regulatory approvals for manufacturing and sale after the patent expired (the so-
called “Bolar exception”) (Canada—Patent Protection of Pharmaceutical Products 
2000, (7.38)), but not for the manufacturing and stockpiling of a patent protected 
product in anticipation of a patent expiry (Canada—Patent Protection of Pharma-
ceutical Products 2000, (7.84)).

another general exception is available in triPs art 31 for laws allowing “other 
use of the subject matter of a patent without the authorization of the right holder,” 
subject to respecting conditions and procedures aimed at protecting the “legitimate 
interests” of the rights holder. this is essentially a provision that allows for com-
pulsory licensing for government and third-party uses. in other words, Members 
may determine the grounds for an award of a compulsory licence,5 but must accord 
with the conditions and procedures required by triPs.6 these are that each autho-
rization is to be “considered on its…merits” and subject to review; that “efforts to 
obtain authorization on reasonable commercial terms and conditions” have been un-
successful within a “reasonable…time”; the authorization has a limited “scope and 
duration”; the authorized use is not exclusive; the authorized use is not assignable; 
the authorized use is “predominantly for the supply of the domestic market”; and the 
authorized use may be terminated when the circumstances requiring authorization 
cease and there is adequate remuneration and this decision is reviewable (article 
31(a)–(j)). the issuing of authorizations for anticompetitive conduct is treated 
separately (article 31(k)), and additional requirements are imposed for the proper 
working of another patent (dependent patents) (article 31(l)).

12.2.2  Flexibilities in TRIPS: Articles 7 and 8

Within triPs, the main flexibility in dealing with socioeconomic questions is art 
8 that provides:

1. Members may, in formulating or amending their laws and regulations, adopt 
measures necessary…to promote the public interest in sectors of vital import-

5 this was confirmed in the doha declaration: Wto Ministerial conference (2001), Declaration 
on the TRIPS Agreement and Public Health, Wt/MiN(01)/dec/2, (5(b)).
6 these conditions and procedures are generally addressed in article 31, although there may be 
other relevant conditions imposed by triPs such as national treatment (article 3), most-favored 
nation treatment (article 4), and so on.
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ance to their socioeconomic and technological development, provided that such 
measures are consistent with the provisions of this [TRIPS] Agreement.

2. appropriate measures, provided that they are consistent with the provisions of 
this [TRIPS] Agreement, may be needed to prevent … the resort to practices 
which … adversely affect the international transfer of technology (emphasis 
added).

the key limitation in these triPs provisions is the phrase “are consistent with the 
provisions of this [triPs] agreement.” this might be interpreted to mean that any 
measures adopted that limits triPs addressing socioeconomic factors must first 
satisfy the triPs minimum standards, in effect nullifying the apparent exceptions 
and flexibility provided by article 8.7 alternatively, a narrower meaning might have 
been intended, and presumably this is the case as these words were intended to have 
some effect otherwise they would not have been included. the issue then is what 
does the term “consistent” mean? or in the alternative, how inconsistent with the 
substantive parts of triPs (that is, the non-art 8 parts) can a provision be before 
it passes the “not consistent” threshold, and is a breach of triPs? unfortunately 
there is presently no definitive interpretation by a Wto dispute settlement panel or 
appellate Body, albeit the existing decisions suggest article 8 does allow “certain 
adjustments” but not “a renegotiation of the basic balance of [TRIPS]” (Canada—
Patent Protection of Pharmaceutical Products 2000, (7.26)). Both the subsequent 
Doha Ministerial Declaration and the Declaration on the TRIPS Agreement and 
Public Health reinforce the importance of article 8 (see Wto Ministerial declara-
tion 2001, (19); Wto declaration 2001, (5)). the effect of these declarations on fu-
ture interpretation is uncertain, albeit they will certainly justify some public health 
actions that are contrary to the non-art 8 triPs provisions. Whether other clearly 
inconsistent measures are allowable seems unlikely given the panel and appellate 
Body preference for the perspectives and expectations of iP holders (okediji 2003, 
pp. 914–915). this analysis demonstrates, however, that there are credible avenues 
to assert a role for art 8 in justifying flexibility in applying triPs.

closely linked to the triPs main exception and flexibility in dealing with secs 
are the objectives set out in art 7 that provides:

the protection and enforcement of intellectual property rights should contribute to the pro-
motion of technological innovation and to the transfer and dissemination of technology, to 
the mutual advantage of producers and users of technological knowledge and in a manner 
conducive to social and economic welfare, and to a balance of rights and obligations.

there appear to be six objectives: technological innovation; transfer and dissemina-
tion of technology; use of technological knowledge; the mutual advantage of pro-
ducers and users; social and economic welfare; and a balance of rights and obliga-
tions. together with the text of triPs’ Preamble these objectives arguably apply to 

7 some commentators consider this provision “is thus essentially a policy statement that ex-
plains the rationale for measures taken under articles 30 (exceptions to rights conferred), 31 
(other use without the authorization of the right holder) and 40 (control of anti-competitive 
practices]”: gervais 2008, p. 209.
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a global interpretation of triPs and the measures implementing triPs in domestic 
laws. (For advocates of this proposition, albeit not universally accepted, see, yusuf 
2008, p. 14; correa 2007, p. 104. other proponents assert that these objectives are 
necessary to prevent the abuse of exemptions and exceptions: see, for example, 
uNctad-ictsd 2005, p. 133). this means that in considering any particular ap-
parent inconsistency between a domestic law or practice and triPs there needs to 
be an assessment taking into account the totality of the domestic arrangements. this 
perhaps suggests considerable potential to adopt measures that can be justified by a 
demonstrable social and economic welfare or balance of rights and obligations in a 
particular domestic regulatory setting. importantly, both the Doha Ministerial Dec-
laration and the Declaration on the TRIPS Agreement and Public Health reinforce 
the importance of art 7 (Wto Ministerial declaration 2001, (19); Wto declara-
tion, (5)). again, the effect of these declarations on future interpretation is uncer-
tain, albeit they will certainly justify some public health actions that are contrary to 
the non-article 8 triPs provisions.

in short, there are avenues under triPs for secs to be taken into account ac-
cording to the flexibilities in triPs. this is particularly so where the regulation ad-
dresses how the iP will be exercised or exploited. More problematic and uncertain 
are regulations that might limit or conflict with the iP itself. in these circumstances, 
triPs may not be very flexible and will generally need to be complied with.

12.2.3  Offset the Effects and Consequences of IP using 
the Financial and Technology Transfer Mechanisms 
in TRIPS and the CBD

Where iP does pose a problem for the cPB then, there are potential mechanisms 
in the cPB, cBd, and triPs to ameliorate these problems. at this stage, these are 
postulated, and undoubtedly they will remain hotly contested, especially by those 
advocating the primacy of iP. Perhaps the most significant problem for the cPB 
will be where iP must be respected, but the iP is owned by a third party rather than 
a governmental entity, and requires compensation for the derogation of the iP as a 
consequence of the decision under the cPB. in these circumstances the cPB, cBd, 
and triPs do contemplate financial and technology transfer mechanisms, albeit the 
opportunity and scope will be contestable.

the cPB expressly provides that in addressing the financial resources necessary 
for the implementation of the cPB the provisions of cBd about financial resources 
are applicable (article 28), and this includes the cBd article 20(4):

the extent to which developing country Parties will effectively implement their commit-
ments under this [cBd] will depend on the effective implementation by developed country 
Parties of their commitments under this [cBd] related to financial resources and transfer of 
technology and will take fully into account the fact that economic and social development 
and eradication of poverty are the first and overriding priorities of the developing country 
Parties.
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and article 20(5):
the Parties shall take full account of the specific needs and special situation of least deve-
loped countries in their actions with regard to funding and transfer of technology.

these cBd provisions suggest that for implementing the cPB there is an express 
obligation to consider financial and technology transfer issues and that this is the 
developed country Parties making concessions to the developing country Parties.8 
Further, the cBd’s financial mechanisms expressly contemplate economic and so-
cial development as relevant objects.

along similar lines, in addition to triPs article 8 (set out above), article 66(2) 
provides:

developed country Members shall provide incentives to enterprises and institutions 
in their territories for the purpose of promoting and encouraging technology transfer to 
least-developed country Members in order to enable them to create a sound and viable 
technological base.

Following the doha Ministerial conference commitment in 20019 to “put in place a 
mechanism for ensuring the monitoring and full implementation of the (art 66(2)) 
obligations” (Wto Ministerial conference 2001, (11(2))), the triPs council has 
implemented a scheme of annual reporting “on actions taken or planned in pursu-
ance of their commitments under [art 66(2)]” (council for trade-related aspects 
of intellectual Property rights 2003, (1)). this reporting addresses the legislative, 
policy, and regulatory framework for incentives, types of incentives, the entities 
providing the incentives and information about the functioning (efficiency and ef-
fectiveness) of the incentives (council for trade-related aspects of intellectual 
Property rights 2003, (3)). Within this broad remit the incentives to enterprises and 
institutions might well include financial and technology transfer mechanisms that 
address any conflicts between iP and the cPB.

12�3  Critical Assessment

the methodologies considered above essentially accept that in implementing secs 
under the cPB there must be respect for iP. this assessment accepts that iP will 
almost certainly take a higher priority in the hierarchy of rights and obligations be-
cause of the cPB’s express statement that it be applied and implemented “consistent 
with their international obligations” (article 26(1)).10 there are various exemptions 
and exceptions available under the iP agreements, albeit they are presently contest-

8 there is recent interest under the cBd about effective access to and transfer of relevant 
technology: see conference of the Parties to the cBd pp. 42 and 166–168.
9 this commitment has been reiterated in the context of triPs and public health: see Wto 
general council 2005, (6); Wto general council 2003, (7).
10 Noting also the Preamble: “recognizing that trade and environment agreements should be mu-
tually supportive with a view to achieving sustainable development.”
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ed and have not been clearly articulated. While in practice these apparently onerous 
iP obligations are likely to be diminished because the international iP obligations 
often depend on domestic registration, and the like, there still remains a potential 
problem. Where there is a problem this is likely to be magnified because iP owners 
are generally third parties and not governmental entities that are the parties to the 
cPB decisions. this might be ameliorated, however, through a creative consider-
ation of the financial and technology transfer mechanisms available under the cBP 
and other agreements.

12�4  International Arena

While the analysis here has focused on the Wto’s triPs agreement there are nu-
merous other international iP agreements. these include the Paris Convention for 
the Protection of Industrial Property, the Stockholm Act of the Paris Convention for 
the Protection of Industrial Property, the Berne Convention for the Protection of 
Literary and Artistic Works, the Paris Act of the Berne Convention for the Protec-
tion of Literary and Artistic Works, the International Convention for the Protec-
tion of Performers, Producers of Phonograms and Broadcasting Organizations, the 
Treaty on Intellectual Property in Respect of Integrated Circuits, and so on. there 
are also agreements that extend, modify, or articulate further iP obligations such as 
the International Union for the Protection of New Varieties of Plants (plant variety 
rights), Nagoya Protocol on Access to Genetic Resources and the Fair and Eq-
uitable Sharing of Benefits Arising from their Utilization (traditional knowledge), 
International Treaty on Plant Genetic Resources for Food and Agriculture (farmers’ 
rights), and so on. Within this multiparty international iP domain, however, there 
are also further entrenched obligations under bilateral and regional trade agree-
ments. these bilateral agreements are proliferating and often impose significantly 
higher iP obligations that the existing multiparty agreements. the effect in the in-
ternational arena is that the particular iP landscape of each nation-state needs to be 
determined according to their particular commitments.

12�5  Administrative Consequences

Where decisions about secs are being made the particular iP landscape needs to 
be considered. Presumably the iP content of the lMo and any related materials, 
processes, and so on, will need to be identified and the relevant owners determined. 
as iP is often owned by non-governmental third parties to the lMo decisions, 
the iP owners will need to be clearly identified and probably involved in the deci-
sion-making process. and where decisions adversely affect an iP owner’s iP then 
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mechanisms of review and compensation will be required.11 Presumably, iP could 
be identified through the importation application process under the cPB by asking 
questions on the application form about the kinds of iP embodied in the lMo.

12�6  Summary/Synthesis

• The CPB must be applied and implemented consistent with the Parties’ other 
commitments to international iP agreements, and this specifically includes the 
Wto’s triPs agreement.

• International IP agreements do not expressly exclude SECs.
• Where there are conflicts between the CPB and IP, there are various exemptions, 

exceptions, and flexibilities available under the iP agreements, albeit they are 
presently contested and have not been clearly articulated.

• Where IP is a problem for implementing SECs under the CPB this is likely to be 
magnified because iP owners are generally third parties and not governmental 
entities that are the parties to the cPB decisions.

• Any conflicts between the CPB and IP agreements might be ameliorated through 
a creative consideration of the financial and technology transfer mechanisms 
available under the cBP and other agreements.
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13�1  Introduction

the agricultural revolution in Britain and the subsequent industrial revolution 
stretched between the fifteenth and the end of the nineteenth centuries and rapidly 
spread through most of Western europe, North america, and parts of asia. im-
provements in seed quality, soil fertility management, and a shift to mechanized 
agriculture resulted in increased agricultural productivity and ensured an accept-
able level of food security in the then, developing economies. Mechanization 
released rural labor, which was readily absorbed in the growing industrial and en-
suing services sectors as the developing economies underwent a lengthy process 
of de-agrarianization. this same agricultural-productivity-driven economy trans-
formation process has been observed more recently in countries in asia and latin 
america but has to a large degree been absent in africa and especially sub-saharan 
africa (ssa). the reasons why most ssa countries have failed or have been slow 
to follow the ‘usual’ development pathway are numerous and complex and fall out-
side the scope of this chapter. the main point of interest for this chapter is that ag-
ricultural production in most ssa countries is still characterized by labor-intensive 
but low-input, low-output production systems compared to capital-intensive, profit-
driven mechanized production systems in developed countries and actively devel-
oping countries in latin america and asia (table 13.1).

Pingali (2007, pp 2779–2805), following work by Pingali et al. (1987), explains 
the persisting low levels of mechanization (table 13.2) in relatively land-abundant 
ssa according to the driving forces of agricultural intensification and the incen-
tives for productivity growth. “agricultural areas facing relatively inelastic demand 
conditions, due to low population densities and/or poor market infrastructure, tend 
to persist in low intensity, low yield subsistence production systems. the move to 
mechanical technologies for land preparation is not cost-effective in such societ-
ies.” in agricultural systems where there is no incentive to expand production, due 
to limited profitable marketing opportunities, there is thus a low or no demand for 
substituting out of existing power sources, which in africa is mainly family labor. 
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Analyzing 40 years of data, De Janvry and Sadoulet (2010) showed that though still 
high, the share of the labor force in agriculture has dropped substantially in ssa 
countries. this rural-urban migration has occurred, not because of rising employ-
ment opportunities in the urban economy triggered by agricultural growth, but by 
the opposite—a lack of sufficient agricultural growth to overcome rapid population 
growth, resulting in stagnant rural incomes.

While developed-country economies are less dependent on agriculture for eco-
nomic growth or employment, agriculture remains the main contributor to gross do-
mestic production for most african countries (varying between 20–60 %) and sup-
ports up to 75 % of the african population by providing a livelihood and a means of 
trade and subsistence (uNeP geo data 2006; uNiFeM 2010). though crop type 
plays a substantial role in farm-worker-per-hectare country comparisons (asian rice 
requires more labor than african maize or sorghum production), Fig. 13.1 below il-
lustrates the labor-intensive nature of mainly grain production in african countries.

Farming in the developed world is generally large scale, technology and capital 
(machinery) intensive, and increasingly more corporate with profit as the main objec-
tive, while agriculture in ssa is generally small scale, diversified (to address produc-
tion risk and nutritional needs), subsistence based, and strongly linked to household 
and rural community nutrition, vitality, and survival. due to the substantial difference 
in production systems and the role agriculture plays in the economy and people’s 
livelihoods, it can be expected that concerns regarding the introduction of a new 
agricultural technology would vary between developed and developing countries.

due to the nature of the novel characteristics of first-generation genetically mod-
ified (gM) crops, namely enhanced input traits, the direct technology-associated 
impacts are on farm-level input factors and the farm-level production system. 
second-generation crops with value-added traits for consumers are yet to reach 
the commercial food, feed, and fiber market and current international gM crop 
 plantings are dominated by first-generation insect resistant (Bt) cotton and maize 
and herbicide tolerant (Ht) soybeans, cotton, maize, and canola.

Table 13�1  african agriculture compared to other developing countries (source: Fao/uNido 
2008)
region cereal yield 

kg/ha
Fertilizer use 
kg/ha

irrigation % of 
arable land

tractors per 
1,000 ha

average for african 
countries

1040 13 5 28

average of nine selected 
non-african develo-
ping countries*

3348 208 38 241

*Brazil, Bangladesh, china, india, Pakistan, Philippines, republic of Korea, thailand, and Vietnam

Table 13�2  Farm power sources. (source: Fao/uNido 2008)
region Manual animal engine
sub-saharan africa 65 25 10
average of asia, Near east and 

North africa, latin america and 
caribbean

25 25 50
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in most gM-technology-adopting countries, Bt cotton and maize resulted in 
an increase in yield due to more effective insect control (less insect-related dam-
age), a decrease in insecticide use and an increase in seed cost due to the additional 
Bt technology fee (for a summary of peer-reviewed publications and findings, see 
gomez-Barbero and rodriguez-cerezo 2006; smale et al. 2009; Brookes and Bar-
foot 2011; Finger et al. 2011). Publications on the use of herbicide-tolerant crops are 
dominated by research on Ht soybeans, but based on these studies and a few on Ht 
maize, it is clear that farmers who adopt Ht crops benefit due to lower expenditure on 
herbicides, labor, machinery, and fuel (carpenter and gianessi 1999; 2000; 2002; Fer-
nandez-cornejo et al. 2002; Marra et al. 2004; Qaim and traxler 2005; gouse 2012). 
in argentina, increased profitability and ease of management with Ht soybeans have 
resulted in a substantial expansion in the soybean area planted (trigo 2011).

it thus follows that when considering the labor impact of Bt and Ht crops it 
is important to distinguish between farmers in developed countries using mecha-
nized production systems and farmers in developing countries where agriculture 
is in many cases the sole source of livelihood and employment. in countries where 
insect and weed control is mechanized, Bt adoption has led to less tractor-sprayer 
insecticide applications and Ht to fewer tillage operations. even though tractor-
operator laboursaving has been reported, this physical labor component is minimal 
and readily absorbed in other farming activities. in mechanized production systems, 

Fig� 13�1  Farm workers per hectare of arable and permanent crop land. (source: World resource 
institute 2000)
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the laboursaving effect of Bt and Ht technology tends to manifests itself as ease 
of management, saving on management time, and increased off-farm income (Fer-
nandez-cornejo et al. 2005; gardner et al. 2009; Hurley et al. 2009) rather than a 
significant decrease in demand for physical manual family and or hired labor.

in more labor-intensive agricultural production systems like china, india, 
Burkina Faso, and the smallholder production sector of south africa, Bt cotton adop-
tion has led to substantial savings on insecticide-application-related labor (Pray et al. 
2002; subramanian and Qaim 2009; Vitale et al. 2010; gouse 2009). Manual labor 
associated with insecticide application can be substantial especially where insecticide 
pressure is high and clean spraying water limited. according to gouse et al. (2005) a 
south african smallholder farmer has to cover a distance of around 10 km by foot for 
a single insecticide application on one hectare of cotton, with a knapsack sprayer on 
his/her back and water has to be collected by hand/wheelbarrow from communal wa-
ter sources, a job usually reserved for children. conversely, higher yields (lower in-
sect damage) can lead to an increased demand for harvesting labor and as a result the 
total or net effect of Bt adoption on labor use and demand may be positive or negative.

yorobe and smale (2012) found that Bt maize adoption in the Philippines is as-
sociated with increased off-farm income as the insecticide-application labor freed is 
significant enough for farmers to undertake other income-generating activities like 
carpentry or trade in merchandise. in contrast, evidence from Bt maize adoption by 
subsistence farmers in south africa suggests that due to minimal use of insecticides 
to control borers (linked to low borer pressure) and related minimal insecticide ap-
plication labor, the laboursaving benefit of Bt maize is limited. it can however, be 
expected that in seasons and areas with substantial borer pressure, insecticide use 
on conventional maize will be more substantial and the laboursaving impact of Bt 
more considerable. generally, the number of insecticide applications necessary to 
control stalk borers on maize is lower than that required in the control of bollworms 
on cotton. Higher yields with Bt maize has led to a higher harvest labor demand 
in some seasons, but the effect has been less obvious than with Bt cotton due to 
smaller yield effects (gouse 2012).

though Bt adoption has had a significant impact on labor use in labor-intensive 
production systems, the effect of Ht can be expected to be more substantial. unlike 
Lepidoptera infestations that vary over seasons and regions, weeds can be described 
as the universal agricultural problem. this is true especially for africa where weeds 
compete for limited soil moisture and expensive nutrients. according to Kent et al. 
(2001) the principal limiting factor to farm sizes in africa is the number of neces-
sary weedings during the period following planting. Kibata et al. (2002) showed 
that in Kenya, delayed weeding caused by a shortage of labor early in the sea-
son, resulted in maize yield losses of 15–90 %, and Marais (1992) argues that poor 
weed control is the single biggest contributor to low maize yields for smallholder 
farmers in africa. subsistence crops like maize and sorghum compete with cash 
crops like groundnuts and cotton for labor, resulting in delayed weeding and crop 
losses. according to chikoye et al. (2007), smallholder farmers spend between 50 
and 70 % of their total labor time hand pulling, hand slashing, and hoeing. citing 
publications by akobundu (1987), ishaya et al. (2007a), Mavudzi et al. (2001) and 
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ishaya et al. (2007b), gianessi (2009) reports that to prevent weed damage, maize 
requires 276 hours of hand weeding per hectare, groundnuts 378 h/ha, sorghum 
150 h/ha, cotton 200–400 h/ha, and rice 200–418 h/ha. gouse (2012) found over a 
three season period that smallholder maize farmers in south africa spent between 
152 and 267 h/ha on manual weeding. gender-based labor division for agricultural 
activities varies between countries (White et al. 1981; tsikata 2009; Fao 2011) but 
women are involved in most activities, especially in the production of subsistence 
crops. the share of women in the agricultural labor force ranges from 36 % in côte 
d’ivoire to over 60 % in lesotho, Mozambique, and sierra leone (Fao 2011). ac-
cording to the World Bank (2009), 65 % of the african agricultural labor force is 
between 15 and 24 years of age and 25 % of children between 5 and 14 have to work 
to earn a living.

there are currently no peer-reviewed findings on the labor impact of Ht cotton 
in labor-intensive developing country agriculture, and soybeans are generally not 
a smallholder crop. Findings on Ht maize are limited to the south african small-
holder experience where gouse (2012) followed gM-maize-planting smallholders 
in KwaZulu-Natal for eight seasons. Farmers planting HT maize seed and using a 
no-tillage practice locally referred to as “planting without ploughing”, where plant-
ing station soil is opened by hand-held hoe, a seed planted and the soil closed by hoe 
and weeds controlled with a post-emergent glyphosate application, enjoyed a yield 
increase due to more effective weed control but importantly saved approximately 
50 % on labor. the largest laboursaving is on manual weeding, which is predomi-
nantly performed by household members. Female household members indicated 
that the laboursaving in the maize field enabled them to spend more time at home, 
caring for children or in their vegetable plots.

in countries or production systems where labor is a limiting factor, the use of a 
Ht-based production system might enable farmers or households with limited labor 
to expand their production area and/or spend more time on other crops or off-farm 
activities. over the longer term and where markets are functioning effectively, the 
use of a labor-saving technology thus holds the potential to increase production 
and result in labor opportunities for the rural poor. However, in countries where 
the landless rural unemployed depend on seasonal weeding for their livelihood, 
and where market or geographical limitations hinder expansion, introduction of a 
weed control laboursaving technology could have a substantial negative impact on 
employment and related sub-groups of the rural community. the magnitude and du-
ration of the impact of the potential drop in employment will depend on the growth 
potential of the sector (expansion of specific crop area, other crops, processing, and 
the rest of supply chain) and employment opportunities in other sectors, but it is 
possible that the impact of a labor-saving technology over the short term (one or two 
seasons) could impact labor sellers (seasonal laborers) negatively. it is clear that a 
laboursaving technology can be beneficial to some role players but detrimental to 
others. Herein lies the importance of considering labor implications during regula-
tion of gM crops.
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13�2  Methodologies

as the objective of conducting a ‘non-biodiversity-linked’ potential labor impact 
assessment would be to mitigate against potential adverse impacts through the de-
velopment and implementation of policies or activities or at the very least take 
notice of the technology’s potential labor impacts, the assessment has to be ex ante. 
an ex post assessment can be done a reasonable period after introduction to test the 
accuracy of the ex ante study, to determine the success of the implemented policies, 
or to establish whether new or additional regulatory, mitigating, or enabling action 
is required.

in neo-classical economic labor theory, rural households divide their time be-
tween working on the farm, working off farm, and leisure depending on agricultural 
income possibilities, opportunity cost of farm labor (off-farm wages) and household 
decision-makers’ utility functions. like other production factors, supply and de-
mand curves or functions for labor can be estimated and changes in the equilibrium 
caused by policies or technologies, modeled. However, modeling labor markets can 
be complicated and agricultural labor markets even more so due to the integration 
of the production system, different enterprises, and the rural household.

there are numerous methodologies that can be used to assess potential impacts 
technology adoption can have on labor. Most of these approaches however can gen-
erally be divided into two groups—an econometric modeling type approach or a 
rapid impact assessment type approach.

13.2.1  Econometric Modeling Approach

ideally this approach should utilize disaggregated time series rural household data 
that is collected, updated, and is available from a central bank or national research 
institution. alternatively, data can be collected through farmer-category-specific, 
representative farm-level surveys focusing on household characteristics, endow-
ments, and crop-production labor activities. With time-series data, labor demand 
and supply curves can be estimated and changes in the equilibrium caused by tech-
nology adoption modeled. collected cross-section micro/farm-level data can be 
analyzed through statistical inference and changes in production systems can be 
simulated. these findings can be used as is or be extrapolated to the broader econo-
my with economy or sector-wide computable general equilibrium (cge) models or 
a social accounting matrix (saM).

13.2.2  Rapid Impact Assessment Approach

By conducting semi-structured key-role-player interviews and farmer-category-and 
gender-specific focus-group-discussions to study the production systems and labor 
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division of the potential adopters of the new technology, it should be possible to 
identify labor-impact levels associated with the novel traits of the proposed technol-
ogy. it should be possible to determine the magnitude and likelihood of possible im-
pacts and make inferences about the potential impact for certain community groups 
in the district, region, and country.

13�3  Critical Assessment

econometric modeling analysis utilizing time-series data can be considered to be 
statistically (scientifically) the most rigorous technique, but this method is inher-
ently data intensive and for most countries in the world, disaggregated time-series 
household labor data does not exist. Where labor data does exist, in most cases the 
level of disaggregation is not sufficient to simulate household-level impacts. it can 
be argued that in the absence of time series data, the second best approach to fol-
low would be to collect data through household surveys in the communities where 
the technology potentially will be adopted. if the intention is to use survey findings 
in an economy-wide model or when extrapolatable inferences need to be made, 
sample statistical representativeness according to farmer characteristics, production 
systems, and regions need to be considered. these economy-wide models should 
however have been independently and formerly developed, updated, and in use by 
other national or academic institutions. in developing countries, these models are 
usually updated and run by the central banks as they take a long time to develop 
and are extremely data intensive (requires economy-wide time-series data) and as 
a result expensive to maintain. However, it is not essential that farm-level potential 
impact findings be linked to an economy or sector-wide model for the findings to 
be of value for decision- and policy-makers.

For a biosafety regulatory ex ante impact assessment study, it is likely that only 
one season of surveys will be done due to time and cost implications. However, 
various ex post impact assessment studies show and admonish that due to variabil-
ity in climate over seasons and between regions, performance, and resulting impacts 
of gM crops adoption vary substantially and results based on one season’s findings 
need to be considered in that light. it can be expected that variability between sea-
sons and regions will also have a significant impact on an ex ante assessment study 
and the representativeness of the season thus also needs to be considered.

though data collection through surveys of a statistically representative number 
of farmers making use of different production practices in different regions should 
enable a country-wide assessment, it is argued that for an ex ante potential labor 
impacts study where the number of uncertainties are substantial, the cost and time 
investment in a comprehensive and statistically generalizable study might not be 
justifiable. the decision on whether an in-depth study is required should depend 
on the crop, novel gM trait, and its impact level as well as on the specific coun-
try’s national strategic objectives, but it is suggested that a rapid impact approach 
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is utilized for an ex ante labor impact study. depending on the findings of a rapid 
impact assessment, a comprehensive study (ex ante or ex post) might be warranted.

there are a number of rapid impact assessment approaches and some are more 
data intensive and rigorous than others. a useful tool to identify potential labor im-
pacts in a more qualitative fashion is the sustainable livelihood methodology’s sea-
sonal activity calendar. the seasonal calendar can be completed during focus group 
discussions with participants divided according to gender or other interest groups. 
When considering all produced crops’ production systems and labor requirements 
via a seasonal calendar, it is possible to identify periods of labor shortage and the 
labor force (males, female, children, and family or hired labor) involved with the 
different farming activities. it should thus be possible to identify and link the poten-
tial technology specific impacts to activities, specific times during the season, and 
individual groups in the labor force. a labor-focused seasonal calendar is particu-
larly useful in identifying cultural constraints that control divisions of labor among 
family members or particular practice patterns and timing of planting, cultivating, 
and harvesting.

after identifying all the potential impacts on labor demand and supply, the po-
tential positive and negative impacts might need to be compared in order to deter-
mine the potential net impact on labor. this can be done through a type of cost/ben-
efit comparison approach comparing the technology under consideration’s potential 
laboursaving/using advantages with the potential laborusing/saving disadvantages.

13�4  International Arena

under the strict interpretation (possibly the only interpretation) of the cartagena 
Protocol’s article 26.1, labor issues (secs) can only be considered in biosafety 
decision-making if the adverse labor impact can be linked to a scientifically estab-
lished likely potential impact of the proposed lMo on biodiversity. a more liberal 
interpretation points to the “impact of living modified organisms on the conserva-
tion and sustainable use of biological diversity” in which “conservation” and “use” 
include farming and farming practices and thus labor. so under the more liberal in-
terpretation it can be argued that a direct adverse impact of the lMo on labor can be 
used as grounds for not allowing importation or general release of proposed lMo.

article 26.1 also states that a country’s decision has to be in line with its other 
international obligations. generally this refers to the World trade organization 
(Wto) trade regulations and the sanitary and phytosanitary measures. Wto trade 
regulations do not make any mention of labor impacts of trade beside reference 
to “products of prison labor.” the Wto has been criticized for its limited guid-
ance on labor, but issues mainly surround working conditions, health and safety 
standards, and child labor. there are no provisions for potential negative impacts 
of technology adoption on labor and a decision not to allow importation of a lMo, 
even with proof of potential negative impacts on labor, will still be in breach of 
Wto regulations.
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the international labour organisation (ilo) conventions mainly provide 
for standards, rights, and elimination of discrimination and exploitation. ilo 
convention 169, indigenous and tribal People’s convention (1989), refers to 
non-discrimination and government responsibility for developing co-ordinated and 
systematic action to protect the rights of indigenous and tribal peoples (article 3) 
and ensuring that appropriate mechanisms and means are available (article 33). it 
might be possible to argue that a specific laboursaving technology might infringe 
the protection and rights of indigenous tribes and people, but the validity of this ar-
gument has not been tested. it is not clear if this convention holds any implications 
for decision-making on lMos and it has been ratified by only a small number of 
countries, mainly in south america.

13�5  Administrative Consequences

even though it is unlikely that a potential overall (net) negative labor impact could 
be presented as acceptable reason for not importing or releasing a gMo in a Wto 
trade dispute, it does not mean that a potential labor impact study should not be con-
ducted. such a study is vital to inform the development of mitigation strategies to 
limit potential undesirable impacts on labor and enabling strategies for farmers and 
rural households to benefit from the proposed technology’s labor impacts. depend-
ing on a country’s biosafety regulation provisions or other national objective-driven 
legislation or requirements, it might be beneficial, when an application for general 
release of an gMo is received, for a general socio-economic impact assessment 
study to be conducted focusing on issues like supply chains (enabling and limit-
ing institutional arrangements), potential farm level impacts (including impacts on 
labor), potential industry impacts, potential consumer impacts, and potential trade 
impacts. a socio-economic study is not recommended for other permit application 
like imports for food, feed, and processing or contained use because the gMo, 
under the conditions linked to the permit, should not enter the production system.

a general socio-economic impact assessment study should identify and as-
sess both the potential positive and negative impacts of the proposed technology. 
though such a study might assist with the interpretation of food and feed safety 
and biosafety study findings, the main objective of such a study would be to deter-
mine to what extent the country can benefit from the proposed technology and what 
measures need to be in place to maximize potential benefits and minimize potential 
negative impacts.

For an ex ante regulatory assessment where time, funding, and information are 
limited, a rapid impact assessment should be sufficient. How the study is funded 
and who the assessor will be will depend on each country’s regulatory framework. 
it is suggested that because this study in a sense serves as motivation for acceptance 
of the application, as information on the crop and novel event is limited and in the 
context of developing countries’ limited funding and capacity, the study should be 
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funded and commissioned by the applicant. the study can then be reviewed by the 
regulatory authority and referred to commissioned experts for comment.

13�6  Summary/Synthesis

• Adoption of GM agricultural technologies can result in substantial laboursaving 
for farmers.

• Though a laboursaving technology might be beneficial for labor-deficit pro-
ducers, a decrease in the demand for seasonal labor might negatively impact 
labor-selling rural poor.

• In production systems where labor is a limiting factor, increased labor produc-
tivity might result in production expansion and additional employment over the 
longer term.

• The impact of GM crops on labor demand and supply is a vital issue but in a 
non-biosafety related scenario will not be deemed a valid reason for gM crop 
rejection in a Wto dispute.

• A general socio-economic impact assessment, also focusing on labor, is necessa-
ry to determine to what extent the country can benefit from the proposed techno-
logy and what measures need to be in place to maximize potential benefits and 
minimize potential negative impacts.
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14�1  Introduction

The study of international trade is divided into three general areas—trade policy 
analysis, trade theory, and empirical studies of trade. trade policy analysis focuses 
on the economic impacts that different forms of government intervention have on 
international trade. it is well known that any government intervention in the econo-
my has a redistributive role, resulting in winners and losers. the role of trade policy 
analysis is to identify the two groups, to estimate the benefits and costs of any 
measure that impacts trade and to improve the overall policy making process (Kerr 
2007). several approaches can be utilized to quantify the impacts of different trade/
domestic measures, the choice of which depends on the type of research question.

there are two means of analyzing the effect of a specific trade policy, ex ante 
and ex post. ex ante analysis looks at “what if” research questions, hence in ex 
ante analysis, researchers simulate the effects of a trade/domestic policy change and 
project the potential economic impacts of that change. among the economic effects 
simulated by different ex ante models are the effects on prices, quantities, and the 
welfare of the three market participants: consumers; producers; and government. 
simulations are usually completed using partial and general equilibrium models. 
alternatively, ex post analysis uses historical data to analyze the effects of a trade/
domestic policy that has been already implemented. this type of analysis is repre-
sented by all econometric trade models, including the gravity model described in 
this chapter.

another distinguishing characteristic differentiating the methods used in trade 
policy analysis is whether they are static or dynamic. a static model compares the 
initial and final equilibrium in an economy without taking into account the transi-
tory phases. Partial equilibrium models and a number of general equilibrium mod-
els are static. a dynamic analysis not only examines the final equilibrium results, 
but also the transitory changes that occur as the economy moves from initial to 
final equilibrium, thus accounting for adjustment costs. this type of analysis would 
include capital accumulation and technological change for example. although dy-
namic analysis is preferred due to its ability to estimate a full range of costs and 
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benefits, it is theoretically and computationally much more complex than a com-
parative static model. While a number of dynamic general equilibrium models have 
been developed, most simulation models in use are static in nature.

trade policy methods are widely used in assessing the effects of the adoption of 
genetically modified organisms (gMos) in various countries, by focusing on the in-
ternational consequences for adopting and non-adopting countries.1 the important 
regional differences between gMo regulatory frameworks represent a focal point 
for this literature. First, the trade studies can be divided by country of interest with 
a first group represented by major exporting countries that have adopted gMos, 
a second group formed of major developed countries that import gMos and have 
strict regulatory frameworks in place and tend to be less accepting of gMos for 
various socio-economic motives and, ultimately, the group of developing countries 
that represent potential importers of gMos, but do not currently produce them. 
second, the trade studies can be categorized based on the main question asked, 
with a large group focusing on the domestic and international effects of having non-
harmonized regulatory frameworks and comparisons of various policy responses 
by some countries to the adoption of gMos by other countries, and another group 
explaining the reasons behind the different regulatory frameworks. Finally, the ap-
plied trade studies can be divided based on the methods used by authors with ex 
ante analysis mainly using partial and general equilibrium frameworks and ex post 
analysis employing various econometric techniques, including the gravity equation 
framework. this chapter will concentrate on the advantages and disadvantages of 
different methodological approaches used in applied trade policy studies.

14�2  Methodologies

the work of economists in trade theory has shown that trade liberalization is wel-
fare enhancing under a wide range of economic environments (Perdikis and Kerr 
1998). despite this, the populist view of trade remains heavily mercantilist in its 
perspective (i.e., exports are good, imports are bad). there is a grudging accep-
tance by public policy makers that “beggar-thy-neighbor” trade wars are mutually 
destructive; policy makers therefore structure trade agreements to promote the ben-
efits of cooperation over tit-for-tat retaliations (gaisford and Hester 2007), but the 
general thrust of trade policy remains focused on promoting exports and eschewing 
imports. Protectionist policies are the usual means to limit imports.

a case for protectionism may be advocated for to achieve non-economic goals 
such as national defense, national sovereignty, and pride, to further foreign policy 
objectives, or achieve other political goals. there are some economic arguments 
that selectively justify protectionism. these include providing temporary protection 
as a means of fostering infant industries, enabling their establishment; providing 

1 For a comprehensive literature review on the trade impacts of gMos adoption, see gruère 
(2009).
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temporary protection for high-tech firms to create a competitive advantage; or 
providing temporary protection to specific sectors or industries to avoid or reduce 
unemployment, particularly in a recessionary period, as exports would create do-
mestic employment, while imports provide employment to foreign workers; provid-
ing temporary protection for food safety and environmental concerns or, as seen in 
gMo regulations, consumers’ right to know.

thus, despite clear historical evidence that free trade is welfare enhancing 
overall, governments still choose to protect their domestic markets from foreign 
competition. trade policy analysis must then devise means to accurately assess the 
costs and benefits of such policy decisions, including those that implement forms 
of protectionism. different methods of analysis are therefore used in trade literature 
to quantify the benefits of free trade and the impacts of protectionism. the three 
methods that are widely employed are presented in the following section.

14.2.1  Partial Equilibrium Models

Partial equilibrium (Pe) models are used to analyze “what if” scenarios starting 
from an initial state to which different circumstances are applied, such as a change 
in trade policy, through an exploration of the potential results. the main charac-
teristic of Pe models is that the effects of policy actions are examined only on 
those markets that are directly affected, ignoring effects on other branches of the 
economy or assuming that no other changes occur. Pe models are based on the as-
sumption of ceteris paribus, where all other factors that can affect the market under 
analysis are held constant. thus, for example, assuming that a specific trade policy 
change in a market affects the price of a good, the income effect on other markets, 
prices in other markets and income available for the purchase of other goods remain 
constant. examining a single market in isolation is advantageous when a particu-
lar good is highly prominent in a country’s trade, employs a significant share of a 
country’s workforce, or the good has political significance. another assumption of 
Pe models is that resources are unlimited; therefore, no reallocation of resources 
from one sector to another occurs. Pe models are static, as they ignore paths of ad-
justment by comparing only the pre- and postchange equilibriums and are based on 
three components: demand of domestic consumers, supply of domestic producers, 
and the trading behavior of foreigners located in the rest of the world. By using Pe 
models, policy makers are able to examine the welfare effects of a trade/domestic 
policy change in terms of change in consumer surplus, change in producer surplus, 
change in government revenues, and total welfare gain or loss.

Pe models are extensively used to analyze the economic effects of certain trade 
responses to the inclusion of secs in the domestic regulation of gMos, such as the 
european union (eu) 1998 de facto moratorium on the production and importation 
of gMos and the new eu legislation from 2004, which requires strict gMo labeling 
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regulations and liability laws. two studies are described in this section.2 isaac et al. 
(2002) compare three import policies available under World trade organization 
(Wto) and Biosafety Protocol (BsP), which importing countries are allowed to 
implement on environmental and food safety grounds: import of unlabeled gMos; 
import of labeled gMos; and an import ban on gMos. the relative efficiency of 
the three policies is assessed by isaac et al. (2002) by using a Pe framework (see 
Fig. 14.1). For this chapter, the analysis is restricted to the comparison between an 
import ban on gMos and labeled gMos imports3 based on the assumption that 
the gM crops are licensed only in the exporting country, but not in the import-
ing country. in the non-gMos market, the market relevant for this examination, d0 
represents the domestic demand and Pw0 is the world price for non-gM products. 
thus, the domestic production is expressed by Q1 and the imports equal the differ-
ence between Q2 and Q1. With no gM goods produced by the exporting country, 
the consumer surplus is l + m + a + b + c + d + e + f + g + h + i, the producer surplus is 
represented by j, and the total welfare of the country is given by l + m + a + b + c + 
d + e + f + g + h + i + j. Moving on to the situation where the exporting country starts 
producing gM goods and the importing country responds by imposing an import 
ban, the price in the non-gMos market is increased to the equilibrium price, Pe, and 
the new quantity produced and consumed is Qe. the total welfare in this situation 
is reduced to l + m + a + b + e + j. thus, the total welfare loss resulting from an import 
ban is represented by c + d + f + g + h + i.

in case of mandatory labeling of gM goods, the consumers are able to distinguish 
and choose whether to keep purchasing domestically produced non-gM goods or 

2 see also: Berwald et al. (2006); gaisford and lau (2001); lapan and Moschini (2004); sobolevs-
ky et al. (2005); gruère (2011).
3 For the other comparisons see isaac et al. (2002).

Fig� 14�1  import ban versus labeled gMos imports. (source: isaac et al. 2002, p. 144)
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imported gM products depicted in the right-hand panel of Fig. 14.1. the price of 
gM products, PgM, has an effect on the consumption decision, as due to the tech-
nological cost advantage of gMos production, it is lower than the world price for 
non-gM goods, Pw0. the group of consumers that do not consider the gM goods 
inferior will start consuming them, which will result in a decline in demand for non-
gM products to d3. the decline in demand will depend on the size of the consum-
ers’ group that will choose to purchase gM goods. thus, in the non-gMos market, 
the new price for the non-gM goods is PNgM, while the quantity produced and 
consumed is QNgM, given that the price of gM products is PgM4 and the quantity 
of gM goods consumed is QgM. the total welfare in case of mandatory labeling is 
represented by l + a + e + j (in the non-gMos market) + k (in the gMos market). in 
comparison to the situation where no gMos were produced by the exporting coun-
try, the welfare change in the importer’s market as a result of mandatory labeling is 
associated to k − (f + g + h + i). Thus, whether it is a welfare loss or gain it depends 
on the relative sizes of k and f + g + h + i.

By comparing the welfare effects of mandatory labeling of imported products 
with an import ban, the mandatory labeling is clearly superior by c + d + k. thus, the 
main conclusions drawn from isaac et al. (2002) are that an import ban will always 
bring welfare losses whether compared to the pre-technological or to the manda-
tory labeling situations. However, mandatory labeling is not necessarily welfare 
decreasing for the importer, the effect depending on the relative sizes of the gain in 
the gMos market and the losses in the non-gMos market. Mandatory labeling is 
always more economically efficient than an import ban. the authors conclude that 
even an import ban is always economically inefficient, vested commercial interests 
will gain greater rents when an import ban is implemented.

anderson (2006) compares the effects of trade policies that would limit the 
imports of gMos, such as import ban or mandatory labeling requirements with 
different support measures such as variable levies, export subsidies, or tariff-rate 
quotas (trQs). By using a Pe framework, the author shows that domestic support 
measures such as trQs and export subsidies that keep domestic prices constant and 
prevent the price-reducing effects of biotechnology adopted abroad have a negative 
impact on the welfare of producers of gM products and of domestic consumers. 
domestic support measures represent disincentives for investment in biotech re-
search; however, they are less inefficient when compared to import bans.

Pe models are based on economic simulation, which translates economic theory 
and data into mathematical equations. changes can be quantified by using a limited 
number of parameters, such as demand and supply elasticities, initial quantities de-
manded and supplied, world price, and tariff levels. More complex Pe trade models 
take into account multiple goods markets, by introducing cross-price and cross-
quantity variables between the related markets. they do not, however, look at the 
entire economy. Various Pe models have been also developed to simulate changes 
in international trade policies. these include sMart (software for Market analy-
sis and restrictions on trade) which is part of the World integrated trade solution 

4 PgM is lower than PNgM due to perceived quality differences.

14 Market access and trade
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(Wits) program developed by the World Bank in collaboration with the united Na-
tions conference on trade and development (uNctad), the static World Policy 
simulation Model (sWoPsiM) developed by the us department of agriculture 
and the agricultural trade Policy simulation Model (atPsM) of uNctad. Pe 
analysis is employed when complex analysis is not necessarily appropriate and in-
terest lies within a subsector.

14.2.2  General Equilibrium Models

computable general equilibrium (cge) and Pe models share one similarity in that 
they both develop a “what if” scenario, quantifying the effects of a trade policy 
change under different circumstances. the major difference between the two types 
of models is that cge takes into account the entire economy, including linkages be-
tween markets and focuses on the effects on the market for final goods, intermediate 
goods, and factors of production.

cge offers a comprehensive assessment of trade policy change at the world-
wide, regional, sectoral, or individual economy level. this is the most important 
feature and strength of cge models. cge models provide useful insights as they 
take into account the entire economy and thus, the possible spillovers of a policy 
change on sectors that are not directly targeted by the policy change. cges can be 
static or dynamic. in a static model, the economy responds only to trade/domestic 
policy change, keeping all other factors in the economy constant. Most cges are 
based on static models. However, modern technology allowed economists to devel-
op dynamic models which take into account different factors that are changing over 
time, such as gdP, level of employment, etc. and provide a more realistic analysis.

the most widely used cge model for analyzing trade policy changes is the 
global trade analysis Project (gtaP), originally developed by Hertel (1997). 
gtaP is a static, multi-market, multi-regional model with exogenously fixed en-
dowments and particular production and utility functions. Main assumptions of the 
model include perfect competition and constant returns to scale, the armington as-
sumption, an explicit treatment of international trade and transport margins, no link 
between taxes and public expenditures, and the inclusion of a global banking sec-
tor. the gtaP model also includes a database which contains saMs (input-output 
data, bilateral trade flows, bilateral tariff data) for an extensive number of regions 
and countries.

the gtaP cge model of world economy has been extensively used to estimate 
the welfare consequences of current and prospective gM crop adoption by some 
countries and of trade/domestic policy responses by other countries. two studies 
are described in this section.5 Anderson and Jackson (2005a) consider different sce-
narios such as adoption of gM crops by us, canada, and argentina (coarse grains 

5 See also: Anderson and Jackson (2005b); anderson et al. (2008); gruère et al. (2007); Huang 
et al. (2004); Nielsen et al. (2003).
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and oilseeds) without and with an eu import ban in place and a change in the eu 
policy that would allow the adoption and sale of gM products. they modify the 
gtaP model to include productivity changes, consumers’ reluctance to gMos, and 
levels of substitution between gM and non-gM crops used as intermediate inputs 
in the production of final food products. When only us, canada, and argentina 
produce gM crops, and there is no adverse response from elsewhere, including 
the eu, the estimated global benefits are us$ 2.3 billion per year with 40 % of 
benefits shared among the large importing regions, the eu and Northeast asia, and 
60 % of benefits shared among the three producers of gMos. in the scenario of 
eu imposing a moratorium, the gain to the three adopting countries is reduced by 
one-third, while the eu loses us$ 3.1 billion per year minus the value eu consum-
ers place on having a gMos-free market. if the eu would allow the adoption and 
sale of gMos, global welfare would almost double and most of the gains would be 
shared among developing countries. Anderson and Jackson (2005a) continue their 
study by adding china and india among the countries adopting gM crops (rice and 
wheat). the simulations show that the global economic welfare with no eu import 
ban would be us$ 4.3 billion per year with two-thirds of the extra gains going to 
china and india, while other developing countries would benefit from lower import 
prices. With an eu moratorium in place, the cost for the eu will rise to us$ 5.5 
billion per year, while the cost for the rest of the world would be us$ 2.9 billion per 
year. However, the results have to be treated with caution as the empirical model 
suffers from various simplifications such as no other policy response from the eu 
that would substitute an import ban, the imposition of moratoria by other countries, 
the continuous gMos r&d or the fact that large investments have been redirected 
toward non-food gMos.

Van Meijl and van tongeren (2004) estimate using the gtaP model the effects 
of price insulation mechanisms such as variable import levies and export subsidies 
as policy responses. the domestic support mechanisms would reduce slightly the 
welfare of us, canada, and argentina. the decrease in welfare would be much 
lower than in the case of an import ban, results that confirm the findings of ander-
son (2006) by using a Pe framework.

14.2.3  Gravity Models

gravity models are econometric methods used to estimate the impacts of various 
trade-related policies on international trade flows. utilizing an ex post approach 
based on historical data to analyze trade flows, they are also applied to other types 
of analysis such as in foreign direct investment, migration, and others. the gravity 
model of trade expressed in eq. 14.1 predicts that the trade volume between two 
countries is positively related to their economic sizes and negatively related to the 
distance between them.

14 Market access and trade
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Xij = β0

Y
β1
i ∗ Y

β2
j

D
β3
ij (14.1)

Xij = total exports or total trade (exports plus imports) between two countries i and j;
Yi = economic size of country i, represented by the gdP level or population;
Yj = economic size of country j, represented by the gdP level or population;
Dij = distance between countries i and j, which is a proxy for trade costs.

thus, the baseline form of the gravity model tested empirically is:

ln ln ln ln .X Y Y Dij i j ij ij= + + + +β β β β ε0 1 2 3
 (14.2)

the basic gravity equation expressed in eq. 14.2 is usually augmented with a num-
ber of other variables that can affect trade. some of them are represented by dum-
mies for islands, landlocked or neighboring countries which will affect transport 
costs, dummies for common language or other cultural features which will have an 
impact on information and search costs, and dummies for regional trade agreements 
(rtas) which test whether tariff barriers play an important role.

one of their major limitations is the lack of theoretical underpinnings. in re-
sponse to this shortcoming, several theories have been developed that offer a theo-
retical background for gravity models. First was anderson (1979), who based on 
two assumptions (constant elasticity of substitution and the armington assump-
tion6), provided a theoretical foundation for the model. Bergstrand (1990) added a 
monopolistic competition framework with product differentiation among produc-
ing firms to anderson’s (1979) assumptions. deardorff (1998) showed that grav-
ity models can be explained by relative differences in factor endowments between 
countries following a Heckscher-ohlin framework, while eaton and Kortum (2002) 
explained gravity models based on a ricardian trade framework, where trade takes 
place due to the relative differences in technology between countries. Feenstra 
(2004) pointed out that gravity models assume identical prices across countries, 
which is a strong assumption given the existence of trade barriers. among others, 
the work of anderson and van Wincoop (2003) represents an important contribution 
as they considered bilateral trade as being determined by relative trade costs. Help-
man et al. (2007) derived the gravity equation from a heterogeneous firms’ model of 
trade, explaining issues that previous models could not, such as zero-trade observa-
tions, asymmetric trade and the fact that more countries trade over time.

gravity models have been widely used in the empirical literature to assess the 
effects of multilateral and regional trade agreements. However, ex post empirical 
studies and, in particular, the use of gravity models, are rare when looking at the 
effects of gMos adoption on international trade. one reason behind the lack of 
ex post research is the scarce data on bilateral trade flows of gMos or crops with 

6 domestic and foreign products are not perfect substitutes and, thus, products are differentiated 
by the country of origin (armington 1969).
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GM content. Disdier and Fontagné (2010) employ an advanced gravity equation 
to estimate the trade impacts of eu’s regulations on gMos taking into account 
the three issues that were condemned by the Wto ruling against the eu: de facto 
moratorium; delays in processing product-specific applications; and inconsistency 
of the safeguard measures adopted by various eu Member states. their findings 
confirm revenue losses for the main complainants (us, canada, and argentina), 
with the size of the losses varying across products and complainants. their analysis 
extends beyond the Wto case, considering the impact of other countries’ (New 
Zealand, Switzerland, and Norway) non-approvals of GMOs and the trade impacts 
of eu regulations on countries (Brazil) that did not join the Wto complaint. they 
conclude that market size matters when deciding to open a costly case at the Wto 
and, thus, the eu represented an important market for the complainants, as op-
posed to Norway or switzerland. Vigani et al. (2012) concentrate on a different 
aspect related to international trade and gMos. By employing a gravity equation 
augmented with a variable measuring the bilateral differences in gMos regulations, 
they analyze whether similarity or dissimilarity in regulations between importer and 
exporter affects bilateral trade in gMos. they find, firstly, that countries that have 
very different gMos regulations trade significantly less and, secondly, labeling rep-
resents the most important regulatory dimension, followed by the approval process 
and traceability. Based on these findings, their main conclusion is that global har-
monization, especially regarding labeling policies, will have a significant positive 
effect on global trade.

14�3  Critical Assessment

Pe models are static, ex ante models, generally employed in quantifying the welfare 
impacts of a change in trade/domestic policy at a disaggregated level by looking at 
a market in isolation. Pe models are particularly useful as they are transparent, less 
complex, and require a limited number of economic variables and data. they have 
the advantage of capturing changes in policy measures at a disaggregated level and 
are commonly used for analyzing the impacts of a policy change on the welfare of 
the participants in the market. they are flexible frameworks which allow the repre-
sentation of a large array of institutional and market policies. the major limitations 
of these models are the absence of intermarket resource shifts as analysis is per-
formed on a market in isolation and disregard for paths of adjustment. the studies 
employing Pe frameworks to analyze the adoption of gMos are generally based 
on the assumption that prices will clear through equilibrium of supply and demand 
and on simplistic assumptions regarding the adoption and productivity effects of the 
new technology. they do not attempt to assess the effects of regulations on bilateral 
trade flows between gMos adopting and non-adopting countries or the trade diver-
sion effect. one of the major problems of this literature is the limited research on 
developing countries. the Pe simulations that assess the impacts of gMos adop-
tion on developing countries’ welfare are based on assumptions and/or numbers 
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(such as costs of segregations) calculated for industrialized countries. despite these 
limitations, useful insights can be generated via Pe models without the use of more 
complex and less transparent forms of analysis.

cge models are widely used in the analysis of the welfare impacts of multilat-
eral negotiations, formation of preferential trade agreements, and non-harmonized 
domestic regulatory frameworks (such as gMos regulations) by considering the 
interlinkages between markets at an aggregate level. they are generally applied ex 
ante and can be static or dynamic. utilizing cge models presents a variety of im-
portant challenges that must be accounted for. First, they tend to be “black boxes” 
that lack transparency. Hence, even though a change in policy would result in a dif-
ferent set of results, the explanations for why those particular results are obtained 
are far from clear. they tend to be highly complex and difficult to understand or use 
by non-experts. second, cge models are sensitive to the user’s choices in terms of 
key parameters, such as the level of substitutability between domestic and imported 
goods (gaisford and Kerr 2001). third, they suffer from a high degree of aggrega-
tion and therefore tend to be used for analyzing the linkages between a few broadly 
defined sectors. Fourth, the cge model simulations of the impacts of gMos adop-
tion are based on simplistic ways of modeling productivity gains with no differ-
entiation between regions, land types, or seed prices. Most of the studies do not 
consider the market imperfections in the input sector. last, cge models require an 
extensive amount of actual economic data to estimate the effects of different shocks 
to the economy, in this case, various trade/domestic policy changes.

gruère (2009) outlines the shared limitations of the two approaches when ap-
plied in assessing the global impacts of gMos’ adoption. these are related to being 
ex ante studies based on uncertain assumptions, uncertainty being treated in a rela-
tively unsophisticated manner. He points out that sensitivity analysis is limited due 
to models’ complexity and, thus, it is performed by varying only a limited number 
of parameters. the high level of aggregation of both approaches hides differences 
between countries, sectors, and types of crops. His final criticism is based on some 
of the assumptions of those approaches such as perfectly competitive markets and 
developing countries’ global market integration.

lastly, gravity models are popular empirical tools used in analyzing the impacts 
of various trade policy issues on bilateral trade flows between different geographic 
areas. they are ex post methods of analysis and do not offer any insights on welfare 
re-distribution. the benefits of using gravity models are that they are simple em-
pirical tools which utilize publicly available, historical panel data, and they allow 
the testing of different variables’ impacts on trade. they are also highly effective 
in explaining bilateral trade. However, there are two major limitations of gravity 
models. First, it is difficult to attribute changes in trade flows to a specific trade 
policy change that is included in the model and not to other economic factors or 
policy changes that are omitted from the model. secondly, the lack of theoretical 
underpinnings reduces the model’s credibility. However, their use is limited when 
assessing the impacts of gMos’ adoption on bilateral trade flows, the main expla-
nation for a restricted number of ex post studies being the lack of data on gMos 
bilateral trade flows.
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although Pe models provide only a sectoral/subsectoral analysis while cge 
and gravity models provide an economy-wide picture and despite the limitations 
outlined in this chapter, all three methods of trade policy analysis offer information 
that is beneficial to policy makers and they are widely used in the policy-making 
process.

14�4  International Arena

From an economic perspective, regional gMos regulatory frameworks result in 
global welfare losses. Mandatory labeling policies provide more efficient policy 
responses than trade moratoria if socio-economic factors are taken into account 
to accommodate consumers’ right to know. However, more modeling and applied 
research are required to include the costs of segregation and identity preservation. 
as currently there are still major conflicting interests and countries have different 
gMos acceptance levels, a free trading system for gMos is far from being a goal 
that can be achieved in the near future. thus, from an institutional perspective, two 
conclusions can be drawn from the studies outlined in this chapter. First, there is a 
need for a transparent, harmonized set of regulations regarding gMos labeling and 
second, under the doha round of multilateral trade negotiations, countries should 
seek major reductions in bound agricultural tariffs and export subsidies not to allow 
governments to insulate their domestic markets through the use of domestic support 
measures.

14�5  Administrative Consequences

one explanation for the limited ex post empirical studies analyzing the effects of 
gM crops adoption on international trade is the lack of data on transgenic trade 
flows. Bilateral trade flow data for developed countries is reported by the organiza-
tion for economic co-operation and development (oecd) and international trade 
data for developing countries is published by Faostat or the united Nations’ 
comtrade. these data sources frequently have large gaps in addition to being col-
lected from various primary sources, which can make it quite difficult to consis-
tently and confidently compare data points between the various data sources.

data constraints do not affect only ex post studies; ex ante studies would provide 
more accurate results if the models’ parameters are closer to reality. in terms of 
cge models, the accuracy of the result has been clearly improved due to consider-
ation of more realistic assumptions and an updated gtaP database.

the collection of data on gMos bilateral trade flows for developing countries as 
well as segregation costs and adoption rates will result in more studies focused on 
the impacts of gMos adoption by developing countries and more accurate effects 
could then be empirically estimated.

14 Market access and trade
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14�6  Summary/Synthesis

• Non-harmonized GMOs regulatory frameworks reduce global trade and global 
welfare.

• An import ban is the least efficient policy response when compared to mandatory 
labeling or various domestic support policies such as trQs or export subsidies.

• There is a need for more research on the economic impacts of GMOs adoption 
on developing countries.

• Several methodological issues remain to be resolved in the main two models of 
ex ante analysis, partial and general equilibrium.

• There is a need for more ex post studies that will take into account the reality of 
markets.
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15�1  Introduction

the coexistence between, and segregation of, genetically modified (gM), non-gM 
and organic crop production in supply chains is at the heart of the debates around 
the use and/or importation of specific gM products in a growing number of coun-
tries (carter and gruere 2012; gruere and sengupta 2009a). in this setting, the key 
question for policy-makers is how to manage negative market externalities induced 
by the introduction or use of gM products (golan and Kuchler 2002; Moschini and 
lapan 2006). Field testing and/or producing a gM crop may generate unintentional 
movements of pollen or seed to non-gM crops or fields. introducing a gM product 
in a market chain (whether from the farm or via imports) may result in accidental 
comingling affecting non-gM supply chains. in a larger setting, adopting or import-
ing gM crops may taint the reputation of non-gM marketing chain actors. in each 
of these cases, non-gM marketing chain actors may suffer economic losses due to 
market share restrictions or price decline.

these management issues are not trivial for decision makers. there are real 
economic risks from mishandling gM grains in the supply chain, as observed in 
the oft-cited cases of the starlink corn, ll601 rice in the usa, and gM flax in 
canada (e.g., carter and smith 2007; carter and gruere 2012; ledford 2007; ryan 
and smyth 2012). at the same time, gM and non-gM crop coexistence has been 
successfully managed, mostly by private actors, in a number of countries without 
any reported economic loss for non-gM growers in domestic and/or international 
markets in the last 15 years (carter and gruere 2012). Moreover, an overcautious 
approach to market risks, defined as risks of affecting non-gM market opportuni-
ties, can be detrimental to regulatory development and technology use (gruere and 
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sengupta 2009a). For instance, claimed but unproven, negligible, or manageable 
market risks have been used as a political instrument by exporting industries to 
avoid potential costs at the detriment of progress in biosafety regulation in afri-
can countries, preventing these countries from making informed decisions on gM 
applications (Paarlberg 2008; gruere and sengupta 2009b; gruere and takeshima 
2012). as with other risks, exposure, potential damage, and management options 
should all matter to rational and benevolent decision makers.

this chapter focuses on methods to assess market-related risks of gM crop pro-
duction and marketing for non-gM production channels, using examples from the 
literature and existing regulatory practices. as a caveat, the discussion is limited to 
the implications of importing, testing, or using living modified organisms (lMos) 
on conventional supply chain actors. this means that imports of processed products 
derived from gMos are not considered.1 issues relating to possible gene flows on 
the ecology, including non-target organisms, will also not be addressed in this chap-
ter. the focus is on the possible economic effects of gM imports and/or adoption of 
non-gM agricultural production, marketing, and trade. lastly, the chapter focuses 
on economic considerations, for their prominence in this area, and because of the 
author’s own expertise, but social considerations that arise from the described eco-
nomic risks could be worth considering in a broader setting.

15�2  Methodologies

it is important to distinguish different categories of regulatory and marketing con-
siderations that target countries may account for in their market-risk assessment. in 
particular, the incentive to separate non-gM from gM products varies from case 
to case. First, non-gM producers may need to satisfy implicit or explicit gM-free 
private standards in their domestic or international market (e.g., certified organic 
agriculture, fair trade, and gM-free standards). this constitutes the primary concern 
of non-gM market actors regarding gM production and use. second, regulations 
may also play a role, especially if labeling of gM products is mandated in the target 
country. in such cases, non-gM producers, regardless of private standards, may 
have their production labeled as gM, which could result in market-access restric-
tions. thirdly, firms will protect their intellectual property (iP) in instances where 
the technology is being illegally grown. these three modalities can be found togeth-
er for iP-protected gM crops produced in a gM-labeling country, in the presence of 
non-gM private standards.

another layer of complexity comes from the intended final use of the gM prod-
ucts. Most internationally traded gMos are intended for food, feed, or processing. 

1 in the rest of the chapter, we use the gM/non-gM denomination to avoid confusion between 
non-gM market actors that do face risks and are concerned about living organisms that are not 
modified and their derivatives, from the case of non-lMos, which would include processed grains 
and products derived from lMos, but that are considered gM. Furthermore, gM and non-gM 
products are the common terms used in the literature.
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the largest volume of grain is used for animal feed and non-food uses (gruere 
2006). Food uses of gM products remain marginal in volume and value. While all 
these categories may be subject to iP contracts and private standards, the two former 
classes do not generally face stringent labeling requirements. table 15.1 provides 
a matrix of market-risk typology. despite these differences, most cases raise risks 
regarding compliance with private standards.

to the author’s knowledge, there is no standard methodology for assessing 
market risks and measuring the economic externality from gM crop production to 
non-gM supply chains. instead, a number of approaches have been used focusing 
on different aspects of the question (e.g., smale et al. 2008). Methods used in the 
literature and by regulatory agencies can be separated into two categories: those 
pertaining to market risks at the domestic level and those relating to risks at the 
international level. each of these categories can then be divided into four types that 
gradually increase in difficulty (table 15.2). at the domestic level, beyond rapid 
appraisal of a case (d1), a number of papers have provided benchmark economic 
analyses of coexistence and segregation options that can be used as support for deci-
sion makers (d2). a few studies have focused on effects of introducing a gM prod-
uct on a supply chain (d3), and a number of studies have used advanced modeling 
of coexistence or segregation (d4). at the international level, regulatory agencies 
seem to have relied on qualitative information from traders or interest groups (i1), 
but researchers have used bilateral trade flow analyses (i2), buyer surveys (i3) that 
could be completed with a general market analysis, and ex ante economic simula-
tions to measure the international effect of gM adoption on non-adopters (i4).

Most literature on domestic effects is concerned with assessing the cost and 
implications of management practices for coexistence and segregation.2 this can 
be useful for countries concerned about keeping pre-existing markets for products 
under non-gM private standards or certification schemes. risk assessors may use 
existing literature (d2), conduct their own analysis accounting for costs (d3), or 

2 For a list of estimates of segregation cost, see gruere (2009). on coexistence, see for instance 
Nrc (2010) on the us and Messean et al. (2006) on europe, and the regulatory option discussion 
and references in demont et al. (2009) and Beckmann et al. (2011).

Table 15�1  typology of cases: sources of externality
incentive for 
segregation

gM food gM feed other gM products

Private standard Maintaining organic or 
non-gM certification

Maintaining certifi-
cation for gM-free 
or organic animal 
products

Maintaining certifica-
tion for organic or 
fair-trade cotton

labeling 
regulation

risk of price decline  
if labeled as gM

No effect

iP rights risk of paying gM technology fee
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use modeling (d4). Because traders of non-gM products will always prefer avoid-
ing any cost of segregation, they have an incentive to deter the introduction of a 
gM crop in a particular country (gruere and takeshima 2012). Policymakers unin-
formed about the feasibility of coexistence and segregation, and the potential cost 
they imply, that is, using only method d1, may believe these traders and bias their 
final decisions.

there are diverse methodologies for ex ante assessment of coexistence or segre-
gation options. yet, most focus on specific developed country context; all may not 
be adaptable to a developing country context. articles focus on either determining 
optimal management decisions or assessing the cost of coexistence or segregation. 
the degree of complexity of models also varies from accounting costs in a supply 
chain (Huygen et al. 2003), to modeling their market implications (Wilson et al. 
2008) or developing spatial models of coexistence (e.g., demont et al. 2009).

a few studies evaluate the comprehensive effects of introducing a particular gM 
event in a supply chain (d3). cost of segregation is once again a key variable to 
consider, but the required institutional changes that gM introduction may induce 
are also included. For example, gruere and cartel (2006) looked at the implica-
tions of Bt cotton introduction into the well-organized cotton supply chains in sev-
eral West african countries. as part of their analysis, they identified key issues 
(Fig. 15.1), including coexistence with organic and fair trade cotton chains. Horna 
et al. (2013) in their report on Bt cotton introduction in uganda, included specific 
management options for Bt cotton seed segregation to ensure that ugandan organic 
cotton growers could continue certified production. the methods used were simple 
value chain analysis and identification of possible constraints and solutions, but 
could be extended to the use of primary collected data in a value chain analysis.

at the international level, a few studies (type i2) assess the possible exposure of 
countries to loss of market access or implications of new trade regulations (Paarl-
berg 2006; gruere and rosegrant 2008). their focus is on gM-related trade flows, 
but they indirectly address concerns raised by non-gM actors in these countries. 
Paarlberg (2006) addresses concerns by african policymakers related to exports 
of non-gM products to europe. gruere and rosegrant (2008) examine the imple-
mentation effects of information requirements on traded shipments of lMo-FFPs, 

Table 15�2  list of methodologies
Focus type Methodology difficulty
domestic market d1 Fact looking (plant/other countries) +

d2 review of literature on coexistence/segrega-
tion costs

+ +

d3 cost accounting and supply chain analysis + + +
d4 Modeling coexistence/segregation options + + + +

international market i1 Basic macro market data review +
i2 Bilateral trade flow analysis + +
i3 survey of traders/market prospective + + +
i4 Market simulations of adoption and 

segregations
+ + + +
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which would affect any shipment from gM adopting countries to Biosafety Pro-
tocol member countries. to do so, the authors compute share of relevant export 
volumes to countries with specific regulatory requirements using past bilateral trade 
data. the same method could be applied to determine the volume and value of non-
gM products. the outcomes are not sufficient for a full determination of any risk, 
but give an indication of what could be at risk if gM was adopted.

a second subcategory of international studies (type i3) is based on the use of 
buyer surveys and market acceptance of gM and non-gM products (Bett et al. 
2010; Knight et al. 2005, 2008). the possible introduction of a gM crop in a non-
GM producing nation (like New Zealand) may impact buyers’ preferences, and such 
studies, while requiring primary data collection and potentially facing some strate-
gic biases from buyers, may provide useful indicators in an assessment of market 
risks.

the last subgroup of studies (type i4) uses simulation models to evaluate the 
effects of gM introduction in an international setting (gruere et al. 2011). Partial 
equilibrium and computable general equilibrium models have been used to gener-
ate ex ante simulations. While market access for gM products is the primary focus, 
some of these studies explicitly look at the effects of adoption on non-adopters. For 
instance, elbehri and Macdonald (2004) and Bouet and gruere (2011) use comput-
able general equilibrium models to assess the effect of adoption or non-adoption of 
gM cotton in african countries when other countries adopt it. Frisvold et al. (2006) 

Fig� 15�1  example of market chain analysis: key issues with the introduction of Bt cotton in West 
africa. (source: cartel and gruere 2006)

         



220 G. P. Gruère

assess the price-dropping effect of Bt cotton on the international market. Berwald 
et al. (2006) assess the effect of adoption of gM wheat in canada and/or usa when 
other countries adopt it. gruere et al. (2009) compare the effect of adoption and 
non-adoption of gM rice in china and india. While these studies may not focus on 
market risk as defined here, they can be useful in assessing the full benefit of adop-
tion compared to non-adoption, in a competitive international market. establishing 
a valid counterfactual or baseline is necessary to avoid underestimating the benefits 
of adoption.

a few studies in the same category do look at segregation of non-gM, by simu-
lating the effect of keeping two markets. to do so, they implement a cost of seg-
regation or include various preference parameters. Nielsen et al. (2003) used shift 
in preference parameters to implement adoption and trade shocks in a global trade 
model. gruere et al. (2009) derive an opportunity cost of segregation, giving a 
benchmark on the maximum cost of segregation for a country to break even with 
the adoption of a particular gM crop. this methodology could be used to include 
benchmark values for large non-gM exporting industries.

to complete the picture, some literature attempts to explain influence links be-
tween trading actors and non-actors around the introduction of a gM product (gru-
ere and sengupta 2009a; gruere and takeshima 2012). these political economic 
analyses may be needed in the design of a regulatory mechanism but not necessarily 
in product development.

in terms of regulatory practices, few countries account for the economic effects 
of gM on non-gM market actors; most using explicit inclusion, or implicit repre-
sentation of non-gM bodies in regulatory decisions, and a few have systems requir-
ing studies. assessors tend to have a very partial view based on rapid appraisal (d1).

• The USA has no specific requirement to incorporate coexistence in product 
regulatory management (carter and gruere 2012). But pursuant to the Natio-
nal environmental Protection act, the us department of agriculture animal 
and Plant Health inspection service (usda-aPHis), in charge of environ-
mental risk management, has to consider the implications of production or 
marketing externalities for products with likely substantial risks. in cases that 
are found to have substantial risks, a full environmental impact statement 
must be completed by the agency, and is usually conducted by consultants, 
resulting in long reports.3 it should be emphasized that the outcome of the 
statement plays no role in the final decision to deregulate (approve) a gM 
crop (carter and gruere 2012).

• In France, a specific socio-economic committee (Comité économique, éthique et 
social du Haut conseil des Biotechnologies) has been included in the regulatory 
system with the mandate to discuss any concern relevant to an application for 
field trial or environmental release, including coexistence. No analytical action 

3 a number of recent court decisions against the usda-aPHis have shown that the agency usu-
ally considers most cases not worthy of pursuing a full environmental impact analysis (including 
coexistence).
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is conducted, but committee members can call upon studies to support their argu-
ments. still, because the committee is composed of few scientists, compared to 
a significant portion representing interest groups with pro or anti-gM positions, 
the committee has only published a few recommendations.

• In South Africa, the GMO executive council in charge of risk management is 
composed of different departments, including the department of trade and in-
dustry (dti) (gruere and sengupta 2010). the gMo executive council only 
takes consensus decisions. according to various reports, dti has been among 
the most proactive in supporting the voice of non-gM industries, in particular in 
cases that resulted in negative outcomes for the gM potato, gM sugarcane, and 
a gM vine (gruere and sengupta 2010).

in contrast, a number of countries have explicitly accounted for non-gM exports in 
discrete decisions in an ad hoc manner. the movement toward ban of gM products 
and gM food aid in southern african countries, can be attributed at least partially 
to the voice of non-gM traders (Paarlberg 2008; gruere and takeshima 2012). the 
well-publicized case of non-gM exporter to europe in the refusal to take gM food 
aid played a role in Zambia. Other cases exist where limited or negligible market 
risks blocked policy actions on gMos (gruere and sengupta 2009a). there is no 
evidence that a formal assessment was conducted to support any of these decisions, 
and in one case (Namibia) a report of evidence was actually explicitly ignored by 
regulators (gruere and sengupta 2009b).

similarly, decisions taken in asia to restrict or avoid gM rice trials or gM pa-
paya, among others, were reportedly influenced by non-gM interests (gruere and 
sengupta 2009a). once again, there is no evidence that any analytical work was 
conducted to support these decisions, but it is likely that the voice of industry was 
sufficient to encourage decision makers in making precautionary decisions (gruere 
and takeshima 2012).

15�3  Critical Assessment

assessing national trade concerns should take place within an overarching decision-
making system. such a system would first trigger the need for a trade risk assess-
ment and then would guide toward the determination of plausible market risks. For 
instance, gruere and sengupta (2009b) suggest five discrete questions to determine 
whether there is a market risk or not (Fig. 15.2).

if market risk assessment is required, to answer Q1–Q4, the choice of method-
ology would follow. Not all described methodologies may be relevant for socio-
economic assessment—the type of methods depends upon the specific question and 
need. typically, market risk studies will need to be conducted ex ante, before intro-
duction, and to save time, they could be conducted at the stage of likely commer-
cialization. as noted above, there are gradual degrees of sophistication in existing 
studies. the most advanced techniques require more advanced knowledge, often 
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the collection of primary data and more time for completion. in contrast, a number 
of methods could be used with secondary data and less technical advancements in a 
relatively rapid fashion. table 15.3 shows a possible three tier-system of degree of 
advancement in methodology with time and data collection requirements.

even if the detailed decision tree in Fig. 15.2 is not followed, three critical stages 
may be necessary: (1) determination of basic risks (tier 1 methods); (2) if neces-
sary, investigation with choice of method (tier 2 or 3 methods) on market risk and 
management options; (3) recommendation.

the basic determination of risks should be done rapidly, focusing on existing 
markets for non-gM, differentiation between gM and non-gM, and the likelihood 
of coexistence/segregation issues (tier 1). a number of cases can be almost en-
tirely dismissed, due to no market issue, unlikely comingling, or gene flow. others 
may require more information before determination using more thorough methods 
(tier 2), with data collection and simple analysis. in cases of critical possible risks, 
or where there are ambiguities not resolved by simple evaluations, tier (3) methods 
may be needed.

the assessment process adopted in a specific country will depend on the degree 
of government involvement and types of regulations on the management of gM 
externalities. in the case of coexistence, government-prescribed guidelines should 
be followed and adapted to each case. in the absence of guidelines, basic practices 
may need to be provided to gM and non-gM farmers. in the case of segregation, 
a cost will be involved. the role of the government may be to decide whether this 
cost would be prohibitive or implementable, but it could also decide that only major 
market risks are worth considering in the risk assessment.

there are three possible recommendations from the assessment: (1) no evidence 
of risk; (2) presence of manageable risk; and (3) presence of risk with no easy 
management options. in the third case, more data from the applicants would be 
required. if the additional information does not provide a solution, the recommen-
dation should be to reject the application.

Fig� 15�2  example of decision tree in the case of a market risk assessment. Notes: Q1. is the all-
eged risk substantiated? Q2. are export losses likely with the decision? Q3. are presumed export 
losses non-negligible for the country? Q4. is the risk unavoidable? Q5. is the risk greater than the 
benefits? (source: gruere and sengupta 2009b)
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15�4  International Arena

Many of the cases discussed above focus on market risks related to the domestic 
introduction of gM crops intended for environmental release and will not generally 
challenge Wto rules. But decisions regarding gM products intended for import 
that could affect non-gM supply chains may be more contentious. in such cases, 
requiring the importer to obtain more data on risk management options, and more 
importantly rejecting imports due to potential market risks, may be considered tech-
nical barriers to trade, if used improperly.

the rejection of an application to import corn-rootworm-resistant gM maize 
into south africa provides a singular example (see gruere and sengupta 2010). 
south africa produces, imports, and exports gM and non-gM maize, providing 
an example of relatively successful coexistence and segregation practices. still, in 
2006, the gM maize event approved in the usa was submitted for import and con-
sumption use approval in south africa. But it coincided with a new measure that 
made import approval dependent on planting approval. given that the gM trait was 
not advantageous in the south african context, the corn rootworm being an incon-
sequential pest, the crop could not pass the test of increased agronomic performance 
and no planting application was submitted. as a consequence, import approval was 
rejected, resulting in a de facto ban of comingled gM maize imports shipments 
from the usa. in 2007, year of drought, south africa imported significant quanti-
ties of maize, and the domestic animal feed industry requested the removal of the 
measure linking import to planting approval, noting that it resulted in increased 
grain prices. yet the maize industry, that had supported it, opposed any change, as 
they felt that gM maize imports from the usa impeded their competitiveness. as 
explained in gruere and sengupta (2010), the case appeared to be a good example 
of non-tariff barrier to trade based on seemingly unjustified gM approval decisions. 
ultimately, these gM products remained unauthorized for import partly because of 
presumed market risk reasons for other gM and non-gM growers, blocking unseg-
regated imports from the usa.

another case with potential incompatibility with Wto requirements is the recent 
eu ruling on honey containing pollen from gMos. the ruling argued that honey 

tier Methods involved category
tier 1 Basic market data collection and 

literature review
d1-d2, i1-i2

tier 2 supply chain analysis, surveys 
of buyers, studies of exposure 
and possible costs of manage-
ment options

d3, i3

tier 3 simulation methods for market 
effects of adopting and non- 
adopting for farmers and 
supply chain actors

d4, i4

Table 15�3  categories of 
approaches, from rapid and 
inexpensive, to long and 
expensive
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should follow the same rules as other gM products, including zero tolerance for 
unapproved events, labeling, and traceability. the claimants in the case before the 
European Court of Justice were German organic honey producers. They raised the 
risk of their honey being found to contain gM pollen, with loss of certification and 
imposition of labeling requirements, if gM crops were introduced in their vicin-
ity. the objective cause was the introduction of more stringent requirements for 
gM maize producers. While the case centered on domestic market risks, it was 
bound to affect imports of honey from all gM-producing countries. if those coun-
tries allowed gM crops not approved in the eu, they faced a ban on export of their 
honey into the eu. de facto, this introduced a new import restriction based on non-
product-related process and production methods, whose compatibility with Wto 
rules is questioned. the ruling’s implication was that a market-risk-related standard 
could imply the ban of honey imports only from nations that do not have the same 
list of approved gM products as the eu.

15�5  Administrative Consequences

two opposite approaches could be adopted for socio-economic assessments: it 
could be left to applicants and reviewed by authorities, or conducted by regulatory 
agencies (or their external consultants).4 Naturally, intermediate solutions exist, 
with responsibilities shared by the applicant and the regulatory agency.

in the case of market risk assessment, as defined above, the possible involvement 
of multiple external chain actors, from farmers to traders, manufacturers, and retail-
ers means that an applicant-only approach is unlikely to be appropriate. While the 
applicant may be asked to provide justification or data showing that the product is 
not likely to create risks for non-gM market actors, and/or points toward manage-
ment options, it may be difficult for applicants to provide a credible and complete 
assessment of the risk for all actors involved in a particular market chain.

instead, other intermediary approaches may be considered, representing differ-
ent degrees of involvement for applicants and regulatory agencies. in all cases, the 
regulatory agents would be responsible for triggering a more complete assessment 
and the final recommendation to the biosafety institutional body. table 15.4 sug-
gests a possible list of options.

interestingly, existing examples of regulatory decision-making in this area have 
used option o3, even if they did not use any rigorous method to arrive at their out-
come. the more involved the regulatory agency, the higher capacity it may require 

4 this discussion for risk assessment bears some similarities with issues related to smyth et al.’s 
(2006) analysis of options for managing liabilities from gM crops. While liabilities occur after risk 
realization, the same contrast between private and public resolution occurs. smyth et al. (2006) 
propose three options: one private, one scientific and regulatory, and one based on market strate-
gies. of these three, the scientific option may not be directly relevant for an application ready to 
advance, but could enter into discussions of management options.



22515 National Trade Interests

either internally or externally. But at the minimum, the regulatory authority should 
have personnel competent to review basic market and trade data, and relevant 
analyses.

15�6  Summary/Synthesis

• The use of GM crops (LMOs) can generate negative externalities on non-GM 
supply chains.

• Potential market risks can be significant, but most presumed risks are manage-
able or avoidable; they should be assessed objectively and rigorously on a case-
by-case basis.

• Regulators should consider adopting a decision tree, including a first layer of ba-
sic market analysis using rapid market analysis that could trigger further inquiry 
into potential market risk and management options.

• Objective market risk assessment, if conducted by a regulatory agency, requires 
a minimum internal expertise to analyze market and regulatory data, with calls 
for outside expertise on a case-by-case basis.

• Decisions to reject LMO-FFPs imports due to potential market risks, while see-
mingly in line with the Biosafety Protocol, may be incompatible with Wto re-
quirements, especially if they favor domestic producers, and/or specific trade 
partners. care should be taken to ensure that rejection decisions occur only in 
cases where management options are not feasible or prohibitively costly.
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16�1  Introduction

several respected bodies and stakeholders have begun to identify socioeconomic 
considerations (secs) relevant to producer choice. For example, the Netherlands 
cogeM report has identified freedom of choice, for both producers and consum-
ers, as a key theme in consideration of secs surrounding genetic modification. 
Producers should possess the freedom to deploy gMos or be gMo-free and also be 
free to innovate and research such technologies (cogeM 2009). the third Word 
Network is an international network of organizations concerned with various issues, 
including agricultural development. they have identified several key areas of secs 
that could affect producer choice including income security, control over production 
by poorer farmers, contamination of organic agriculture, and farmers’ rights to save 
seeds (third World Network 2008).

the heart of any producer choice consideration must be an understanding of 
factors that producers weigh when making decisions. in agriculture, these factors 
can be diverse and heterogeneous in both time and space. With regard to gMos, 
producers only have a choice if there are desirable gM crop varieties available. 
choice is therefore a function of each country’s national decision-making process to 
allow, or not allow, gMos. in addition, specific gM crops must be available, in ap-
propriate genetic backgrounds (i.e., varieties), for producers to exercise full choice.

Few producers base their decision to utilize gM technology simply on the clas-
sification of this technology as gM or non-gM. Producers make decisions based 
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on a variety of expectations including, but not limited to, yield, profit, risk percep-
tion, inputs (labor, fertilizer, water, pesticides, etc.), health effects, environmental 
stewardship, market factors, tradition, and culture. Furthermore, these concerns are 
likely to be ranked differently by each producer. therefore, evaluation frameworks 
regarding producer choices need to be relevant to each application situation. the 
specific choices that producers wish to exercise, with regard to the gMo in ques-
tion, often require assessment on a case-by-case basis. in order to do so, a detailed 
understanding of the factors likely to impact producer choice must be generated and 
explored.

16�2  Methodologies

Fransen et al. (2005) generated a list of research methodologies that would be useful 
to assess secs. they noted that a comprehensive assessment may require the com-
bination of several methodologies. they identified economic modeling, cost–bene-
fit analysis, social impact assessment, sustainable livelihoods framework, systemic 
“relevance assessment,” and participatory research as key assessment approaches 
for examining producer choice issues. to this list, we would add social audit and bi-
ological assessment as additional useful approaches with regard to producer choice. 
table 16.1 lists examples of several of the methodologies discussed below to facili-
tate access to examples from the literature.

16.2.1  Economic Modeling

the basic question posed at the producer (farm) level of an economic study involves 
quantifying the advantages of gM crop varieties with respect to yield, pesticide use, 
input cost, revenue, profit and/or any other variable of interest, by producer type 
and geography (smale et al. 2006). Many studies utilize standard economic (statis-
tical, empirical, and modeling) methodologies to explore the impacts, both ex ante 
and ex post, of gMo adoption or non-adoption. in fact, the methodologies of such 
studies have been extensively reviewed (e.g., smale et al. 2008, 2009; Qaim 2009; 
raney and Matuschke 2011, and specifically for cotton in smale et al. 2006; Nazli 
2010). therefore, we will briefly summarize various methodologies and highlight 
several examples.

Most studies examine gMo producer effects using already deployed farm data 
( ex post). For these studies, researchers generally choose from two main approach-
es. the first is farm accounting, also called partial budgets. Farm accounting is 
essentially a type of cost–benefit analysis comparing the economic gains of gMo 
adopters and non-adopters at the farm level and is discussed in more detail in the 
section on cost–benefit analysis. the second approach uses an econometric or quan-
titative model to describe field data empirically based on a theoretical economic 
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framework. these models are considered to represent a more rigorous approach to 
hypothesis testing.

identifying the specific research question(s) is key to these approaches. since 
each gM trait and variety may have advantages in specific cropping systems, it is 
important to carefully evaluate the model’s appropriateness for each situation. For 
example, shankar and thirtle (2005) used a damage control production function to 
explore farmer choices surrounding pesticide use and Bt cotton adoption in a region 
of south africa. due to the differences in cropping systems and pesticide usage 
patterns in this region relative to other well-studied Bt cotton regions (e.g., china 
and argentina), the authors considered their approach to be more appropriate since 
producers in their study viewed the technology as damage-abating, as opposed to 
output-enhancing. distinctly, Huang et al. (2003) were interested in cost savings 
that producers could achieve through selection of Bt cotton in china. they used 
multivariate analysis to determine that the main economic benefit of Bt adoption 
came from decreased pesticide and labor expenditures in their study area.

Predictive ( ex ante) approaches are less common than ex post, but often use 
similar economic modeling techniques. Nevertheless, several examples of ex ante 
studies are included in table 16.1 since they may be of interest to policy-makers 
in countries that have not yet deployed commercial gM agricultural technology. 
Ex ante studies are useful to estimate the economic benefits that may result from 
producers’ adoption of a gMo before its release (smale et al. 2009). For example, 
Krishna and Qaim (2008) assessed the potential impact of Bt eggplant in india using 
an economic surplus model based on field trial and farm survey data. interestingly, 
they estimated future adoption rates by directly surveying potential adopters. Birol 
et al. (2007) used a choice experiment and latent class model to determine prefer-
ence heterogeneity among Mexican maize farmers. this approach proved valuable 
in determining which farmers were likely to desire and/or benefit from gM maize 
introduction. de groote et al. (2011) used an economic surplus model to assess the 
potential economic impact of Bt maize in Kenya. their approach allowed for differ-
ing gMo adoption rates among farmers based on the success of gMo resistance to 
specific insect species and the estimation of benefits based on producer agroecol-
ogy. Hareau et al. (2006) used stochastic simulation to explore the economics of 
multinational corporation involvement in a small market country by examining the 
potential of gM rice in uruguay.

16.2.2  Cost–Benefit Analysis

cost–benefit analysis (cBa) is a method to quantify an action’s costs and benefits 
so as to facilitate a decision when considering more than one option, often in the 
context of regulatory approval. cBa requires the translation of the options under 
consideration into a common unit, often an economic valuation. this kind of analy-
sis presupposes that a decision should not be taken unless: (1) the benefits of that 
decision outweigh the costs; (2) it is useful to quantify all the costs and benefits re-
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lating to the decision; and (3) the value of the analysis itself warrants the resources 
necessary for completion (Kelman 1981). Virtually all farm-level economic-impact 
assessments of gM agriculture consider the effects of adoption vs. non-adoption, 
and are therefore cBa variations. these include the economic modeling examples 
listed earlier. additionally, there are many other statistical methods for determining 
costs and benefits of gM agriculture. For example, Bennett et al. (2006) examined, 
ex post, the costs and benefits of adoption vs. non-adoption among Bt cotton small-
holder farmers in south africa relative to yields, pesticide use, labor, and gross 
margins. they also gathered data from hospitals to consider the health benefits 
(through reduced pesticide poisoning) resulting from the technology’s application. 
groeneveld et al. (2011) estimated the costs and benefits of contained (i.e., inbreed-
ing) gM crops in italy and spain to quantify the potential of a specific class of 
agronomic species (i.e., solonaceous vegetables).

in addition to strictly economic comparisons, cBa can be applied to compare 
social, environmental, or other issues of potential concern to producer choice. es-
sentially, any decision that can lead to distributional equity issues, winners and los-
ers, can be approached (Fransen et al. 2005). For example, Zimmermann and Qaim 
(2004) applied a commonly used public health metric (disability-adjusted life years) 
in a cost–benefit framework to evaluate the public investment potential of utilizing 
golden rice in the Philippines to improve health outcomes. similarly, Hossain et al. 
(2004) used an econometric method to predict the impact of reduced pesticide use, 
resulting from Bt cotton adoption, on farmer health in china.

16.2.3  Social Impact Assessment

social impact assessment (sia) is an outgrowth of environmental impact assess-
ment. recognizing that alteration of environmental systems leads to alteration of 
socioeconomic systems, many development scholars have called for a more com-
prehensive consideration of such processes through an sia. Burdge and Vanclay 
(1996) define sia as an advance estimate of the social consequences that are likely 
to result from a policy action.

sias involve determining future impacts by examining social impacts of pre-
vious events. analysis is based on a variety of social science data, including de-
mographics, institutional and community structure, community resources, lifestyle, 
beliefs, sociopolitical context, unequal distribution of benefits, power structures, 
and racial and cultural diversity. Both qualitative and quantitative data are used in 
sias, leading to a potential lack of objectivity (stabinsky 2000). sias may be most 
relevant when a regulatory process requires an environmental impact assessment. 
in that case, sias would be appropriate for examining relevant secs (Fransen et al. 
2005), including those likely to impact producer choice. We could not find any 
currently agreed upon specific methodologies for implementing sias. instead, it 
may be more convenient to conceive of sias in the context of a core set of val-
ues, principles, and guidelines. such a context is available through the international 
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association for impact assessment (Vanclay 2003, http://www.iaia.org/publicdocu-
ments/special-publications/sP2.pdf). a participatory example examining tobacco 
and rice is available through the Participatory assessment of social and economic 
impacts of Biotechnology project (http://www.agecon.vt.edu/biotechimpact/index.
htm).

16.2.4  Sustainable Livelihoods Framework

sustainable livelihoods framework, as it is applied to agricultural biotechnology, 
seeks to enhance understanding of food security and poverty. this is accomplished 
by examining people’s lives in rural communities through analysis of the relation-
ships between relevant factors at the household, community, and regional levels. 
this framework goes beyond conventional measures such as income or nutrition and 
includes concepts such as vulnerability, assets, and empowerment (Falck-Zepeda 
et al. 2002). Methodologies for this framework include surveys, focus groups, key 
informant interviews, household case studies, and examination of various second-
ary sources. such research has the potential to clarify issues related to distribution 
of benefits among producers and can lead to technical research priorities sensitive 
to small-scale farmers’ needs, including labor issues (Fransen et al. 2005). similar 
to sias, sustainable livelihoods framework may best be thought of as a set of core 
principles and approaches. guidelines for the framework can be accessed through 
eldis (http://www.eldis.org/), an information clearing house for development is-
sues.

Morse and Bennett (2008) assessed the livelihood impacts of Bt cotton farm-
ers in south africa. this approach allowed the authors to measure the proportion 
of farmers reporting benefits from the technology and to test whether realization 
of benefits was related to gender and farm size. in addition, the authors were able 
to explore how farmers utilized income gain from the Bt crop. they found that 
farmers used the additional income to educate their children, invest in agricultural 
resources, and pay off debt.

16.2.5  Systemic “Relevance Assessment”

the systemic “relevance assessment” is a unique approach to secs in that it con-
siders the problem that a technological solution addresses rather than the technol-
ogy itself (Vanloqueren and Baret 2004, cited in Fransen et al. 2005). in addition, 
this methodology relies on a systems approach to consider the entire production 
system rather than only a single part of that system. in practice, this requires a two-
pronged approach. the systems approach is used to determine the problem that the 
biotechnology-based solution addresses, examine all existing farmer practices that 
could also meet the need addressed by the biotechnology, and then analyze the so-
cioeconomic implications of implementing these various strategies. in parallel, the 

 



23716  Producer Choice

relevance assessment aims to identify relevant stakeholders, circulate information 
among the stakeholders, seek input on technology implementation, research policy 
interventions from the stakeholders’ perspectives, and carry out evaluation of the 
stakeholders’ opinions relative to the problem in order to generate recommenda-
tions (Fransen et al. 2005).

although we could not find any published studies utilizing this methodology to 
examine producer choice in specific cases of gMos, this technique could prove 
quite valuable. First, it has the potential to put farmer needs into focus since the 
agricultural problems that farmers face must be explicitly identified and examined. 
second, it has the potential to deemphasize the most ideologically controversial 
aspect of gMos (i.e., the legitimacy of gMos per se) by placing a specific gMo 
technical solution in context relative to other technical solutions.

16.2.6  Participatory Research

in recommending that producers have as much choice as possible with regard to 
new crop varieties, including gMos, the Nuffield council on Bioethics (2004) spe-
cifically called for farmers to be included in deciding which traits should be incor-
porated by plant breeders. this would allow producers themselves to play a primary 
role in setting research priorities. Furthermore, the Nuffield council recommended 
that farmers should also be involved in the breeding research so that farmers are 
“informed about the technological potential and management requirements of gM 
crops” (Nuffield council on Bioethics 2004, p. 76). ashby and sperling (1995) 
take the more expansive view that participatory research is not sufficient to meet 
the needs of diverse producer groups. they argue that participatory research must 
be institutionalized through consideration of producers in client-driven research. 
consequently, the relevant client-driven agendas are likely to emerge only when the 
clients are given some control over research funds. this would include decentral-
ization of technology development and careful inclusion of all relevant producers. 
Fransen et al. (2005) note that many research frameworks should be participatory, 
as it is important to include the concerns and experience of those most affected by 
a new technology. several of the studies listed in table 16.1 use participatory tech-
niques within the framework of other methodologies including Birol et al. (2007), 
Krishna and Qaim (2008) and Morse and Bennett (2008).

16.2.7  Social Audit

social audits are similar to sias in that both seek to increase social awareness of 
regulatory processes or development activities. they are included as a separate cat-
egory because literature on the subject has developed out of for-profit managerial 
and accounting concerns, as opposed to sias, which have developed out of regula-
tory and policy frameworks. as such, social audits may be more appropriate for 
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private foundations working in the agricultural biotechnology sector, while sias 
may be more appropriate for those seeking a more anthropological point of view.

ezezika et al. (2009) proposed the social audit model as a method to mitigate the 
risk of project failure associated with agricultural biotechnology projects. although 
definitions vary, social audit has been interpreted in the development context to 
facilitate increased organizational transparency and accountability, enhance stake-
holder interest representation, and improve social and organizational performance. 
this is achieved through performance measures relative to organizational core 
aims, specific stakeholder aims, and societal aims (dawson 1998). For agricultural 
biotechnology projects, a social audit system is promising because it relies heavily 
on consulting stakeholders (including producers) so that their concerns and prefer-
ences can be addressed.

ezezika et al. (2009) developed a social audit model specifically to counter 
skepticism and resistance to biotechnology in order to advance the Water efficient 
Maize for africa (WeMa) project, a public–private partnership, funded by the Bill 
and Melinda gates Foundation. WeMa seeks to use biotechnology to provide east 
african countries with drought tolerant maize. in this case, the social audit model 
yielded several principles that may be applicable to other development projects: (1) 
creation of a framework based on stakeholder needs and project goals, (2) identifi-
cation of stakeholders, (3) engagement with stakeholders when developing assess-
ment criteria, (4) ensuring transparency, and (5) accountability of project manage-
ment to funders.

16.2.8  Biological Assessment

in any system based in the physical world, human understanding of natural laws 
will be of paramount importance in understanding the socioeconomic consequences 
of human stewardship of such systems. although the biophysical characteristics 
of agricultural systems have been under investigation since the dawn of empirical 
science, certain biological aspects of agriculture are under particular focus in the 
context of agricultural biotechnology. Here, we briefly summarize some of the main 
biological aspects of gM agriculture that are likely to be of importance to sec 
determination.

the issue of gene flow, whether through pollen or seed admixture, is of funda-
mental importance to producers choosing not to utilize biotechnology, especially 
when those producers serve a market requiring gMo-free products. these issues 
are also important for many other producers, especially seed producers (gMo or 
otherwise), who need to protect the genetic integrity of their product. since each 
crop, in each agroecological environment and production system, may be subject 
to differing rates of gene flow and seed admixture, decisions to protect the purity 
of crop genetics will rely on various biological factors on a case-by-case basis. 
the biophysical parameters that govern gene flow are well studied and reported 
in the coexistence literature, especially in europe (reviewed in devos et al. 2009), 



23916  Producer Choice

but may need to be revisited for new crops and new environments. From a policy 
perspective, decisions relating to acceptable, or tolerated, rates of gene flow and 
admixture will need to be informed and balanced against both the biophysical reali-
ties of cropping systems and other concerns, such as economics (e.g., demont and 
devos 2008). the setting of tolerance limits should not be taken lightly, as they are 
likely to have profound implications on the ultimate quantification of secs. For ex-
ample, differing approaches to admixture limits in the united states and eu present 
a host of legal and economic problems (endres 2005).

a farmer’s choice to save seeds is also highly dependent on specific crop biol-
ogy. it may also be dependent on intellectual property issues, but we will not deal 
with those here. of most relevance in current gMo usage is whether or not a gM 
crop is available as a hybrid or open-pollinated variety (oPV). though the function 
of the inserted gene should not change based on the gMo’s designation as hybrid 
or oPV, hybrid crop biology necessitates a different crop production model than 
oPVs. in the simplest terms, a farmer planting oPVs is able to save seed to plant for 
the next season without a major change in the agronomic properties of the crop. in 
contrast, hybrid seeds (which are more complicated to produce) are usually bought 
at a price premium each season but offer some agronomic advantage that compen-
sates for the additional cost. often, hybrid seeds require more inputs and are thus 
more attractive to resource rich farmers. oPVs are often more attractive to resource 
poor farmers. therefore, a gM crop’s hybrid or oPV status may be an important 
feature when considering producers’ desire to save seeds, and/or engage in higher 
or lower input agriculture.

Finally, because of the prevalence of insecticidal gM crops (i.e., Bt), the issue of 
refuges, and their secs, should be considered. in order to maintain insect suscepti-
bility to gM insecticidal proteins, resistance management strategies, especially the 
high dose/refuge approach, have been used to maintain the public good of pesticide 
susceptibility (Bates et al. 2005). refuges, and other management strategies, are 
important to producer choice because they may require producer participation in 
the management program. a refuge program may impact producer decision mak-
ing because it requires compliance with spatial or temporal planting recommenda-
tions, including planting a portion of crop as non-gM, or intercropping (e.g., yenagi 
et al. 2011). Well-defined refuge plans are therefore requisite for farmers to make 
informed decision ahead of their decision to adopt gM crops. the ability of farm-
ers to effectively carry out a resistance management plan may be dependent on the 
organizational structure of regional farm management. secs affecting such farm 
management practices may therefore be impactful on producer decision making.

16�3  Critical Assessment

table 16.2 lists each assessment method and briefly summarizes its advantages, 
disadvantages, and typical uses. By far, economic analyses (including both cBa 
and modeling approaches) have been the most explored methodologies used to 
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determine which factors influence producers’ decisions to utilize gMos; however, 
there are problems associated with these studies. although there is an emerging 
consensus in the economic literature that gM agriculture, on average, provides ben-
efit for producers, the generalizability of this conclusion must be approached with 
caution. Not all producers benefit and the magnitude of benefits vary widely, re-
flecting the heterogeneity of farms, farmers, and markets. Furthermore, biases must 
be carefully considered. Many existing studies may be subject to measurement bias, 
estimation bias, and endogeneity (smale et al. 2009).

the great advantage of economic assessment methodologies is that they are 
highly quantitative and objective. these methodologies will remain incredibly im-
portant since the polarized debate on gMos has prompted certain groups to claim 
that producers are harmed while others contend that producers benefit. in dealing 
with such competing claims, it will remain necessary to deploy objective and rig-
orous methodologies. continuing to develop and refine such methodologies will 
remain a vital and challenging area.

Table 16�2  Major methods of evaluating secs relevant to producer choice
Method advantages disadvantages typical use
economic 

modeling
often utilized, many exam-

ples, highly quantitative and 
objective

Potential biases any situation

cost–benefit 
analysis

often utilized, many exam-
ples, highly quantitative and 
objective

Potential biases any situation

social impact 
assessment

utilizes both qualitative and 
quantitative data, comple-
mentary to environmental 
impact analysis

used infre-
quently, 
subjective

Where there is concern over 
social consequences for 
producers

sustainable 
livelihoods 
framework

goes beyond conventio-
nal metrics to include 
vulnerability, assets and 
empowerment

used infre-
quently, 
subjective

Where producers are suscep-
tible to food insecurity and 
poverty

systemic 
“relevance 
assessment”

can put producer needs into 
focus and deemphasize the 
most controversial aspects 
of gMos

No precedent for 
use in gMo 
consideration, 
subjective

Where gM solutions should 
be contextualized among 
other technological 
solutions

Participatory 
research

inclusive of producers Not stand alone any situation

social audit developed out of for-profit 
managerial and accounting 
concerns

used infre-
quently, 
subjective

Where gM solutions are a 
part of a privately financed 
development effort

Biological 
assessment

Much of the relevant data may 
already be generated during 
biosafety assessment

Not stand alone any situation, but especially 
when considering socioe-
conomic consequences of 
gene flow, hybrid vs. oPV 
seeds, and insecticidal 
refuge plans
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the majority of the non-economic methodologies mentioned earlier are less 
quantitative and more subjective in nature. they are best leveraged where there 
are specific principles or qualitative concerns at stake. sias will be most useful 
where there is concern over the social consequences of gMo regulation on produc-
ers. sustainable livelihoods framework will be useful where the producers likely 
to be affected by gMo introduction are susceptible to food insecurity and poverty. 
systemic “relevance assessment” will be most useful where a contextualization of 
the gMo as a technological solution is most appropriate. social audits will be most 
appropriate where the gMo is specifically a part of a privately financed develop-
ment effort.

Biological assessment and participatory research are not stand-alone method-
ologies. We have included them here because of their importance, together with 
economic assessment, in creating the foundational knowledge necessary to properly 
consider producer choice as an sec. Biological assessment is often conducted as a 
part of the biosafety regulatory process, which can be independent of secs. Nev-
ertheless, the biological information gathered during biosafety assessment is often 
relevant to secs and may be considered in a different light during review of secs.

all of the methodologies described can be used in both ex post and ex ante analy-
ses. However, ex ante studies (with the exception of studies wholly based on sur-
veys of producer preference) require input data to calibrate forecast models. these 
data (e.g., yields, input costs) must be obtained from either test studies or from 
other countries that have already planted similar gM products. there is therefore a 
problem for countries seeking to gather preliminary data that are unwilling to allow 
field trials or research to proceed, especially if no other country with an analogous 
agroecological environment is testing that gMo. this point may be particularly 
important since the benefits of gM agriculture may increase for early adopters (e.g., 
Falck-Zepeda et al. 2008).

compared to the economic approaches, the other methodologies mentioned 
earlier have been utilized relatively infrequently, or not at all, in examining secs 
relevant to producer choice. therefore, all examinations of secs using unproven 
approaches will have to be approached carefully and rigorously. any study design 
must be as explicit as possible about the key research question(s). since producers 
are likely to make their choices differently for each gM trait, crop, and agroecologi-
cal environment, each assessment must be tailored to the concerns that make the 
most sense for the affected producers.

Not all of the methodologies mentioned earlier are in use for gMo consider-
ations. specifically, we could find no example of systemic “relevance assessment” 
in the literature. of the applied methodologies, all are used by academics, research 
groups and government agencies. if governments choose to adopt producer choice 
as an sec to be examined for regulatory approval of a gMo, it is critical to deter-
mine the appropriate regulatory decision point (Falck-Zepeda and Zambrano 2011). 
For example, in order to best calculate likely economic impacts on producers, it 
would be helpful to design contained field trials in a way that can inform such stud-
ies. therefore, secs relevant to producer choice would need to be identified and 
considered during, or before, the approval process for field trials.
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More generally, in order to ensure the desired expression of producer choice, the 
producers must be consulted at the appropriate stages in the gMo pipeline. given 
the highly controversial nature of gMos and the general lack of knowledge about 
the technology, it will be most beneficial to include stakeholders in decision making 
as early and often as possible. this will be facilitated if producer organizations (in-
cluding commercial farmers, Ngos, and other farmer-centric stakeholder groups) 
are involved in all steps of the regulatory process from research to approval.

the importance of using multiple methodologies cannot be stressed enough. 
Virtually all studies of gMo adoption are sufficiently complicated as to warrant a 
complex understanding of the variables affecting producer choices. consequently, 
models used to forecast adoption consequences need to be similarly complex. Fur-
thermore, producer choice is not an sec that can be considered in a vacuum. as an 
example, when examining the potential adoption of gM bananas in uganda, Kikul-
we (2010) recognized that farmers are both banana consumers and producers, as is 
the case for farmers of many crops. therefore, he chose to link farm-level decisions 
and their propensity of purchase to the propensity to adopt new technologies. do-
ing so required multiple methodologies that included comparing several different 
economic models while integrating an understanding of the producers’ knowledge, 
attitudes, and perceptions relative to gM banana.

When considering secs, producer choice ought to be of fundamental impor-
tance. However, once an understanding of producer choice is obtained, regulatory 
decisions that ignore or downplay producer desires should be carefully considered. 
if a gMo provides a significant advantage, it may be difficult to impose a ban 
or moratorium. the case studies of stealth gM seeds in india and Brazil serve as 
important examples. as Herring (2007) chronicled, producers in Brazil and india 
obtained and circulated stealth seeds (i.e., gM seeds that had not been vetted by 
existing domestic regulatory processes) because producers perceived advantages 
to these seeds, yet were impeded from legally obtaining them by regulatory and/
or economic factors. the unavailability of desired legal gM seeds, combined with 
the inability of regulators to suppress illegal plantings, resulted in widespread il-
legal deployment of gMos despite existing regulatory frameworks. such occur-
rences emphasize the importance of realistic and proportional regulatory oversight 
of secs. as Herring (2007, p. 130) noted, farmers are “active, creative and au-
tonomous….” if their needs and preferences are not properly considered, vis-à-vis 
gMos, established regulatory frameworks may not have their desired effect.

as a final point, it should be noted that issues of “political economy” surround-
ing gMo adoption are likely to be important decision-making factors for any 
sec, including producer choice. in spite of the sound methodologies present in 
the research literature, at the end of the day it is often political will that is the most 
meaningful determinant of gMo regulatory processes. yet, there are few studies 
that examine the effects of “political economy” (e.g., lobbying methods) on gMo 
regulatory processes, and none of the abovementioned methodologies specifically 
accounts for them. therefore, a careful evaluation of the “political economy” sur-
rounding gMo producer choice will be necessary to fully consider how secs may 
impact the regulatory approval process in each country.
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16�4  International Arena

the most relevant international agreements relative to producer choice are the inter-
national treaty on Plant genetic resources for Food and agriculture (itPgrFa), 
the agreement on trade-related aspects of intellectual Property rights (triPs), 
and the union for the Protection of New Varieties of Plants (uPoV). these trea-
ties are relevant to producers since farmers are both consumers and producers of 
seed. the relationships between the cartagena Protocol on Biosafety (cPB) and 
the Wto are also important in this context but are discussed in Part i of this book. 
in the simplest terms, itPgrFa can be characterized as an agreement that chan-
nels compensation arising from novel agricultural products back to the producers, 
including traditional farmers, who have conserved and developed contributing ge-
netic resources while also recognizing farmers’ rights to save, use, exchange, and 
sell their seed. triPs and uPoV, on the other hand, seek to establish intellectual 
property in an effort to spur investment in research and development of agricultural 
products, including gMos. While it may seem that these agreements are in opposi-
tion, they are not in any specific legal conflict since protection can simultaneously 
be offered to indigenous and improved crops, although there may exist challenges 
to avoid future legal conflicts (gerstetter et al. 2007).

We should note that there has been general concern that the treaties granting 
intellectual property rights to gM varieties could have the effect of decreasing the 
number of varieties available on the seed market due to consolidation in the seeds 
sector, thereby impacting producer choice. evidence from the united states indi-
cates otherwise. Between 1997 and 2008, the number of maize hybrids available 
annually grew from 3,060 to 4,300 and soybean varieties grew from 650 to 1130 
(Kalaitzandonakes et al. 2010).

16�5  Administrative Consequences

While we could find no quantitative analyses detailing the institutional and admin-
istrative resources required to assess producer choice as an sec, it is reasonable 
to assume that expenditures in time, human capital, and financial resources would 
be substantial. as has been noted by others, biotechnology adoption is limited by 
research, regulatory, and law enforcement capacity in developing countries (e.g., 
takeshima and gruere 2011). Building the capacity to conduct the multi-year stud-
ies required to fully utilize many of the methodologies mentioned in this chapter 
may represent a significant challenge in many countries, especially considering that 
many of the resources required to assess secs are distinct from those required for 
biosafety assessment. Many countries may also lack experts trained to perform the 
relevant analyses. therefore, any decision to mandate inclusion of producer choice 
is likely to require many years and considerable outlay of expense in order build and 
maintain the capacity to administer the institutions that would analyze the effects of 
gMo adoption on producer choice.



244 A. Novy and L. Nagarajan

16�6  Summary/Synthesis

• SECs relevant to producer choice include freedom of choice, income securi-
ty, control over production, contamination of organic agriculture, and farmers’ 
rights to save seeds; however, producer concerns are heterogeneous in time and 
space.

• There are a variety of research methodologies available for assessing SECs in-
cluding economic modeling, cost–benefit analysis, social impact assessment, 
sustainable livelihoods framework, systemic “relevance assessment,” participa-
tory research, social audit, and biological assessment.

• Economic analyses have been the most explored methodologies, generally sho-
wing that gM agriculture does provide a benefit to producers on average.

• Non-economic methodologies are appropriate where there are qualitative con-
cerns.

• In many cases, the usage of multiple methodologies will be necessary to fully 
explore secs such as producer choice.

• Understanding issues of “political economy” and involving producers in all 
stages of research, development, and regulatory processes will be necessary to 
ensure that regulatory frameworks have their desired effect.
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17�1  Introduction

this chapter commences by referencing definitions of religion and the understand-
ing of culture. However, the scope of these two concepts in the global arena is 
daunting. it is difficult to provide a comprehensive definition of religion or culture 
since different definitions are used for different purposes. When looking at reli-
gious and cultural relationships with genetically modified organisms (gMos), the 
most important thing to understand is that the beliefs, habits, and rituals attached 
to religion and culture are so deeply rooted, and that these undercurrents of human 
thought possess the power to decide if something is acceptable or unexception-
able, in an instant. the speed at which religion and culture can deem something 
welcomed or unwelcomed is why it is critical to understand the potential religious 
and cultural interpretations of agricultural biotechnology (agbiotech) before the op-
position begins. it is prudent, and preferable, to engage in this understanding on the 
front end of research and development. the future of agbiotech rests in true coop-
erative engagement across all sectors of the agricultural network and this requires a 
strong religious and cultural understanding of how biotechnology might play into a 
region’s agricultural landscape.

one advantage agbiotech has in the area of religion and culture is that the tech-
nology is so new, only in the last 15 years have large religious organizations gath-
ered together to debate the religious acceptance or rejection of agbiotech (agbio-
world, n.d.). the debate still continues but generally religious acceptance has oc-
curred across major religious organizations. the greatest challenge of religious and 
cultural assessments is in determining whether a particular biotechnology is being 
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evaluated within the dialogue of true religious and cultural paradigms or if it is be-
ing influenced by the current wave of anti-gMo propaganda.

one cannot ignore the current debate around gMos when considering religious 
and cultural interpretations. interestingly, most of the opposition comes from the 
developed world, while most of the perceived need is in the developing world. one 
might say it is easy to oppose gMos on a full stomach but there are other factors 
that have fueled this current opposition. some of this is influenced by the green 
revolution of the late 1960s, which significantly increased agricultural yield for 
many, but not all regions of the globe. Promises of feeding the planet were not real-
ized as poverty and famine continued, especially in africa which was not viably a 
part of the green revolution.

agbiotech advocates have consistently articulated that gM crops are essential 
“to feed a hungry planet”; yet, the 2008 food crisis proved to many anti-gMo 
groups that 15 years of growing gMos was not the solution. the agriculture of 
gMos is viewed in a similar light as the green revolution and often compared to 
it in having similar shortcomings. this image of agriculture dominated by farm cor-
porations using excessive amounts of chemical fertilizers and pesticides and various 
forms of monoculture is promoted as the enemy of sustainable agriculture as many 
opponents believe growing gMo crops contributes to environmental degradation 
and disease.

this view that agbiotech is just a continuation of the green revolution limits 
the potential benefits gMos could provide for many crops threatened by current 
agricultural challenges, such as climate change. to further complicate the potential, 
well-funded Ngos fuel the controversy and increase the numbers of the “passion-
ately misinformed” (coe 2009). increasing this controversy, religious and cultural 
aspects can be highly emotionally fueled on their own, but those influenced by the 
current misinformation surrounding agbiotech will create barriers, unless different 
methodologies and assessments for the introduction of gM crops are considered 
outside of the current methods. Key to the assessments of the potential impact of the 
introduction or import of gMos is the creation of thoughtful, educational informa-
tion to balance the anti-gMo message. the prevailing global myths about gMos 
must be dispelled prior to entering an understanding of regional religious or cultur-
ally rooted challenges.

if agbiotech is going to become a vital tool for sustainable agriculture, something 
must shift the global gMo myth paradigm. shifting the focus to regional, small-
scale agricultural challenges that support traditional food-ways and small-scale 
farmers could be one critical way to achieve this. it is within this more regional 
focus that the importance of religious and cultural aspects of agriculture will have 
the greatest significance and also within this focus, better application of the science 
of plant biotechnology can occur and impact these aspects in a positive way.

Why do religion and culture play such an important role in the future develop-
ments of gMos? looking back on human history, food supply has always been 
related to the divine or weaved within the cultural fabric of societies. religion and 
culture mix and separate within modern human paradigms at an ever-changing rate. 
to attempt to grasp this, it is important to simplify the concepts of religion and 



24917 Culture and Religion

culture and the dynamics that fueled these aspects of human existence, within a 
framework that can apply specifically to the issues that need to be addressed when 
looking at their relevance to the regulation, production and imports of gMos. it is 
important to try to differentiate between religion and culture by stating that religion 
primarily addresses concerns over whether or not something violates the laws set 
forth by god, while culture addresses those behaviors and practices that people 
tenaciously cling to as part of their individual and collective identity, as well as 
daily habits and rituals. it serves this book well, at this point, to define ethics as that 
barometer of morality that exist within religion and culture equally; however, to 
separate this chapter from chap. 7, it is important to present core concepts that exist 
in religion and culture, yet are completely outside the scope of ethics.

it can be extremely difficult to separate ethics, religion, and culture, as so many 
aspects of them are intertwined. yet, in order to move forward, with an understand-
ing of how to evaluate agbiotech in respect to religion and culture, it is necessary to 
find a place where religion and culture share themes that can be applied to almost 
any society. those themes are the concepts of sacredness and the desire for happi-
ness and well-being. although the true understanding of individual religious and 
cultural relationships with the introduction of agbiotech cannot be distilled com-
pletely to those two concepts, some of the answers to the big questions about ag-
biotech can truly be answered when evaluated within the scope of sacredness and 
happiness. this chapter examines sacredness and happiness as the common values 
all religions and cultures share, as the lens of weighing and balancing the perceived 
risk and benefits associated with agbiotech.

17�2  Methodologies

current methods to evaluate the risk and benefits of gM crops are not looking at 
culture or religion. they function under a premise that gMos will increase yield, 
that gM crops are safe to eat, and there is no significant difference between them 
and their conventional counterparts. also within this assumption, it is held that 
gMos pose no threat to human or animal health and are environmentally safe. 
these factors may not matter, when looking at the religious and cultural assessment. 
simple facts such as seeds being handed down generation after generation, of a crop 
looking just like the crop that the grandparents grew, or the simple fact that a new 
gMo is not grown following the traditional farming methods of a region, or that 
it might be rejected by a protective god, may instantly negate all of these current 
methodologies that have generally become accepted within the industry and within 
governments.

although there is some on the ground data collection by such organizations as 
Fao, who have a large collection of case studies from agricultural regions across 
the globe, this impressive and important data overlooks important cultural markers 
as they pertain to regional agriculture. understanding the culture of agriculture is 
one of the most critical data collection area for the future of agbiotech.
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culture is the realm of the anthropologists and many of them focus on food pro-
duction and regional agriculture. agbiotech companies would benefit by building 
partnerships with anthropologists. Many are already involved in developing coun-
tries and can easily gather culturally relevant data on the relationship between cul-
ture, religion and agriculture in any particular region. this understanding will aid in 
determining which crops are best suited for the current agricultural landscape that 
exists in any individual region and form a cost-effective route for data collection.

Prior methodologies fall short of gathering this valid data. the most common 
methodology is some variation of democratic engagement, involving summits and 
other formal conferences of stakeholders said to be representative of particular top-
ics of the events. although this form of interaction does create a certain type of data, 
it fails to have the ability to consider cultural or religious aspects of agriculture. 
Many of the democratic engagement methodologies seem more like business deals 
as closed door treaties are signed, policy written and companies and countries ne-
gotiate agriculture’s future. unfortunately many people affected by major agricul-
tural issues cannot even afford to attend these expensive summits and conferences. 
therefore how can they be truly democratic? this is why direct regional engage-
ment is critical to future assessment methodologies.

conferences do provide a successful method for assessing broad-based analysis, 
particularly with the bodies of the world’s major religious authorities. they allow 
the gathering of key minds within religious authority to evaluate agbiotech under a 
single lens, religion. Most of these conferences look at agbiotech’s role in feeding 
the hungry with only some consideration as to the effects gMos have on human 
health and on the environment. religious acceptance by the major religious sectors 
can be the first step toward regional partnerships and opening doors to engagement 
that starts the cultural dialogue.

it is important to note that, just as some religious opposition is obvious, such as 
religious groups that do not eat swine would universally oppose the use of swine 
genes in agbiotech, once cultural data is collected, patterns will emerge that will 
reveal obvious barriers. It is not just all about risk. Interestingly, under Jewish di-
etary laws, called Kasrut, the safety and healthiness of food is not necessarily an 
overriding factor when determining if something is kosher. one would think health 
and safety would be part of some cultural role in connection to happiness and well-
being, but it might not be. an islamic evaluation of agbiotech tends to view halal 
food under a much broader scope than Christianity or Judaism, using the objectives 
of the shari’ah, which are the benefits of protection and preservation of the religion, 
life, intellect, progeny, property, and the environment (abu-sway 1998).

the current methodology that has the most negative impact on considering re-
ligious and cultural aspects is the typical business model for agbiotech to gain ac-
cess to new markets. Being extremely top-down, corporations submit scientific data 
directly to government, basically supporting the industry assumptions previously 
stated, to regulators with little dialectic engagement with the communities directly 
affected. if access is approved, governments inform their farmers that this crop 
is available to plant. often these gMo crops are non-indigenous crops and are 
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brought in and planted by foreign farmers managed by corporate interests. rarely is 
the local farmer growing the crop.

the most important problem arising from democratic engagement methodolo-
gies, which needs to be addressed in new methodologies, is that the real stake-
holders, the farmers, feel left out. in many regions, farmers feel that the introduc-
tion of agbiotech is, in some way, a deal between corporations and governments 
to surrender regional farmers to corporate interests. equitable inclusion of farmers 
in research and innovation is essential to future assessments. embracing regional 
farmers and allowing traditional knowledge to influence the technology will help 
agbiotech understand the essential place it has in regional sustainable agriculture. 
the farmer is the link to acceptance by the consumer (Fig. 17.1). By engaging 
regional farmers in educating the industry on the regional culture of agriculture, 
companies can learn how the technology can honor the sacred and provide happi-
ness and well-being for the farmer and consumer alike.

17�3  Assessment

current assessments, such as methodologies, focus on safety, productivity, and risk 
to health and environment. Few of these assessments include the informed consent 
of farmers. even though some may be involved in the industrialized methods used 
to produce the crop, they are not equal partners in creating their own agricultural 
future.

small farmers have the greatest potential for feeding a hungry planet. the future 
of agbiotech lies in understanding the needs of regional farmers and in supporting 

Fig� 17�1  the farmer link 



252 A. Coe

agriculture that is consistent with promoting social equity; this is how people feed 
themselves as opposed to the current concept that large corporations must feed the 
world. Feeding the world should no longer be the goal but providing communities 
with tools and pathways for sustainable agriculture should be. the future of gM 
crops lies in discovering how the science can be applied in such a way that it allows 
for the regional development of food security. the main purpose of gathering these 
data is to reveal the pathway to sustainable agriculture for regional communities. 
equity with farming communities will not only solve some of the world’s most 
pressing agricultural issues but create a pathway out of poverty for many small 
farming communities.

agbiotech has great potential to help achieve this success but it must be in the 
spirit of building partnership and engaging farmers as equals. during this data gath-
ering process, it will become essential to evaluate current agbiotech products and 
the current plant knowledge-base to determine how they fit in a region’s models for 
sustainable agriculture. By understanding the culture of agriculture and how people 
relate to food regionally, the potential of the science, being placed more in the hands 
of the people with this assessment approach, will find its natural place.

the type of data that builds these critical partnerships can only be collected 
through a participant style of engagement and not just interviews and short inter-
actions. the agriculture must be observed because it is only through this type of 
engaged observation that the nuances of religious and cultural aspects of agriculture 
reveal themselves. Possible methodologies for data collection are as follows:

1. engage regional farmers in the gathering of data on agricultural systems inclu-
ding crop data. any farming study should cover at least a three-year cycle in order 
to understand regional systems as well as environmental and other influences.

2. create lists of potential threatened culturally significant crops.
3. record regional agriculture challenges and current methods used to address 

them.
4. conduct environmental impact studies on regional agriculture methods.
5. expanded studies of any specific religious or culturally significant crop.
6. look for social inequity and distribution factors that prevent true implementa-

tion of new technologies.

Most importantly, gathering useful data for religious and cultural understanding of 
a region’s agriculture requires asking the right questions. Whether assessing the re-
gional agriculture or evaluating the technology, the essential religious/cultural ques-
tion is: Can agbiotech improve agriculture in a region while respecting that which 
is sacred and promoting health and well-being within the community? some initial 
questions that help in gathering the right type of data to learn the answer to the es-
sential question might be as follows:

What are the regional challenges of agriculture and what is being done currently to address 
them? does a possible threat to regional and culturally significant foods exist by the intro-
duction of gM crops? What can a specific biotechnology contribute to the improvement 
and sustainability of the regional agriculture? are there similar cultural regions that have 
benefitted from a particular gMo? How will the region, community, and farmers benefit 
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from the introduction of a particular gMo? What are the current agricultural methodolo-
gies and techniques utilized? are any of these incompatible with gMo agricultural sys-
tems? are there other means of genetic introduction that improve access or may have lower 
cost before embarking on r&d for gM solutions? Might a mixture of approaches create the 
desired result? are there other changes in the process and systems of regional agriculture 
that should be implemented first? the most difficult question to answer honestly, is the 
technology needed?

Biotechnology is science in its purest form and must distinguish itself as a science 
apart from industrialized agriculture, as presently many believe that agbiotech is 
industrialized agriculture. agbiotech must be viewed as a tool which can be used 
to improve agriculture and preserve the future of the food supply. until agbiotech 
changes the media and world-wide perception of the science, pathways for approval 
and importation of gM products will continue to be delayed and rejected, indeed 
with negative consequences for many agricultural products and the people that 
could benefit from the science.

Hawaii provides an excellent case study for how the collection of data, based on 
the methodologies presented, could create greater acceptance and understanding 
of potentially beneficial crops. this example looks at both levels of stakeholder 
engagement, the farmer and the consumer, and shows how the culture of agriculture 
affected the acceptance of one gM crop, papaya, and the rejection of another, taro.

17.3.1  GM Papaya

the potential threat of the spread of papaya ring spot virus (PrsV) was identified in 
1978. if the virus reached Puna (gonsalves and gonsalves, forthcoming), the major 
agricultural region for papaya, the spread of this disease would cripple the papaya 
industry in Hawaii and affect the lives of many farmers and the future of Hawaiian 
papaya farming. a group of scientists embarked on proactive research to find a solu-
tion. the scientists first tried classic breeding methods using cross-pollination but 
could not get a resistant strain. PrsV is spread by aphids; yet, increased pesticide 
use was not proving to be effective and was exposing farmers to increased risk. this 
research was being conducted at the dawn of modern agbiotech and the concept of 
pathogen-driven resistance, which states that a transgenic plant that expressed a 
transgene of a pathogen would be resistant to that given pathogen, was an emerg-
ing science (gonsalves and gonsalves, forthcoming). genetic modification was at-
tempted with the resulting production of one papaya strain showing resistance to 
PrsV. to lower costs and speed success, one resistant plant was cloned for field 
testing. successful field testing resulted in the distribution of free seeds to farm-
ers. scientist then collected data from surveys of papaya farmers regarding their 
satisfaction and adoption of these new gM varieties. gM papaya was successfully 
adopted by Hawaiian farmers, and papaya ( Carica papaya) became the first horti-
cultural fruit crop on the market that was produced by agricultural biotechnology. 
gM papaya has been grown in Hawaii since the mid-1990s with little opposition. 
Hawaiian papaya is sold and eaten by millions of people across the usa.
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17.3.2  GM Taro

as early as 1980 and confirmed in 2009, documentation states that the Hawaiian 
taro plant is susceptible to no less than 23 pathogens. the most serious of these is 
the fungal disease caused by Phytophthora colocasiae, commonly known as leaf 
blight. dithane-M45 is the fungicide recommended to deal with these outbreaks. 
the material safety data sheet issued by dow agrosciences on dithane-M45 fun-
gicide (dow agroscience, n.d.) states clearly that not only is this fungicide toxic to 
aquatic organisms, but it also causes cancer and birth defects in laboratory testing. 
it would appear on the surface that not only the taro farmers would immediately 
benefit from the introduction of gM leaf blight-resistant taro by not having to use 
this fungicide, but in addition, the Hawaiian aquatic ecosystem would benefit by 
minimizing the use of this fungicide. looking at the success of papaya why the 
resistance to taro?

obviously risk, safety, and biosecurity assessments have been completed on 
gM taro yet resistance exist. Why? is this rejection fueled by the global anti-gMo 
movement? is it deeply rooted in the agricultural practices of Hawaii and the sacred 
relationship to the taro plan? is it possible that the apparent religious and cultural 
resistance to taro is simply a convenient reason for what is truly an expression of 
anger because of the way other gM crops have invaded the landscape of Hawaii? 
in taro’s case, it is all three.

the main resistance to gM taro rests in the sacred relationship between the plant 
and the native Hawaiian’s belief that taro is the incarnation of their ancestors. to 
change the genetics of Hawaiian’s taro is to alter that which is divine. taro is a sa-
cred gift to the people and as a gift it must be unchanged. this is the core belief sys-
tem both religiously and culturally between the Hawaiians and taro, and for some, 
nothing will ever change this.

additional resistance rests within the farming methods and traditions with taro, 
which do not apply to papaya. taro is planted by almost all families in Hawaii. taro 
saplings are shared among neighbors and families. Hawaiian children are taught 
how to cultivate taro as part of understanding their culture. they are taught how to 
plant, nurture, harvest, and pound it and even to make “poi” out of it. this closeness 
to taro cannot be separated from larger scale production of taro either because the 
family farmer and the production farmer have the same responsibility to the nurtur-
ing of the ancestors through taro farming. there is also a core element of farming 
that is critical; when a plant suffers, it is speaking. this is a language only farmers 
and those connected to plants understand. the plant is communicating something is 
out of balance. For the indigenous farmer, this is a sacred communication that must 
be honored. gM intervention at this juncture is seen as a band-aid and not a solution 
to the underlying problems that address the future security of taro in Hawaii. the 
failure to understand the totality of the agricultural systems of Hawaii created an 
environment where the benefits of gM taro could not even be considered.

the final aspect of opposition to gM taro rests in the fact that gM taro is not 
the first gM crop to upset the Hawaiians. Hawaii is blessed with some of the most 
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fertile soil on the planet and this, to the Hawaiians, is their source of life. religious-
ly, the Hawaiian islands themselves are sacred; the mountains, the plants, and even 
the rocks contain the souls of the ancestors. to not understand and respect this is to 
threaten the very existence of every native Hawaiian.

the island of Kauai has been a hotbed for gMo conflict in recent years. Plots 
of land on the west side of the island have been used for seed production for gM 
corn and other crops for years. Pesticide and herbicide runoff and airborne spraying 
have been blamed for illness and environmental degradation. lawsuits filed against 
agbiotech companies continue and outrage over the use of Hawaiian land for cor-
porate profit fuels opposition. taro is rather the final sacred straw. this failure to 
understand the religious and cultural beliefs surrounding the agriculture of the na-
tive Hawaiians was very short-sighted. Many Hawaiians feel biotech companies 
overlooked culture in favor of profit. Hawaii is now a hotbed for the rejection of 
gMos that could positively contribute to the environmental sustainability of Ha-
waii. Farmers refuse to plant it and consumers refuse to eat it.

the importance of regional dialogue and regional understanding of agriculture 
for the future implementation of gMos cannot be too greatly emphasized at this 
point. in today’s world, the ability of agbiotech to hold the keys to creating sustain-
able regional agriculture, and solve some of the most pressing issues that threaten 
agriculture today, decreased water supplies, salt intrusion, soil degradation, to name 
a few, cannot be neglected as a critical part of the puzzle for feeding a hungry plan-
et. this future potential will only be realized through embracing agricultural knowl-
edge of smallholder regional farmers and engaging their equal participation in solv-
ing regional agricultural challenges. otherwise, there will be many “Hawaiis” that 
jeopardize the introduction of a potential technology that can preserve culturally 
significant foods and provide food sovereignty and security for many people.

17�4  International Arena

one recent document that supports the equitable engagement of farmers is the adop-
tion of the international treaty on Plant genetic resources for Food and agricul-
ture (Planttreaty.org). the original document entered into force in 2004, but at a 
recent high-level roundtable at the 2012 earth summit in rio+20, the governing 
parties for the treaty established six points of action. two of these points which ap-
ply to earlier discussion follow: first, to raise awareness of the actual and potential 
value of underutilized species of local and regional importance for food security 
and sustainable developments, and second to sensitize policymakers and other key 
stakeholders about the importance of fully implementing the treaty, not only for 
food and agriculture, but also for food security, nutrition, and the resilience of agri-
cultural systems, particularly in the context of climate change. Within the second of 
these points of action, one could easily replace the Treaty with agbiotech and create 
what would become a very powerful statement.
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the treaty was established to recognize the enormous contribution farmers have 
made to the diversity of crops that feed the world. the treaty seeks to create a glob-
al system to provide farmers access to plant genetic material and it seeks to ensure 
there are shared benefits in the use of these genetic materials particularly in coun-
tries where they have originated. although biotech is not specifically mentioned in 
the treaty, any guidelines regarding plant genetic material would logically apply.

there was a distinct shift in the dialogue in rio. it suggests that governments and 
other authoritative agencies were finally listening to the voices of farmers. there 
were discussions about representing farmers’ rights and allowing them access to 
biotechnology and benefit sharing. utilizing species of local and regional impor-
tance and understanding the added value of how diversity contributes toward food 
security. there was also affirmation that plant diversity is the answer to many agri-
cultural issues of climate change and that we “must realize what nature has already 
given us.” additional language included a call for corporate transparency, especially 
in issues of land grabbing and the right of farmers to save seeds. Most importantly, 
plant diversity should be seen as a way to respect and guarantee cultural diversity.

an additional document that should be considered in the assessment process is 
The Future We Want, which is the outcome document from earth summit rio+20. 
Within this final document is a variety of needs and visions, contributed by stake-
holders across every region of the planet.

17�5  Administrative Consequences

information dissemination and implementation rests largely on biotech companies 
to take the initiative in creating the platform for this dialogue. cultural agricultural 
knowledge and techniques need to be communicated to the research and develop-
ment sector and applicable biotechnology needs to be accessed according to cul-
tural practices to maximize acceptance and benefit. there exist two key cultural 
stakeholders in this process: the farmer growing the food and the consumer eating 
the food. each of these requires a different process for assessment and information 
gathering and each require separate outreach and educational engagement. Barri-
ers may lie in one or both of these groups but understanding where and why they 
exist is critical for successful introduction and application of agbiotech. the future 
of agbiotech rests in addressing the most pressing regional challenges as they re-
late to hunger, poverty, biodiversity and regional diets. through culturally sensitive 
education and public outreach utilizing regionally focused media-driven campaigns 
that seek to involve, inform and educate about the importance of gMos ability to 
contribute to food sovereignty and security challenges.

agbiotech is a product and just like any product, it needs to be evaluated and 
rebranded to reach its greatest marketing potential. Products that support sacred-
ness, happiness and well-being are the products that will be part of the sustainable 
future. development of new crops must answer the critical question: can agbiotech 
improve agriculture in a region while respecting that which is sacred and promot-
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ing health and well-being within the community? if the answer is no, then what 
has been created needs to be abandoned and a renewed focus must ensure that the 
power that rests in plant biotechnology is a form of blessed knowledge bestowed 
to do that which is the highest and greatest good. if the planet is truly sacred, and is 
here so that we may create happiness and well-being for all of its inhabitants, why 
are toxic things still made, known carcinogens put in the environment? this is not 
our sustainable future. Whatever the image of agbiotech is right now, it is the result 
of the behavior of many individuals who have neglected to ask if their actions are 
honoring that which is sacred and that which promotes the health and well-being 
of the people. to continue down this path is to deny science its highest and great-
est good. the future of agbiotech (Fig. 17.2) lies in developing crops that satisfy 
the preservation of regional diets, decrease regional poverty, eliminate hunger and 
support biodiversity.

17�6  Summary/Synthesis

• Respect and document traditional regional farming methods. Acknowledge that 
farming is deeply rooted in the very fabric of culture. agbiotech must be presen-
ted as a tool for sustainable agriculture that can assist food security for threatened 
regionally significant crops. as a tool, it must engage the regional knowledge 
and practices already applied to agriculture. gMo introduction should enhance 
the cultural dynamics of farming in the region.

Fig� 17�2  the future of agri-
cultural biotechnology
 



258 A. Coe

• Through cultural dialogue, the agbiotech industry must seek to gain a full un-
derstanding of how regional culture and religion might influence the acceptance 
or rejection of a particular biotechnology. skilled cultural experts with the ability 
to identify cultural markers that will influence introduction need to be utilized. 
this information is the first step toward developing better regional public rela-
tions campaigns that can openly present the benefits of agbiotech through enga-
ging essential stakeholders.

• Create educational material for the farmer and consumer that aid in the unders-
tanding of the science of agbiotech. gather culturally relevant data based on 
regionally engaged dialogue to assist in this development. Know the right ques-
tions to ask. collaborate with farmers to create culturally relevant public affairs 
outreach to consumers.

• Culturally based agricultural knowledge and techniques need to be communi-
cated to the r&d sector and biotechnology needs to be accessed according to 
cultural practices to maximize acceptance. corporations and governments must 
have full transparency in the review of gMos. New business models need to 
be evaluated, as new opportunities for smaller regional biotech companies will 
emerge as more cultural data is collected that deal with regional food problems 
and focus on culturally significant foods.

• Finally, is the answer yes to the critical question? Can a biotech improve agricul-
ture in the region while respecting that which is sacred and promoting health and 
well-being within the community?
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18�1  Introduction

consumer attitudes toward the food they purchase and consume have changed 
radically in the last 50 years. Healthfulness and food quality have become increas-
ingly important in their decisions. globalization, innovative changes in technology, 
and increased product differentiation are responsible for the wider variety of foods 
available, with increasingly broader quality attributes and dietary health character-
istics. With the advent of animal biotechnology, consumers and others are becom-
ing increasingly interested in the welfare of the animals that contribute to food 
products (thiermann and Babcock 2005). it is not just a social concern for animal 
welfare, although that is certainly an important aspect, but increasingly consumers 
are aware of, and concerned about, the important links between animal health and 
animal welfare, the safety and quality of food products and their broader implica-
tions for biodiversity, the environment and for human, plant and animal health, and 
safety within that environment. in essence, consumers everywhere are increasingly 
demanding their right to make more informed choices about the food products they 
purchase and consume, including how animals are bred, raised, kept, used, trans-
ported, and slaughtered (Mitchell, 2001, the Boyd group, 1999).

the question this chapter addresses is: what measures, obligations, and implica-
tions a country faces if animal welfare may be taken into account? it is important to 
understand that arguments for and against regulations pertaining to animal welfare 
fall into two major categories: social or ethical concerns associated with animal 
welfare, and those aspects of animal welfare that can be considered to be scientifi-
cally acceptable and objective assessments. the focus in this chapter is on the lat-
ter category of objective measurability, evidence based and scientific acceptability. 
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that is not to say that social or ethical arguments about animal welfare are unac-
ceptable or irrelevant. However, the overall focus of consideration of secs in these 
chapters requires adherence to science-based assessments. social or ethical argu-
ments would require quite different models of assessment, and much more space.1

animal welfare is the physical and psychological well-being of animals, which 
can be measured by indicators of behavior, physiology, longevity, and reproduc-
tion. the scientific concern for animal welfare is based on the awareness that non-
human animals are sentient beings and therefore consideration should be given to 
their health and well-being. Many of these concerns are especially important in the 
consideration of animals used by humans, whether they are slaughtered for food, 
used for scientific research, or kept as farm animals or as pets. How human activities 
affect the survival of animal species, especially endangered species, and the mainte-
nance of genetic diversity is also relevant in this context, but is probably more appro-
priately addressed under the auspices of a wider ranging discussion of biodiversity.

Most countries have some form of animal welfare regulations, ranging from ba-
sic anticruelty laws, to laws and regulations concerning the rearing, handling, trans-
portation, and slaughter of animals. Most of these are based on cultural, religious, 
political, and/or social values of the relevant jurisdiction. the broad array of values, 
and stakeholders, has created an equally diverse array of laws and regulations in 
individual countries (Nrc 2012).

animal welfare should not be confused with animal rights or animal liberation. 
While some aspects of the animal rights movement are associated with animal well-
being, animal welfare does not imply that the use of animals by humans is unac-
ceptable, or that animals cannot be regarded as property, as is often argued by those 
who advocate animal’s rights. We are also not advocating any particular position on 
animal welfare in this chapter—rather we are considering those aspects of animal 
welfare for which society has deemed necessary to provide minimum standards of 
well-being by enacting certain rules, regulations, and laws that ensure that animals 
are afforded freedom from thirst and hunger, discomfort, pain, injury and disease, 
fear and distress, and the freedom to express normal behavior.

Finally, it is important to separate the circumstances under which animal wel-
fare in conjunction with animal biotechnology is being discussed. there are two 
distinctly different situations discussed in the literature, both of which have impli-
cations for this chapter. First, where animals are used for research, animals may be 
used for medical research or the development of new or productivity-enhancing 
technologies that enhance their food and fiber production abilities. second, the wel-
fare of on-farm animals that have been subjected, in some way, to genetic modifica-
tion, and are used for food and/or fiber production. in each of these cases, different 
issues arise. discussion is made more complex by the recognition that, in each case, 
animal welfare issues arise at different stages of end product development.

1 an excellent discussion of assessing the ethics of animal welfare in animal biotechnology can be 
found in (Kaiser 2005).
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as an sec, animal welfare also has two distinct levels at which it could be evalu-
ated. the first is whether the production or import decision is based on current law 
in the importing country. the second is the impact of the lMo’s introduction on 
human, plant or animal health, biodiversity or the environment that is not addressed 
by existing state law.

18�2  Methodologies

18.2.1  Potential Impacts of Animal Biotechnology

the genetic modification of animals has immense implications for the advancement 
of science and for the future of agriculture and food production. genetic modifi-
cation can enhance productivity or quality traits, improve animal health and dis-
ease resistance, produce products for human medical and therapeutic use, advance 
medical research through the development of animal models and produce industrial 
products. the most common development of genetically modified (gM) animals 
has been for research purposes, and some are beginning to produce commercial 
products. in the usa in 2009, the Fda announced the first approval of a drug from 
a gM animal. the drug is a human anti-clotting agent produced in the milk of gM 
goats (cast 2011). However, to date, no gM animals destined to enter the human 
food chain have been approved for commercial use in the usa, or as far as we 
know, in any other country.

despite the obviously large potential benefits of advances in animal biotechnol-
ogy, there are a number of welfare concerns associated with the genetic modifica-
tion of animals that need to be considered. some aspects of gene transfer have the 
potential to create infectious disease hazards and/or impaired reproduction. there 
are questions about whether genetic modification, and other technologies, stress 
animals unnecessarily, subject them to higher rates of disease and injury, and hasten 
death. For example, ruminants produced by in vitro culture often result in higher 
birth weights and longer gestations. this leads to large-offspring syndrome (los). 
los animals usually have more congenital malformations and higher perinatal 
mortality rates than “normal” farm animals. abnormalities may include skeletal 
malformations, incomplete development of vascular system and urogenital tract, 
immune system dysfunction, brain lesions, double-muscling, leg and joint prob-
lems, hydroallantois,2 heart failure, enlarged organs, cerebellar dysplasia,3 and ab-
normal limbs and spinal cords. los also leads to dystocia (difficult calving) and of-
ten involves delivery via caesarian section. repetition of these procedures increases 
the welfare concerns.

2 Hydroallantois is primarily the result of dysfunction of the placenta, resulting in an increased 
production of fluid within the allantoic sac.
3 dysplasia refers to an abnormality of development and is typically used when the cellular abnor-
mality is restricted to the originating tissue, as in the case of an early, in situ neoplasm.
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Nuclear transfer techniques to propagate gM animals may also increase risks to 
the reproductive health and welfare of both the surrogate female animals and their 
gM offspring. For example, animal welfare problems can arise because of poorly 
controlled expression of the introduced gene. the most frequently cited example of 
welfare problems arising from inappropriate transgene expression in the usa is that 
of the so-called Beltsville pigs (National academy of science 2002). these were 
engineered with a gene for human growth hormone in an attempt to improve growth 
rate and decrease carcass fat content. the pigs were plagued by a variety of physi-
cal problems including diarrhea, mammary development in male pigs, lethargy, ar-
thritis, lameness, skin and eye problems, loss of libido, and disruption of estrous 
cycle. other examples include sheep born with diabetes, and fish with growth ab-
normalities of the head and jaw (National academy of science 2002; cast 2011; 
devlin et al 1995; Beardmore and Porter 2003). other evidence of problems such 
as anatomical, physiological, or behavioral abnormalities have been reported in gM 
animals (National academy of sciences 2002). Most scientists appear to agree that 
animals originating from some forms of genetic modification usually require closer 
observation and care.

Having pointed out some of the potential problems and concerns of gM ani-
mals, it needs to be emphasized that the concerns noted here pertain only to con-
cerns about animal welfare, and should not be construed as general concerns for 
the broader practice of genetic modification of animals. indeed, there is a plethora 
of reasons to recognize that while there may be challenges associated with genetic 
modifications of animals, it is expected that the research will produce unprecedent-
ed breakthroughs in medicine and the animal sciences. these include gene therapy, 
disease models, improved test system development, gene discovery, life-span ex-
tension, and xenotransplantation. and in the animal sciences, enhanced production 
attributes for food, improved animal health, pharmaceutical products for both hu-
mans and animals, and other industrial or consumer products.

18.2.2  Issues in Pain, Suffering and Distress

according to the authoritative Animal Biotechnology: Science Based Concerns 
(National academies Press 2002), animal welfare concerns associated with lMos 
are their potential to

1. cause pain
2. cause distress (both physical and psychological)
3. result in behavioral abnormalities, and
4. result in physiological abnormalities and/or health problems.

as discussed in sect. 18.1, two broad aspects of animal biotechnology need con-
sideration in a discussion of the role of animal welfare in biotechnology regulation. 
the first involves the use of animals in medical research, while the second focuses 
on animal agriculture and food production. Both have important, but differing, im-
plications for animal welfare. at the same time, regardless of the situation in which 
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gM animals are involved, all cases entail the potential for animals to experience 
pain, suffering, and distress.

the fundamental welfare concern about the use of animals in research and test-
ing is the potential for pain, suffering, or distress. But the creation and use of gM 
animals presents additional problems for effective monitoring of these issues be-
cause of the potential for unexpected adverse phenotypes4 and the large numbers 
of animals involved. With respect to gM animals, or their off-spring, that are used 
for food and fiber production, this concern extends to the potential that inadver-
tent, or purposeful, mutations and deformities may cause pain and suffering for the 
animals created.

according to most commentators and authorities, the underlying principles of 
the ethical care and use of animals (and particularly laboratory animals) are pro-
vided in what is commonly referred to as the 3 Rs—Refinement, Reduction and 
replacement.5 alternatively, the more modern interpretation of the basic principles 
is made up of guidelines known as the Five Freedoms.6 Broadly speaking, the 3 rs 
are generally referred to when addressing the ethical care and use of animals in a 
research/laboratory setting, whereas the Five Freedoms are generally used in the 
context of animal welfare for farm animals.

4 unexpected adverse phenotypes are animals that are born or created with unexpected and unde-
sirable and usually debilitating deformities, and usually have a negative impact on animal welfare. 
see for example http://www.marquette.edu/researchcompliance/research/documents/iacucu-
nexpectedoutcomes.2012.pdf
5 Refinement of experimental procedures to reduce or eliminate pain and distress. Where the use 
of animals is unavoidable, minimize pain, distress, lasting harm, or other threats to animal welfare. 
For example, researchers should ensure that accommodation meets animals’ needs; use pain treat-
ment drugs; and specify humane endpoints—that is, when a study design should be changed or a 
study ended early due to concerns about animal pain, distress, or welfare.

Reduction in the number of animals being used. use methods that enable equivalent informa-
tion to be obtained from fewer animals or more information from the same number of animals, 
such as through the use of advanced imaging techniques.

Replacement of animals with other reliable models. For example, use alternative methodolo-
gies, such as computer modeling, or replace higher order animals with those of a lower order (such 
as using amphibians or invertebrates instead of mammals).
6 Freedom from thirst and hunger—by ready access to fresh water and a diet to maintain full health 
and vigor.

Freedom from discomfort—by providing an appropriate environment including shelter and a 
comfortable resting area.

Freedom from pain, injury, and disease—by prevention or rapid diagnosis and treatment.
Freedom to express normal behavior—by providing sufficient space, proper facilities and 

company of the animal’s own kind.
Freedom from fear and distress—by ensuring conditions and treatment which avoid mental 

suffering.
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18.2.3  The Modalities or Measurement and Therapeutic 
Approaches Associated with the Concerns

Many researchers have examined the nature of nociception (the experience of pain in 
sentient beings), pain, and suffering and whether animals are capable of experienc-
ing any or all of them. the current consensus is that all vertebrates, and many inver-
tebrates, are capable of experiencing pain. Most professionals therefore agree that

• Animals experience (i.e., suffer) distress, discomfort, and pain
• Analgesics or other interventions are available and should always be administe-

red if animals are experiencing discomfort or pain, unless there is a compelling 
veterinary justification not to

• Humane endpoints should always be employed and re-evaluated regularly; and
• Prevention of pain, suffering or distress is the ideal and if this is not possible then 

prompt recognition and treatment are essential.

However, it is also recognized by almost all professionals that pain is subjective, 
and the evolution and function of a sense of pain (nociception) in animals is rela-
tively obscure mainly because:

• There is a lack of research on nociceptors in many animals
• The identification of pain relies mainly on anthropomorphic judgments by humans
• There are very few, if any, objective scientific procedures available to identify 

pain, and, in particular, procedures that can be easily implemented.

despite this, most professionals still agree that the assessment of animal pain 
through human judgment is valid and that once identified, pain and suffering should 
be evaluated and alleviated (Hawkins 2002; Nrc 2000; 2009).

techniques have been devised to assist with animal monitoring and recogni-
tion of discomfort, pain, and distress, but their effectiveness have not been widely 
evaluated in practice, and the extent to which they are used is not widely known. 
current techniques for assessing animals and recording observations range from 
clinical observation sheets and “score” sheets, data management systems, to phe-
notype assessment protocols (e.g., sHirPa7) and visual analog scales (Hawkins 
2002). recent scientific research has considerably advanced our understanding of 
animal pain; however, there are still few scientifically validated pain-assessment 
techniques. therefore, in most circumstances, pain is assessed based on the ap-
pearance of an animal and its overall behavior. current best practice is to combine 
a structured clinical examination with a good knowledge of the normal appearance 
and behavior of the animals involved (Nrc 2000; 2009).

Many organizations around the world are advocating animal welfare assess-
ments that move beyond the mere presence of the positive aspects of “good” animal 
welfare practices, to a system that recognizes what are commonly called “iceberg 

7 sHirPa is a standardized set of experimental procedures used by scientists to characterize the 
phenotype of gM laboratory mice. the protocols are designed to test muscle function, cerebellar 
function, sensory function, and neuropsychiatric function.
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indicators”. the “iceberg” concept recognizes that there are key physiological, be-
havioral, and psychological indicators of animal welfare such as body condition, 
normal behavior, and alertness. Just as the sighting of an iceberg signals that 90 % of 
its bulk is below the water line, and we ignore its tip at our peril, so iceberg indica-
tors are critical signs of welfare.

one example of the application of animal welfare principles combined with an 
attempt to design an “objective” measure of animal welfare is the european union 
(eu) Welfare Quality© Project (Blokhuis 2007). the Project’s aim is to produce 
practical methods to assess the welfare of cattle, pigs, and chickens. Based on the 
Five Freedoms, researchers have developed a set of welfare “principles” based on 
four welfare criteria (table 18.1). assessment is focused on welfare outcomes and 
the protocols are being turned into reliable tests for use on the farm and at the abat-
toir (see for example table 18.1, which describes some of the development of the 
Welfare Quality project). they are currently being trialed on 570 farms (pig, cattle, 
and poultry) in 15 eu countries and could form the basis of a common eu scheme 
of animal welfare assessment. However, they have not yet been accepted by the 
scientific community or farmers and will need to be closely appraised by eu gov-
ernments and commission officials for their suitability.

despite the fact that the eu Welfare Quality assessment principles have yet 
to be accepted and approved by the scientific community as a “scientifically ac-
ceptable and objective assessment” of animal welfare, there appears to be grow-
ing agreement among professionals that scientific and objective assessments of 
animal welfare are moving in the right direction. according to many veterinary 
researchers, the search for objective measures of pain is ongoing. For example, 
in one recent New Zealand study (Johnson 2007), two approaches to the quanti-
fication of animal pain appear to offer significant advances over previous tech-

Table 18�1  development of eu welfare quality assessment
Welfare criteria Welfare principle example of assessment 

measure
good feeding absence of prolonged hunger Body condition score

absence of prolonged thirst Quality of water provision
good housing comfort around resting cleanliness, abnormal rising

thermal comfort Panting
ease of movement tethering, slipping

good health absence of injuries injuries, lameness
absence of disease Mastitis, diarrhea
absence of pain from 

management
dehorning, tail docking

appropriate behavior expression of social behaviors agonistic behaviors
expression of other behaviors stereotypical behaviors
good human–animal 

relationship
avoidance distance

absence of general fear reaction facing novel situation
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niques. the paper elucidates the use of spectral analysis of electroencephalograms 
(EEGs) and the ethological analysis of behavior. According to Johnson (2007), 
while the methods have very different applications and limitations, when used in 
conjunction with each other, they can give a complete and objective picture of the 
pain felt by groups of animals and the impact of different analgesic regimes upon 
that pain. thus while it is still very much accepted that pain is subjective, the use 
of objective measures of pain felt by animals and the conditions under which they 
are felt can be measured and recorded in a scientifically and objective manner, 
and may eventually lead to further research in approaches to measuring pain and 
suffering in animals.

18�3  Critical Assessment

if rules on a biosafety risk assessment with respect to animal welfare are to be 
 specified in the context of the cartagena Protocol, then they need to be:

1. objectively measurable
2. evidence based, and
3. identifiable in advance.

18.3.1  Objective Measurement of Animal Welfare Impacts

as stated previously, the measurement of pain and suffering in animals is usually 
acknowledged as being subjective, and the evolution, function and recognition of a 
sense of pain (nociception) in animals is relatively obscure, mainly because of the 
reasons set out above. despite this, most professionals agree that the assessment 
of animal pain through human judgment is valid and that once identified, pain and 
suffering should be evaluated and alleviated. in addition, new and recent research 
indicates that the objective measurement of pain and suffering in animals is plau-
sible and near to fruition.

18.3.2  Evidence of Pain and Suffering

While there is little in the way of objective measurement, there are many ex-
amples of evidence of pain and suffering in animals as a result of gM procedures. 
the previously mentioned report Animal Biotechnology: Science Based Concerns 
(National academies Press 2002) is probably the most comprehensive listing of 
actual and potential pain and suffering of animals as a result of gM procedures. 
However, the most revealing point about the discussion surrounding animal wel-
fare is that while the discussion has been fruitful and concerning, it has not led to 
any conclusive actions with respect to collecting evidence of pain and suffering 
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in animals subject to gM procedures. For example, there is no established pro-
tocol for recording information with respect to pain and suffering which could 
be entered into a database so that researchers and practitioners could share the 
 information. such a database could build on the concepts developed, and estab-
lish, over time, the requisite “scientific” assessments necessary to give any result-
ing rule-making the objectivity required to put the rules in place and have them 
objectively enforced.

18.3.3  Advance Identification of the Impacts on Animal Welfare

the creation and use of gM animals presents additional and unique problems for 
effective monitoring of pain, suffering, and distress, because of the potential for un-
expected adverse phenotypes. While many effects can be predicted within a limited 
range of certainty, more subtle effects are also possible that may not be detected for 
several generations. of major concern are the phenotypic changes that can occur 
(and have occurred in mice) which can be transmitted to offspring, including retard-
ed growth and abnormal dNa methylation patterns. inadvertent transfers of dNa 
may result in an array of defects such as severe muscle weakness, missing kidneys, 
seizures, behavioral changes, sterility, and disruptions of brain structure, neuronal 
degeneration, inner ear deformities, and limb deformities. Mutations can vary enor-
mously and because many mutations are recessive, they can result in generations of 
animals with mutations and deformities that are welfare concerning.

18�4  International Arena

18.4.1  Domestic Laws

While most countries have some form of animal welfare regulations in place, the 
use of domestic policy to impose restrictions on lMo imports based on animal 
welfare concerns must take into account the economic repercussions. For example, 
animal welfare regulations can have the effect of raising production costs, which 
may in turn cause higher food prices for domestic consumers. Furthermore, if a 
country’s domestic animal welfare regulations are more restrictive than those of a 
competing country, domestic producers can be priced out of the export market for 
that product because they are unable to match the price competition of producers in 
other country(s). thus, it is incumbent on countries to carefully weigh the economic 
outcome of imposing restrictions on other countries based on animal welfare regu-
lations (Mitchell 2001; gaisford and lau chui-Ha 2000).
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18.4.2  General Agreement on Tariffs and Trade (GATT)

apart from the economic impacts of these restrictions, a number of international 
regulations are also relevant if a country imposes animal welfare–based standards 
on other nations wishing to export similar products. among the most important of 
these international rules governing world trade are the Wto agreements. articles 
i and iii of the gatt require identical treatment for “like” products, regardless 
of the country of origin. that is, production measures that do not alter the final 
product in any material or differentiable way must be treated as “like” products. 
any decision to prevent the import of a product must be based on the character-
istics of the product itself and not on the process or production method (PPM)8 
by which the product was manufactured. thus, production measures that might 
ensure animal welfare standards must demonstrate that the product is materially 
different to similar products that do not use the same (animal welfare enhancing) 
production measures.

Based on article XX (a) of the gatt, trade could also be restricted “to protect 
public morals”. Presumably, one would have to argue that the product itself was 
offensive and against “public morals” and not the production process which, as 
pointed out above, would probably contravene articles i and iii. in addition, in 
the case of a product produced outside of the importing country’s jurisdiction, the 
question arises as to whether this exception could apply. Finally, it is not clear 
that if one were to argue that public moral concerns for, say, animal cruelty would 
constitute a legitimate argument for imposing restrictions based on those public 
morals.

article XX(b) provides for trade restrictions to protect human, plant, and ani-
mal health. While many might argue that animal welfare is an important aspect of 
animal health, it is not, in general, strictly an issue of animal health. alternatively, 
animal health can be included as an important aspect of animal welfare, but reliance 
on this issue would require a scientifically established link between the two. that 
is, if scientific research can show that there is a direct connection between animal 
health and a specific animal welfare standard, and that maintaining that standard is 
a method of protecting animal health, then restricting trade based on such a standard 
should be acceptable under Wto rules (thiermann and Babcock 2005). However, 
again, in the case of a product produced outside of the importing country’s juris-
diction, the question arises as to whether this exception could apply, particularly if 
articles i and iii of gatt are invoked.

8 PPM stands for “process and production method”. an important technical distinction is made 
within Wto rules between product-related PPMs (Pr-PPM) and non-product-related PPMs 
(NPr-PPM). the distinction between the two relies on the how the PPM affects the final product. 
if the final product of PPM-a is used, handled or disposed of essentially the same way as PPM-B, 
then it is a NPr-PPM. if the final product of PPM-a is used, handled or disposed of in a comple-
tely different way than PPM-B, then it is a Pr-PPM.
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article XX(g) allows measures that are “related to the conservation of exhaust-
ible natural resources”. in 1989, the us embargoed shrimp from countries who did 
not adopt the policy of protecting sea turtles by adopting turtle excluder devices to 
their nets while fishing for and catching shrimp. one of the arguments employed by 
the usa (and which was recognized under us conservation Policy and applied to 
us fishermen) was that sea turtles were an exhaustible natural resource that should 
be protected from inadvertent snaring while fishing for other species (Wtoa 2013). 
similar claims are also made in the tuna/dolphin case (Wtob 2009). the basic 
argument is that under gatt XX(g), “exhaustible natural resources” are not limited 
to resources that are susceptible to exhaustion or extinction in a static sense, but 
may be extended to natural resources that are “evolving”. thus, it is possible that 
certain animals could be interpreted as being “exhaustible natural resources9”. in 
other words, it is conceivable that an argument could be made under gatt XX(g) 
that if a gM animal was released into the wild and its release impacted the con-
servation of an exhaustible natural resource, then it could be listed as an exclusion 
under gatt XX.

18.4.3  The Sanitary and Phyto-sanitary (SPS) Agreement

the sPs agreement specifically recognizes the oie10 (office international des 
epizooties or World organization for animal Health) which addresses issues of 
animal health measures. the oie’s terrestrial animal Health code and the aquatic 
animal Health code both have individual sections (section 7 in both reports) relat-
ing to animal welfare.11 Measures based on international standards, guidelines or 
recommendations developed by the oie are presumed to be consistent with the 
sPs agreement, and Members who base their measures on them can be confident 
of compliance with the sPs agreement. international standards are sometimes de-
scribed as providing a “safe harbor” for governments. clearly, however, Members 
have the right to challenge all sPs measures, and particularly if they believe that 
the claim of being based on an international standard is ill-founded (Kogan, 2007).

9 While the shrimp/turtle case was considered legitimate by the Wto appellate Body, the usa lost 
the case because it discriminated between Wto members http://www.wto.org/english/tratop_e/en-
vir_e/edis08_e.htm the tuna/dolphin case http://www.wto.org/english/tratop_e/envir_e/edis04_e.
htm report was never adopted and therefore is not a legal interpretation of gatt law. Nevertheless 
it still attracts lot of attention because of its implications for environmental disputes.
10 see their website at http://www.oie.int/en/ for more information on the activities and recommen-
dations of the OIE. Two other international bodies are of relevance—The IPPC (International Plant 
Protection convention) and the codex alimentarius (codex). it should be noted that the sPs ag-
reement makes no legal distinction between the “standards,” “guidelines” and “recommendations” 
of these three organizations. all three types of norms have equal status under the sPs agreement. 
Source: World trade organization documents, http://www.wto.org.
11 see http://www.oie.int/international-standard-setting/terestrial-code/access-online/ and  http://
www.oie.int/international-standard-setting/aquatic-code/access-online/

http://www.wto.org/english/tratop_e/envir_e/edis08_e.htm
http://www.wto.org/english/tratop_e/envir_e/edis08_e.htm
http://www.wto.org/english/tratop_e/envir_e/edis04_e.htm
http://www.wto.org/english/tratop_e/envir_e/edis04_e.htm
http://www.oie.int/international-standard-setting/aquatic-code/access-online/
http://www.oie.int/international-standard-setting/aquatic-code/access-online/
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18.4.4  The Technical Barriers to Trade (TBT) Agreement

a plausible alternative to restrictions on trade based on animal welfare concerns 
is the use of labeling of products according to production standards, with the main 
objective of allowing consumers to be informed. labeling issues come under the 
auspices of the tBt agreement. However, it is uncertain whether labeling of im-
ports according to production methods is possible within the framework of the tBt. 
the tBt was designed to ensure that labeling and other technical requirements do 
not create unnecessary obstacles to trade. as such, the tBt agreement encourages 
countries to develop standards and technical regulations based on international stan-
dards. However, the problem is that the tBt agreement fails to identify the relevant 
standard setting bodies for international standards, unlike the sPs agreement dis-
cussed previously. (one could assume in this case that since the oie is specifically 
identified as a “standard-setting body” for animal welfare under the sPs agreement 
that it would also apply under the tBt agreement.)

the tBt also allows governments to choose measures based on their national 
requirements if international standards do not meet their needs. the objectives may 
include the prevention of deceptive practices, protection of human, plant or ani-
mal health or safety, or protection of the environment. Whatever the case, the tBt 
agreement requires advanced notices (similar to those required for sPs measures), 
and also notices of bilateral technical agreements and compliance by national stan-
dard setting bodies with a cgPPaas.12

Finally, all Wto Members are required to establish national enquiry points and 
to keep each other informed through the Wto. the tBt committee is the main 
clearinghouse for sharing information among Members and the primary forum for 
discussing concerns about the regulations and their implementation.

in summary, the main question with respect to animal welfare and trade compli-
ance is that domestic (national) rules, regulations, and laws pertaining to animal wel-
fare are likely to be viewed as trade barriers unless there is demonstrable (scientific) 
product-related evidence that the use of such standards can be shown to be necessary 
for the protection of human, plant or animal health, biodiversity, or the environment.

some qualifications are appropriate:

• From a scientific point of view, what is safe in one country should be safe in 
another. However, the same level of risk is not perceived the same way ever-
ywhere and differs significantly across countries (e.g., the legality of the pro-
duction and sale of cheese made from raw or unpasteurized milk vs pasteurized 
milk in various countries).

• Science is not always conclusive.
• It is almost impossible to separate scientific considerations from economic and 

political ones. the perception is that science is often used for profit and is subject 
to the influences of industry and special interest groups.

12 code of good Practice for the Preparation, adoption and application of standards.
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• The substantial debate over the extent to which the SPS and TBT Agreements 
allow (or disallow) trade restrictions based on specifications related to the PPMs 
reveals such inconsistencies that could actually diminish a nation’s ability to 
uphold its own environmental, animal welfare, or public health principles.

18�5  Administrative Consequences

By far, the most important issue associated with the consideration of animal wel-
fare in biotechnology regulation is the appropriate balance between the costs of 
regulation and the benefits associated with them. the economic consequences of 
imposing animal welfare regulations in an international context were discussed in 
sect. 18.4. While the passage of animal welfare laws may offer individual and so-
cial benefits to consumers, it may also result in higher prices for all consumers, and 
result in trade policy concerns for consumers and producers, both domestically and 
internationally.

administrative concerns are also at the forefront for organizations and research-
ers who use animals for research. For example, in one academic facility that used 
large numbers of gM animals, over 90 % of them appeared to be clinically normal, 
but some abnormal phenotypes did occur. Because each technician was responsible 
for checking around 500 cages of 4–5 mice every day, if 6 hours a day was spent 
monitoring animals, this allowed 43 seconds at most for each cage, or 9–11 seconds 
for each mouse. objective measures such as body mass were rarely taken due to 
lack of time! indeed, one of the conclusions from the international animal research 
Workshop held in Buckinghamshire, UK, in July 2011 (NRC 2012), concluded that 
there was a need to recognize that regulations create administrative burdens, and 
that the costs of administering regulations need to be (1) balanced, or in line with, 
the benefits and (2) justified on the basis of improving animal welfare, and not just 
for the sake of ensuring animal welfare.

18�6  Summary/Synthesis

• Consumers, worldwide, are demanding their right to make more informed 
choices about the food products that they purchase and consume, including how 
animals are bred, raised, kept, used, transported, and slaughtered.

• While the creation and use of LMOs in agriculture and the food system harbors 
great advances in science and the future of the food system, it is also responsi-
ble for an increased awareness of, and concern for, the important links between 
animal health and animal welfare, and the safety and quality of food products, 
and their broader implications for biodiversity, the environment, and for human, 
plant, and animal health and safety within that environment.

• Despite the fact that the development of risk and quality assessments of animal 
welfare has yet to be accepted and approved by the scientific community as “scien-
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tifically acceptable and objective,” there is growing agreement among professio-
nals that the concepts used and the technologies developed mean scientific and 
objective assessments of animal welfare are not only plausible, but near fruition.

• The main question with respect to animal welfare and trade compliance is that 
domestic (national) regulations pertaining to animal welfare are likely to be vie-
wed as trade barriers unless there is demonstrable (scientific) product-related 
evidence that the use of such standards is necessary for the protection of human, 
plant or animal health, biodiversity, or the environment.

• Animal health and animal welfare should be at the forefront of ALL production, 
processing and development of animal food products that result from modern 
biotechnology, domestic or international, regardless of its status as a sec, pro-
vided that an appropriate balance exists between the costs of regulation and the 
benefits associated with them.
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Part III
Navigating the Challenges

crystal-ball gazing is fraught with peril and while we are cognizant of such perils, 
offering some poignant synthesizing observations is essential to frame the preced-
ing discussions. other forms of knowledge in addition to science are necessary to 
understand the values embedded in and transmitted through the social, economic 
and cultural dimensions of the environment, and how these things may be affected 
by or in turn affect a particular use of a technology. the key issue is how to relate 
these other forms of knowledge to scientific knowledge in the decision-making pro-
cess. this policy milieu is complicated as the examination is, in fact, of complex in-
teractions between democratic societies’ right to decide how to proceed, producers’ 
freedom to operate and consumers’ rights and freedom to know. these issues are ex-
tremely important for regulatory design as they help define a functional system and 
deal with relevant issues such as individual privacy and confidential business infor-
mation filed with regulatory dossier applications. this section contains a practical 
synthesis of the practicalities and options relevant to the assessment of secs and 
their introduction and implementation into the agricultural gMo decision-making 
process.
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19�1  Introduction to a Three-Dimensional Problem

Were regulation a living matter, without a doubt, it would be called a complex crea-
ture. While domestic regulations are complex enough on their own, elevating regu-
lation to the international level adds an even greater degree of complexity. comply-
ing with international regulations is frequently a matter that requires considerable 
attention, but even with detailed levels of scrutiny, disagreements pertaining to in-
terpretation are commonplace. international governance is a growing area of com-
plexity, with numerous institutions, organizations, and agreements, all proclaiming 
some degree of legitimacy and authority to oversee the diverse area of activities 
regarding regulation in specific jurisdictions. developing domestic regulations will 
frequently fall under the oversight of several of these international bodies, making 
it challenging for countries with limited regulatory development resources to be 
compliant in all aspects. as well, countries will give a greater, or lesser, degree of 
importance to particular international governance bodies, creating varying inter-
pretations, responses, and legislation, all pertaining to the same jurisdiction. as has 
been demonstrated in Part ii, the international regulation and governance of agbio-
tech is rife with complexity.

as with the cPB itself, which provides no guidance on the matter, the  various au-
thors of the sec chapters were not provided with detailed definitions of the particu-
lar consideration they were invited to address. This was deliberate—providing such 
a definition would of itself influence how an expert responded to the sec. instead 
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experts in particular fields were invited to write on a nominated consideration, 
which they were to interpret in light of their expertise. the experts were drawn from 
different disciplines, including economics, humanities, science, law, and manage-
ment. they were also deliberately drawn from diverse jurisdictions including eu-
rope, North america, africa, and australia. this meant that even with a common 
chapter template, the 15 chapters show the breadth and range of interpretations of, 
and responses to, sec assessment in biotechnology regulation. this part of the book 
brings together those interpretations and responses and finds commonalities that can 
be used to inform future discussion and developments relevant to the assessment of 
secs and their introduction into the agricultural gMo decision-making process.

sec has been used in this book to refer to those considerations not currently ad-
dressed in what are commonly referred to as the science-based risk assessment frame-
works considered in chap. 2, used to evaluate risk to human, animal and plant health 
and safety, and the environment. concerns outside of this have been treated in this 
book as secs. as has been highlighted in chap. 3, the present application of secs 
varies substantially, with little to no consistency in implementation strategy or range 
of regulatory oversight by countries that have incorporated secs into their domestic 
biosafety regulatory frameworks. However, it must be remembered that even for those 
risks considered in science-based risk assessment frameworks, there can be closely 
related impacts that are not addressed. thus, for example, as Novy and Nagarajan 
discuss in chap. 16 on producer choice, the ability of producers to effectively carry 
out resistance management plans designed to respond to identified environmental 
risks may depend on the typical organizational structure of farm management in the 
jurisdiction concerned. subsistence farmers may, for example, be unable to afford to 
comply and this in turn will be relevant to the assessment of the sec, producer choice.

this issue of definitions or boundaries for secs included in a decision-making 
process is a central one to address and will be particularly difficult to resolve. reso-
lution could be sought by conceptualizing each sec as being an individual color in 
a rainbow. therefore, while the precise boundary between any two adjacent colors 
may be a matter of dispute, because all colors are displayed and “considered” this 
blurring does not matter. But conceptualization of secs in that linear fashion is not 
accurate. First, even a linear model can have gaps. Mugwagwa (2012, p. 43) ex-
plains that “[o]ften this is not because the information or other attributes to fill these 
gaps are not there, but because of a lack of obligation among the various players to 
take forward what the player at the other level (lower or higher) has done. this issue 
is best explained within the social arena of problems…, where multiple perspectives 
may not overlap enough to cover the issue area adequately.”

second, secs have greater “3d” implications than a rainbow. they are more 
like a cluster of colored helium-filled balloons. the perception of the color of any 
individual balloon is greatly influenced by the color of its neighbors and by whether 
that balloon is seen by looking through a neighbor. returning to secs, the content of 
any particular sec is greatly influenced by surrounding factors such as who is defin-
ing it and the context in which the definition is taking place. context may mean the 
jurisdiction the sec is being assessed in, but also the other secs identified as most 
relevant to that jurisdiction which are also being assessed as part of the same process.
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the objective of this chapter is to highlight the methodological issues that arise 
and to provide a sense of the fundamental challenges that will need to be resolved 
prior to the introduction of a regime where secs are included as part of the regu-
lation of the import and production of gMos and that are in compliance with the 
implementing countries’ international obligations.

19�2  Structuring the SEC Discussion

a classical illustration of the 3d nature of sec assessment is the sec of envi-
ronmental impact. in chap. 6, Wesseler and smart posit two starting points that 
are relevant to all secs: regional aspects are crucial, and agriculture, regardless of 
whether it is gM or otherwise, always has an environmental impact. these points 
are relevant to the baseline used to measure any sec against, an issue we will return 
to in the final chapter. in relation to environmental impacts, Wesseler and smart ad-
dress how the broad array of potential positive and negative impacts of agricultural 
biotechnology on the environment could be assessed. this discussion illustrates the 
inevitable intertwining of the secs. For example, one identified impact is a change 
in pesticide use. this impact is identified as an issue relevant to environmental im-
pact assessments, as Wesseler and smart have done, because a decrease in pesticide 
use lowers pesticide residues in the environment, residues in the resulting crop, and 
exposure to the farmer. it may also potentially increase on-farm biodiversity. But 
these spill-over effects mean changes in pesticide use may also need to be included 
in an sec assessment of impact on biodiversity, labor impacts, and food safety.

in chap. 10, impacts on biodiversity from gM crops are discussed as a component 
of an sec risk assessment. impacts on the environment are part of science-based risk 
assessments, but the concept has been expanded slightly and included as a sec. 
Falck-Zepeda, Zambrano, and Smale identify that one of the methodologies used 
to assess biodiversity impacts is known as an ecosystems service evaluation, which 
comprises evaluations of the biophysical, sociocultural, and monetary. in essence, it 
is a stocktaking of all goods and services, tangible and intangible that are of value, 
and could be of value, to humans. the potential scope of such an evaluation is limit-
less and the data requirements are quite staggering for an assessment of this nature.

addressing the strongly tangential sec of labor impacts (or balloon to continue 
with the visual cue), reductions in farmers’ exposure to pesticides and other chemi-
cals, as well as the time required to undertake the chemical application, would be 
central to any assessment. like Wesseler and smart in chap. 6, gouse (in chap. 13) 
highlights the importance of recognizing regional differences, which for the sec of 
labor impacts is particularly apparent regarding the introduction of new agricultural 
technology. developed nations, where mechanized production systems are used, 
and developing nations, where agriculture is often the sole source of livelihood and 
employment, will assess a decrease in pesticide usage differently.

gouse focuses on agricultural production in sub-saharan africa (ssa) where 
agriculture is labor intensive and notes that in such agricultural systems there is 
often no incentive to expand production because of limited profitable marketing 
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 opportunities. He notes that a labor-saving technology, such as herbicide tolerant 
(Ht) gM crops which require less weeding, can be beneficial to some but detri-
mental to others. Where labor is a limiting factor, HtgM crops may be beneficial, 
allowing farmers to reallocate their labor to other activities, such as expanding their 
production to increase yields. in contrast though, where landless unemployed de-
pend on weeding for their livelihood, and where market limitations restrict expan-
sion, the introduction of HtgM crops could have a negative impact. this is an 
interesting conundrum because the research issues define the methodology which 
in turn can and does define the results from an assessment. this state of research 
clearly shows the high level of expertise and experience needed to conduct such as-
sessments so that they become a valuable tool to support decision-making.

the opportunity to trade surplus yields is thus important in the assessment of the 
sec of labor impact but is also an sec of its own. chap. 15 addresses the sec of 
national trade interests, focusing on the assessment of possible domestic economic 
effects of gM imports and/or adoption, particularly segregation and coexistence op-
tions, on non-gM agricultural production, marketing, and trade. Market access and 
assurance that international trade will not be disrupted have become dominant socio-
economic issues for many developing nations and are judged to be a major reason for 
the lack of gM crop adoption in africa (Paarlberg 2008; smyth et al. 2013). gruère 
notes that whether the introduction or use of gM crops causes economic loss to non-
gM supply chain actors is driven by many considerations, including the incentive for 
separating non-GM from GM products—GM-free private standards in the domestic 
or international market, labeling regulations, and intellectual property (iP) protection.

in chap. 14, Viju further considers domestic regulatory measures but in the con-
text of their impact on trade policy and market access at a global level. she extends 
gruère’s discourse at the international level, positing that three methods can be used 
to determine if the commercialization of a gM crop would be welfare enhancing 
in specific trade markets—partial-equilibrium models, general equilibrium models, 
and gravity models—each of which offering somewhat different results. She points 
out that a focus point for literature in this field is the important regional differences 
between gMo regulatory frameworks wherein particular countries are divided on 
the basis of whether the country of interest is a major exporting nation that has ad-
opted gMos, a major developed nation that imports gMos but has strict regulatory 
frameworks, or a developing country that may be a potential importer. importantly, 
particularly on the issue of equity the focus of chap. 7, Viju notes that welfare con-
sequences for the world economy of current and prospective gM crop adoption by 
some countries and of trade/domestic policy responses by other countries need to 
be estimated. thus, for example, changes in the policy of some developed nations 
toward gMo adoption could greatly impact global welfare with most of those gains 
going to the developing countries. this chapter also considers the “bigger picture” 
outcomes for global trade of consistency across jurisdictions in gMo regulation.

chapter 16 focuses on the sec of producer choice, to which the issue of reduc-
tion of pesticide usage mentioned earlier will be relevant, among many other matters. 
Novy and Nagarajan note that producers make decisions based on a variety of expec-
tations including yield, profit, risk perception, inputs (labor, fertilizer, water, pesticides 
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etc.), health effects, environmental stewardship, market factors, tradition, and culture. 
Many of these are also considered as individual secs in this book. indeed, Novy 
and Nagarajan point out that the assessment of producer choice will need to address 
many factors, including freedom of choice, income security, control over production, 
contamination of organic agriculture, and farmers rights to save seeds that will be 
included in other secs. they also point out that real choice will often require case-
by-case assessment, tailored for each application situation and, as is common in the 
assessment of secs, will be influenced by the regional jurisdiction of the assessment.

For example, farmers’ choice to save seed, which informs farmers’ decisions 
whether to adopt gM crops, depends on iP but is also highly dependent on specific 
crop biology of the crop concerned: seeds from open-pollinated varieties, which are 
often more attractive to resource poor farmers, can be saved, subject to iP constraints; 
seeds from hybrid varieties, which cannot be saved, often require more inputs and 
usually have a price premium because of some offered agronomic advantage, are less 
attractive to resource poor farmers. one methodology for assessment considered by 
Novy and Nagarajan is the sustainable livelihoods framework with its focus on food 
security and poverty. Food security in this context then is taken as meaning access 
to sufficient food although it goes beyond income and nutrition to include concepts 
such as vulnerability, assets and empowerment, a different interpretation to that given 
to food security in chap. 8. a final commonality to be drawn from chap. 16 is Novy 
and Nagarajan’s observation that if a tolerance limit for gM comingling is set, that 
limit will have profound implications for the ultimate quantification of other secs.

iP is the focus of lawson in chap. 12. lawson, like Wesseler and smart in 
chap. 6 regarding environmental impacts, observes the influence of private rights 
in sec assessment. some argue that the operation of iP could have major impacts 
on developing countries by biasing agri-food production and development toward 
modern improved varieties. Moreover, it is possible that owners of iP may effec-
tively appropriate or marginalize traditional knowledge in ways that jeopardizes 
landraces or traditional farming practices. the resulting dislocation of indigenous 
people and practices could, in some circumstances, be linked to effects on biodiver-
sity. iP sits within a matrix of rigid regulation through international agreements, but 
lawson describes the various national laws on iP as a patchwork, each attempting 
to articulate at least the minimum standards in the context of national and regional 
standards. He also notes that in addition to the multi-party international agreements, 
there are important entrenched obligations under bilateral and regional trade agree-
ments which often impose significantly higher iP obligations. this means, lawson 
concludes, where decisions about secs are being made, the particular iP landscape 
of each nation will need to be determined according to their particular commit-
ments. Further, the iP content of the particular gMo being assessed and related ma-
terials, processes, etc. will have to be identified and the relevant owners determined. 
While the data can be found in various online iP databases in developed countries, 
such as the european Patent office, the canadian intellectual Property office, and 
the us Patent and trademark office, few developing countries have such devel-
oped systems. lawson suggests that such owners may also need to be involved in 
the decision-making process because of their private rights and where a decision ad-
versely affects their iP, a mechanism of review and compensation will be required.
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concern for the individual is also addressed in chap. 5, where Moses and Fisch-
er discuss consumer choice. While the eu provides the background for this chapter, 
much of the discussion is relevant whatever the jurisdictional context. they point 
out that assessment of consumer opinion and the reasons for those opinions is diffi-
cult. consumer attitudes also change over time although they note that nutritional or 
health benefits seem more attractive to consumers than price advantage. While food 
security and safety issues are reviewed in chap. 8, with health impacts of gMos ad-
dressed in chap. 9, Moses and Fischer conclude that consumers’ expressed attitudes 
to gM food products may well differ from their actual choices when such products 
are available in the stores. they also point out that gM food sometimes raises issues 
of the “unnatural” challenging traditional perspectives of nature, agriculture, and 
humanity’s place in nature, which may bring about moral objections. these issues 
are more thoroughly addressed in chaps. 7 and 17. Further, they note that in some 
countries growing skepticism about information from industry, governmental and 
other official sources about food safety were the precursors of the gM food debate 
which remains partly unresolved today. they state that lay skepticism about gM 
foods may be influenced by a lack of trust in the institutions and actors responsible 
for the new technology or by a lack of a sense of agency.

these issues are considered further in chap. 8 on food security and safety. in this 
chapter, strauss addresses food security and safety in the context of the developed 
world. like Moses and Fischer in chap. 5, strauss considers the impact of the gM 
food debate in sec assessment. she addresses the sec of food security from the 
viewpoint of one of choice and consumers’ trust in government regarding assessment 
of food safety, particularly government’s choice of acceptable level of risk. strauss 
considers that food safety as addressed in the science-based risk assessment frame-
work does not go far enough. like Moses and Fischer, strauss explores concerns 
raised by consumers regarding scientific uncertainty over risks to safety and biodiver-
sity and consumers’ ability to respond to their concerns through their food purchasing 
decisions, which in turn links to labeling issues, raised by gruère in chap. 15.

chapter 4 integrates these discussions even further by focusing on the impacts 
of gM crops and foods on producers and societies. assessments of this nature are 
typically made by gathering on-farm data and determining what the impacts of gM 
crops have been on the adopting farmers, be it in india with gM cotton or in can-
ada with gM canola, and then aggregating the results to be applied to the larger 
economy. While studies of this type can be done with a single year’s data, confi-
dence in the results greatly increases with the ability to interpret the results based on 
multi-year data. this of course takes time and considerable investments of financial 
resources. Falck-Zepeda and Smale highlight that the results of applying this SEC 
to biosafety regulations are valuable to policy makers; however, they also caution 
that no one methodology is capable of providing the complete assessment and that 
each method applied has its own advantages and disadvantages. this same conclu-
sion can actually be extended to all the different research issues and approaches 
discussed in this book.

Newell-Mcgloughlin in chap. 9 also pursues concerns focused on a particular 
societal segment but this time in the context of the potential impact on the health 
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and well-being of humans and animals by gM plants, focusing on the value-added 
output traits of improved nutrition and food functionality. While acute safety con-
cerns raised by nutritional changes to gM plants and livestock are addressed by cur-
rent risk assessments, Newell-Mcgloughlin points out that assessment of this sec 
will require detailed measurement at the individual human or animal level given 
that nutrition intervention from a functionality perspective has a personal dimen-
sion. she also posits that the “cost” of precautionary inaction needs to be addressed 
from an ethical viewpoint relative to the “cost” of failing to adopt a new product that 
could significantly benefit sizable world populations. in addition, the commonality 
of the importance of regional context is raised by her observation that some impacts 
may be dependent upon certain variable conditions, such as regional differences in 
processing, consumption, and health affections.

Phillips, in chap. 11, addresses the sec of traditional knowledge (tK), which 
includes within it concern regarding protection of genetic resources, so important 
for biodiversity. Phillips discusses a number of important hurdles that need to be 
met for legitimate assessment of tK to occur. He notes the definition of tK is itself 
contentious and that valuing it is hotly contested. difficult aspects include that tK 
and related genetic resources have intrinsic cultural or spiritual values that cannot 
be quantified in monetary terms, often do not enter modern markets and are often 
only a component, albeit an important one, in developing other products. defin-
ing the ownership of tK and the rights and rules associated with it (of which the 
formal iP laws are only part), which in turn impacts its overall “value” and what 
infrastructure is necessary to realize that value, are further difficulties. returning 
to the endemic issue of regional differences, claims by different groups to tK and 
genetic resources often overlap so that national boundaries and specific indigenous 
communities are spanned, which in itself can give rise to regional conflicts. despite 
this, ultimately what is protected and how that is done and exploited, issues so 
closely related to the economic value of tK, are matters for domestic law. Phillips 
points out that this means international benchmarking and standardization will be 
difficult and the spectrum of models, methods, and metrics for valuing tK allows 
any viewpoint to be supported. He predicts this is likely to lead to complicated and 
contested solutions. this may be in fact the “state of nature” for all secs that are 
being discussed at the international level and of the assessment approaches that may 
be used to evaluate them. in fact, we may have to limit the discussion to those ele-
ments that characterize implementation of models, methods, and metrics as there is 
no ideal approach which may necessitate approach triangulation, and thus the need 
to consider inevitably the possibility of contradictory results. lawson, in chap. 12, 
also raises the issues of tK and equality of access to genetic resources and sharing 
of benefits from those accessed resources, in his consideration of the sec of iP.

thompson, in chap. 7, addresses the secs of ethics and equity. this chapter 
also considers the issue of fairness, raised in chap. 11, regarding tK. in the context 
of ethics though, thompson points out that while ethics may be described in its 
broadest sense as addressing whether the “right thing” is being done, the answer 
to this requires more than a consideration of fairness. He notes that in principle, all 
considerations relevant to answering how one should act are potentially relevant 
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to an assessment of ethics. However, practically ethical considerations generally 
include criteria other than those usually considered part of environmental, safety 
or economic assessments. Valuing an ethical impact or outcome is made more dif-
ficult according to thompson because generally if a consideration is categorized 
as ethical, it has been acknowledged as being controversial. Further, and yet again, 
returning to the endemic issue of regional differences, thompson points out that the 
human ability to recognize equality in an ethical sense is subject to cultural, histori-
cal, and experiential modifications and further, and that even agreeing on what it 
is that should be equally shared is itself contentious. We note that it is our opinion 
that we may have to agree to devolve the question of the issues and approaches that 
may be important for countries to focus on to internal (national) discussions. this 
may help reduce the number of issues which may be considered at the international 
level, but still leaves a state of contention and thus tension between stakeholders. a 
final key observation from the chapter and applicable to all secs is that the metric 
used to measure any sec is essentially an economic one when in fact, well-being 
or happiness or some other non-economic value may be what is really of interest.

coe addresses both of these final observations of thompson, well-being and 
happiness, in her chapter (chap. 17) on religion and culture as an sec. While eth-
ics is often included with religious and cultural aspects pertaining to biotechnology, 
coe acknowledges that it can be problematic in trying to separate ethics due to it 
being interwoven with religious and cultural aspects. coe suggests that two key 
themes set religious and cultural aspects apart: “the concepts of sacredness and the 
desire for happiness and well-being.” given that discussions involving religious 
and cultural aspects of an innovative technology can be emotionally laden and sub-
ject to misinformation, numerous countries have utilized citizen consultations. coe 
highlights her chapter by providing insights into how the sacredness of taro in Ha-
waii has contributed to the rejection of biotechnology applications to taro, while, 
at the same time, gM papaya has been adopted by an estimated 80 % of Hawaiian 
papaya producers. clearly engagement with stakeholders is a crucial part of the 
process regarding the commercialization of innovative agricultural technologies, 
but even full consultation is no guarantee of acceptance. in fact, the need may arise 
of pursuing qualified regulatory outcomes where specific areas of a country are 
deemed as “not approved” for commercialization and use of a specific gM crop. 
this introduces a higher level of post-release monitoring but may be the only way to 
address cultural concerns pertaining to traditional and ancestral knowledge codified 
in varieties and agricultural practices.

chapter 18, in which Butler addresses the sec of animal welfare, also concerns 
an issue not generally thought of in economic terms. animal welfare also raises 
issues of food safety and quality, and links between animal health and welfare and 
biodiversity, the environment and plant and human health and safety within that 
environment. Butler points out that the development of risk and quality assessments 
of animal welfare has yet to be accepted by the scientific community as objective, 
but such agreement is close. However, he also acknowledges that there is a sec-
ond category of concerns regarding animal welfare, the social and ethical concerns, 
which he does not address in the chapter which will require different models of 
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 assessment. as with thompson’s chapter (chap. 7) on ethics and equality, But-
ler notes that the form of animal welfare regulations used in a particular nation is 
shaped by the cultural, religious, political and/or social values of the jurisdiction 
and creates a broad array of approaches. He also points out that there are economic 
repercussions of imposing restrictions on trade with other countries based on their 
animal welfare regulations that would need to be considered. there are also domes-
tic economic repercussions caused by animal welfare regulations such as increased 
food prices. these economic repercussions then tie back to secs such as consumer 
choice, producer choice, and market access and trade.

clearly, applying secs to a domestic regulatory framework is a diverse and 
daunting challenge. some of the challenges exist at the methodology stage as there 
is a lack of quantifiable methods available to undertake the assessment of the partic-
ular sec, while at the other end of the scale, gathering the data required to make an 
assessment is time consuming and expensive. challenges such as this would strain 
the ability of regulators in developed countries, let alone those in resource stressed 
developing countries. a constant theme across the chapters of Part ii is that while 
valuable information can be provided to policy makers, it comes with a cost. this 
cost can be measured in the additional years it would take to gather the data to make 
a complete risk assessment or fiscal allocation of scarce resources to additional lev-
els of regulatory requirement. the greatest cost, and arguably the most difficult to 
quantify, is the loss of the technology to a country if the developer decides that the 
regulatory environment contains too high a degree of uncertainty, thereby seeking 
other jurisdictions to commercialize the technology.

19�3  The Cost of Increasing GMO Regulations

in addition to the difficulty of agreeing on what secs are, or should be, included in 
the decision-making process and the boundaries or content of those secs, is the im-
portant issue of the future costs of enhanced regulatory oversight. the value of that 
“cluster of balloons” can be assessed today but, assuming they continue to exist into 
the future, re-assessment will be needed. Future values may also affect the value 
given to the balloons today. another side to the cost projection problem is that what 
is done (or not) today will impact on the future value of the secs. Perron-Welch 
(2012) argues that intergenerational equity requires the present generation not to in-
troduce a technology that irreparably harms the environment or the socioeconomic 
situation left for future generations, but also requires the present generation not to 
deny future generations the possibility of benefiting from biotechnology and its 
socioeconomic gains. these potential costs and benefits should then be included in 
the assessment process.

However, the approach offered by Perron-Welch raises a common concern—a 
trade-off is required between the benefit and the adverse outcome. take, for exam-
ple, the labor reallocation impacts from gM crop adoption in south africa as identi-
fied by gouse in chap. 13. gouse’s research has determined that female smallhold-
ers that adopt gM crops spend 10–12 fewer days hand weeding their fields, with 



286 K. ludlow et al.

this time being reallocated to caring for their children or tending their garden plots. 
obviously, this is a significant benefit from gM crop adoption. conversely, gouse 
identifies that the reduced need for hand weeding has resulted in a decline in the 
need to hire labor to undertake the necessary weeding. this loss in income opportu-
nity may have significant impacts on the laborer’s domestic situation. therefore, the 
ethical dilemma faced by posing Perron-Welch’s argument is who decides whether 
the benefits gained by a reduction in hand weeding by the female smallholder out-
weighs the loss in employment opportunity to the for-hire farm laborer? the greater 
and more practical challenge for technological innovations though is how impacts 
such as these can be quantified in any meaningful sense prior to the point of com-
mercialization? While cost-benefit analysis can be done by any accountant, the re-
sults can be manipulated as needed to rationalize any foregone policy decision.

the point that is raised by Perron-Welch is symbolic of the second of two types 
of error in risk assessment systems—a so-called type 2 error. Ultimately and obvi-
ously, risk-assessment systems ought to be designed to make the right decisions; that 
is accepting safe products and rejecting unsafe products. as with any human system, 
there is potential for error, especially when a new class of products is being consid-
ered where there is no empirical evidence, such as in commercializing a gM crop in 
a country for the first time. While the system is and should be designed to avoid ac-
cepting something that is not safe (a so-called type 1 error), it also has to be mindful 
of the trap of making type 2 errors, that is, rejecting safe products and activities (ta-
ble 19.1). While we can tally up the cost of type 1 errors in lost lives or damaged eco-
systems, we cannot convincingly estimate the cost of foregone opportunities and all 
of the attendant benefits that could flow from them. an important difficulty raised by 
including secs in agricultural biotechnology regulation is that social amplification 
of risk significantly raises the potential of making a type 2 error, thereby diminishing 
the flow of new and innovative products and progress in a science-based economy.

innovation adoption is addressed by a number of authors in this book. For example, 
Novy and Nagarajan, in chap. 16, discuss systemic “relevance assessment” whereby 
a systems approach is used to determine the problem the biotechnology-based solu-
tion addresses, examines existing practices that could also meet that need, and then 
analyses the socioeconomic implications of implementing the various strategies. in 
this perspective they argue, needs (of at least producers) are focused on, and the spe-
cific gMo technical solution is placed in context relative to other technical solutions. 
this perhaps mirrors Wesseler and smart’s, in chap. 6, suggested approach of com-
parison of the gMo under consideration with the second best alternative. Novy and 
Nagarajan also suggest that assessing a gMo in this way has the potential to deem-
phasize the most ideologically controversial aspects of gMos, their legitimacy per 
se. thus the approach taken to assessment of one sec, in this case producer choice, 
impacts the “value” of another sec, in this case ethical concerns regarding gMos.

Table 19�1  the typology of errors
decision Product is safe Product is unsafe
accept as safe correct type 1 error
reject as unsafe type 2 error correct
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the further regulations move away from being science based, the greater the 
opportunity for subjectivity to become part of the decision-making process. in a 
science-based system, it is conceivable that two parts of the regulatory risk assess-
ment might produce something at odds with each other. For example, suppose the 
novel protein in a new gM crop variety had a low level of toxicity for human 
consumption, but took longer to break down in the gut, suggesting an increased 
potential for allergenicity concerns. under a science-based risk assessment, the two 
findings could be measured against other proteins to determine if the combined risk 
assessment falls within the category of safe. Hence, the outcome is likely to be more 
transparent and unlikely to be subject to manipulation. conversely, with two secs 
that render competing results, such as addressing an identified need, but in an ethi-
cally unacceptable way, results in an opaque, subjective decision-making process. 
regulators making these decisions can be subject to numerous forms of manipula-
tion and bias with no way to defend their decision, and, hence, face attack from both 
sides of the biotech debate, regardless of the decision.

the time and the place where an innovation is introduced are obviously impor-
tant in shaping the possibilities and expectations of those considering the innova-
tion. any assessment of an sec will therefore only be a snapshot of that particular 
framing. this fragmented reality causes many difficulties for innovation assess-
ment. smyth and Mcdonald (2012) have highlighted that innovation requires in-
vestment but that investment requires a commitment of resources at a point in time 
with the benefits flowing in the future. this dynamic nature means that it is not 
possible to do a simple comparison of benefits and costs, and that the time value of 
money must be considered when appraising an investment. they point out a further 
significant confounder—that research often creates a new process or new germ-
plasm that provide a very important base onto which subsequent research is built. 
“thus, innovations in the form of new varieties contribute to the stock of knowl-
edge or germplasm, which continue to play a role long after the particular innova-
tion has been supplanted by newer innovations” (smyth and Mcdonald 2012, p. 7).

Smyth S, McDonald J also explain (2012, p. 6) that because investors want the 
cash flow to begin as soon as possible, and delays in adoption decreases the even-
tual return (because there is no cash return until the project is completed and that 
in the meantime, other varieties are developed in competition with the investor’s 
variety), uncertainty regarding time delays in a regulatory approval process means, 
at best, an increase in uncertainty as to the amount of return or at worst decreases in 
the return, and therefore may cause a change in willingness to invest.

uncertainty, as it pertains to a jurisdiction’s regulatory system for gMos, can be 
expected to impact the commercialization of innovative technologies. technology 
developers have strong preferences for regulatory systems that deliver timely, re-
peatable decisions. in most cases, those systems that do not use this approach have 
an elevated degree of uncertainty. However, even science-based systems have some 
level of uncertainty—and subjectivity—associated with them, such as is witnessed 
by the challenge of gM sugar beets in the usa or mutagenic low-phytate barley in 
canada. Both of these varieties experienced unanticipated regulatory decision-mak-
ing processes, causing delays in the commercialization of the varieties.  regulatory 
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systems that have incorporated secs as part of the regulatory framework will en-
hance the uncertainty beyond a science-based system. sec-based regulatory sys-
tems, as is established above, will return risk assessments that will be diverse and 
potentially at odds with each other. deciding on how to deal with the inconsisten-
cies, let alone who deals with them, is not anticipated to be an expeditious process. 
an unfortunate consequence of the movement away from science-based regulation 
is that uncertainty may become the largest risk and be used to rationalize the deci-
sion of technology developers to forego investment decisions in technologies or 
products within some jurisdictions.

19�4  Consistency with International Obligations

as most chapter authors in Part ii note, the Wto agreements, particularly the sPs 
agreement (and the role of codex within that), tBt agreement, and triPs agree-
ment, are particularly relevant to any discussion about sec decision-making re-
garding agricultural biotechnology under the cPB and cBd. the important issue 
of the possible clash between free trade as pursued under those agreements and 
inclusion of non-economic factors in decision-making has been addressed in Part i 
and will not be repeated here. However, one point should be noted—the different 
conclusions reached by authors on what that potential overlap or clash means for 
norm setting in sec assessment in agricultural biotechnology regulation. there is 
no agreed commonality.

Focusing instead on additional parts of the international governance matrix iden-
tified by the authors, thompson points out, in chap. 7, that any international agree-
ment arguably articulates the international community’s values and is therefore rel-
evant to an assessment of secs. the editors of this book note though that where 
such agreements have few members, the international consistency of that value is 
doubtful. strauss, in chap. 8, in regard to food security and safety also discusses the 
international covenant on economic, social and cultural rights (cescr), which 
she believes mandates members to ensure the right to the highest attainable standard 
of health care and other socioeconomic rights, including the right to food. Phil-
lips, in chap. 11, discusses the wide range of international agencies, treaties, and 
committees relevant to tK and the many proposals, guidelines, and commitments 
created by them, but notes that there is little operational or judicable structure. He 
also describes the international inconsistency to attitudes and approach to tK. Phil-
lips details recent attempts for consistency such as that by the international labour 
organization, uN and inter-american draft declaration on rights of indigenous 
Peoples, the uNdP/uNctad and european, asian, and african development 
Banks, and the Nagoya Protocol. He concludes though that ultimately tK protec-
tion and benefit sharing is left to domestic laws and policies. this makes it difficult 
to benchmark international norms for this sec.

lawson, in chap. 12, on iP provides examples of the numerous iP agree-
ments, both multiparty international agreements, but also bilateral and regional iP 
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 agreements. He points out that this means the iP landscape of each nation will need 
to be determined according to its particular commitments because of the lack of 
international consistency. gouse, in chap. 13, sees the Wto framework as the most 
relevant to international approaches to the sec of labor impacts, but notes there are 
other international agreements that may be relevant to particular aspects of labor 
impacts, including the international labor organisation conventions such as indig-
enous and tribal People’s convention. Novy and Nagarajan, in chap. 16, raise the 
international treaty on Plant genetic resources for Food and agriculture and union 
for the Protection of New Varieties of Plants (uPoV) in addition to the usual Wto 
agreements as international agreements impacting on the sec of producer choice.

in terms of international compliances, the Wto is likely to predominantly be 
the benchmark. if the implementation of an sec risk assessment can be proven to 
be compliant with the Wto, and more particularly the sPs agreement, the more 
likely it will be compliant with international obligations. However, if an sec risk 
assessment cannot document compatibility with the Wto, the implementing coun-
try will have implemented a barrier to trade and should expect to be included in a 
case of non-compliance to the Wto’s dispute settlement Body. this observation is 
reinforced by isaac et al. (2002), who posit that:

[h]owever, as with most aspects of international law, the legal subtleties of a given situation 
are less significant than the political realities. Politically, Wto agreements (and the obliga-
tions therein) are generally taken more seriously by states than obligations incurred under 
other instruments perhaps due to the compulsory jurisdiction of its dispute settlement body.

the potential for long-lasting and far-reaching impacts to be found in non-compli-
ance of Wto obligations is likely to be of greater concern to many governments 
contemplating the inclusion of secs into regulatory frameworks than is the sec 
that could trigger the state’s non-compliance.

19�5  Governance Constraints

the cPB has led to institutional fragmentation for countries because of the very 
specific and technical nature of the Protocol’s subject matter (Morgera and tsiou-
mani 2011). this inevitably means that countries will need to support independent 
sub-processes separate from the usual biosafety risk-assessment processes. continu-
ing this, some authors in Part ii consider the issue of the most appropriate agency 
to undertake sec assessments. strauss, in chap. 8, for example, focuses on the 
use of an international agency and suggests that possibly a new international body 
could be created to focus on global food supply. gouse, in chap. 13, suggests any 
study required for assessment be paid for by the applicant and then reviewed by the 
regulatory authority. However, gruère, in chap. 15, concludes that an applicant only 
approach is unlikely to be successful because of the involvement of multiple exter-
nal chain actors, from farmers to traders, manufacturers and retailers which makes 
it difficult for applicants to provide credible and complete assessment of risk for 
all  actors in a particular market chain. so, he suggests, at a minimum, a regulatory 
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agency should be involved in basic risk determination. this means such an agency 
will need personnel competent to review basic market and trade data and relevant 
analyses.

the need to improve human capacity before assessments can be undertaken is 
also pointed out by Phillips, in chap. 11. He notes that there is little evidence that 
international institutions are being vested with authority to administer policies and 
adjudicate disputes regarding tK, meaning nations or their indigenous people will 
need to devise their own approach and negotiate with those seeking to use it or 
who object to it. this individual tailoring of assessment for each application is also 
pointed to by lawson, in chap. 12. lawson observes that assessment of the sec of 
iP will probably need the relevant iP owners to be involved in the decision-making 
process. if iP is adversely affected by the decision-making process, mechanisms of 
review and compensation would also need to be created. Novy and Nagarajan, in 
chap. 16, also note the need for substantial expenditures in time, human capital and 
financial resources and the particular need to build capacity to undertake multi-year 
studies “especially considering that many of the resources required to assess secs 
are distinct from those required for biosafety assessment.”

thompson, in chap. 7, along with coe, in chap. 17, observes that because issues 
arise regarding the inherent characteristics of the technology itself, its products and 
the consequences of the use of such products, the administrative body responsible 
for assessment will need to take a broad approach to the issues it addresses. it will 
also need to continually monitor these issues because of the rapid pace of change in 
societal values. similarly, Butler, in chap. 18, notes that risk assessment regarding 
animal welfare will need to balance the costs of regulation of animal welfare against 
benefits associated with that regulation, noting that the passage of animal welfare 
laws may offer individual and social benefits to consumers, but may also result in 
higher prices for all consumers and result in trade policy concerns for consumers 
and producers, domestically and internationally. gouse, in chap. 13, on the other 
hand suggests that assessment of labor impacts would only really be needed where 
an application is made for general release and not for import or contained use ap-
plications because these products do not enter the production system.

a second common message consistent across the Part ii chapters is that many 
secs require more and better data collection. Viju, in chap. 14, makes this point 
regarding the assessment of market access and trade concerns where she notes that 
better data collection and more work on modeling are needed so that costs of seg-
regation and identity preservation can be properly included. similarly, Wesseler 
and smart regarding assessment of environmental impacts, in chap. 6, observe that 
countries will need to document both positive and negative environmental effects 
and have institutional processes in place to maintain the information. they also 
note that there needs to be more international investigation of the impact of yield 
increases on land use. inclusion of pest and weed resistance issues in this sec will 
require the monitoring of pests and their properties in the specific relevant sites. 
similarly, Moses and Fischer, in chap. 5 on consumer choice note that any decision 
that labeling of gM food be required should be based on clear information on the 
purpose of the labeling. gathering such information cannot, they conclude, be done 
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on the basis of polls conducted in an artificial “what if” scenario. creation of this 
data will be made more difficult in some cases because, as Novy and Nagarajan, in 
chap. 16, point out data may sometimes need to be obtained either from test studies 
or from other countries seeking to gather preliminary data, and this will be particu-
larly difficult if no other country with an analogous agro-economical environment 
is testing the particular gMo.

19�6  Conclusions—Commonalities for All SEC 
Assessments

innovation, with all its various attributes, impacts, and effects, is inevitable. While 
the science of innovation may in some theory of scientific progression be predicted 
or even measurable, the ultimate determinant is how society responds to a commer-
cialized innovation. innovation will be more readily embraced by societies which 
have a high degree of trust in their regulatory authorities, believe that the innovation 
will produce more benefits than costs, and accept or can address the reality that not 
everyone in their society will equally benefit from the technology. dissenters will 
exist for any innovation and today’s ability to communicate, particularly via social 
media, can lend credence to the appearance that the dissenting voice is the dominant 
voice. However, upon closer examination, there is not necessarily an accurate cor-
relation between the size of the voice of dissent and the number of dissenters. For ex-
ample, canada and the usa have some very vocal opponents to biotechnology, yet 
in a market economy, their demands are muted by the demands of the silent majority.

a poignant question for societies facing rapid innovation to plant and animal ag-
riculture then, is how to appropriately, economically, and efficiently manage the ad-
vancing state of change? is it appropriate, economic and efficient to have a strong 
science-based regulatory system or is it better to install trade regulations or policies 
concerning secs, which some nations may use as disguised trade barriers? strong 
science-based regulatory systems require fiscal resources to invest in such a system, 
but also fiscal resources to invest in a system of monitoring and compliance. Having 
a strong regulatory system, but no ability to monitor compliance, will ultimately lead 
to a system that is rife with opportunism. a lesson in the perils of avoiding the regula-
tion of innovation is evident in the problems that resulted in south america follow-
ing the commercialization of gM soybeans in argentina. While argentina was the 
only south american country to approve gM soybeans in 1996, within 5 years their 
production had spread to uruguay, Paraguay, Bolivia, and Brazil. this wildfire of un-
approved adoption reached the point that by 2003–2004, it was speculated that 80 % 
of Brazil’s soybean production was from gM varieties; yet no gM varieties had been 
approved for use in that country. ultimately, this reinforces the point that borders 
between nations are not walls, but, in fact, they are open spaces, frequently porous.

some countries and cultures have successfully rejected recent technologies. the 
canadian government rejected the use of the biotechnology developed drug rBst, 
intended to boost milk production in dairy cattle. While some sporadic use may 
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be occurring by dairy farmers in canada, this is minimized by a series of enforce-
ment measures. similarly, the amish farmers in the us have successfully rejected 
the farming innovation of mechanization. admittedly though, it is easier to discern 
when your neighbor is attempting to cheat the system by using a tractor than by us-
ing an indistinguishable variety of seed.

drawing upon the insights and observations of the diverse chapters in Part ii, 
we posit that the following five points should be important factors of consideration 
regarding any, and all, sec risk assessments.

First, risk assessment is going to vary according to culture, geography, and na-
tional identities. Just as every person is their own unique individual, so too are coun-
tries when it comes to managing the affairs of state. countries have the sovereign 
right to regulate and govern innovations as they see fit; however, it is important to 
remind all jurisdictions that all processes of regulation and governance regarding in-
novation have to be compliant with the existing international obligations of that na-
tion. countries that insist on adopting secs as part of their national biosafety strat-
egy will need to be able to rationalize the evidence used as a result of such inclusion.

second, in some instances, it has been established that methods of assessing an 
sec are at best, minimal and inefficient. the justification for including any sec 
into a regulatory framework has to be clearly articulated and cannot be a process 
of establishing a “shopping list” of regulatory requirements. if the rationale for the 
regulation is not clear, the implementation, the data requirements, and decision-
making will all be frustrated by the lack of clear articulation.

third, the establishment of risk baselines will be a crucial step in the process. 
Without quantifiable evidence that documents the situation prior to the potential 
commercialization of a gM crop, it will render the data gathering process worthless 
as no one will be able to discern a beneficial impact from a negative impact.

Fourth, politics will be an important part of any sec assessment process, even 
though it may not be recognized. Numerous chapters highlighted that sec risk as-
sessments are vulnerable to political involvement or interference. the inclusion of 
political interference will undoubtedly increase the level of uncertainty for technol-
ogy developers and could impact investments in innovation in such jurisdictions.

Finally, while standardization of data brings many important benefits, some 
data collection techniques used in one jurisdiction may not be suitable for others. 
science-based regulation has its points of contention, so this should be an expected 
part of the sec risk assessment process as well. Without a dispute settlement mech-
anism in the cPB, the logistics of resolving standardization disagreements may 
overwhelm the cPB.
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20�1  Introduction

Present society faces a dilemma of how to feed a global population of 9 billion 
by 2050 and to meet other biomass needs in the near future. the severity of this 
dilemma is crystalized in the following quote from the deputy-director general of 
the Food and agriculture organization, “agricultural production needs to increase 
by 70 % worldwide, and by almost 100 % in developing countries, in order to meet 
growing food demand” (tutwiler 2011). a March 2012 editorial in Nature Biotech-
nology observes that the rate of population growth exceeds that of commodity yield 
growth, and advocates that averting a global food crisis will

…require the full deployment of every plant breeding technology currently available, 
including the generation of crops via transgenesis. But even more importantly, it will neces-
sitate a reemphasis on innovation,… streamlining and harmonization of regulatory over-
sight, and an end to the political grandstanding that has characterized the agbiotech debate 
so far (Nature Biotechnology 2012, p. 197).

recognizing the need for considerable investments in r&d and in resolving other 
institutional factors that limit agricultural innovation, therefore, becomes a call to 
ensure meeting food, feed, and other biomass needs in the long term. With an in-
creasingly complex production, environment that considers climate change, chang-
es in food demand, changes in population’s income, and increasingly more environ-
mental production challenges in the long term, the challenge becomes even more 
critical.

K. ludlow et al. (eds.), Socio-Economic Considerations in Biotechnology Regulation, 
Natural resource Management and Policy 37, doi 10.1007/978-1-4614-9440-9_20,  
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sustainable agricultural innovation will therefore be a crucial tool in addressing 
global food security. However, effective international commodity trade will also be 
of the utmost importance, as identified by the international centre for trade and 
sustainable development (Woolverton et al. 2010, p. 1), “along with a strategy 
to increase agricultural productivity and diversity, improved global and regional 
trade must be part of the solution to provide adequate global nutrition.” trade ef-
fectiveness is ultimately dictated by domestic and international regulations. it is 
not surprising, therefore, that the Nature Biotechnology editorial also emphasizes 
the streamlining and harmonization of the regulation of agbiotech as another vital 
component in addressing global food security.

increasingly, agriculture, innovation, sustainable development, and climate 
change are intertwined. While increasing agricultural productivity will be an impor-
tant component of the coming decades, so too will be key issues such as increased 
biomass production for biofuels, improved animal welfare, and addressing both the 
political interference in science-based regulation and the trans-atlantic trade gap in 
products of biotechnology. increasing food production cannot be a stand-alone issue. 
For increased food production to truly be effective and sustainable in a world of 9 bil-
lion, it needs to be integrated into these other issues and an interdisciplinary approach 
used to address these integrated issues to create the most efficient results possible.

regulatory harmonization may be difficult though in the face of the growing 
dichotomy in understandings of what makes effective regulation in modern day so-
cieties. increased levels of regulation are often viewed, particularly by individuals, 
as providing enhanced levels of benefits such as safety or security for individuals 
and societies. conversely though, others perceive increasing levels of regulation 
as raising the cost of doing business in that society, a portion (if not all) of those 
increased costs being passed on to consumers and that effective regulation therefore 
requires less, rather than more, regulation.

Based on the global experience, a significant agreement exists that science-based 
regulatory process focused on accepted biosafety regulatory practices is a robust ap-
proach, but one that will need to be modified if it is to accommodate socio-econom-
ic considerations (secs) in some situations. the rationale behind the science-based 
approach is that regulatory systems base their decisions on a risk assessment, while 
the market defines the value of any technology released to producers. experiences 
from Brazil, and perhaps to a lesser degree Mexico, are valuable examples because 
they allow science-based risk assessment to proceed and if, after the product is 
deemed as safe or its risks “manageable,” any socio-economic issue is identified a 
formal study is commissioned. thus more attention is focused on the implementa-
tion process and issues and options related to inclusion of secs.

the crux of the issue for jurisdictions considering the inclusion of sec assess-
ment as part of their regulatory processes is whether, given regulatory outcomes 
are always a trade-off between innovation and risk-acceptance (Kuzma and tanji 
2010), the results obtained from sec assessment justify the increased costs and 
difficulties placed on the innovation process. the potential impact of regulatory 
cost and uncertainty on public sector investment in innovation will be of particular 
relevance to many developing countries already investing in developing products 
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of their own. the crux of the issue is ultimately one of whether or not the increased 
cost of regulation actually results in benefits, or simply more expensive products. 
simply put, what are the trade-offs between safety, efficacy, and cost?

an accurate assessment of the necessary regulatory trade-offs is dependent upon 
accessibility of all pertinent information. as regulation moves away from science-
based toward sec-based regulation and the accompanying increasing opportunity 
for political interference, it will be crucial to ensure that decision-making regarding 
gMos is done in the most transparent way possible. clearly, governments are go-
ing to have agendas, but if agricultural biotechnology innovation is to be fostered, 
then a clear understanding of the reasons why secs are to be assessed, when and 
how that assessment is to be made, and the method by which the results will be 
integrated with those of the traditional science-based assessment process is needed.

Furthermore, any potential course of action will need to consider compliance 
with a jurisdiction’s international obligations. secs should be used to support a na-
tionally or culturally distinct approach to the regulation of agbiotech, provided they 
are not disguised barriers to innovation and trade. although article 26.1 of the cPB 
allows countries to include secs in their decision-making, the scope of such inclu-
sion in the CPB is possibly narrowed—but not limited—to the value of biological 
diversity to indigenous and local communities. there are several questions about 
definitions of the terms used in the article (such as which biodiversity is important: 
agricultural biodiversity or overall biodiversity? where to measure such impact: in 
the local community or where adoption occurs?) which are likely to require more 
negotiations by the cPB parties. clarification of the theoretical and practical rela-
tionship of the cPB and the Wto agreements is also needed. these issues are be-
yond the scope of this book, but a more thorough understanding of the implications 
of sec assessment in agricultural biotechnology regulation, as undertaken in this 
book, will inform any such clarification.

in summary, inclusion of secs into biosafety decision-making can have positive 
and negative impacts. the decision to include secs into decision-making is a pol-
icy/political decision. Policy-makers will need to examine the different issues re-
lated to options and alternatives for potential inclusion of secs in decision-making. 
if the decision is or has been taken to include secs, the need arises to define ap-
propriate standards and choices to ensure a feasible and functional biosafety system.

20�2  Objectives of an SEC Assessment

Policy convergence—that is, growth in similarity of policies over time—is gener-
ally seen as a positive development from economic, regulatory, technological, and 
environmental viewpoints (Mugwagwa 2012). For example, cross-national similar-
ity allows countries to share resources, draw lessons from each other, and shorten 
technology and product approval processes (Mugwagwa 2012). international regu-
latory consistency is similarly seen by some as a worthwhile aim, particularly be-
cause of the resulting enhancement of international trade.



298 K. Ludlow et al.

it is to be hoped that convergence would occur around best practice. However, 
developing best practice, methods, and policy guidelines for sec assessment im-
plementation and inclusion in decision-making is difficult without a clear under-
standing of the objectives of the inclusion. even if such objectives are consistent 
though, nations can be expected to consider different secs and orders of priorities 
as being relevant to their meeting those objectives. Further, although certain funda-
mental values such as human health and safety will be prioritized by all, even for 
those values some nations and their citizens may be more willing to take certain 
risks than others, influencing the objectives they are seeking to address. achieving 
regulatory harmonization will therefore be challenging.

For all nations though, scientific and technological innovation is crucial. innova-
tion crystallizes possibility—what before was only “could be” now becomes real. 
While agricultural biotechnology is now real, this reality has brought with it its 
own possibilities and expectations that in turn are relevant to policy objectives. as 
Borup et al. (2006, p. 286) observe, “expectations link technical and social issues..”. 
expectations are also of value, and Borup et al. (2006) even suggest that there can 
be no differentiation between our expectations of things such as biotechnology and 
what those things in fact are. Whether it is accepted that expectations are part of 
the value of technology or not, “expectations are culturally managed” (Borup et al. 
2006, p. 295) and “[b]iotechnology, particularly plant and animal biotechnology, 
is perceived differently by different cultures because of different assessments of 
its prospects and its ethics” (Perron-Welch 2012, p. 49). these different individual 
cultural understandings and expectations need to be recognized and understood 
(Mugwagwa 2012).

Borup et al. (2006) argue that expectations are a key element in understanding 
science and technology change, mainly because they frequently bridge or mediate 
across different boundaries and otherwise distinct (although overlapping) dimen-
sions and levels. “expectations are foundational in the coordination of different 
actor communities and groups (horizontal co-ordination) and also mediate between 
different scales or levels of organization (micro-, meso-, and macro-vertical co-or-
dination). they also change over time in response and adaptation to new conditions 
or emergent problems (temporal coordination)” (p. 286).

care will be needed to ensure that the inclusion of secs does not lead to an 
uncertain and therefore unworkable biosafety regulatory system. an unworkable 
system is one where the rules and standards for decision-making are not known by 
all stakeholders. the implication is that the regulatory process needs to define what 
will be required, how studies will be evaluated, what is the standard or benchmark 
of acceptability, how will a decision be made and how will the socio-economic 
study relate individual secs to each other and to traditional environmental and food 
safety assessments, among other issues. in fact, one important aspect that a robust 
system needs to develop is its resilience and ability to minimize the possibility that 
the inclusion of secs can be manipulated to support a specific position by an inter-
est or pressure group. Having an unworkable system, one that cannot render a deci-
sion in a timely, cost-efficient manner and whose decision is robust, protective and 
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accepted by society, is not a desirable outcome and is a questionable use of scarce 
societal resources.

clarification of policy regarding, and the objectives of, sec assessment will 
require the exploration of further questions beyond the scope of this book. these 
include investigation of why addressing the secs of only one type of agricultur-
al innovation is considered worthwhile. this will assist with thinking around the 
benchmarks used in any sec assessment. agriculture, conventional or otherwise, 
is a dynamic process continually adopting new innovations of which gMos are 
only one group, and these can also be expected to have repercussions on secs. any 
benchmark or baseline used to assess gMos against will therefore also need to take 
these into account.

20�3  Determining the Decision-Maker: Process Is Crucial

there is a need to decide who will be the assessor/decision-maker and where the 
personnel will come from for sec assessments. in regard to the latter, Mugwagwa 
(2012) notes that it is difficult for policy implementers to move to become policy 
developers without the necessary experience. Further, predictability and consis-
tency in decision-making may be difficult, given Mugwagwa’s observations that 
mobility of policy actors, whereby they move from one policy arena to another 
to pursue new employment opportunities or to fill capacity gaps, means continual 
fluctuation of understandings of an issue among groups of actors and also blurs 
distinctions between different categorizations of understandings.

For nations that are struggling with resource deficiencies and that do not have 
the luxury of a career civil service, or certainly one that has considerably less job 
 mobility than is the case in other nations predictability and consistency in decision-
making may be less of a problem. However, Paarlberg (forthcoming) identifies one 
of the significant challenges for regulators in developing countries, particularly 
african countries. Policy-makers are often part of the social elite in developing 
nations, and as such, have been educated in europe, so their children tend to be 
european educated as well. this results in a european attitude of sorts toward the 
regulation of gMo products. Political bias already inherent to a regulatory system 
is something that will undoubtedly impact the approval process for gMos within 
an sec-based regulatory framework.

the framing of the decision will also affect the identity of the decision-maker. 
according to Pavone et al. (2011), framing a decision as one on a technical issue 
has the result of changing what perhaps could be a political question addressed 
by policy-makers instead into a scientific one, given to an expert committee and 
diverting responsibility to techno-scientific networks. More importantly, they also 
note that assessment procedures themselves have assumptions that are value lad-
en such as the significance given to the distribution of benefits and harms, what 
constitutes a benefit worth taking a risk for and what level of risk is acceptable. 
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Further, they also note that social and political values are embedded in the very 
technology because of the processes that led to the development of the technol-
ogy (public and private investment, involvement of universities, companies and 
start-ups, promises made, and mobilization of political and social associations) and 
of the changes it makes to the innovation regime, research agenda priorities, and 
allocation of public resources, including perception of the problem for which the 
technology was developed.

one of the major impediments in the regulatory process for gMos is the frac-
tionated regulatory framework both within and across jurisdictions. lack of harmo-
nization of regulation significantly impacts the cost of getting a gM crop variety 
through the system and care is needed to avoid the introduction of sec assessment 
adding further fractionation. this problem can be highlighted in a number of places. 
First, there is a lack of harmony regarding where the particular authority for the 
regulation of gMos and/or biosafety is bureaucratically housed within federal-type 
governments. For example, a 2011 international workshop on socio-economic im-
pacts of gM crops (lusser et al. 2012) had regulatory officials from 17 eu Mem-
ber states responsible for the regulation of gM crops. the regulatory affiliation of 
the 17 representatives provides a sense of the regulatory multiplicity for agbiotech 
regulation within the eu. the representatives predominantly came from ministries 
of agriculture, environment, or rural development. this multiministerial regulatory 
authority compounds the challenges of the regulatory process.

second, the fractionated regulatory framework in some jurisdictions is seen 
in the multiple Ministries or committees having oversight authority or regulatory 
mandates regarding the approval of gMos. With the approval power within each 
eu Member state residing with disparate departments when compared with other 
states, the regulatory focus and expertise shifts from one nation to the next. so, 
for example, agricultural impacts might be the focus of regulatory scrutiny in one 
nation, while environmental impacts is key in another and farmers impacts in yet 
another. the delays and uncertainty caused by the diversified approach to the regu-
lation of gM crops and products in the eu has resulted in an onerous regulatory 
system for its own region, but more importantly in a global sense, one that as identi-
fied earlier by Paarlberg (forthcoming) also restricts the commercialization of gM 
crop technologies in developing countries, most notably africa.

the eu’s move away from science-based regulation is also triggering the “po-
liticization” of risk, in that the various member countries receive scientific risk as-
sessment data provided by european Food safety authority (eFsa), but vest the 
decision-making authority for gM variety approval with the ec council of Min-
isters (political representatives). decoupling the risk assessment process from the 
variety approval process within the eu has resulted in grid-lock, damaged harmo-
nization and created a regulatory environment that is incapable of timely decision-
making, and is fraught with uncertainly. as commented in the ec (2011) report on 
socio-economic impacts from gMo production, diversity in the scale and scope of 
secs is to be expected. this creates uncertainty for technology developers and as 
has been documented by smyth and Mcdonald (2012), regulatory uncertainty is 
directly connected with a decline in project investments.
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20�4  Knowledge: Public Input and Transparency

there are social variables in the levels of trust attached to decision-makers. Brown 
and Michael have found that social patterning of expectations across communities 
often arise from asymmetries in access to information on which expectations are 
based,1 with Borup et al. (2006, p. 292) adding that “elevated levels of expectations 
and confidence also have the effect of inflaming concerns about risk in different 
communities based on differing values, knowledge or institutional and organiza-
tional forms.” Knowledge, expectations, and public input will therefore be influen-
tial on any sec assessment.

one difficult aspect of decision-making as it pertains to secs is the potential 
for subjectivity. subjectivity in a decision-making process detracts from transpar-
ency, which means any particular decision cannot usefully serve as a precedent for 
later applications and creates the potential for inconsistent decisions as different 
decision-makers place different emphasis on certain secs in differing orders of 
magnitude. Without a distinctive method to judge the results of the sec assessment 
of a particular gMo, it is difficult to develop certainty and trust. transparency in 
the assessment and decision-making processes will also facilitate public input that 
can be fed back into the decision-making process, enhancing the process’s reflec-
tion of society’s choices.

Much of the current debate regarding the approval of gMos continues to relate 
to safety and that in turn influences attitudes to sec assessment. 2014 represents 
the 20th year of commercial gM crop production, yet discussions abound about 
safety. the most poignant observation about the safety of gM crops is perhaps best 
captured in the ec press release announcing the 2010 assessment of gM crop re-
search funding in europe, when it is stated that there is “no scientific evidence asso-
ciating gMos with higher risks for the environment or for food and feed safety than 
conventional plants and organisms” (ec 2010). Nevertheless, the question of how 
safe is safe is a dominant part of the push for greater regulation of gMos through 
the application of sec-based regulations. in canada and the usa, science-based 
regulation has done an excellent job of ensuring that the gM products that have 
entered the market have been safe for humans and the environment. certainly, there 
are issues that require monitoring, such as the number of weeds that are showing 
signs of glyphosate resistance, but the environmental benefits of reduced tillage and 
herbicide applications that have resulted from the commercialization of gM crops 
should not be overlooked (National research council 2010; smyth et al. 2011a, b). 
clarification of the objectives of sec assessment will need to distinguish between 
questions already addressed in science-based regulation and those that are not, as 
well as those questions that justify the additional regulatory response and expense 
and those that do not.

1 Mads Borup et al (2006) ‘the sociology of expectations in science and technology’ 18:3–4, 292 
citing Brown and Michael.



302 K. Ludlow et al.

20�5  Undertaking an SEC Assessment

assessment can be undertaken as an integral part of planning, decision-making, 
and monitoring or as a bolt-on extra (Barrow 2002). ramatha and andrew (2012, 
p. 23–24) note that there are at least four different phases of biotech decision-mak-
ing where secs can be taken into account: during development of a domestic bio-
safety regulatory regime; during risk assessment for particular modified organisms; 
after risk assessment , e.g., during risk management, when decisions are made as to 
whether identified risks are acceptable; and appeal, review or renewal of a permit. 
Perron-Welch (2012, p. 56) identifies the following practical steps that countries 
must take if secs are to be taken into account in decision-making:

• Policies mandating integration of SECs into decision-making processes
• Clear definition of SECs and explicit criteria to determine when and where SEC 

assessments are required
• Identification of the stages at which SEC assessments should take place
• Efficient and cost-effective regulatory processes
• Public participation mechanisms to ensure credible assessments and more widely 

accepted decisions

it may also be necessary for sec assessments to be revised during the lifetime and 
beyond of the particular gMo given that the impacts and utility of technologies 
change over time (Nuffield council on Bioethics 2012).

in terms of implementation approaches, it is possible to observe a wide range 
of potential approaches in dealing with secs. in a thorough examination of this 
subject, this book provides examples of countries that do not have a mandate for 
the inclusion of secs within the regulatory dossier as is the case in the usa and 
canada. other countries, such as argentina, mandate the inclusion of secs but 
narrow the scope to a very specific impact area. in other countries with mandatory 
requirements for sec inclusion, legislation indicates what issues to address in an 
sec assessment, but not how the outcome of the assessment will be judged. in par-
ticular, these countries’ legislation does not provide any indication of methods or 
decision-making rules for balancing the science-based risk assessment outputs and 
the sec assessments.

those countries that impose a mandate on the inclusion of sec requirements 
without sufficient guidance in terms of methods and decision-making rules may 
introduce unnecessary regulatory delays and uncertainty to biosafety and gMo 
approval processes. in some situations, leaving the inclusion mandate broad and 
generic leaves the door open for developers to submit sec impact assessment stud-
ies they may deem sufficient for enabling a biosafety regulatory process. How-
ever, unclear procedures for sec assessments may discourage investments in new 
technologies by the private sector because it introduces regulatory uncertainty and 
unpredictability (Smyth and Falck-Zepeda 2013). the need to clearly define the 
regulatory process is especially critical in developing countries where there may 
be a greater need for addressing pressing production and productivity needs not 
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easily resolved through conventional means (Falck-Zepeda et al. 2012). in fact, 
lack of clarity may even be more discriminatory to the public sector in developing 
countries because they may not be capable of financing additional costs or address-
ing uncertainty, especially when dealing with international public goods where the 
rates of private returns are low, although the social returns may be high. in essence, 
increasing regulatory burdens will make research and development processes in 
crops, animals, and traits of interest to developing countries harder to invest in, in 
the long run.

in 2011, the european commission (ec) undertook a Member state assessment 
of socio-economic impacts from gMo production (ec 2011). all but two Member 
states participated in the assessment and two key issues were identified from the 
report. First, the meaning and scope of socio-economics varied considerably across 
the Member states and the stakeholders involved in the assessment at the Member 
state level. second, the “limited fact-based background” (ec 2011, p. 4) resulted in 
polarized opinions based on the insufficient evidence. clearly, not only is baseline 
data lacking, but so too, are methods of assessing the current impacts.

20�6  What Lies Ahead?

the inclusion of sec assessments, especially in those systems where there is very 
little clarity in terms of methods and decision-making rules, can introduce the po-
tential of increasing regulatory lags due to delays, and certainly will increase the 
cost of agricultural biotechnology regulation (Bayer et al. 2010). in both cases, there 
are social costs attached that may negatively impact the deployment of agricultural 
biotechnologies of interest to the developing and developed countries. irrespective 
of how countries deal with having more guidance in terms of assessment methods, 
they will also need to have clarity in terms of objectives and decision-making rules 
that will guide inclusion of secs.

secs are just one aspect of biosafety management. there are other tools which 
policy and decision-makers could use to make biosafety systems more efficient and 
protective, including regional approaches to regulation, building up flexible regu-
latory systems, matching regulatory intensity to the particular organism or trait’s 
objective risk and others. the latter are important issues in terms of biosafety regu-
latory design and management to which economics and other disciplines can con-
tribute for ensuring the deployment of safe and effective technologies to resource 
poor farmers and farmers in a more industrialized setting.

an issue that should not be understressed in terms of importance is the scope of 
sec assessments. Whether the scope is strictly on economic issues, or whether it is 
expanded to include broader considerations including ethical, religious, cultural or 
individual/group expressions of opposition, it will have an impact on the methods 
and approaches needed to undertake such regulatory decision. science-based as-
sessments pursuing a narrow scope have a robust history in terms of methods and 
approaches for conducting such assessments. if the scope is expanded to broader 
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considerations, there are several uncertainties as to the feasibility, robustness, and 
reliability of such estimations, and baseline measure, especially in an ex ante (pre-
approval) regulatory process. sec assessments in these situations may not be even 
feasible. in terms of methods, the need exists to greatly expand the scope of ap-
proaches followed by practitioners to include those that deal with risk and uncer-
tainty, irreversibility, and flexibility. Moving forward, sec assessment in agricul-
tural biotechnology regulation will require crossing a largely unexplored landscape.
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