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Abstract: This perspective discusses the impact of political economy on the regulation of modern
biotechnology. Modern biotechnology has contributed to sustainable development, but its potential
has been underexplored and underutilized. We highlight the importance of the impacts of regulations
for investments in modern biotechnology and argue that improvements are possible via international
harmonization of approval processes. This development is urgently needed for improving sustainable
development. Policy makers in the European Union (EU) in particular are challenged to rethink
their approach to regulating modern biotechnology as their decisions have far ranging consequences
beyond the boundaries of the EU and they have the power to influence international policies.
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1. Introduction
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Growing and increasingly urgent concerns about climate change and food security
have led decision makers and research organizations across the world to seek new policies
and technologies that will contribute to globally sustainable development. In such a
sustainable environment, the Greenhouse gas (GHG) challenge will be met, biodiversity
preserved, economic development and social welfare improved, and the incidence of global
hunger diminished. Developing new technologies as rapidly as possible is a fundamental
requirement for achieving sustainable global and regional food production and distribution
systems. Those technologies are needed for adaption to climate change and to mitigate
agriculture’s carbon footprint [1–3], and seen as a prerequisite for sustainable development
of the bioeconomy [2].
However, the development of a sustainable bioeconomy requires the effective use
of recent innovations in biotechnology tools for the rapid and precise development of
new crop varieties, healthier and more productive livestock that require less forage, feed
supplements and land [3,4]. Biorefineries are also needed that more efficiently convert
biological resources into food, feed, and non-food-feed products, such as textiles, lubricants,
detergents, packaging material and more [5]. Applications of the recent innovations in
biotechnology tools that fall under the broad category of gene editing are not uncontroversial, in particular applications typically categorized as new plant breeding technologies
(NPBTs) [6]. A substantial body of evidence has demonstrated that such technologies are
at least as safe as traditional breeding technologies, and the innovations based on what
so far have been heavily restricted applications of those new research techniques have
provided substantial economic benefits and improved environmental conditions in critical
ecosystems with overall important contributions towards sustainable development [4].
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Nevertheless, the application of these tools has been constrained by complex and largely
uncoordinated sets of regulations in many countries throughout much of the world [5].
As a result, their potential is currently being underutilized [6–8] at a time when, from a
carbon footprint reduction and global sustainability perspective, it is essential to increase
crop yields and food production while ideally reducing, and certainly not increasing the
amount of land devoted to agriculture [3]
In this paper, therefore, we present an overview of the current status and potential
productivity and other contributions of NPBTs, and the regulatory challenges innovators
confront in applying them. We argue that political economy considerations have played a
crucial role in limiting the utilization of NPBTs. Furthermore, we develop an expanded
theory of the political economy of biotechnology by incorporating cross-country differences
in political structures and economic incentives that provide insights about the current
national and international regulatory environment. In particular, we incorporate the role
of international trade and aid, and the impacts of international buyers and aid donors on
the regulation of biotechnologies, especially in developing countries. The analysis permits
an assessment of the implications of the current complex of country specific regulatory
frameworks for the global bioeconomy. It also leads to the identification of reforms that
would allow the modern research capabilities available to the life sciences to enable a
transition to sustainable development, in particular, contributing by de-carbonization and
food security.
The paper is organized as follows. In the next section, we provide an overview of plant
biology and the different research technologies available to plant scientists for developing
new crop varieties. We then discuss the evolution of biotechnology, the interaction between
the public and private sectors in technology development, and the role of intellectual
property. Section 4 provides a brief analysis of the impact of biotechnologies, followed by a
description of how they are regulated in the United States (US), the European Union and
other countries, and the economic impacts of those regulations. In Section 5, we examine
how the political economies of different countries generate differences in their regulatory
approaches to biotechnology innovations, where an important focus is on the roles of
different domestic groups, as well as trade partners and donors, in affecting policy choices.
The analysis suggests that there is an urgent need for increased emphasis on internationally
harmonized science-based policies in the regulation of biotechnology innovations. In
addition, developed nations should become more aware of and give more attention to
some of the unintended consequences of their actions for developing countries that may
limit attempts to control climate change and adversely affect food security.
2. The Nature and Evolution of Plant Breeding Technologies
Plant breeding and food production continue to be revolutionized through innovations in modern biotechnology. These advancements in biological knowledge include a
wide range of new plant breeding technologies (NPBTs). NPBTs based on site directed
mutations (SDM) allow targeted changes in double stranded plasmid DNA [9]. They
include techniques such as CRISPR-Cas 9, TALEN or ODM and are being used to breed
plants with desired traits and have the advantage of being more precise and faster to apply
than other plant breeding technologies [6]. However, both in the scientific literature and
in the regulatory processes adopted by countries, often a distinction is drawn between
conventional techniques and NPBTs. Those conventional techniques are considered to be
“safe” plant breeding methods by most countries’ regulators but in many countries NPBTs
may not, while the scientific consensus is that the older techniques are not any safer [4].
The science that underpins modern biotechnology is available on a global basis. So
too, increasingly, is the knowledge required to develop new plant varieties based on NPBTs.
However, in different countries the rate at which researchers develop new biotechnology
science and utilize that science to develop new products has changed substantially in
response to the regulatory environments that affect incentives for public and private
research institutions to develop those products [6]. As a result, as Martin Laffon et al [10],
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report in their study of worldwide CRISPR patenting, there is a strong geographical bias in
the utilization of NPBTs.
The legislative origins of the legal context that has influenced the recent history of
biotechnology science in the United States lie in the provisions of the 1970 Plant Variety
Protection Act that permitted plant breeders to obtain patent-based protections for new
plant varieties developed using asexual methods. In the 1960s and 1970s, universities in
the United States had begun to rely on third party organizations such as the University of
Wisconsin Alumni Association to facilitate the use of patents by their research faculty. This
shift was partly in response to the increasing importance of microbiology as a vehicle for
developing health care therapies [11]. Through the 1980 Bayh-Dole Act (BDA), universities
and other non-profit organizations were given the option of exclusively licensing patented
products (or processes) developed with federal funds. Thus, the BDA created incentives
for private companies to provide additional funding for university research supported by
federal grants and contracts that could lead to patentable research results [11]. In addition,
the 1980 BDA made the patent process much simpler and less costly for universities and
other not-for-profit organizations, and substantially increased the potential for revenue
generation from intellectual property.
Additionally, in 1980, the US Supreme Court rendered its verdict in Diamond v Chakabarty, a case in which the US patent office had previously denied a patent application
by Anand Chakabarty, a researcher employed by General Electric, for a genetically modified bacterium capable of breaking down crude oil components. Critically, this decision
established the precedent that genetically modified material could be patented, opening up
the potential for new health care therapies and agricultural products to be developed on
a commercial basis, including new plant varieties obtained using modern biotechnology.
In response to these decisions, as reported by Link and van Hasselt [12], between 1980
and 2013, many US research-focused universities established offices of technology transfer which aimed to distribute university technologies to the private sector and generate
revenues for the universities and their researchers.
When research leads to new products, the BDA requires universities to make those
products available to researchers at other universities for non-commercial uses [13]. This
has been important in facilitating the use of innovations that take the form of platform
products that are used in biotechnology research [9]. For example, the BDA enabled
organizations like Addgene (a non-profit entity located in Massachusetts) to establish
“banks” for plasmids and other genetic materials [14]. Through such banks, those materials
can be redistributed inexpensively to researchers at universities and other non-profit entities
throughout the world, and more expensively to researchers at “for profit” companies,
facilitating their research enterprises.
As in the United States, modern biotechnology was introduced in the EU in the early
1980s and applied to genetically modified microorganisms (GMMs) producing enzymes
for the food and feed industry as well as the pharmaceutical sector. The first genetically
modified organisms (GMOs) introduced for crop production were varieties of corn produced by Monsanto and Syngenta in the mid and late 1990s. From the outset, the initiative
was controversial and opposed by some media savvy and relatively high profile interest
groups [15,16]. Thus, in the late 1990s, the European Union implemented a temporary ban
on approvals for cultivation as well as for imports of GMO commodities. The decision,
notionally based on the precautionary principle and concerns about the credibility of scientific claims, was influenced by several events, including the “Mad Cow Disease” episode
in the United Kingdom and the distribution of HIV/AIDS tainted blood in France [17].
The European Council asked for a revision of the approval process for GMOs which
would include a risk assessment that explicitly considered environmental conditions
in Europe, as well as the implementation of a labelling, tracking and tracing policies
for GMOs. In response, EU regulators implemented revised and new directives and
regulations. They included a new directive for the release of GMOs into the environment,
new regulations laying down the principles for product labelling, tracking and tracing, and
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recommendations for processes that permitted the co-existence of GM and non-GM crops.
The policy documents were subsequently up-dated by allowing member states to opt-out
from EU Commission approvals for cultivation. The up-dated documents also established
a differentiated threshold level for unapproved varieties, contingent on whether such
products are used for animal feed and other industrial uses (0.01%) or food (zero per cent).
The adjustments were the Commission’s response to country-specific concerns about the
implications for imports as well as the decisions for approval [18].
Despite these changes to the approval process, EU decision-making bodies to which
dossiers are submitted for approval, and on which they vote on the basis of a qualified
majority, have never obtained a qualified majority either for or against a GMO proposal [18].
When a qualified majority is not obtained for either approval or rejection, the right to decide on
an application reverts to the European Commission (EC). Not surprisingly, the EC, in common
with many other countries, has adopted a case-by-case approach [19], and, in the end, all
dossiers submitted have resulted in an approval for import and processing of the commodity.
However, currently only one agricultural GMO crop variety, the MON810 event for corn, is
cultivated on a commercial scale, mainly in Spain and Portugal and to a lesser extent in a few
Eastern European EU member states [18]. In contrast, in the United States, between 2007 and
2018, the regulatory authorities approved 130 of 162 applications for non-regulated status to
be given for plants developed using transgenic and NBPT tools [20].
3. Plant Biotechnology and Sustainable Development
The sustainable development of global and country specific food production and
distribution systems requires policies that enable growth in the present without harming
the future. It has social, economic, and environmental dimensions, and requires that those
systems become resilient towards climate and other shocks [21]. Sustainable development
can meaningfully be viewed as maximizing economic growth subject to sustaining environmental quality, conserving resource availability, as well as complying with equity and in
particular poverty and hunger alleviation constraints [22]. Climate change, food security,
and pandemics are some of the major threats that require intervention to assure resilience
and sustainable development.
In the broadest contexts, achieving sustainable development relies on the development and introduction of technologies and policies that enhance the efficient use inputs,
expand climate change relevant conservation programs, effectively encourage recycling,
and support the transition to economies that rely on renewable resources [1]. In the context
of agriculture, it will require the expansion of the bioeconomy, where new capabilities
in the life sciences enable efficient utilization of renewable resources to produce food,
fine chemicals, fuels, and other substances. That expansion would form the basis for a
world-wide shift away from a petro-chemical based economy to a sustainable economy
that relies on renewable resources [2].
NPBTs are essential for achieving sustainable development. Climate change strategies
include both mitigation and adaptation. Mitigation requires decarbonization which can be
achieved by the use of alternative energy and sequestration. Biofuels are important sources
of alternative energy and likely to be essential for some forms of transportation (aviation).
They will be very valuable for other forms, as learning by doing and technological innovation improve input use efficiency and reduce GHG emissions, both in crop production and
processing [23]. The continued and expanded production and processing of biofuel feed
stocks depends on improved crop yields and new plant traits that can most rapidly, and
perhaps only be enhanced by NPBTs [24].
Furthermore, increasing productivity with respect to food crops will increase the
capacity to produce biofuels without increasing, and even reducing agriculture’s land
print [23]. NPBTs also have the potential to play a major role in developing organisms that
enhance the capacity of trees and soil to sequester carbon, also mitigating climate change.
Adaptation to climate change also requires more rapid innovations in crop varieties to
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address pest problems, drought resistance, and resistance to temperature changes, and to
improve crop yields [25].
Compared to other methods available for developing new plant varieties with such
characteristics, NPBTs accelerate and increase the precision with which new crop varieties
can be developed, alongside increasing their capacity for both mitigation and adaptation [3].
Bennett et-al [23] identified multiple traits that have been developed to reduce GHG
emissions in agricultural systems, sequester carbon, and increase yields. However, most
have not yet become available to or adopted by farmers because of regulatory constraints.
Researchers have also neglected the development of many other promising traits because
of the regulatory difficulties in introducing NPBT plants. Thus, the capacity of both
researchers and food production systems to address some of the major sustainability
challenges are being compromised because of regulatory constraints that limit the extent to
which the capabilities of NPBTs are currently being utilized.
Gene editing based NPBTs have become a flash point in both an economic and a
political context. In the context of the market place, given the precision of the site directed
mutagenesis (SDM) tools available for gene editing, the technologies allow researchers
to develop crop varieties that have desirable commercial and, often, ecological and environmental characteristics more quickly, and with lower R&D investments than those
associated with traditional plant breeding methods [4,17,26]. The new crop varieties may
increase yields and/or reduce yield volatility through drought and pest resistance without
requiring more use of other inputs or generate the same yields with fewer inputs. They may
also improve the attributes of a crop in ways that benefit consumers (for example, golden
rice) and mitigate adverse effects on the environment by reducing the use of inputs such as
chemical fertilizers, herbicides and pesticides (for example, Bt corn), and water, and reduce
greenhouse gas emissions. The literature has already identified the gains from new biotechnologies technologies that have been applied in terms of higher yields, lower pesticide
use, increased farm incomes, reduced pollution, and increased resilience to weather (for
example, [17] and [26]). They have also already contributed to reducing commodity crop
prices, increasing consumer welfare, and mitigating GHG emissions [27–29]. However,
modern biotechnology has not reached its potential because of regulatory constraints,
especially in Africa and other parts of the developing world [28].
The evidence about the impacts of these technologies has several important implications for R&D investment decisions, agricultural productivity and the environment. First,
they reduce the cost of carrying out research, enabling scientists to do more with any
given amount of public or private funds, encouraging private firms, philanthropically
funded organizations and governments to make more extensive investments in crop development initiatives. If any benefits from R&D investments are likely to be squashed by
regulatory barriers that make product innovations infeasible or prohibitively expensive
then organizations ranging from the US, UK, Canadian, EU, Japanese, Australian and
Indian governments to the Rockefeller and Bill and Melinda Gates foundations have much
reduced incentives to invest in those programs.
Second, newer and more productive varieties generally enable farmers to produce
crops at a lower cost. Some of the cost savings may accrue to the firms developing the new
varieties through patents and trade secrets that give them, in varying degrees, the power
to set prices for new varieties that lead to increased profits. Nevertheless, the scope for
exercising market power is also limited because of the availability of alternatives [29,30].
Third, by increasing crop supplies in the market place, the new technologies lead to
lower commodity prices, cheaper and more widely available food, and more food secure
populations, especially in developing countries.
Fourth, by reducing chemical use and in many contexts reducing the amount of land
needed for crop production, NPBTs can lead to significant reductions in environmental
pollution and agricultural production practices that have fewer impacts on ecological
systems and climate.
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4. The Economic Impacts of Biotech Regulations
In many countries, regulators are required to subject NPBTs based on SDM processes to
considerably more stringent regulatory processes because, axiomatically, they are required
to view them as not necessarily “safe.” The additional regulatory requirements can be
extremely costly for plant breeders for several reasons. First, they create barriers to adoption
by requiring more extensive approval procedures for use within country specific markets.
Second, different countries make approval decisions at different times (some earlier, others
years later) that often restrict a developer’s access to international markets for varieties
developed using NPBTs. In addition, country specific labelling, tracking and tracing
requirements increase costs at almost every stage of the food supply chain, making products
that include NPBT varieties more expensive for consumers than similar products using
conventionally developed varieties.
All of these regulation related impacts act as disincentives for both public and private
plant breeders to invest in research and development programs that use new plant breeding
technologies. The justification for the increased scrutiny is typically based on the precautionary principle. The argument is that NPBTs involve potentially catastrophic outcomes
for communities (for example, the introduction of varieties that have extreme adverse
human or plant health effects) even though the probability that the adverse outcomes of
concern will occur is extremely low, and no higher than for new varieties obtained through
conventional breeding techniques.
However, the more extensive regulatory environments for NPBTs also impose substantial costs and risks on societies because of a wide range of benefits that have to be given
up entirely or delayed. NPBTs enable breeders to develop plants that are rich in micro
nutrients such as Vitamin A or zinc, allow for the development of plants that are tolerant
towards abiotic stress (for example, drought) and resistant towards pest and diseases, and
reduce the use of toxic pesticides and herbicides. By increasing yields, they enable farmers
to address and reduce adverse climate change related impacts on land use and adopt
production methods that mitigate greenhouse gas emissions [3]. Varietal developments
obtained using NPBTs are expected to be especially important for agricultural production in
Africa [31] and the economic benefits for low income “two dollar a day” farm-households
can be substantial [28].
In addition, site directed mutation techniques are platform technologies that not only
are promising for plant breeding but also for converting biomass into high value food
products and other bio-based materials. Through SDM based NPBTs the properties of
plants for conversion can be improved. For example, plants can be developed that are
high in biopolymers such as cyanophycin. In addition, SDM processes enable scientists to
develop microorganisms that increase the efficiency of converting biomass for producing
plant based meat substitutes and other innovative products that reduce land and other
resource requirements for food and fiber production. Further, SDM technologies are also
important for developing medical products such as vaccines [4].
4.1. Understanding the Impact of Technology Regulations on Investments in R&D
The regulatory environments that these technologies face in different countries are
diverse and in many ways uncoordinated [20,32]. As discussed above, the cross-country
differences in technology specific regulations have been shown to substantially, and potentially prohibitively increase the investment costs associated with the innovation and
adoption of plant varieties developed using NPBTs [33–35]. The impacts of regulations on
investment became apparent around 1998 when the EU started imposing strict restrictions
on agricultural GMOs. Prior 1998, the numbers of startups and investments in GMO were
accelerating, but leveled off from that point on [36].
The decision to invest in an NPBT can be viewed as a sequence of options [37,38].
The issue is not whether to invest now or never, but whether to invest today or postpone
the decision, wait for the arrival of new information and then re-evaluate whether or not
to make the investment. Investors are constrained by financial considerations, and are
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concerned about economic risks and interest costs associated with the length and severity
of regulation of biotechnology. The impact of regulations on investment in NPBT was
apparent in 2018 when the European Court of Justice (ECJ) decided that plants developed
by NPBTs would need to follow the approval process for GMOs in the EU [39].
For NPBTs, the sequence from invention to adoption involves four stages. The first
is a research and development phase (R&D), followed by a regulatory approval phase, a
market phase, and an ex-post liability phase. From an ex-ante perspective, both the lengths
of each phase and their benefits and costs are uncertain [35].
The four phases may overlap to a certain extent. Regulatory policies affect the benefits
and costs associated with each phase. If, from a legal perspective, the EU considers GMOs
to be NPBTs, the costs to acquire approval for access to the EU market increase substantially.
This also has implication for the R&D phase as requirements for generating the data needed
for approval may change, extending the R&D phase and increasing R&D costs. However,
the new biotechnology itself can substantially reduce R&D costs. The R&D phase for
developing new seeds using “conventional” plant breeding methods is generally expected
to be about ten years. Gene editing technologies can reduce the length of that period
substantially, with associated reductions in costs. For example, some researchers have
argued that the R&D phase can be as short as one year when NPBTs are used.
The market phase is critically important, as this is the period during which revenues
for covering the R&D and approval phase costs are generated. Those revenues depend
on the size and scope of the markets in which the new varieties are offered. Regulatory
policies can either increase or decrease the size and scope of those markets, with clear
implications for investment decisions. Co-existence policies can have a direct impact on
the area available for cultivation and hence market size [40].
Ex-post liability policies are an important concern because they can truncate the market
phase for a biotechnology. Subsequent to a product’s advent on the market, companies
that developed or use the product could face legal challenges. Glyphosate is one example,
where legal challenges have affected the sales of both the herbicide and herbicide resistant
seeds. In the United States, the 1948 Lanham Act is a potential issue for seed companies,
because they may be legally liable if the introduction of a new GM variety threatens export
opportunities [41]. The Star-Link case in the United States [42], the honey case in the
EU [43], and violation of seed purity standards in Germany [44] are other examples in
which ex post liability issues have occurred.
Simulation models of the investment decision for NPBTs indicate that marginal changes
in the costs and length of the R&D and approval phases can have substantial effects on firms’
incentives for immediate investments in the innovation and product development process.
Using reasonable parameter values, Purnhagen and Wesseler [35] show that a one-dollar
increase in R&D or approval process costs leads the investor to require an increase of more
than $14 in expected benefits to induce a firm to make an immediate investment.
4.2. The Role of International Agreements
Given the diversity of regulatory regimes among countries, a natural concern is
the extent to which those regimes can be harmonized through a universally or widely
accepted set of rules. The Convention on Biological Diversity (CBD), implemented in
1993, which now incorporates the 2003 Cartagena, 2011 Nagoya, and 2018 Nagoya-Kuala
Lumpur (NKLs) protocols, is an international agreement on sustaining biodiversity that
now includes protocols for addressing international transfer and use of what are defined
in the agreement as Living Modified Organisms (LMOs). As discussed and defined by
Husby [45], LMOs include GMOs. As such, in its current form, the CBD represents the
most obvious and extensive attempt to create an international framework for regulating
the transfer and use of LMO plants. The most significant implementation problem for the
agreement is that while over 170 countries have ratified the CBD, the United States has not
and, therefore, is not bound by any of its provisions, including the 2003 and 2018 protocols
that address LMO products.
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The problem related with the NKL protocols involves the access and benefit sharing
agreement. This adds legal uncertainty for plant breeders. Using genetic resources that fall
under the NKLs requires that the resulting benefits from commercial use be shared. The
problem is that it is not obvious how large the benefit to share should be and with whom to
share the benefit. Who will be the contact person or agency and which country to include?
The response by plant breeders has been to reduce the use of genetic resources that fall
under the NKLs. These are mainly plant genetic resources from the global south. Reducing
their use in plant breeding will mainly affect plants for the global south [46]. Additionally,
plant breeders from the global south using the genetic resources will be more affected than
plant breeders working for crops in the northern hemisphere. The NKLs also discriminate
against smaller plant breeding companies as compliance with the NKLs requires additional
legal expertise and increases plant breeding costs. For the most part, these are fixed costs
related to using plant genetic resources and therefor proportionally discriminate against
smaller plant breeders, as discussed above with respect to the approval of NPBTs.
4.3. The Implications of Biotech Regulation for International Trade and the Adoption of GMO and
GE Agricultural Commodities
The complex global structure of GMO and GE regulations creates a wide range of
impacts among different countries with respect to the adoption of GE crop and livestock
technologies, as well as having impacts on private and public investments in GMO and GE
R&D initiatives [47]. The implications for international trade and global market clearing
prices for any given commodity, and for trade in agricultural commodities more broadly
defined, are contingent on several factors. One critical issue concerns which countries
adopt the new technologies in producing the commodities of interest: exporting countries,
importing countries, or both. A second factor is whether importing countries approve
or prohibit imports of GMO and GE products. The fact that adoption almost surely
results in a measurable increase in a country’s ability to produce the commodity is a major
reason why the issue of who adopts is so important for international trade in agricultural
commodities [41]. While therefore, the following taxonomy is far from exhaustive, in
understanding the implications of GE technologies for international trade it is useful to
consider the following alternative situations with respect to adoption of GE varieties of a
commodity for cultivation:
A.
B.
C.
D.

Exporters adopt; importers adopt
Exporters adopt; importers do not adopt but allow imports of GE commodities
Exporters adopt; importers do not adopt or allow imports of GE varieties
Exporters do not adopt because major importers have zero tolerance for any shipment
with even a trace of GE content.

In scenario A, when both exporters and importers adopt the new technology, the
implications for international trade are potentially ambiguous. Domestic production
increases in both exporting and importing countries. While export supply to world markets
increases, because importing countries now produce more of the commodity, import
demand falls. We can be certain that the price of the commodity on world markets will
fall because global production has increased, but whether importers will purchase a larger
amount of the product from the world market is not clear. It depends on whether the
increase in export supply is larger than the decline in import demand; that is, whether
production expands more rapidly in exporting countries than in importing countries.
Consumers in all countries benefit from the new technology through lower prices, and if
all countries adopt the new technology then prices will fall by more than if only exporting
countries adopt the new technology because global production will increase more rapidly.
The effects on farm incomes are harder to sort out. If on average costs of production fall
by more than prices, then farmers will be better off, and that may well be the case at the
global level. However, regional effects can be complex.
In scenario B, major exporting countries adopt the new technology, and in those countries domestic production increases. So too does the surplus of domestic production over
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domestic consumption of the commodity and more of the product is available for export.
At a global level, the quantity of exports offered to importers at any given price increases
(export supply has increased). Importing countries do not adopt the new technologies,
so domestic supply conditions do not change and their demand for imports from abroad
does not shift. Thus, at a global level, import demand has not changed but export supplies
have increased and international prices for the commodity fall. Trade in the commodity
increases because importers buy more of the commodity at the lower price. In all countries,
consumers are winners because, all other things being equal, prices for the commodity
decline. Farmers in the exporting countries are likely to be winners, along with the companies who have developed the new varieties, but producers in importing countries now
receive lower prices. Those farmers, along with companies supplying them with inputs,
may therefore lobby their political representatives for constraints on imports.
In scenario C, exporting countries adopt the new technology, and both domestic
production and export supply increases. However, importing countries refuse to accept
any shipments of the commodity that include even minute traces of GE crops. Assuming
exporting countries can effectively segregate GE varieties of a commodity from non-GE
varieties in their supply chains, they will continue to export non-GE varieties to the
importing countries and market GE varieties in their domestic markets. Given that only
non-GE crops are exported, at the farm level the cost of producing those crops has not
changed. However, there are costs associated with segregating non-GE crops from other
crops, and export supplies may well decline. In that case, at any given international price,
though importers may still want the same amounts of imports, fewer exports are available
for purchase and the price of non-GE exports is likely to go up. Consumers in the importing
countries will be worse off, but farmers producing the commodity in those countries will
be better off, as well the companies who supply them with inputs.
In the exporting country, domestic consumers will likely benefit from the ability of
farmers to produce GE commodities at a lower cost, and producers may benefit as long
as costs decline by more than prices for the GE commodity. However, if export markets
account for a large share of an exporting country’s production of a commodity and cross
contamination risks are high then, to avoid the high segregation costs and substantial
contamination costs, it may be optimal for producers in that country to lobby for a ban on
GE varieties of the commodity. That has been the case for wheat in both Canada and the
United States, where exports account for 50% or more of domestic production, leading to
the fourth scenario.
In scenario D, which for many crops reflects current realities, exporters do not adopt
GE technologies because major importers have zero tolerance for any shipment of the product with even a trace of GE content. In the absence of any impact on domestic production
in either the exporting or importing countries, the outcome is that GE technologies have no
effects on world prices, consumer welfare or international trade. The problem with that
outcome is that new technologies, which have the potential to increase global production
using fewer chemical inputs, less land and generating lower levels of carbon emissions, will
not be developed. Firms and governments also have substantially reduced incentives to
invest in NPBT R&D programs and, as a result, agricultural productivity growth atrophies,
as for many years has been the case with golden rice [48], and for wheat [49].
A major concern is that scenario D has become a relatively common outcome. In the
United States, for example, to this point no GMO varieties of wheat have been planted
on a commercial basis even though Monsanto (now Bayer) developed such varieties over
a decade ago. Further, in response to lobbying by such groups as the Montana Grain
Growers Association and similar groups in North Dakota and Kansas, state legislatures
have introduced legislation prohibiting farmers from planting GMO wheat varieties. The
reason those wheat farm organizations have lobbied for zero cultivation of GMO crops
has been their concerns about adversely affecting major markets for a crop for which
exports account for 50 percent of annual production, including Japan and some European
Community members [49].
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5. The Political Economy of Agricultural Biotechnology Regulation
Political issues, in many countries linked to community perceptions fostered by special
interest groups, can affect how markets function and whether it is worthwhile for farmers
to adopt NPBT derived crop varieties and companies to invest in the R&D programs to
develop them in the first place. The reason is straightforward. Most societies determine
how resources are used through two mechanisms. One is the political process; the other is
through markets in which trades are largely voluntary [50].
The two resource allocation processes are synergistically linked. The political process
establishes the rules and policies under which markets function. These involve regulations
about how trades take place, including food safety and other product standards and
quality regulations; laws about contracts and contract enforcement; laws about rights
over property and its use; sales taxes levied on specific goods and services; and bans
or restrictions on product use (for example, restrictions on sales of alcohol and tobacco
products). They also include policies that have important effects but are more distant from
the market for a specific commodity, such as income taxes and social safety net subsidies
that affect the demand for goods and services, and in the case of corporate taxes firm level
investment decisions.
Nevertheless, the rules, policies and regulations that establish the framework within
which markets function are not created in a vacuum. Policies and regulations evolve
and are developed through a country’s political process. In that process, interest groups,
often explicitly concerned about specific market outcomes such as the development or
prohibition of NPBT based products, exert pressure on policy makers to try to establish
rules of the game that lead to the outcomes those interest groups seek. The mechanisms
those groups use are often characterized as making campaign contributions (through inkind services, monetary contributions, or in some cases bribes to key decision makers) or
by directly influencing voter preferences and behavior [51,52].
The outcomes interest groups seek to achieve depend on the underlying structure of the
markets in which goods are exchanged; for example, the technological options available to
researchers who develop product innovations and consumer responses to differences in the
prices of NPBT and non-NPBT products that are otherwise very similar (for example NPBT
soybeans and non-NPBT soybeans). Those underlying market conditions therefore also often
play important roles in determining the policy interventions interest groups seek [53,54].
When the underlying market conditions change substantially, some groups are likely
to benefit from the impacts (they are winners) while others are likely to be worse off
(they are losers). Often, the potential losers then engage in the political process to obtain
legislation or regulations that either roll back or prevent the changes from occurring.
Potential winners, on the other hand, are also likely to become involved, lobbying to
protect their gains [55,56].
Unequivocally, GMOs and NPBTs have changed the underlying conditions within
which markets for agricultural products operate, creating potential winners and losers. In
most, if not all countries, therefore, the political landscape with respect to NPBT issues is
complex, as indicated in Table 1. Many interest groups have, or believe they have, a stake in
the policy debate. Those groups often have different and conflicting goals, and depending
on the country, in the public domain and the policy making process any individual group
may have more or less credibility and more or less influence over policy.
Policy makers may have many objectives, including benefitting their communities,
serving their own interests (reelection, increasing their own incomes and wealth, etc.), and
given their roles are often likely to have substantial influence, but often as a response to the
interest groups they serve [57].
As consumers, many households may have a positive view of the advent of the
new technologies, because they lower the prices of foods in the supermarket. Those
households would also be winners. Other households may be much less sanguine and
have concerns about ecological, environmental, food safety and human health impacts.
As a group, consumers’ concerns are typically viewed as credible. However, consumers
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are heterogeneous and not well organized, and have limited influence in the regulatory
process, while some smaller sub-groups have considerable influence. Nevertheless, as
voters, they are influential, and other interest groups often seek to affect their votes. The
literature [58–61] has found significant heterogeneity among consumers’ attitude about
GMOs. A substantial segment (sometimes a majority) are not willing to pay extra costs
to avoid GMO products, while a small segment has a strong preference to avoid GMOs.
However, consumers are willing to pay extra for GMO products with improved traits, for
example better appearance or improved nutritional content. [60].
Biotechnology focused organizations, including well-established biotech firms and
small start-ups, as well as academic and research institutions, tend to be viewed as credible,
but may have different levels of influence on policy and regulation decisions and have
different objectives. For example, firms and researchers with property rights over the new
technologies (e.g., biotechnology start-ups, manufacturers, and distributers) are likely to be
winners, and seek legislation that protects the economic value of those rights [55]. Firms
that have not developed competing products, or produce other products such as herbicides
that the technology makes partially or wholly redundant face sharp declines in the demand
for their goods and are likely to seek ways to prevent the use of the products the new
technologies generate [43,57]. Activists with those concerns may then seek to limit or ban
the use of those technologies, often by influencing public opinion.
Farmers as a group are often influential in the policy process and depending on the
issue often seen as credible, but have mixed perspectives on NPBTs [16,44,61]. They may
worry about potential supply enhancing impacts that lead to lower commodity prices,
especially when new traits do not address production problems. However, they will
strongly support NBPTs for crops with traits that address those problems.
Food manufacturers and retailers may or may not be viewed as credible sources of
information but tend to be influential in the policy process. They may be interested in using
or selling NBPT products unless they meet strong objections from activists. For example,
pressure by activists opposed to the use of GM potatoes by Macdonald’s halted commercialization of the variety [62]. Several food processors and retailers in Europe changed
their policies to comply with demands from such lobby groups, but also recognized the
gains from product differentiation that allowed them to charge higher prices for non-GMO
products. Hence, some retailers support labeling policies [63,64].
Well-organized activist special interest groups, frequently focused on a single issue or
narrow range of concerns, are often highly influential. Organizations that oppose GMO
products are likely to be much more active in the political arena than individual consumers
who do not oppose GMO based products and benefit from them. Such interest groups
may influence policy makers’ decisions because they are large and their members and
supporters tend follow their leaders’ voting recommendations. However, even small
interest groups can have a significant impact on voter perceptions of an issue through the
information they share via traditional and newer forms of social media and their access
and financial contributions to policy makers [65].
The extent of such influence is often tied directly to the credibility of the activist
interest group and its spokespersons but also to the scope of the lobby’s political influence.
One recent example is the Peasant Farmers Union in Ghana, who sought an effective ban
on GMO and gene editing crops and were able to persuade the Minister of Agriculture to
support their position. In the European Union, relatively small but vocal lobbies have been
successful in obtaining regulations that effectively prohibit farmers from raising GMO and
gene edited plant varieties [15,66]. In contrast, as discussed above, in the United States
companies have been more successful in gaining approval for such plant varieties.
A country’s domestic political environment can also be affected by the interests and
actions of other countries. For example, developed countries that serve as donors to
developing countries, or players in large global input markets may affect GMO regulation
in these developing countries. We can view these phenomena as “political externalities”
because actions in one country affect decisions in another. Paarlberg [16] has argued that
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the limited use of GMOs in Africa, where they probably have the most potential to make a
difference, is because of the influence of the EU. The more positive attitude to GMOs in
Latin America reflects the stronger influence of the US. China’s attitude towards GMOs is
affected by its capacity to master and control the technology. When China owns significant
intellectual property rights in NPBTs, it may use its influence on countries to allow for the
use of the technology by their farmers and food processors.
Table 1. Credibility and policy influence of different interest groups.
Segments of the
National Political Landscape
Policymakers
Consumers
Farmers
Retailers
Major biotechnology companies
Start-up biotech companies
Input suppliers and food processors
Academic institutions/research scientists
Activist organizations
Donor organizations and countries
Trading partners

Objectives
Being elected/promoted, doing well/obtaining financial
rewards/serving the welfare of their communities [57].
Low prices, human health, the environment [58–61]
High prices, low costs, higher yields, lower risk [43,57]
Sales (food), satisfied customers, positive public image, product
differentiation, [63,64]
Profits, market power, low risk [43,57]
Growth, profits, market share, [55]
Profits, market size [43,57]
Research support, prestige [55]
Influence, donations [15,65,66]
Social and economic change, poverty alleviation, sustainability [15]
Affect technology, foreign policy and economic gains [16,21]

Credibility

Influence

High/ Low

High

High
Medium

Low as group
High

High

high

Low
Low
Low
High/Low
High/ Low
High/ Low
High/ Low

High
Low
High
Medium
Medium
High
High

Source. The Authors.

6. Biotechnology Opportunities and Political Economy Challenges for
Developing Countries
NPBTs are especially important for developing countries. China is among those
countries that heavily supports the technology and some other countries such as Argentina
and Brazil also view the technology favorably [19,32]. In contrast, many African countries
are skeptical [61]. Nigeria might be an exception, having recently approved the cultivation
of an insect resistant cow pea variety using Bt technology. However, other African countries
such as Kenya and Uganda still seem to be reluctant to approve such technologies [28].
In other parts of the world, India, among the earliest countries to approve Bt-cotton,
has not approved the cultivation of some GM crops used for human consumption such as
Vitamin A enriched rice and pest resistant eggplants. Bangladesh has adopted Bt-eggplants
but remains reluctant to approve Vitamin A enriched rice. The Philippines have approved
GM maize, but they too are reluctant to approve Vitamin A enriched rice.
Many developing countries could derive substantial benefits from NPBTs using assessment protocols that are similar to those used for GMOs. Most of those countries would be
substantial net beneficiaries in scenario A, as described above, where in the global market
place both importing and exporting countries approve the new technology. In scenario B,
they will be mainly be in the position of an importing country. As imports would require
approval by the country’s regulators, if a developing country decides to regulate them as
GMOs, imports will likely be restricted, given how most of those countries have previously
dealt with such NPBTs. That outcome would create an environment closer to scenario C
in which only non-GMO products are imported. In both cases, developing countries are
likely to forego substantial welfare gains.
In the near future, the losses associated with rejecting NPBTs are likely to increase, as
options for adaptation in the face of climate change will be reduced. In Africa, the invasion
of the Latin American version of the fall army worm and the recent locust invasion are
just two among several examples of how lack of access to NPBTs are imposing substantial
costs in those countries. For example, there is new evidence that some Bt-maize varieties
are resistant to the fall army worm [67]. Similarly, there is new evidence that gene drive
technologies developed using tools also applied under NPBTs would enable farmers to
control the spread of locusts, or invasive species more generally [68].
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The response to GMOs, particularly in African and some other developing countries,
also has a geopolitical dimension. China invests heavily in NPBTs and also seeks to build
alliances with countries in Africa. Providing NPBTs for important crops for those countries
and at the same point in time offering export opportunities to China strengthens bilateral
ties and weakens the influence of Europe and the United States in the region. However,
countries in Africa that adopt crops derived from NPBTs are also likely to face substantially
diminished export opportunities in the EU and some Southeast Asian markets such as
Japan. In relation to EU countries, an approval for export would be needed. Secondly, even
if exports to Europe are not envisioned, maintaining a zero tolerance level for exporting to
the EU would be very difficult and costly to maintain.
Another layer of difficulty is added by the NKL protocol on “Access to Genetic
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization,”
and the NKL provision on “Supplementary Protocol on Liability and Redress.” Both have
been incorporated in the Convention on Biological Diversity (CBD), as discussed previously.
The effect of the NKL Protocol on developing and using NPBTs depends on how rigorously
countries enforce the protocol. For example, the United States has not signed the protocol
or the CBD. China may also not have much interest in enforcing the protocol if they see
benefits from alternative approaches. In contrast, the EU belongs to those countries strongly
enforcing the protocol because of interest groups that act as watch dogs to prevent protocol
violations. Thus, the NKL Protocol is shifting the geopolitical landscape with respect to
NPBTs in ways perhaps not anticipated by its authors and signatories, as well as reducing
the contributions of NPBTs to food security and climate change mitigation.
7. Possible Ways Forward
The current situation with respect to the status of NPBTs seems to be problematic and
the outlook for their future pessimistic. A primary concern is that the EU is a major market
player and EU policies, in part affected by European Court of Justice (ECJ) decisions, have
had substantial direct and indirect effects on the global development and application of
NPBTs, with potentially important adverse implications for international food security,
climate change and climate change adaptation.
One possibility might be a policy change within the EU [35]. The decision-making
procedures in the EU and the current precedents set by the ECJ either prevent or heavily
circumscribe any approval of crops derived by NPBTs for cultivation or imports to the
EU. One possibility is to challenge the decision by the ECJ effectively to consider all such
products as subject to being regulated as GMOs. Eriksen at al. [17] argue that such a
challenge might result in a different interpretation of how NPBTs would be regulated; that
is, they might continue to be described as GMOs, but excluded from regulatory oversight
as GMOs under the mutagenesis exemption.
Another perhaps more long-lasting solution would be to have agreements at the international level that include a harmonized approval process for importing and processing
NPBTs [7]. The result would be to avoid frictions in international trade and costly tracking
and tracing systems as well as barriers to trade associated with country specific delays
in approvals. A practical political advantage of an international agreement on approval
is that it only affects trade and not cultivation. Countries would not have to agree on
cultivation within their territory but only permit imports and processing. The agreement
would therefore focus on food and feed safety, not on environmental safety.
The World Health Organization or a similar international institution then could act
as a food and feed safety standard setting organization. This approach would also reduce
duplicative testing costs, which many low-income countries cannot afford, as approval
for access would be granted for all participating countries. It would also almost certainly
increase the incentives for investments in the technology by private companies by reducing
R&D costs and expanding the markets for the resulting NPBTs [35]. Incentives for investments by government agencies and philanthropic organizations, including major donors
to aid for developing countries, would also increase.
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Such an agreement would not necessarily force any given country to import an NPBT.
Nevertheless, it would make it more difficult for individual countries that are members
of the World Trade Organization and signatories to the WTO Sanitary and Phytosanitary
Agreement to exclude such products on the basis of threats to human or animal health.
Effectively trade would take place if, within a country, consumers were willing to buy NPBTderived products and individual companies chose to import the products, substantially
enhancing food security [47].
8. Conclusions
Recent advances in biological knowledge have increased our portfolio of tools for
improving sustainable development. NPBTs such as CRISPR are some of these tools, and
more are likely to emerge. Applications in medicine have yielded many valuable therapies
including the vaccines that provide protection against the COVID-19 viruses. However,
the application of biological knowledge in agriculture has been severely constrained by
heavy regulatory burdens in the European Union and elsewhere. The rationales for and
implications of these regulations are a result of the political economy of regulation and
often not based on the biological knowledge about the products that are developed.
In fact, crop varieties generated using modern biotechnology have contributed to
increasing food supplies, reducing food prices, and improving environmental quality. They
have also mitigated incentives for production choices that adversely impact the rate of
climate change and hence the sustainability of the global food supply chain, both with
respect to land and water use decisions [3,69]. However, their potential to contribute to a
sustainable bioeconomy, global food security, and more viable ecosystems has by no means
been fully realized [4,8,21].
A major concern is the limited extent to which modern biotechnology has been utilized
to improve the nutritional content and availability of food for humans, and to meet their
potential for solving food security and sustainability challenges. The current complex of
inconsistent country specific regulations urgently needs to be reformed to accommodate
recent advancements in biological knowledge. Those regulations should apply the same
science based criteria in assessing the safety of all new plant varieties and the products in
which they are applied, regardless whether the process has involved using “traditional”
plant breeding methods or NPBTs. That is, regulation needs to be based on outcomes rather
than methods, and on scientific rigor, not political sentiments that are often driven by small,
media savvy interest groups to the detriment of the rest of the local and global community.
In many countries, there is a perception that consumer acceptance is a major obstacle
to the adoption of food produced using NPBTs and so the costs of burdensome regulations
are modest. However, the empirical evidence strongly suggests that large segments of the
population are willing to buy and consume such foods, even when they are minimally less
expensive. Further, consumers are willing to pay premiums when it is clear that a new
food product derived from NPBTs is of higher quality. In addition, once such foods are put
on the shelves and consumers become more experienced with them, they become more
widely, and often much more widely accepted.
Finally, the reality is that thus far no incidents of loss of life or serious environmental
damage have been attributed to the use of modern biotechnology, and there is substantive
evidence that its use improves environmental sustainability and sustainable development.
The main losers in the current state of affairs are poor people in developing countries who
are the most food insecure populations in the world and who urgently need access to a
more abundant, safe food supply. Introducing streamlined, science-based regulation is
likely to lead to the increased utilization and development of genetic material based on
modern biology that will increase global food security, and by mitigating practices that
engender climate change, contribute to the sustainability of the planet. Regulatory reform
based on scientific evidence and aimed to induce the efficient and safe utilization of modern
biotechnology along the lines presented here is needed as soon as possible.
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Piotrowski, S.; et al. Development of the Circular Bioeconomy: Drivers and Indicators. Sustainability 2021, 13, 413. [CrossRef]
Rosegrant, M.W.; Wiebe, K.D.; Sulser, T.B.; Mason-D’Croz, D.; Willenbockel, D. Climate change and agricultural development.
In Agricultural Development: New Perspectives in a Changing World; Otsuka, K., Fan, F., Eds.; International Food Policy Research
Institute (IFPRI): Washington, DC, USA, 2021; pp. 629–660.
Wesseler, J.; Zilberman, D. Biotechnology, bioeconomy, and sustainable life on land. In Transitioning to Sustainable Life on Land;
Beckmann, V., Ed.; MDPI: Basel, Switzerland, 2021.
Wesseler, J.; Von Braun, J. Measuring the Bioeconomy: Economics and Policies. Annu. Rev. Resour. Econ. 2017, 9, 275–298.
[CrossRef]
Nationale Akademie der Wissenschaften Leopoldina; Deutsche Forschungsgemeinschaft; Union der deutschen Akademien der
Wissenschaften. Towards a Scientifically Justified, Differentiated Regulation of Genome Edited Plants in the EU; Nationale Akademie der
Wissenschaften Leopoldina: Halle, Germany, 2019.
Purnhagen, K.; Wesseler, J. EU Regulation of New Plant Breeding Technologies and Their Possible Economic Implications for the
EU and Beyond. Appl. Econ. Perspect. Policy 2020. [CrossRef]
Zilberman, D.; Kaplan, S.; Wesseler, J. The Loss from Underutilizing GM technologies. AgBioForum 2015, 18, 312–319.
Boettiger, S.; Bennett, A.B. Bayh-Dole: If we knew then what we know now. Nat. Biotechnol. 2006, 24, 320–323. [CrossRef]
Martin-Laffon, J.; Kuntz, M.; Ricroch, A.E. Worldwide CRISPR patent landscape shows strong geographical biases. Nat. Biotechol.
2019, 37, 613–620. [CrossRef]
Sprink, T.; Eriksson, D.; Schiemann, J.; Hartung, F. Regulatory hurdles for genome editing: Process- vs. product-based approaches
in different regulatory contexts. Plant Cell Rep. 2016, 35, 1493–1506. [CrossRef]
Link, A.N.; van Hasselt, M. On the transfer of technology from universities: The impact of the Bayh–Dole Act of 1980 on the
institutionalization of university research. Eur. Econ. Rev. 2019, 119, 472–481. [CrossRef]
Mowery, D.C.; Sampat, B.N. University Patents and Patent Policy Debates in the USA, 1928–1980. Ind. Corp. Chang. 2001, 10,
781–814. [CrossRef]

Sustainability 2021, 13, 3687

14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.
43.

16 of 18

Herscovitch, M.; Perkins, E.; Baltus, A.; Fan, M. Addgene provides an open forum for plasmid sharing. Nat. Biotechnol. 2012, 30,
4316–4317. [CrossRef]
Winston, M.L. Travels in the Genetically Modified Zone; Harvard University Press: Cambridge, MA, USA, 2002.
Paarlberg, R. Starving for Science: How Biotechnology Is Being Kept Out of Africa; Harvard University Press: Cambridge, MA, USA,
2008.
OECD. OECD Green Growth Studies. Farm Management Practices to Foster Green Growth; OECD Publishing: Paris, France, 2016.
Wesseler, J.; Kalaitzandonakes, N. Present and future EU GMO policy. In EU Bioeconomy Economics and Policies; Dries, L., Heijman,
W., Jongeneel, R., Purnhagen, K., Wesseler, J., Eds.; Palgrave Macmillan: London, UK, 2019; Volume 2, pp. 245–256.
Eriksson, D.; Kershen, D.; Nepomuceno, A.; Pogson, B.J.; Prieto, H.; Purnhagen, K.; Smyth, S.; Wesseler, J.; Whelan, A. A
comparison of the EU regulatory approach to directed mutagenesis with that of other jurisdictions, consequences for international
trade and potential steps forward. New Phytol. 2020, 222, 1673–1684. [CrossRef]
US Department of Agriculture. Movement of Certain Genetically Engineered Organisms. Fed. Regist. 2019, 84, 26514–26541.
Zilberman, D. Fellows Address: The economics of sustainable development. Am. J. Agric. Econ. 2014, 96, 385–396. [CrossRef]
Arrow, K.J.; Dasgupta, P.; Mäler, K. Evaluating projects and assessing sustainable development in imperfect economies. Environ.
Resour. Econ. 2003, 26, 647–685. [CrossRef]
Khanna, M.; Rajagopal, D.; Zilberman, D. Lessons Learned from US Experience with Biofuels: Comparing the Hype with the
Evidence. Rev. Environ. Econ. Policy 2021. [CrossRef]
Bennett, A.B.; Chi-Ham, C.; Barrows, G.; Sexton, S.; Zilberman, D. Agricultural biotechnology: Economics, environment, ethics,
and the future. Annu. Rev. Environ. Resour. 2013, 38, 249–279. [CrossRef]
Zilberman, D.; Holland, T.G.; Trilnick, I. Agricultural GMOs—What we know and where scientists disagree. Sustainability 2018,
10, 1514. [CrossRef]
Klümper, W.; Qaim, M. A meta-analysis of the impacts of genetically modified crops. PLoS ONE 2014, 9, e111629. [CrossRef]
Barrows, J.; Sexton, S.; Zilberman, D. Agricultural Biotechnology: The Promise and Prospects of Genetically Modified Crops. J.
Econ. Perspect. 2014, 28, 99–120. [CrossRef]
Wesseler, J.; Smart, R.; Thomson, J.; Zilberman, D. Foregone benefits of important food crop improvements in Sub-Saharan Africa.
PLoS ONE 2017, 12, e0181353. [CrossRef]
Falck-Zepeda, J.; Traxler, G.; Nelson, R.G. Surplus Distribution from the Introduction of a Biotechnology Innovation. Am. J. Agric.
Econ. 2000, 82, 360–369. [CrossRef]
Weaver, R.D.; Wesseler, J. Monopolistic pricing power for transgenic crops when technology adopters face irreversible benefits
and costs. Appl. Econ. Lett. 2004, 11, 969–973. [CrossRef]
Qaim, M. Role of New Plant Breeding Technologies for Food Security and Sustainable Agricultural Development. Appl. Econ.
Perspect. Policy 2020, 42, 129–150. [CrossRef]
Jin, Y.; Drabik, D.; Heerink, N.; Wesseler, J. Getting an Imported GM Crop Approved in China. Trends Biotechnol. 2019, 37, 566–569.
[CrossRef]
Megiddo, I.; Drabik, D.; Bedford, T.; Morton, A.; Wesseler, J.; Laxminarayan, R. Investing in antibiotics to alleviate future
catastrophic outcomes: What is the value of having an effective antibiotic to mitigate pandemic influenza? Health Econ. 2019, 28,
556–571. [CrossRef]
Fredericks, C.; Wesseler, J. A comparison of the EU and US regulatory frameworks for the active substance registration of
microbial bio control agents. Pest. Manag. Sci. 2019, 75, 87–103. [CrossRef]
Purnhagen, K.P.; Wesseler, J. Maximum vs minimum harmonization: What to expect from the institutional and legal battles in the
EU on gene editing technologies. Pest. Manag. Sci. 2019, 75, 2310–2315. [CrossRef]
Graff, G.D.; Zilberman, D.; Bennett, A.B. The contraction of agbiotech product quality innovation. Nat. Biotechnol. 2009, 27,
702–704. [CrossRef]
Berk, J.B.; Green, R.C.; Naik, V. Optimal Investment, Growth Options, and Security Returns. J. Finance 1999, 53, 1553–1607.
[CrossRef]
Berk, J.B.; Green, R.C.; Naik, V. Valuation and Return Dynamics of New Ventures. Rev. Financ. Stud. 2004, 17, 1–35. [CrossRef]
Purnhagen, K.; Kok, E.; Kleter, G.; Schebesta, H.; Visser, R.; Wesseler, J. EU Court casts new plant breeding techniques into
regulatory limbo. Nat. Biotechnol. 2018, 36, 799–800. [CrossRef] [PubMed]
Beckmann, V.; Soregaroli, C.; Wesseler, J. Ex-Ante Regulation and Ex-Post Liability under Uncertainty and Irreversibility:
Governing the Coexistence of GM Crops. Econ. Discuss. Pap. 2009, 53. [CrossRef]
Redick, T. Syngenta’s Settlement: Will This Create Barriers to the Pipeline of Biotech Crops? American Bar Association: Chicago, IL,
USA, 2019; Available online: https://www.americanbar.org/groups/environment_energy_resources/publications/trends/2018
-2019/may-june-2019/sygentas-settlement/ (accessed on 16 January 2021).
Carter, C.; Smith, A. Estimating the Market Effect of a Food Scare: The Case of Genetically Modified Starlink Corn. Rev. Econ. Stat.
2007, 89, 522–533. [CrossRef]
Purnhagen, K.; Wesseler, J. The “honey” judgment Bablok and others vs. Freistaat Bayern of the Court of Justice of the European
Union: Implications for coexistence. In The Coexistence of Genetically Modified, Organic and Conventional Foods: Government Policies
and Market Practices; Kalaitzandonakes, N., Phillips, P., Smyth, S., Wesseler, J., Eds.; Springer Press: New York, NY, USA, 2016;
pp. 149–165.

Sustainability 2021, 13, 3687

44.

45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.
62.
63.
64.
65.
66.
67.
68.
69.

70.
71.
72.
73.

17 of 18

Wree, P.; Wesseler, J. Consequences of adventitious presence of non-approved GMOs in seeds: The case of maize seed in
Germany. In The Coexistence of Genetically Modified, Organic and Conventional Foods: Government Policies and Market Practices;
Kalaitzandonakes, N., Phillips, P., Smyth, S., Wesseler, J., Eds.; Springer Press: New York, NY, USA, 2016; pp. 177–183.
Husby, J. Definitions of GMO/LMO and modern biotechnology. In Biosafety First: Holistic Approaches to Risk and Uncertainty
in Genetic Engineering and Genetically Modified Organisms; Traavik, T., Lim, L.C., Eds.; Tapir Academic Press: Devon, UK, 2007;
Chapter 23.
Deplazes-Zemp, A.; Abiven, S.; Schaber, P.; Schaepman, M.; Schaepman-Strub, G.; Schmid, B.; Shimizu, K.; Altermatt, F. The
Nagoya Protocol could backfire on the Global South. Nat. Ecol. Evol. 2018, 2, 917–919. [CrossRef] [PubMed]
Smith, V.H.; Glauber, J.W. Trade, Policy and Food Security. Agric. Econ. 2020, 91, 158–171. [CrossRef]
Dubock, A. Golden rice: To combat vitamin A deficiency for public health. In Vitamin A; Queiroz, Z.L., de Rosso, V.V., Eduardo,
J.-L., Eds.; IntechOpen: London, UK, 2019; pp. 1–21. [CrossRef]
Graybosch, R. Potential for gene flow from cultivated wheat to weedy relatives in the Great Plains of North America. In Biological
Resources and Migration; Springer: Berlin, Germany, 2004; pp. 27–34.
Herring, R.; Paarlberg, R. The Political Economy of Biotechnology. Annu. Rev. Resour. Econ. 2016, 8, 397–416. [CrossRef]
Becker, G.S. A Theory of Competition Among Pressure Groups for Political Influence. Q. J. Econ. 1983, 98, 371–400. [CrossRef]
Rausser, G.C.; Swinnen, J.; Zusman, P. Political Power and Economic Policy: Theory, Analysis, and Empirical Applications; Cambridge
University Press: Cambridge, UK, 2011.
Shao, Q.; Janus, T.; Punt, M.; Wesseler, J. The Conservation Effects of Trade with Imperfect Competition and Biased Policymakers.
Agriculture 2018, 8, 108. [CrossRef]
Shao, Q.; Drabik, D.; Gouse, M.; Wesseler, J. Food security under conflicts of interest: The case of South Africa. Agrekon 2020, 59,
110–129. [CrossRef]
Grossman, G.M.; Helpman, E. Protection for Sale. Am. Econ. Rev. 1994, 84, 833–850.
Shao, Q.; Punt, M.; Wesseler, J. New Plant Breeding Techniques Under Food Security Pressure and Lobbying. Front. Plant Sci.
2018, 9, 1324. [CrossRef]
Graff, G.D.; Hochman, G.; Zilberman, D. The political economy of agricultural biotechnology policies. AgBioForum 2009, 12,
34–46.
Waterfield, G.; Kaplan, S.; Zilberman, D. Willingness to Pay versus Willingness to Vote: Consumer and Voter Avoidance of
Genetically Modified Foods. Am. J. Agric. Econ. 2020, 102, 505–524. [CrossRef]
Huffman, W.; McCluskey, J. New Technology and Conflicting Information; World Scientific Publishing: Singapore, 2020.
Kikulwe, E.; Birol, E.; Wesseler, J.; Falck-Zepeda, J. A Latent Class Approach to Investigating Developing Country Consumers’
Demand for Genetically Modified Staple Food Crops: The Case of GM Banana in Uganda. Agric. Econ. 2011, 42, 547–560.
[CrossRef]
Schnurr, M.A.; Addison, L. Which variables influence farmer adoption of Genetically Modified (GM) orphan crops? Measuring
attitudes and intentions to adopt GM matooke banana in Uganda. AgBioForum 2017, 20, 133–147.
Zilberman, D.; Kaplan, S.; Kim, E.; Hochman, G.; Graff, G. Continents divided: Understanding differences between Europe and
North America in acceptance of GM crops. GM Crops Food 2013, 4, 202–208. [CrossRef]
Wesseler, J. Biotechnologies and agrifood strategies: Opportunities, threats and economic implications. Bio Based Appl. Econ. 2014,
3, 187–204.
Venus, T.; Drabik, D.; Wesseler, J. The role of a German multi-stakeholder standard for livestock products derived from non-GMO
feed. Food Policy 2018, 78, 58–67. [CrossRef]
Wesseler, J.; Zilberman, D. The Economic Power of the Golden Rice Opposition. Environ. Dev. Econ. 2014, 19, 724–742. [CrossRef]
Herring, R. Whose numbers count? Probing discrepant evidence on transgenic cotton in the Warangal district of India. Int. J.
Mult. Res. Approaches 2008, 2, 145–159. [CrossRef]
Li, Y.; Wang, Z.; Romeis, J. Managing the Invasive Fall Armyworm through Biotech Crops: A Chinese Perspective. Trends
Biotechnol. 2021, 39, 105–107. [CrossRef] [PubMed]
Teem, J.L.; Alphey, L.; Descamps, S.; Edgington, M.P.; Edwards, O.; Gemmell, N.; Harvey-Samuel, T.; Melnick, R.L.; Oh, K.P.;
Piaggio, A.J.; et al. Genetic Biocontrol for Invasive Species. Front. Bioeng. Biotechnol. 2020, 8, 452. [CrossRef]
Adenle, A.A.; De Steur, H.; Hefferon, K.; Wesseler, J. Two decades of GMOs: How can modern biotechnology help meet SDGs.
In Science, Technology and Innovation for Sustainable Development Goals: Insights from Agriculture, Health, Environment and Energy;
Adenle, A.A., Chertow, M.R., Moors, E.H.M., Pannell, D.J., Eds.; Oxford University Press: Oxford, UK, 2020; pp. 401–422.
United Nations. Convention on Biological Diversity. 1992. Available online: https://www.cbd.int/doc/legal/cbd-en.pdf
(accessed on 19 March 2021).
European Commission. Treaty of Lisbon. Off. J. Eur. Union 2017, C 306/1–C 306/71. Available online: https://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=OJ:C:2007:306:FULL:EN:PDF (accessed on 25 March 2021).
United States Environmental Protection Agency. Overview of Greenhouse Gases. 2021. Available online: https://www.epa.gov/
ghgemissions/overview-greenhouse-gases (accessed on 19 March 2021).
European Commission. Directive 2009/41/E of the European Parliament and of the Council of 6 May 2009 on the contained use
of genetically modified micro-organisms. Off. J. Eur. Union 2009, L 125/75–L 125/97. Available online: https://eur-lex.europa.
eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0041&qid=1616658225448 (accessed on 25 March 2021).

Sustainability 2021, 13, 3687

74.

75.

76.
77.
78.
79.
80.
81.

18 of 18

European Commission. Directive 2001/18/EU of the European Parliament and of the Council of 12 March 2001 on the deliberate
release into the environment of genetically modified organisms and repealing Council Directive 90/220/EEC. Off. J. Eur. Union
2001, L 106/1–L 106/38. Available online: https://eur-lex.europa.eu/resource.html?uri=cellar:303dd4fa-07a8-4d20-86a8-0baaf0
518d22.0004.02/DOC_1&format=PDF (accessed on 25 March 2021).
United Nations. Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from
their Utilization to the Convention on Biological Diversity. 2011. Available online: https://www.cbd.int/abs (accessed on 19
March 2021).
United Nations. The Nagoya—Kuala Lumpur Supplementary Protocol on Liability and Redress to the Cartagena Protocol on
Biosafety. 2017. Available online: https://bch.cbd.int/protocol/supplementary (accessed on 19 March 2021).
OECD. Who We Are. 2021. Available online: http://www.oecd.org/about (accessed on 19 March 2021).
United States Government Information and Services. About the United States. 2021. Available online: https://www.usa.gov/
about-the-us (accessed on 19 March 2021).
USDA. United States Department of Agriculture. 2021. Available online: https://www.usda.gov (accessed on 19 March 2021).
WHO. About WHO. 2021. Available online: https://www.who.int/about (accessed on 19 March 2021).
WTO. The WTO. 2021. Available online: https://www.wto.org/english/thewto_e/thewto_e.htm (accessed on 19 March 2021).

