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ABSTRACT

Stochastic simulation was used to determine the marginal cost and optimal testing
strategy (location and intensity) for an integrator conforming to proposed European Union
traceability requirements for imported hard red spring wheat.  Cost, risks and premiums were
determined for exports of non-genetically modified (non-GM) wheat from the U.S. to the EU. 
Cost components include certified seed, certification and auditing, testing, traceability, quality
loss, and a risk premium for the added risk of a dual traceability system over a single non-
traceability system.  The optimal strategy is the one that maximizes the integrator’s utility
(minimizes disutility of integrator’s additional costs).  Adventitious commingling is defined
stochastically.  Results indicate that traceability requirements can be met with specified buyer
and seller risk at a total cost of approximately 50 c/non-GM bushel.  The risk premium for
traceability along the vertically-integrated supply chain (farmer, integrator, and importer) is 21
c/non-GM bushel.

Key Words: traceability, genetically modified, hard red spring wheat, European Union
requirements 



* Professor, Former Graduate Student, and Research Scientist, respectively, in the Department of
Agribusiness and Applied Economics, North Dakota State University, Fargo.

1 Following Sheldon (1996), an integrator is interpreted here as a vertically integrated firm in the handling
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COSTS AND RISKS OF CONFORMING TO EU TRACEABILITY 
REQUIREMENTS: THE CASE OF HARD RED SPRING WHEAT

William W. Wilson, Xavier Henry, and Bruce L. Dahl*

INTRODUCTION

Genetically Modified (GM) varieties are an integral part of the current production and
marketing systems in many exporting countries including the United States, Argentina, Canada,
China and Brazil for soybeans, cotton, corn, and canola (Fresco, 2001).  In Argentina, 90 percent
of the soybeans are from biotech varieties; the savings generated by the herbicide-tolerant and
environmental preoccupations (fewer chemicals) motivate producers (Schnepf, Dohlman &
Bolling, 2001).  In the United States, GM production is common.  About 97% of the world’s
genetically modified production originates from the United States (Seralini, 2002). 
Governments have adopted different policies to manage Genetically Modified Organisms
(GMO’s) throughout the world.

In 1997, the EU adopted a moratorium for ten years against marketing GMO’s.  This
moratorium is a form of protectionism and came into effect in 1999 with the ratification of seven
country-members and was designed to allow the EU time to develop a strong legal and political
position.  Five years later, no scientific proof had been advanced showing the danger or the
offensiveness of the genetic manipulation on human health (Agence Science-Presse, 1999). 
Government positions are still a political expression of European consumers who reject GM food
because of perceived risks for human health.

The EU has since adopted legislation that allows grain from countries using GM seed
under restrictive conditions.  These measures of control and regulation for GM products include
testing, tolerance, shipping and segregation strategies.  The EU requires the labeling of products
containing more than 0.9% of GM material, and requires traceability.  Conforming to these
traceability requirements has the effect of adding costs and risks to suppliers.
 

The objectives of this paper are to document the evolution of traceability, identify the
optimal strategy for non-GM wheat conforming to EU requirements and measure the costs and
risks for an integrator1 exporting non-GM hard red spring (HRS) wheat to Europe.  A stochastic
simulation model which jointly determines optimal test application and intensity is developed to
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compare costs and risks for an integrator, contracting with farmers and an importer, conforming
to EU traceability requirements.  The integrator contracts with the farmer and provides inputs for
non-GM wheat production.  To reduce his risk due to the EU traceability requirements, the
integrator defines a testing strategy including where and how many tests to perform.  Effects of
critical factors including testing costs, and tolerance considerations are examined in order to
define the optimal testing strategies for GM wheat.

The next section describes traceability and its application in the European market, and
discusses previous studies on the economics of traceability.  An analytical model of integrator
costs and risks is defined in the next section including variables related to the European market,
testing and segregation strategies allowing American grain to come into the market.  

BACKGROUND

Traceability

Traceability is defined as “the degree to which a relationship can be established between
two or more products of the development process” (Institute of Electrical and Electronic
Engineers, 1990).  The standard NF EN ISO 8402 was the first technical definition of the
concept in 1987.  It was defined as: “the ability to retrace history, use or location of an entity by
the means of recorded identification.”  Consequently, the term traceability may refer to the origin
of materials and parts; the history of processes applied to the product; or the distribution and
placement of the product after delivery (GENCOD-EAN, France. 2001).  Coordination between
agents is a key concept of traceability. 

Traceability was first used in order to improve industries’ efficiency.  Recent crises like
Bovine Spongiform Encephalopathy (BSE), foot-and-mouth disease, and dioxin contamination
have alerted consumers and traceability has been extended to secure and restore consumer’s
confidence in the food production system.  Traceability is a set of practices used to inform agents
and end-users about the product.  Introduction of GMOs provides a new rationale for
traceability.  Traceability applied to GM management is the ability to trace GMOs and products
produced from GMOs at all stages of their movement through the production and distribution
chains (European Parliament, 2003).

In 2004, a directive opened the European market to grains from countries growing GM
materials.  The EU retains traceability as the main way to secure the supply channel and provide
confidence to consumers.  Traceability of domestic production and imports became obligatory
with European directive 2001/95 which came into force on January 1, 2005.  The evolution of
GM legislation and traceability in the EU is summarized in Figure 1.
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A traceability system must protect the identity of the product and be able to define
liability if the security program fails in the supply chain.  It is a process resulting in risk sharing
between agents.  To reduce risks, firms use quality control programs to protect the original
characteristic of the product.

Kimmelshue indicated: traceability requirements of regulations are generally considered
to be a means to restore consumer confidence in what is perceived to be a “broken food system,” 
(as cited in Milling and Baking News, 2004).  As the speed and presence of regulations picks up
pace and consumers become more cognizant of changes to the food supply, the role of product
traceability should continue to expand.  Regulations increasingly are aimed at reacting more
quickly to natural or intentional food contamination. (Milling and Baking News, 2004).  The
market advantage of a comprehensive, certified practice gives a food producer a competitive
advantage to maintain and expand its market share (Fagan, 2004).
 

Identity Preservation (IP) is a complimentary system of crop management and trade,
which allows the source, and/or nature of materials to be identified.  IP is currently used to
identify crop varieties that provide features concerning their content or composition.  This
system is common in the United States and could be used as the first step for traceability.  Also
called Identity Preserved Production and Marketing (IPPM), IP has evolved over time in the
grain and oilseed industry.  IP measures are initiated by private firms to extract premiums from a
marketplace that has expressed a willingness to pay for an identifiable and marketable product
trait or feature (Smyth and Phillips, 2002).  There is a fundamental difference between
segregation and IP as components of strategies to market GM crops.  Segregation is the isolation
of like products with particular attributes.  Unlike IP, the identity of the grain is not preserved. 
Segregation is common in many grains and is evolving in response to the dichotomy on
international market acceptance of GM crops (Wilson, Jabs, and Dahl, 2003).  Segregation,
traceability, and IP are product differentiation alternatives.

 

 

Legisla tion 
 
 
E vents 
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        International norm   
N F E N  ISO  8402 defines the  
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Figure 1.  Evolution of GM Legislation and Traceability in the EU.
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3 Directive 2001/18/EC.
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Application to Intra European Trade and Marketing

Traceability is not only applied to GM products, but also to non-GM products in the EU. 
This control system may be applied to all animal, vegetal or non-living production.  General
traceability provisions are in Community legislation concerning food, feed and more specifically
a traceability for beef products following the recent BSE crisis with regulation in 2000,2 which
established a system for the identification and registration of bovine animals.  The concept of
traceability for GMOs was introduced into Community legislation for the first time in a directive
in 20013.  Traceability applied to GMOs traces GMOs and products produced from GMOs at all
market stages through production and distribution chains (European Parliament, 2003). 

GMOs can only be introduced into the EU market after having been authorized.  The
authorization process is influenced by consumers, Non-Governmental Organizations (NGOs),
producers, and retailers.  Consumer groups, through NGO’s activities, are very influential.  GM
products are officially accepted in the Union under authorization conditions.  If in practice,
GMOs are admitted in the market, few are accepted.  The difficulties show the high degree of
restrictions and constraints induced by this new legislature.  The consumers’ opportunity to
choose between GM and non-GM products is important for the European Commission.  With
this view, Member States are required to ensure labeling and traceability of GMOs at all stages
of production and distribution chains.

The EU defines three management schemas for GM content in the production stage
(Directorate-General for Agriculture European Commission, 2002):

• Voluntary IP of specific GM traits (quality traits): Commercialization of GM products in
the EU market is very restricted.  In addition to the labeling requirements under the novel
food regulation, the identity of the product would be protected to preserve the additional
value or quality given the genetic modification, and for which the consumer is willing to
pay more.

• Compulsory IP for GM products (input traits): This kind of behavior characterizes GM
production.  In this case, traceability could be a strategy to monitor the environmental
and health effects of GMOs and to satisfy the GM product demand.  This behavior
requires testing to define the quantity of GM material.

• Voluntary IP of GMO-free products: This approach is used to track and label products. 
Current legislation requires compulsory labeling for food containing GMOs, but the
introduction of food labeled as GMO-free would restore consumer confidence in the 
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production chain.  Legislation to monitor this behavior is being prepared.  Defining rules
for traceability is one of the objectives of this document.

Objectives proposed by the Commission of the European Communities (2003b) for traceability
were: 1) to allow for the withdrawal of products due to risks to human health, 2) to monitor
potential environmental effects and 3) to facilitate accurate labeling.  Three important
requirements compose the base of this traceability.  First, operators shall have in place systems
and procedures to identify to whom and from whom products are made available (one step back
and one step forward).  Second, operators shall transmit specified information concerning the
identity of a product in terms of the individual GMOs it contains or whether it is produced from
GMOs.  Third, operators shall retain specified information for a period of five years and make it
available to competent authorities on demand (Commission of the European Communities,
2003b). 
 

Two approaches were considered (European Parliament, 2001): the traceability and
labeling for GMOs and traceability and labeling for products from GMOs.  The distinction
between GMOs and products from GMOs is important.  According to the EU, produced from
GMOs means, in whole or in part, from GMOs, but not containing or consisting of GMOs. 
GMOs means “an organism, with the exception of human beings, in which the genetic material
has been altered in a way that does not occur naturally by mating and/or natural recombination”
(European Parliament, 2001).

The first step in traceability for GMOs is identification.  In order to specify the identities
of GMOs, the European Directive refers to a system to be designed, using the appropriate
committee procedure, for the assignment of a unique identifier (code) to GMOs.  The European
Parliament defines GMOs using “a simple numeric or alphanumeric code which serves to
identify a GMO on the basis of the authorized transformation event from which it was developed
and providing the means to retrieve specific information pertinent to that GMO” (Commission of
the European Communities, 2003a; Kauffman, 2005).  Operators are obliged to transmit to the
next agent in the chain the information, including unique codes, specified for that initial
assignment.  The effectiveness of traceability requires that the identity of GMOs contained
within a product be established at its first stage of market placement within the production or
distribution chain.  This should not present an undue problem for products that originate from
within Community.

The proposal requires that operators placing prepackaged products consisting of, or
containing GMOs on the market, at any stage of the production and distribution chain, have to
ensure that such products are labeled with the words “This product contains genetically modified
organisms.”  Where products, including bulk quantities that are not packaged make the use of a
label impossible, operators have to ensure that this information is transmitted with the product to
the next operator.  Operators shall ensure that the following information is transmitted to the next



4 Produced from GMs means derived, in whole or in part, from GMOs, but not containing or consisting GMOs.  This
restriction is highly criticized by consumer association because they are not informed about the specialty (GM or
non-GM) of grain use to feed the livestock.
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operators:4 1) Contains or consists of GMOs, and 2) The unique identifier assigned to those
GMOs, in the case that a mixture of GMOs compounds the product, the operators shall ensure
the transmission of the list of unique identifiers for all those GMOs.  The operators have to hold
information for a period of five years.

The distinction between GM and GM-free is important as it is parallel to the concept of
purity.  That’s why the EU established a tolerance level equal to 0.9%.  If GM is found in a
proportion less than 0.9%, provided that these traces are adventitious or technically unavoidable,
the product is not labeled genetically modified.  The threshold of 0.9% provoked many reactions. 
GM advocates consider this limit too constraining in terms of technical handling and economic
costs.  GM opponents protested against this threshold because it results in a non-labeling of
products potentially with GM materials (in a proportion less than 0.9%).

All measures of ‘safe’ production, segregation and traceability involve additional costs. 
Nevertheless, vertical coordination facilitates long-term relationships.  The risk of product
rejection is reduced with increased access to information.  The amount of information about
product quality affects the degree of perceived risk.  Traceability is one solution to increase
vertical coordination and enhance information flows.  Vertical coordination channels and
traceability should facilitate long-term relationships and reduce transaction-costs or at least
offset the additional costs of these techniques.  To reduce transaction costs, long-term supply
relationships and contracts should be able to offset additional expenditures.

Rules for External Trade

Identification of GMOs at the first stage it is introduced to the marketing system is the
first step for efficient traceability.  This should not be problematic when products originated
from within the European Community because all Members States agreed on the policy adopted. 
Application of proposed rules for external trade is more complex.  Identification at its first stage
of the placing on the market would imply an identification of GM materials in the extra-
community country.  Operators importing such shipments into the Community have to specify
the identity of these products, namely in terms of the GMOs that they contain.  If the exporter
has a lack of information about the genetic identity, the importer would have to determine it by
sampling and testing.  After identification, operators would be obliged to transmit to the next
operator in the chain the information, the unique code identifying the GM content (European
Parliament, 2003).
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Previous Studies on The Economics of Traceability

Golan, et al. (2004) studied different traceability systems in three supply chains: fresh
produce, grain and oilseeds, and cattle and beef.  They noted that, whereas complete traceability
is impossible, three characteristics (breadth, depth and precision) are important for an efficient
control system.  Breadth of traceability is the amount of information collected and transmitted. 
The depth of the traceability refers to the degree of tracing forward and backward from a given
agent.  Breadth and depth are largely correlated.  Finally, the third characteristic is the precision
of the information and of the traceability system.  These points are very important for GM
traceability, because they define the level of efficiency of the traceability system required.  

Concerning GM production, traceability should be efficient because of the multiple
sources of adventitious commingling.  Hence, the depth and breadth should be higher than for
other products.

The second objective of traceability systems is the management of food safety.  When
problems occur, tracing systems identify the origin of the problem.  Removal of unsafe
production minimizes production and distribution losses in terms of cost of production and
reputation.  Through the management of food safety, firms reduce risk because traceability
systems establish the extent of their liability in cases of food safety failure.  Basically,
traceability is a way to enforce safety and quality control.
 

Traceability systems are a source of market differentiation.  In the grain and oilseeds
industry, traceability is applied from the farm to the consumer.  At the farm level, documentation
verifies the existence of specific traits and purity levels and farmers must segregate crops. 
Storage, harvesting and other equipment are submitted to a defined use and handling (eg.,
cleaning, flushing).  Segregation of specialty crops is achieved with dedicated elevator(s) using
multiple bins or cleaning between use.  Documentation continues from the elevator to the final
producer or consumer.  Each player in the specialty chain is usually required to retain
information on product identity, volume, lot numbers, test results and supplier/customers to
ensure quality and allow for trace back if necessary.

Golan et al. (2004) discusses the costs of traceability, but does not provide cost estimates. 
In the grain industry, costs of record keeping and product differentiation are included. 
Segregation defined as the total separation, induces underutilization of equipment, so average
costs increase.  If demand for differentiated products is sufficient, segregation costs are less
important.  Identity Preservation is stricter than segregation systems because of requirements of
containerization or other physical barrier to prevent commingling.  Record keeping and
separation expenses tend to rise with the complexity of the supply chain.  Vertical integration
and contracting are methods for reducing the costs of tracing and supply management. 
 

For conventional grains, record keeping should include “one step forward, one step
backward” while segregation and traceability may begin as early as the seed (Golan, el al. 2004).
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 Because of the risks of adventitious commingling, stakeholders have to extend their liabilities
and reduce risks of economic losses in cases of food safety failure.  Traceability is generally
more precise for specialty grains than for conventional grains.  These traceability systems
document the effort of each segment of the supply chain in segregating the high-value specialty
product from conventional or other specialty products (Golan, et al. 2004).
 

Each stakeholder in the specialty grain chain must be able to record information about
product identity, volume, lot numbers, test results, and supplier(s)/customer(s).  Target
requirements differ, depending upon objectives.  At the farm level, farmers must segregate crops
to ensure that cross-pollination does not result in a crop that does not meet required
specifications.  In addition, farmers must dedicate certain storage, harvesting, and other
equipment and storage units between different crop types.  To verify that adequate quality
precautions have been taken at the farm level, farmers may be asked to provide elevators with
third-party (certified by the U.S. Department of Agriculture) certification.  Farmers may be
asked to submit their shipment for testing.  Tests may be performed by the elevator or by
independent third-party verifiers.  Records including the identity of the farms that sold the
commodities are registered (Golan, et al. 2004).  Segregation is achieved with dedicated
elevators, multiple bins or by cleaning bins and equipment after each crop passes through. 
Segregation and documentation for specialty crops continue from the elevator to the final
consumer.  All along the supply chain, either testing or process certification guarantees that
quality attributes are maintained.
  

A number of third-party certifiers offer services to verify that specialty quality attributes
have been adequately safeguarded throughout the supply chain (Golan, et al. 2004).  Elevators
typically contract with producers to grow certain varieties.  The contract may specify that
producers follow certain production and handling practices that are consistent with the traced
products.  Contracts are also used between the elevator and the buyer.  Premiums must cover the
additional cost and risk induced by measures of segregation and recording.  Europe may be more
willing to pay for certain traceability features as opposed to the United States (Milling and
Baking News, 2004).

Many American suppliers use segregation and identity preservation to export to Japan
and the EU markets.  The premiums for corn generally range from $0.03 to $0.12 /bu over the
Chicago Board of Trade prices (Swanson, et al. 2003).  This premium is supposed to balance
additional costs (certified seed, isolation, segregation, and storage).  The 2004/05 non-GM corn
premiums published by the M&M Service Company are similar: $0.07 to $0.08/bu.

Non-GM soybean production requires a higher premium than non-GM corn production. 
A 2004/2005 contract specification for non-GM soybeans indicates a premium over the
contracting elevator bid of $0.50 for harvest delivery and $0.55 for after harvest delivery.  The
cooperative demands a 20-foot buffer strip from GMO grains.  The Illinois Specialty Farm
Products initial premiums ranged from $0.25 to $0.50 /bu and only requires isolation from
uninspected and non qualifying soybeans.  Premium contracts may require field inspection prior
to harvest to determine varietal purity.  The Michigan Agricultural Commodities announced a 
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premium for the 2004 crop of non-GMO soybeans equal to $0.30 /bu with a level of purity of
98% (simple strip test performed on each load at time of delivery).  These few examples on non-
GM corn and soybean production show the importance of premiums to provide incentives for
farmers and agents to segregate.

Traceability and Process Verification

Traceability programs exist for seed production.  The Association of Official Seed
Certifying Agencies (AOSCA) publishes seed production guidelines.  The purpose of the
AOSCA’S certification program is to assist the genetic and physical identity of grain by services
(field inspection, storage facility inspections, laboratory analysis, record keeping and labeling).  
Protocols for non-GMO corn require production at a distance of 660 feet or more from any GMO
corn.

Demand by consumers for process verification led to implementation of auditable
certification processes.  The U.S. Department of Agriculture proposed a Process Verification
Program that conforms to ISO 9001 requirements and provides for USDA Certification. 
Enhanced consumer confidence is the objective of this certification.  Grains are not the only
products using Process Verification Programs; USDA already provides similar programs for
fruits, vegetables, and livestock.

Segregation

Segregation involves marketing for differentiated products to different markets and
involves a dis-aggregation of supply and demand (Commission of the European Communities,
2001).  Segregation has evolved in response to international preoccupation with food safety.

Co-existence refers to ‘the ability of farmers to make a practical choice between
conventional, organic and GM-crop, in compliance with the legal obligations for labeling and/or
purity standards.’  The problem of co-existence of GM and non-GM crops may arise at three
different levels (Commission of the European Communities, 2003a):

• GM and non-GM crops produced simultaneously or in successive years on a single farm;
• GM and non-GM crops produced on neighboring farms in the same year;
• GM and non-GM production types used in the same region, but on farms that are

separated by some distance.

Contamination can arise because of seed impurities, cross pollination, but also, harvest,
delivery, handling, storage, and transport to the end-user.  From a technical viewpoint,
requirements by institutions or governments are used to protect the product’s identity.  GM and
GM free production have coexisted in Spain since 1998.  Planting some of their crops to
conventional varieties acts as a refuge for the target species and hence minimizes risk of pollen
drift.  At least four rows of conventional maize are planted between GM crops and ‘vulnerable’
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non-GM crops (buffer crops); a limitation of GM production of 20% to 25% of total planting per
farm was recommended for producers of GM grains.  No segregation on the supply chain
followed the segregation on-farm.  That means, given that the destination was the animal feed
sector, the GM crops have been invariably sold through normal marketing channels, without any
special requirements.

Several studies provide a list of recommended practices (harvest and post harvest)
including seed selection and adapted crop rotations.  The isolation minimum recommended in
corn production is 16 to 24 border rows (about 34 to 52 feet) around fields to eliminate cross-
pollination (Swanson, et al. 2003).  Because wheat is not cross-pollinated, the buffer crop
requirements should be less than for corn production.  Swanson (Swanson, et. al. 2003)
recommends combining and keeping border rows separate for use as feed.  On-farm storage
facilities must be cleaned or new facilities must be provided to separate crops.  To avoid
mechanical commingling, segregation is required for handling, storage and transportation. 
Facilities must be cleaned between crops.  The time and money spend on cleaning are fixed by
the tolerance level required by the market.

The European Commission has created a non-exhaustive list of recommendations. 
Recommendations on farm measures are divided in four groups: Preparation for sowing,
planting, and soil cultivation; Harvest and post-harvest field treatment; Transportation and
storage; and Field monitoring.  A part of the set of recommendation is presented in Table 1.
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Table 1.  European Recommendations on Farm Practices
Preparation for Sowing, Planting,

and Soil Cultivation
Harvest and Post-Harvest Field

Treatment Transport and Storage Field Monitoring

• Isolation distances between GM and
Non GM fields of the same species;

• Buffer zones, as an alternative or
complement to isolation distances;

• Pollen traps or barriers (e.g.
hedgerows);

• Managing populations in field
borders through appropriate
cultivation techniques (selective
herbicide or integrated);

• Using varieties with reduced pollen
production, or male sterile varieties;

• Sharing seed spillage when traveling
to and from the field, and on field
boundaries;

• Control/destruction of volunteers, in
combination with suitable sowing
times for the following season to
avoid the development of
volunteers.

• Saving seeds only from suitable
fields and field areas (e.g. field
centres);

• Minimising seed loss during the
harvest (e.g. through
optimization of the harvest time
to minimize seed shedding);

• Cleaning of harvesting
machinery before and after use,
to prevent any carry-over of seed
from previous operations, and to
avoid the unintended dispersal of
seed;

• Sharing harvest machinery only
with farmers using the same
production type;

• The field margins could be
harvested separately from the
rest of the field if other measures
are deemed insufficient to
maintain the adventitious below
the labeling threshold.  The main
crop should be segregated from
the harvested on the field
margins.

• Ensuring the physical
segregation of GM and non-GM
crops after the harvest up to the
first point of sale;

• Using adequate seed storage
arrangements and practices;

• Avoiding spillage during
transport of the harvested crop on
the farm and from the farm to the
first point of sale.

• Monitoring of seed spillage sites,
fields margins for volunteer
development.

Source: Commission of the European Communities, 2003a
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Figure 2.  Identity Preservation Practices Within the Supply Chain.  
Source: Glaudemans, 2001.

An investigation of fifty Kansas grain elevators into the feasibility of segregating hard
winter wheat (Herrman et al., 2001) revealed that country elevators often possess sufficient
unused receiving capability.  Consequently, segregation is possible.  There are many reasons for
failure of segregation systems.  Poor logistical management of incoming trucks during the
harvest peak period, lack of trained personnel, and poor allocation of available resources, labor,
equipment, and time often affect failure.  The maximum contamination potential for an elevator
is reached when the number of grain segregations is twice the number of receiving pits.  To
minimize contamination, producers should implement logistical management such as assigning
trucks with certain grain types (Maier, 2004). 

Identity Preservation (IP) Techniques

Although there are a number of definitions of IP, the most widely accepted one is that
‘Identity Preservation refers to a system of crop management which preserves the identity of the
source or nature of the materials’ (Glaudemans, 2001).  This definition does not go into details
and it is a source of confusion.  Some systems are able to trace the crop from the precise field on
which it was grown all the way down to the consumer product and vice versa.  Others suffice
with a statement about the country of origin or the factory in which it was first processed.
Grain production is one of the only sectors where the IP is applied.  Since there are many sources
of contamination, IP techniques are important and constraining.  IP practices within the supply
chain are presented in Figure 2.



5 1 metric ton = 36.7 bushels; http://www.smallgrains.org/WHFACTS/convert.htm.
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Many of the risks and potential liabilities of GM crops are only partially manageable.  Failure
costs are potentially high and an inability to manage the risks and control the liabilities are such
that GM technology may be infeasible (Smyth, Khachatourians, and Phillips, 2002).  Liabilities
may arise from terms implied into relevant contracts by the Sale of Goods Act.  The presence of
GM elements (even trace elements) in foods, particularly without appropriate labeling, may
breach this implied term (Freshfields Bruckaus Deringer, 2001).  There are no specific liabilities
established for GM crops; hence legal liabilities associated with GM crops are debated.

In 2000 a United Kingdom private member’s Bill proposing strict liability for damage
caused by GMOs intensified the liability debate in the UK.  While the Bill was rejected, a sub-
group of the UK’s Agriculture and Environment Biotechnology Commission (AEBC) is
currently exploring issues of liability relating to GMOs.  More generally, the European
Commission recently issued non-binding recommendations on guidelines for the development of
national strategies and approaches to ensure the co-existence of GM, conventional and organic
crops.  The guidelines encourage Member States to examine their civil liability laws when
developing national strategies and ensure that farmers, seed suppliers and other operators are
fully informed about the liability criteria that apply in their country in the case of damage caused
by unintended presence (Australian Government Department of Agriculture, Fisheries and
Forestry, 2003).

Costs Induced by Identity Preservation Measures

The cost of IP is impacted by many factors including the level of potential commingling,
the number, location and type of tests applied, all of which depend on market requirements. 
Many studies have estimated additional charges for IP.

Segregation and IP Practices at the Farm Level: Segregation on farm is the first level to
establish an efficient IP program.  For a typical farm, the per-bushel costs of planter and combine
cleaning are small, approximately 6c/ metric ton of soybeans or 0.027c/bu5 (Bullock et al.,
2000).  The cost is small because soybeans do not cross-pollinate.  Corn segregation may have
additional costs to discouraging cross-pollination.

Segregation Measures Between County Elevator and Export Elevator:  Direct costs are
generated by changes in the production process and indirect or hidden costs are generated by the
underutilization of commodities production, storage, transport (Kalaitzandonakes, 2004). 
Estimation of IP costs are dependent on the level of accuracy required by the market.  Three case
studies of identity preservation (Maltsbarger and Kalaitzandonakes 2000) at the elevator level
(representing small, medium, and large elevators) suggest the importance of hidden or
opportunity costs that can occur from adapting current commodity operations to IP.  Total IP is
equal to the sum of coordination costs (farmer search costs, advertising, follow-up calls, farm
visits, buyer call delivery, weekly meeting, and farmer calls), segregation costs (sample analysis
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cost, misgrades, maintenance, and disputes/labor), and opportunity costs (underutilized storage,
lost grind margin, and spread opportunity).  Total IP costs average 28 c/bu and ranged from 16
c/bu to 37 c/bu for a medium elevator with 500,000 bu of high oil corn and a large elevator with
200,000 bu during peak harvests, respectively.  A significant problem for larger elevators is the
underutilization of bins.
 

USDA estimated that it costs 54 c/bu between the county elevator and the export elevator
to segregate identity-preserved.  Lin (2002) estimates IP costs from country to export elevator
for non-biotech maize and soybeans at respectively 22 c/bu and 18 c/bu.

The results highlight that even for a loose threshold, IP costs can be significant.  Hidden
costs (efficiency losses) comprise, on average, 55% of IP costs and range from 29% to 75%
(Wilson et al., 2003).  Additional operational changes such as sealed bins, additional cleaning of
pollen and grain residue, dedicated delivery dates, insurance or non-compliance penalties add
extra costs to IP not accounted for in this study.  In addition, testing the presence of GM material
at the protein and DNA levels is more expensive than for the value-added compositional analysis
used (Maltsbarger and Kalaitzandonakes, 2000).
 

Grain traders indicated that the premium for non-biotech U.S. grain since harvest rose to
a high around 10 c/bu in late fall and has since declined to 5-8 c/bu (Brookins, 2000).  The costs
of logistics and segregation between GM and non-GM grains creates new challenges and cost
burdens in the movement of commodities from the farmer to the processor and end-user. 
Moreover, certification of bulk commodities in the existing marketing system is difficult and
costly when considering the risks.  The risk of compliance and viable certification can lead to
costly litigation because existing testing procedures for biotechnology are imperfect at best and
take time to perform and add costs to the marketing chain.  There needs to be agreement between
buyers and sellers about what type of test should be used.  More important, the tolerance must be
established.
 

Lin examined the economics of segregation for non-GM corn and soybeans based on the
survey results for specialty corn and soybeans (Bender et al. 1999).  The costs of segregation or
IP were estimated for a typical marketing channel that moves corn or soybeans from country
elevators to sub-terminals, and export elevators.  Segregation of specialty grains was adjusted to
estimate the costs of segregation of non-biotech maize.  Segregation costs were about 22 c/bu
(excluding premiums to producers).  These estimates do not account for additional costs that
could be associated with segregation at the farm level and shipment costs beyond export
elevators to foreign markets.  Two important adjustments to reflect two-tier segregation
requirements were made.  First, segregation between GM and non-GM varieties and second, for
GM varieties which are EU approved and unapproved.  These adjustments increased handling
costs for non-biotech maize at country elevators to 3 c/bu, higher than the 2 c/bu reported by
Bender et al., 1999.  Segregation imposed no additional handling cost above the 2 c/bu, incurred
at sub-terminals and export elevators because operators know the destination of grain shipment
at those facilities.  Consequently, the handling cost for maize (corn) segregation is 7 c/bu and
only 6 c/bu for soybean segregation.  
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Table 2 presents a summary of previous studies on IP and segregation costs at the
elevator level.

Table 2.  Previous Studies on IP and Segregation Costs at the Elevator Level.

Researcher Methodology/Scope of
Analysis

Estimated Cost of
Segregation/IP

Askin, 1988 Econometric model of costs for
primary elevators

Increase of 2 grade handled
increase costs <0.5 c/bu

Jirik, 1994 Survey of elevator mgrs. and
processors

11 to 15 c/bu

Hurburgh et al., 1994 Cost accounting model for high
oil soybeans

3.7 c/bu

McPhee and Bourget, 1995 Econometric model of costs for
terminal elevators

Increasing grades handled
increases operating costs
2.6%

Hermann, Boland, and
Heishman, 1999

Stochastic simulation model 1.9 to 6.5 c/bu

Maltsbarger and
Kalaitzandonakes, 2000

Simulation model for high oil
handlers

1.6 to 3.7 c/bu

Nelson et al., 1999 Survey of grain handlers 6 c/bu corn,
18 c/ bu soybeans

Bullock, Desquilbet, and
Nitsi, 2000

Cost Accounting 30 to 40 c/bu soybeans

Dahl and Wilson, 2002 Survey 25 to 50 c/bu
Wilson and Dahl, 2001 Survey of elevator mgrs. for 

wheat
15 c/bu

Smyth and Phillips, 2001 Analysis of GM IP system for
canola in Canada, 1995-96

21 to 27 c/bu

Gosnell, 2001 Added transportation and
segregation costs for dedicated
GM elevators

15 to 42 c/bu high
throughput
23 to 28 c/bu wooden
elevators

Sparks Companies, 2000 Non-GM canola 38 to 45
c/bu
Non-GM soybean 63 to 72
c/bu

Source: Wilson and Dahl, 2002

The European Commission studied IP costs at the elevator level.  Table 3 (Directorate-
General for Agriculture European Commission, 2002) shows their estimates of costs and is
adjusted at the rate of one euro for one dollar.
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Table 3.  Previous Studies on IP and Segregation Costs at the Elevator Level

Researcher Crop IP approach Country Year IP cost
$/MT

Buckwell et al.,
1998

Soybean GM quality traits: low
linolenic, high oleic,
low saturate, high
protein, high sucrose

USA (1997) 1.6-3.3 

Bender et al., 1999 Soybean Non GM
STS herbicide tolerant

USA 1998 6 

Lin, Chambers and
Harwood, 2000

Soybean Non GM 
(ERS estimation)

USA 2000 20.6 

Buckwell et al.,
1998

Corn Quality trait (conv.)
waxy maize

Europe (1997) 3.2-8 

Buckwell et al.,
1998

Corn Quality trait (conv.)
high oil content

USA 1997 1-1.8 

Bender et al., 1999 Corn Quality trait (conv.)
high oil content

USA 1998 2.1 

Lin, 2002 Corn Non-GM
(ERS estimation)

USA 2000 9 

Buckwell et al.,
1998

Oilseed rape GM traceability
herbicide resistance

Canada 1996 4.7-6.9 

Buckwell et al.,
1998

Sunflower Quality trait 
high oleic

USA 1997/98 1.6-3.3 

Source: Directorate-General for Agriculture European Commission, 2002.

The additional transport costs range from 1 to 9 $/MT for the different products and IP
approaches (Directorate-General for Agriculture European Commission, 2002).  The key factors
are the amount of crop traded under the different IP systems and the tolerance level for
contamination. 

GM Testing Methods:  A GMO can be distinguished from a non-GMO because it
contains either unique novel deoxyribonucleic acid (DNA) sequences and/or unique novel
proteins not present in its conventional counterpart.  Two methods are available: a PCR
(Polymerase Chain Reaction) test based on DNA detection and the ELISA (Enzyme Linked
ImmunoSorbent Assay) test based on protein detection (Directorate-General for Agriculture
European Commission, 2002).

The Polymerase Chain Reaction is based on the detection of DNA fragments that are
inserted in the plant genome.  This method allows amplification in a few hours of specific DNA
fragments to a degree that they can be analyzed qualitatively and quantitatively by common
laboratory techniques (e.g., electrophoresis).  It requires specialized equipment and training. 
PCR testing is applicable and extremely sensitive in the case of unprocessed food where DNA is
still intact.  This is not the case for processed food where it is more difficult to isolate high
quality DNA and where GM material from more than one GM species can be present.  In the
latter, the method is laborious and costly.  PCR requires little development time compared to
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immuno-logical assays (primer synthesis vs. antibody production), but it can still take one to
three days (Querci, 2001).  The test is estimated to be about 99.9% accurate (Directorate-General
for Agriculture European Commission, 2002).

The ELISA method is able to detect and quantify the amount of a certain protein which is
of interest in a sample that may contain numerous other dissimilar proteins.  ELISA uses
antibodies to bind specific proteins.  Antibodies are soluble proteins produced by the immune
system of animals in response to exposure to a foreign substance (called antigen).  For GMOs,
the antigen can be the newly synthesized protein.  A colorimetric or fluorometric reaction can
visualize and measure when the antigen and specific antibody bind together.  One restriction for
using the ELISA test is denaturization of proteins in some food processes.  Similar to PCR, the
ELISA method requires trained personnel and specialized equipment.  This method also requires
high investment to develop the assay and to generate antibody standards.  However, once
reagents are developed, the cost per sample is low.  The test is reported to be 95% accurate 
(Directorate-General for Agriculture European Commission, 2002).

IP costs must account for testing costs.  PCR take two to ten days at a cost of $200 to
$450 per test, higher than most country elevators can afford because of small volume per truck
load (around 900 bushels).  In contrast, ELISA takes two to eight hours and costs up to $10 per
test.  ELISA test cost estimated at 1 c/bu for one specific trait.  For example three traits are tested
on maize, increasing the testing cost to 3 c/bu.  At sub-terminal and export elevator, PCR testing
is more common than ELISA because it is very sensitive and can be used to detect the presence
of several gene modifications in one set of tests. 

ANALYTICAL MODEL

This paper measures costs and risks of the proposed EU traceability requirements on
exports of hard spring wheat (HRS) from North America for an integrator.  Since a traceability
system does not currently exist for wheat to the EU, a prototypical supply chain is developed
composed of growers, an integrator and the importer.  The integrator is a vertically integrated
firm in the handling system that contracts with farmers to produce non-GM wheat, provides
inputs and pays the additional costs compared to GM production.  The GM trait is Roundup-
Ready wheat, which was proposed first, but has since been deferred.  However, this trait as well
as others in development including fusarium resistance, may be introduced in the future.  To
reduce risks of not conforming to the EU traceability requirements, the integrator requires tests
throughout the system.  The integrator’s choice set is where to prescribe tests and how
intensively to test. 
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Additional Costs

Additional costs were included for on and off-farm practices required to meet EU
traceability protocols.  Additional on farm costs included certified seed, costs due to isolation,
buffer strips, cleaning/flushing, auditing and certification, traceability and monitoring costs. 
Off-farm practices included traceability costs.

Certified Seed:  Certified seed price was estimated to be $1.45/bu higher than for
conventional seeds (Personal communication with the North Dakota State Seed Department). 
The cost of certified seed use is paid by the integrator as are other additional costs.  This
parameter is included in the calculation of the additional costs for 100 percent certified
production.  Hence, in the base case, the cost of certified seed is equal to 6.22 c/non-GM bu
produced.

Buffer Strips:  Additional costs due to buffer strips are calculated using two assumptions:
the average yield in North Dakota is equal to 28 bu/A (Swenson and Haugen, 2003), and the
average size field is 80 acres.  According to Hucl and Matus-Cadiz, out-crossing varies by
variety but pollen drift can occur from 5 to 48 meters.  They indicate that to isolate non-GM and
GM wheat, buffers of 3 to 10 meters are higher than acceptable levels of segregation (Wilson
and Dahl, 2002).  The buffer strips’ width is specified by the contract between the integrator and
the farmer.  The base case uses a uniform distribution of 3-10 meters.  The grain harvested from
the buffer strips are sold in the market as either non-certified GM free grains or GM grains.  The
opportunity cost is the difference between the non-GM and non-certified GM free/GM prices. 
This cost represents income lost by the farmer on the buffer strip production.  The market price
of certified non-GM wheat is assumed to be equal to $3.40/bu the market price for wheat is
estimated equal to $3.29/bu (Swenson and Haugen, 2003).
 

Additional cost induced by cleaning the combine, from Bullock, Desquilbet, and Nitsi
(2000), is $7.5.  There are 366 wheat farms supplying the 5,000,000 bushels.  Hence, the
cleaning cost is equal to $3,434 (5,000,000 bushels produced).  The cleaning cost is divided by
the buffer strip production to obtain a cost per bushel shift to the secondary market (non-certified
GM free).
 

The improvement in segregation measures presented previously (buffer strips, certified
seeds) impacts the distribution of on-farm adventitious commingling, defined as the grower risk
distribution.  Wilson, Jabs and Dahl assumed grower risk was represented by a triangular
distribution with minimum, most likely and maximum values of 1, 2.5 and 5%, respectively. 
Considering that the certified seeds guarantee a level of purity equal to 99%, and the buffer strips
around the field have an impact on contamination from pollen drift, a base case distribution for
grower risk was assumed triangular from minimum, most likely and maximum values of 0.1,  0.2
and 0.5%, respectively.

Segregation:  The base case assumed adequate capacities, and no requirement of new
storage facilities on-farm.
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Auditing and Certification:  Auditing and certification provide confidence between
producers, elevators and consumers, in meeting the requirements (www.cert-
id.com/industry_why_certify.htm).  The auditing cost is equal to 1$/acre (Peterson, 2002), or 3.6
c/bu.

For non-GM IP wheat, the certification cost is estimated at $2.75 per acre plus $15 per
producer (assuming the IP producer is only growing one variety) by the Oklahoma Crop
Improvement Association (Wright and Tilley, 2004), and represents the cost of certification. 
The average farm size in North Dakota is 1,300 acres (www.agclassroom.org/nd), total spring
wheat acreage is equal to 6,640,000 acres (North Dakota Wheat Commission,
www.ndwheat.com/wi/markstat/prod_hrs.asp) and 17,000 farms produce spring wheat
(www.worc.org/pdfs/WORCproductionfactsheet.pdf).  Consequently, the average wheat acreage
per farm is 390 acres.  The average cost per non-GM bushel for certification was estimated
assuming 20% GM adoption (both in acres and number of producers) and an average yield of 28
bu/a.  The estimated certification cost for non-GM wheat is equal to 9.958 c/bu.

Traceability:  Traceability cost refers to record keeping, labeling and the logistic cost
(computer, software equipment) of conforming to requirements.  ESRI a company specializing in
geographic information systems, developed software (ArcView) using a geographic information
system to track production and preserve the identity of production (ESRI, 2004).  If a
standardized code for GM free crops were instituted, a unique value could follow that crop from
the seed to the final destination or the end-user.  The result would be a digital history utilizing
maps, reports, etc. documenting the process of that crop.  The ESRI software covers large
functions and is easily customized to stakeholder needs.  This product can be adapted at the farm
or elevator level.  Each copy of ArcView costs $1,500 with depreciation over three years. 
Hence, for the farm level, the cost per bushel is equal to the annual farm volume divided by the
annual depreciation of the software: (1500 / 3) / (28 A 390) A 100 = 4.6 c/bu.  For elevators and
importers, the cost of the software is similar, but volumes differ.  From USDA studies, we
defined that two country elevators are sufficient to supply five millions bushels (USDA North
Dakota Agricultural Statistical services, 2004).  Total cost is twice $1,500 or 0.06 c/bu.  We
model one exporter with adequate facilities to trade the production (USDA Grain Inspection,
Packers and Stockyards Administration. 2003).  Hence, the traceability cost for the exporter is
about 0.04 c/bu.

Summary of Additional Variables:  These costs are paid by the integrator to the farmer to
induce his participation and are summarized in Table 4.
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Table 4.  Cost Summary
Item Source Value

Farm Level Costs cents/bu
  Certified Seed Swanson, 2004   6.22
  Auditing Peterson, 2002   2.86
  Certification Wright and Tilley, 2004   7.97
  Opportunity Swenson and Haugen, 2003 11.00
  Traceability ESRI   3.66
    Total 31.71

Traceability Cost
  Country Elevator ESRI and USDA   0.06
  Export Elevator ESRI and USDA   0.04
  Importer ESRI   0.04

    Total 31.87

Empirical Model

It is unclear how grain handlers would organize their procurement and marketing strategy
to conform to the EU traceability requirements.  Two alternatives are posed here.  In one case,
the supplier operates as an integrator (e.g., as discussed in Sheldon).  The supplier sells to the
importer and must conform to the EU requirements, and subject to a penalty if out of contract. 
In this capacity, the supplier (i.e., supplier to the EU importer) performs four functions: 1)
contracts with the grower to produce the grain conforming to the EU traceability requirements;
2) provides relevant inputs to the grower to conform to EU requirements, including certified seed
and an explicit premium to offset the additional/forgone agronomic costs associated with buffer
strips, etc.; 3) hires a 3rd party firm to perform auditing and certification; and 4) conducts tests
throughout the system as a check against the risks of nonconformance.  The model determines
the optimal testing strategy which indicates where and how intensely to test.  In this case, the
supplier seeks to maximize utility of the change in wealth which is defined as the initial wealth
less integrator costs incurred.
  

The alternative is for the supplier to simply act as a handler.  In this capacity, the supplier
buys wheat from growers to conform to the EU requirements.  The supplier also conducts tests
throughout the system as above, with the objective of minimizing costs.  Each of these are
modeled.
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Tolerance is defined as the maximum deviation from a nominal specification within which
the component is still acceptable for its intended purpose (Wilson, 2003).  In the GM grains,
tolerance refers to its maximum allowable percentage GM.  The model chooses the optimal
testing strategy that maximizes portfolio utility by minimizing costs for the integrator handling a
portfolio of segregations (non-GM and GM). 

Additional Integrator’s Cost

The integrator’s additional cost is the cost generated by the choice of testing strategy,
traceability costs for all locations, added grower costs (certified seed use, certification and
auditing practices) that the integrator reimburses to the grower.  Cost of non-GM is defined in
equation (1).  The additional cost of GM is presented in equation 2 and assumed equal to 0.

(1) C T TC S V D V CS AC CC TrC VNGM NGM NGM NGM= ⋅ ⋅ ⋅ + ⋅ + + + + ⋅∑ [ ] [ ]µ µ µ µ µ µ µ µ
(2) CGM = 0

Where

: is the location within the system where tests can be applied (on-farm, country elevator
receiving, country elevator loading, export elevator receiving, export elevator loading,
importer receiving);

T: is a binary choice variable reflecting whether tests are applied at location :;

Tc: is the cost of individual test for location :;
S: is the choice variable reflecting the sampling intensity (number of samples per lot) at

location :;
CS is the cost per bushel of certified seed use;
AC is the auditing cost per bushel on-farm;
CC is the certification cost per bushel;
TrC: is the traceability cost per bushel for location :;
D: is the discount if the limit is exceeded; and
VNGM:  is the volume (number of lots) of non-GM handled at location :.

The discount if the limit is exceeded is the quality loss.  Discounts for GM corn are
historically 10 percent of the value, which translates to about 40 c/bu in the case of wheat. 
Additional charges are considered for re-shipping grain to an alternative market that is 50 c/bu in
many geographic locations internationally.  The quality loss occurs only at the final destination
point because of the vertical integration of the supply chain.  The quality loss is modeled by the
estimation of the rejection risk at the importer.  The value is a uniform distribution ranged
between 40 c/bu and 90 c/bu.  This is the cost applied when the GM presence exceeds the
importer tolerance (1%) and represents the penalties applied to suppliers for non-conforming
lots.
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Risk Premium and Utility 

The risk premium (B) compensates the grain handler for potential risks emanating from
detection of GM content in a non-GM flow.  The risk premium is derived from the expected
value of the system as follows:

(3) B = EVNGM - CEGM/NGM

Where

EVNGM is the expected additional cost of a non-GM system assumed to be zero, and
CEGM/NGM is the certainty equivalent of additional system costs for a dual system.

The premium is the value required to offset the additional costs and risks induced by dual
system.

The objective function is expressed in equation (4).  The model maximizes portfolio utility
by minimizing the disutility of additional Integrator costs by choosing where to test and how
intensive to test:

(4)

Where: 

*i is the proportion of flows devoted to each segregation;
e is the base of the natural logarithm;
8 is a parameter that determines positiveness of the utility function; 8=2 according to

Wilson, Jabs and Dahl, and Serrao and Coelho, (2002);
M and 0 are parameters that affect the absolute and relative risk aversion of the utility

function; M is fixed at 0.01 and 0 is allowed to vary from 0.4 to 0.9 and is equal
to 0.5 in the base case (Wilson, Jabs and Dahl, 2003, and Serrao and Coelho,
2000);

Ci is the additional integrator costs generated by each segregation;
i is states of segregation non-GM=1 and GM=2;
j represents set of choice variable: test application T:, and sampling intensity S:, at

location :.

Seller’s risk is the probability of rejection of a satisfactory batch.  Buyer’s risk is the
probability of accepting a lot with unsatisfactory quality.  In order to quantify seller’s and
buyer’s risk, the model simulates product flows through the system tracking the level of
commingled and non-commingled flows within the non-GM segregation while considering
uncertainty arising from sampling plans, test accuracies, adventitious commingling and grower
truth telling at various stages in the system.
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The choice variables are test application and intensity for all location.  Test intensity is
1:1 (test every lot) at importer (base case), but may vary from 1:1 to 1:5 (test every fifth lot) at
intermediate points.  Others distributions and parameters were from Wilson, Jabs and Dahl
(Appendix A).

The total cost is the summation of the additional system cost, and the premium.

(5) Total Cost = CNGM  + B

Data and Simulation Procedures

Data and Assumptions

Data and assumptions are summarized in Table 5.  The market price of non-GM wheat is
assumed higher than the actual current price in 2003.  The difference between the current market
price and the assumed non-GM market price is integrated in the opportunity cost calculation.

Table 5.  Data and Assumptions Used
Item Source Distribution Value Used

Farm Level
  Grower Risk Modified from Wilson, Jabs and

Dahl Model (2003).
Triangular 0.1%;0.2%;0.5%

  Average acres / field Assumption 80 Acres

  Prod acreage / wheat farm www.worc.org 390 Acres

  Buffer Strips Prod Assumption 3 meters

  Testing cost Wilson, Jabs, and Dahl. 2003 $3.5 ; 99%

Elevator Level (CE)
  ND average capacity USDA North Dakota Agricultural

Statistical services 2004
648,457 bu

  Turn over 6.2
  Testing cost and accuracy Wilson, Jabs, and Dahl. 2003 $3.5, 99%

Exporter (EE)
  U.S. production export USDA Grain Inspection, Packers

and Stockyards Administration.
2002

260 mil

  Number of exporters 41 exporters

  Testing cost Wilson, Jabs, and Dahl. 2003 $250 ; 99%

Importer
  Number of Importer Assumption 1
  Testing cost Wilson, Jabs, and Dahl. 2003 $250 ; 99%
  Penalties Wilson, Jabs, and Dahl. 2003 Uniform 40 c to 90 c/bu

Wheat Market Values
  Market Price Swenson et al., 2003 $3.29/bu
  Non-GM Market Price Assumed for GM cost differential

calculation.
$3.4/bu

  GM Market Price Assumed for GM cost differential
calculation.

$3.4/bu
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Simulation and Optimization Procedures

The model maximizes utility by minimizing disutility of integrator costs which are
composed of costs for testing, quality loss, segregation, auditing, certification, certified seed use,
traceability and a risk premium.  The objective function is minimized by adjusting choice
variables: test application location, test intensity, and test tolerance.  Test application specifies
whether a test is applied, and is represented as a binary: 1=Test, 0=No test; and the test intensity
specifies the frequency the test is applied: 1:1 (every lot sampled), 1:2 (every second lot
sampled), 1:3, 1:4, 1:5 (every fifth lot sampled).
  

Risk Optimizer utilizes simulation and a genetic algorithm-based optimization technique
to optimize a model containing uncertainty.  Probability distribution functions representing
uncertainty are employed to define risk for model components and are entered into specific
spreadsheet cells in lieu of a formula or number (Palisade, 1998).  Within Risk Optimizer, one
thousand iterations were conducted per simulation.  The software calculates the buyer and the
seller risk and the premium necessary to give supply chain an incentive to participate.

Base Case Results

The base case is defined to reflect the most likely system and protocols for a dual
marketing system.  The model and the base case use data representing previously a typical
northern farm of North Dakota, with adequate storage capacities, producing non-GM certified
wheat.  The base case results are shown in Table 6. 

The estimated risk premium is 20.56 c/non-GM bu, which represents the additional risk
premium required by the integrator to be indifferent between a single non-GM marketing system
and the dual GM/non-GM system.  In the base case, buyer risk is minimal with a probability of
adventitious presence at 0.01% meaning that 0.0% of product bought and not detected as GM
product contains GM material exceeding tolerance.  For the seller, 1.7% of the shipments would
be rejected by the importer.

The optimal testing strategy is to test on-farm, at the country elevator receiving and
loading, and at the export elevator when loading.  Optimal tests at the farm and country elevator
are at low intensities (every fifth lot) but at the export elevator when loading grains are tested
with a high intensity (every lot).  The importer testing strategy is required for every lot.  A
summary of control points, techniques used, testing costs, and sample size is presented in Table
7.
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Table 6.  Base Case Results
Base case

Utility 1.0373
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5
Country Elevator Receiving 1-5
Country Elevator Loading 1-5
Export Elevator Receiving 0-NA*
Export Elevator Loading 1-1
Probabilities
Buyer Risk 0.0128%
Seller Risk 1.7332%
Costs(c/non-GM bu, unless indicated)
Integrator Cost/All bu 20.84
Integrator Cost/non-GM bu 29.56
Cert Prod (F) 5.29
Auditing (F) 4.05
Certification (F) 11.30
Buffer Strips (F) 0.64
Traceability (F) 5.19
Traceability (CE) 0.09
Traceability (EE) 0.06
Traceability (I) 0.06
Total Testing 1.74
Quality Loss/non-GM bu 1.15
Certainty Equivalent (Premium)/All bu 14.46
Certainty Equivalent (Premium)/non-GM bu 20.56
Total Cost/All bu 35.29
Total/non-GM bu 50.12
Location Percentage of non-GM flow
Adoption rate 80%
Farmer in Bin 79%
Country Elevator Received 78%
Country Elevator Loaded 76%
Export Elevator Received 76%
Export Elevator Loaded 72%
Importer Received 70%

*NA-Not Applicable

Table 7.  Cost of Testing Strategy
Control Point Intensity Cost c/Non-bu Volume per Lot

On-Farm 1-5 0.0159 5000 bu/bin
CE receiving 1-5 0.1005 800 bu/truck
CE loading 1-5 0.0237 3,300 bu/railcar
EE receiving NA 0 3,300 bu/railcar
EE loading 1-1 0.8246 33,000 bu/hold
Importer 1-1 (required) 0.7744 33,000 bu/hold
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This testing strategy results in an integrator cost of 30 c/non-GM bu which is composed
of 1.74 c/bu cost for testing, 1.15 c/bu for quality loss and the remainder from additional
traceability costs.  Reimbursement of additional on-farm costs are costly to the integrator for
certification, certified seed use and auditing.   Traceability costs at the farm level are also more
expensive than for other locations.  The quality loss cost (1.15 c/non-GM bu) is an opportunity
cost assessed on lots diverted at the importer when identified as containing GM content
exceeding limits.   This cost covers higher costs of finding an alternative buyer, shipping to an
alternative destination, etc.

Finally, at each stage in the supply chain, the proportion of flows that are designated as
GM and non-GM are determined.  Results (lower portion of Table 6) show that as grain flows
through the supply chain, the proportion of flow that is non-GM declines from an assumed 80%
adoption to 70% at the importer.  These changes in proportion of flows are due to diversions of
lots that are identified within the sampling process as having GM content above limits, effects of
truthtelling, adventitious commingling, etc.  Further, since costs are calculated per non-GM
bushel, as the proportion of non-GM in the supply chain arriving at the importer declines, costs
per non-GM bushel increase.

Sensitivities on Stochastic Variables

Stochastic variables were included to reflect the risks inherent in the dual marketing
system.  The model uses several stochastic variables to define adventitious commingling risks
for stakeholders at locations in the system.  Sensitivity of commingling rates is examined at the
farm level because measures for segregation and contamination risk are located at this supply
chain 
level.  A second sensitivity is performed to measure the impact of penalties (quality loss costs)
when the level of contamination exceeds the tolerance limit.

Adventitious Commingling at the Farm Level

Farmers segregate and preserve the crop identity with handling measures (cleaning and
harvesting protocols) and with production constraints (buffer strips).  The impact of these
practices is modeled by the distribution for adventitious commingling on farm.  The base case
distribution for on-farm risk of adventitious commingling is a triangular distribution 
(0.1%,0.2%,0.5%).  Two sensitivities were conducted with higher probabilities of adventitious
commingling.  The first reflects increased risks of adventitious commingling and represented by
a triangular distribution (0.5%,1%,3%).  The second is more risky and is represented by a
triangular distribution (1%, 2.5%, 5%).  Results for the two sensitivities are presented in Table 8.
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Table 8.  Sensitivity of Adventitious Commingling at the Farm Level
Base Case

(0.1%,0.2%,0.5%)
Increased Risk
(0.5%,1%,3%)

More Risk Case
(1%,2.5%,5%)

Utility 1.0373 1.0369 1.0360
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5
Export Elevator Receiving NA NA 1-5
Export Elevator Loading 1-1 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0129% 0.0129%
Seller Risk 1.7332% 1.7466% 1.7692%
Costs(c/bu)
Integrator Cost/All bu 20.84 20.81 21.75
Integrator Cost/non-GM bu 29.56 30.14 34.54
Cert Prod (F) 5.29 5.40 5.91
Auditing (F) 4.05 4.13 4.53
Certification (F) 11.30 11.53 12.62
Buffer Strips (F) 0.64 0.65 0.72
Traceability (F) 5.19 5.30 5.80
Traceability (CE) 0.09 0.09 0.10
Traceability (EE) 0.06 0.06 0.07
Traceability (I) 0.06 0.06 0.07
Total Testing 1.74 1.75 3.51
Quality Loss/non-GM bu 1.15 1.16 1.17
Certainty E (Prem)/All bu 14.46 14.13 13.43
Certainty E (Prem)/non-GM bu 20.56 20.51 21.38
Total Cost/All bu 32.29 34.94 35.19
Total/non-GM bu 50.12 50.64 55.93
Location Percentage of non-GM flow
Adoption rate 80% 80% 80%
Farmer in Bin 79% 78% 78%
Country Elevator Received 79% 78% 76%
Country Elevator Loaded 76% 75% 72%
Export Elevator Received 76% 75% 68%
Export Elevator Loaded 72% 70% 64%
Importer Received 70% 69% 63%

Adventitious commingling risk affects the optimal testing strategy and the integrator’s
costs.  When the risk distribution increases, a lower proportion of grain flows arrives at the
importer as non-GM.  When the risk of adventitious commingling increases, system costs
increase because the non-GM costs are applied to less production.  Buyer and seller risks are
greater in each of the sensitivities than in the base case.  The risk premium per non-GM bushel is
lower for the intermediate risk case and higher for the more risk case.  The change in risk
premium from the intermediate risk case to the more risk case is also affected by the change in
optimal testing strategy that occurs between these two sensitivities.
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Supplier Penalties

The base case model assumes penalties are uniformly distributed (40-90 c/bu).  To
measure the response of stakeholders to discount practices, sensitivities are performed.  The first
sensitivity uses lower penalties (0-10 c/bu), and the second uses higher penalties (100-150 c/bu). 
Distributions are assumed uniform.  Results are presented in Table 9.

Table 9.  Sensitivity on Supplier Penalties

0-10 c/bu
Base Case
40-90 c/bu 100-150 c/bu

Utility 1.0356 1.0373 1.0379
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5
Export Elevator Receiving NA NA NA
Export Elevator Loading 1-5 1-1 1-1
Probabilities
Buyer Risk 0.0606% 0.0128% 0.0128%
Seller Risk 6.1448% 1.7332% 1.7332%
Costs(c/bu)
Integrator Cost/All bu 19.78 20.84 21.58
Integrator Cost/non-GM bu 29.49 29.56 30.62
Cert Prod (F) 5.55 5.29 5.29
Auditing (F) 4.25 4.05 4.05
Certification (F) 11.84 11.30 11.30
Buffer Strips (F) 0.67 0.64 0.64
Traceability (F) 5.45 5.19 5.19
Traceability (CE) 0.09 0.09 0.09
Traceability (EE) 0.06 0.06 0.06
Traceability (I) 0.06 0.06 0.06
Total Testing 1.13 1.74 1.74
Quality Loss/non-GM bu 0.33 1.15 2.21
Certainty Equivalent (Premium)/All bu 13.08 14.46 14.97
Certainty Equivalent (Premium)/non-GM bu 19.48 20.56 21.33
Total Cost/All bu 32.86 35.29 36.55
Total/non-GM bu 48.97 50.12 51.96
Location Percentage of non-GM flow
Adoption rate 80% 80% 80%
Farmer in Bin 79% 79% 79%
Country Elevator Received 79% 79% 79%
Country Elevator Loaded 76% 76% 76%
Export Elevator Received 76% 76% 76%
Export Elevator Loaded 72% 72% 72%
Importer Received 67% 70% 70%
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When penalties are low, the optimal testing strategy changes.  A less intensive testing
strategy (1:5) at the export elevator when loading is adopted rather than the high intensity (1:1)
strategy in the base case.  When the level of penalties is high, the optimal testing strategy is
unchanged.  However, costs increase due to the higher quality loss costs from penalties.

Penalties have an impact on supplier strategies, costs and risks.  At low penalties, the
testing strategy differs, and a low intensity testing strategy is preferred to a more intensive one. 
Costs are less but seller risk is higher because grains are tested with a lower intensity strategy at
the exporter level.  With greater penalties, the strategy is unchanged, costs and risk premiums
increase but buyer and seller risks are unchanged.

Sensitivities on Agronomic Variables

Sensitivities on agronomic variables are performed to determine changes in optimal
testing strategies, risks and costs.  Agronomic variables analyzed include GM adoption rate, and
certified seed used traditionally.

Adoption Rate

In the base case, the adoption rate of non-GM is equal to 80 percent of grain flows.  In
our model, this means that growers plant non-GM varieties, which amount to 80 percent of
production and GM grains (or non-certified GM free) on the remaining 20 percent of production. 
To simulate the impact of the adoption rate on optimal strategies, four sensitivities were
performed ranging from 60 to 100 percent non-GM adoption.  Results are presented in Table 10.

When the non-GM adoption rate is lower, the optimal testing strategy is to test with
higher intensity at the export elevator when loading and at all other locations in the supply chain
at a low intensity.  When the non-GM adoption rate is 80% (base case) or higher, the test at the
export elevator when receiving is excluded from the optimal testing strategy.  Buyer’s risks
decrease as the non-GM adoption rate increases, however seller’s risk is highest at 70% non-GM
adoption due to the discrete nature of the shift in testing strategy that occurs between 70% and
80% adoption of non-GM.  The integrator cost (per non-GM bushel) decreases as the rate of
non-GM adoption increases.  All system cost components are sensitive to the adoption rate and
decrease when the adoption of non-GM increases.
 

The level of non-GM adoption affects the premium required.  As non-GM adoption
increases, the premium required increases.  Economies of scale explain the decrease in system
costs per non-GM bushel.  The premium increases as non-GM adoption increases.  Another
impact of the adoption rate is the percentage of GM grain - or non-certified - in the supply chain. 
Percentages of GM grain in the supply chain decrease when the adoption rate increases.
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Table 10.  Sensitivities to Non-GM Adoption Rate

60% 70%
Base Case

80% 90% 100%
Utility 1.0270 1.0323 1.0373 1.0423 1.0474
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5 1-5 1-5
Export Elevator Receiving 1-5 1-5 NA NA NA
Export Elevator Loading 1-1 1-1 1-1 1-1 1-1
Probabilities
Buyer Risk 0.0130% 0.0129% 0.0128% 0.0127% 0.0126%
Seller Risk 1.9431% 2.2577% 1.7332% 1.6485% 1.5968%
Costs(c/bu)
Integrator cost/All bu 1645 19.35 20.84 23.40 25.98
Integrator Cost/non-GM bu 34.96 33.86 29.56 28.98 28.54
Cert Prod (F) 5.93 5.71 5.29 5.20 5.12
Auditing (F) 4.54 4.37 4.05 3.98 3.92
Certification (F) 12.65 12.20 11.30 11.09 10.93
Buffer Strips (F) 0.72 0.69 0.64 0.63 0.62
Traceability (F) 5.82 5.61 5.19 5.10 5.03
Traceability (CE) 0.13 0.10 0.09 0.07 0.07
Traceability (EE) 0.11 0.08 0.06 0.04 0.03
Traceability (I) 0.11 0.08 0.06 0.04 0.03
Total Testing 3.59 3.53 1.74 1.72 1.71
Quality Loss/non-GM bu 1.27 1.50 1.15 1.09 1.06
Certainty E /All bu 7.53 10.78 14.46 18.71 23.55
Certainty E /non-GM bu 15.77 18.87 20.56 23.12 25.76
Total Cost/All bu 23.97 30.13 35.29 42.11 47.53
Total/non-GM bu 50.73 52.72 50.12 52.10 54.30
Location Percentage of non-GM flow
Adoption rate 60% 70% 80% 90% 100%
Farmer in Bin 59% 69% 79% 89% 99%
Country Elevator Received 59% 69% 79% 89% 98%
Country Elevator Loaded 55% 66% 76% 86% 97%
Export Elevator Received 52% 62% 76% 86% 97%
Export Elevator Loaded 48% 58% 72% 82% 92%
Importer Received 47% 57% 70% 81% 91%

On-farm Testing

To estimate the impact of on-farm testing on costs and risks, a sensitivity without on-
farm testing was performed.  The on-farm test in the base case was a PCR test with a 99 percent
accuracy and a cost equal to $3.5/test.  Results are summarized in Table 11.



31

Table 11. Sensitivity to On-farm Testing

Base Case
Without On-farm          
    Testing

Utility 1.0373 1.0374
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 NA
Country Elevator Receiving 1-5 1-5
Country Elevator Loading 1-5 1-5
Export Elevator Receiving NA NA
Export Elevator Loading 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0128%
Seller Risk 1.7332% 1.7384%
Costs(c/bu)
Integrator Cost/All bu 20.84 20.83
Integrator Cost/non-GM bu 29.56 29.37
Cert Prod (F) 5.29 5.26
Auditing (F) 4.05 4.03
Certification (F) 11.30 11.22
Buffer Strips (F) 0.64 0.63
Traceability (F) 5.19 5.16
Traceability (CE) 0.09 0.08
Traceability (EE) 0.06 0.06
Traceability (I) 0.06 0.06
Total Testing 1.74 1.72
Quality Loss/non-GM bu 1.15 1.14
Certainty Equivalent (Premium)/All bu 14.46 14.55
Certainty Equivalent (Premium)/non-GM bu 20.56 20.55
Total Cost/All bu 35.29 35.38
Total/non-GM bu 50.12 49.92
Location Percentage of non-GM flow
Adoption rate 80% 80%
Farmer in Bin 79% 80%
Country Elevator Received 79% 79%
Country Elevator Loaded 76% 77%
Export Elevator Received 76% 77%
Export Elevator Loaded 72% 72%
Importer Received 70% 71%

When no on-farm testing was allowed, the optimal testing strategy for other locations
was unchanged from the base case testing strategy.  System costs decreased without on-farm
testing.  However, seller risks increased slightly.  Hence, not testing on-farm slightly lowered
system costs, but increased seller’s risks.  This sensitivity shows the degree of tradeoffs between
costs and risks from base case to a strategy without on-farm testing are minimal.
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Certified Production

Traditionally (base case), 40% of growers utilized certified seed on farm
(Kalaitzondonakes, 2004).  To measure the impact of this variable, three sensitivities were
performed, one with a lower value than the base case (30%), and two with values higher, (60%
and 80% certified seed use).  Results are presented in Table 12.

Table 12.  Sensitivities to Certified Seed Use by Farmers

30%
Base Case

40% 60% 80%
Utility 1.0378 1.0373 1.0362 1.0351
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5 1-5
Export Elevator Receiving NA NA NA NA
Export Elevator Loading 1-1 1-1 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0128% 0.0128% 0.0128%
Seller Risk 1.7332% 1.7332% 1.7332% 1.7332%
Costs(c/bu)
Integrator Cost/All bu 21.46 20.84 19.59 18.35
Integrator Cost/non-GM bu 30.45 29.56 27.80 26.03
Cert Prod (F) 6.17 5.29 3.53 1.73
Auditing (F) 4.05 4.05 4.05 4.05
Certification (F) 11.30 11.30 11.30 11.30
Buffer Strips (F) 0.64 0.64 0.64 0.64
Traceability (F) 5.19 5.19 5.19 5.19
Traceability (CE) 0.09 0.09 0.09 0.09
Traceability (EE) 0.06 0.06 0.06 0.06
Traceability (I) 0.06 0.06 0.06 0.06
Total Testing 1.74 1.74 1.74 1.74
Quality Loss/non-GM bu 1.15 1.15 1.15 1.15
Certainty Equivalent (Premium)/All bu 14.89 14.46 13.60 12.75
Certainty Equivalent (Premium)/non-GM bu 21.17 20.56 19.34 18.13
Total Cost/All bu 36.34 35.29 33.20 31.09
Total/non-GM bu 51.61 50.12 47.14 44.16
Location Percentage of non-GM flow
Adoption rate 80% 80% 80% 80%
Farmer in Bin 79% 79% 79% 79%
Country Elevator Received 79% 79% 79% 79%
Country Elevator Loaded 76% 76% 76% 76%
Export Elevator Received 76% 76% 76% 76%
Export Elevator Loaded 72% 72% 72% 72%
Importer Received 70% 70% 70% 70%
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As the use of certified seed increases, the optimal testing strategy and risks to buyers and
sellers are unchanged.  However, integrator costs per non-GM bushel and risk premiums
required decrease as certified seed use increases.  A 10% drop in certified seed use by growers
increased the premium required by .61 c/non-GM bu, increased integrator costs .89 c/non-GM bu
and total costs by about 1.50 c/non-GM bu. 

Higher Isolation Distance

A recent study demonstrated that gene flow in wheat is a minor contributor to product
admixture, and that a tolerance level of 0 percent transgenic wheat in a non transgenic wheat is
unrealistic (Matus-Cádiz, Hucl, Horak and Blomquist 2004).  They recommend increasing the
isolation distance from 3 meters to at least 30 meters to limit off-type impurities to 0.01 percent. 
This sensitivity increases the distance for isolation from the base case (uniform distribution of 3-
10 meters) to a uniform distribution of 3 to 30 meters.  Results are presented in Table 13.

Table 13.  Sensitivity to Buffer Strips Width
Base Case 3-10m 3-30m

Utility 1.0373 1.0378
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5
Country Elevator Receiving 1-5 1-5
Country Elevator Loading 1-5 1-5
Export Elevator Receiving NA NA
Export Elevator Loading 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0128%
Seller Risk 1.7332% 1.7332%
Costs(c/bu)
Integrator Cost/All bu 20.84 21.42
Integrator Cost/non-GM bu 29.56 30.40
Cert Prod (F) 5.29 5.29
Auditing (F) 4.05 4.05
Certification (F) 11.30 11.30
Buffer Strips (F) 0.64 1.47
Traceability (F) 5.19 5.19
Traceability (CE) 0.09 0.09
Traceability (EE) 0.06 0.06
Traceability (I) 0.06 0.06
Total Testing 1.74 1.74
Quality Loss/non-GM bu 1.15 1.15
Certainty Equivalent (Premium)/All bu 14.46 14.86
Certainty Equivalent (Premium)/non-GM bu 20.56 21.14
Total Cost/All bu 35.29 36.29
Total/non-GM bu 50.12 51.53
Location Percentage of non-GM flow
Adoption rate 80% 80%
Farmer in Bin 79% 79%
Country Elevator Received 79% 79%
Country Elevator Loaded 76% 76%
Export Elevator Received 76% 76%
Export Elevator Loaded 72% 72%
Importer Received 70% 70%
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The buffer strip width does not impact the optimal testing strategy, and buyer and seller
risks are unchanged.  The cost of buffer strips increases from 0.64 c/bu to 1.47 c/bu.  The
integrator cost (per non-GM bushel) increases by 0.84 c/bu.  To compensate for additional
costs/risks of the wider buffer strips, the risk premium required increases by 0.58 c/bu.  Varying
the width of buffer strips did not have an important impact on costs, risks or premiums.

Sensitivities on Model Parameters

Parameters assumed for the base case include risk aversion, traceability cost and market
price. 

Risk Aversion

This parameter should vary among handlers/shippers depending upon their aversion to
risk.  Two sensitivities were conducted representing integrators that had lower and higher risk
aversion than in the base case.  Results are presented in Table 14.

When the integrator has lower risk aversion (0 equal to 0.4 ), the optimal testing strategy
adds testing at the export elevator when receiving and changes to a less intensive testing strategy
when loading ocean vessels.  This change in strategy increases buyer and seller risks, and
integrator’s costs including quality loss costs.  Due to the lower risk aversion, a lower risk
premium is required, yet, the net effect is to increase total system costs.
  

In the higher risk averse sensitivity, the optimal testing strategy remains unchanged from
the base case.  Buyer and seller risks and integrator costs are unchanged.  A higher risk premium
is required which also results in higher total costs.

Traceability Cost

Traceability costs used in the base case are from interviews with ESRI.  Other sources of
traceability costs included, AGRIS Company, a John Deere Company producing traceability
software specialized for elevators.  These costs differ from ESRI.  Consequently, a sensitivity
including different traceability costs for country elevator, export elevator and importer was
performed.  The AGRIS price for traceability is composed of $30,000 costs for hardware,
$25,000 for software, and $2,500 for training.  These costs are depreciated over 3 years.  Hence,
the annual traceability cost is equal to $17,666 per agent.  Results are presented in Table 15.
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Table 14. Sensitivities to Risk Aversion
Less Risk Averse Base Case More Risk Averse 

Utility 1.0266 1.0373 1.1339
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5
Export Elevator Receiving 1-5 NA NA
Export Elevator Loading 1-4 1-1 1-1
Probabilities
Buyer Risk 0.0497% 0.0128% 0.0128%
Seller Risk 5.1739% 1.7332% 1.7332%
Costs(c/bu)
Integrator Cost/All bu 23.06 20.84 20.83
Integrator Cost/non-GM bu 35.31 29.56 29.56
Cert Prod (F) 5.70 5.29 5.29
Auditing (F) 4.37 4.05 4.05
Certification (F) 12.17 11.30 11.30
Buffer Strips (F) 0.69 0.64 0.64
Traceability (F) 5.60 5.19 5.19
Traceability (CE) 0.09 0.09 0.09
Traceability (EE) 0.06 0.06 0.06
Traceability (I) 0.06 0.06 0.06
Total Testing 2.94 1.74 1.74
Quality Loss/non-GM bu 3.57 1.15 1.15
Certainty E (Prem)/All bu 12.01 14.46 19.33
Certainty E (Prem)/non-GM 18.03 20.56 27.41
Total Int. Cost/All bu 35.07 35.29 40.29
Total Int. Cost/non-GM bu 53.34 50.12 56.92
Location Percentage of non-GM flow
Adoption rate 80% 80% 80%
Farmer in Bin 79% 79% 79%
Country Elevator Received 79% 79% 79%
Country Elevator Loaded 76% 76% 76%
Export Elevator Received 73% 76% 76%
Export Elevator Loaded 69% 72% 72%
Importer Received 65% 70% 70%

The alternative traceability cost does not impact the optimal testing strategy.  The effect
of the traceability cost is mainly observable at the elevator levels and at the importer level
because the new equipment is specific to their needs and not adapted to the farm level.  Due to
increased traceability costs, the total integrator’s cost is higher than for the base case.  Only
traceability costs at the country elevator, the export elevator and the importer change.  Other
changes are due to a small variation in the proportion of non-GM in the grain flow.  Buyer and
seller risks are similar to the base case.  The main consequence of a higher system cost is a
higher premium to compensate for the extra-expense.  The difference between premiums is about
2 c/bu.
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Table 15.  Sensitivities to Traceability Cost
Base Case AGRIS

Utility 1.0373 1.0385
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5
Country Elevator Receiving 1-5 1-5
Country Elevator Loading 1-5 1-5
Export Elevator Receiving NA NA
Export Elevator Loading 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0128%
Seller Risk 1.7332% 1.7341%
Costs(c/bu)
Integrator Cost/All bu 20.84 22.23
Integrator Cost/non-GM bu 29.56 31.54
Cert Prod (F) 5.29 5.29
Auditing (F) 4.05 4.05
Certification (F) 11.30 11.30
Buffer Strips (F) 0.64 0.64
Traceability (F) 5.19 5.19
Traceability (CE) 0.09 1.00
Traceability (EE) 0.06 0.66
Traceability (I) 0.06 0.66
Total Testing 1.74 1.74
Quality Loss/non-GM bu 1.15 1.15
Certainty Equivalent (Premium)/All bu 14.46 15.42
Certainty Equivalent (Premium)/non-GM bu 20.56 21.92
Total Cost/All bu 35.29 37.65
Total/non-GM bu 50.12 53.46
Location Percentage of non-GM flow
Adoption rate 80% 80%
Farmer in Bin 79% 79%
Country Elevator Received 79% 79%
Country Elevator Loaded 76% 76%
Export Elevator Received 76% 76%
Export Elevator Loaded 72% 72%
Importer Received 70% 70%

Cost Minimization

Previous sensitivities performed used a utility model.  An alternative model was specified
where the supplier acts simply as a handler.  In this capacity, the supplier buys wheat from
growers to conform to the EU requirements.  The supplier also conducts tests throughout the
system as above, with the objective of minimizing costs.  In this sensitivity, the optimization
model defines the testing strategy that minimizes costs (certified seed use, certification, auditing,
traceability, testing).  Utility and risk premiums are not included in this analysis.
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The objective of this model is to compare results from the optimization base case and a
sensitivity that solely minimizes costs.  Results are presented in the Table 16.

Table 16. Cost Minimization Sensitivity
Base Case Cost Minimization

Utility 1.0373 NA
Optimal Strategy
Test (1=Yes, 0=No)-Intensity
On-Farm 1-5 1-5
Country Elevator Receiving 1-5 NA
Country Elevator Loading 1-5 1-5
Export Elevator Receiving NA NA
Export Elevator Loading 1-1 1-1
Probabilities
Buyer Risk 0.0128% 0.0129%
Seller Risk 1.7332% 1.7238%
Costs(c/bu)
Integrator Cost/All bu 20.84 20.80
Integrator Cost/non-GM bu 29.56 28.96
Cert Prod (F) 5.29 5.19
Auditing (F) 4.05 3.98
Certification (F) 11.30 11.09
Buffer Strips (F) 0.64 0.63
Traceability (F) 5.19 5.09
Traceability (CE) 0.09 0.08
Traceability (EE) 0.06 0.06
Traceability (I) 0.06 0.06
Total Testing 1.74 1.64
Quality Loss/non-GM bu 1.15 1.14
Certainty Equivalent (Premium)/All bu 14.46 NA
Certainty Equivalent (Premium)/non-GM bu 20.56 NA
Total Cost/All bu 35.29 20.80
Total/non-GM bu 50.12 28.96
Location Percentage of non-GM flow
Adoption rate 80% 80.0%
Farmer in Bin 79% 80.0%
Country Elevator Received 79% 81.7%
Country Elevator Loaded 76% 78.3%
Export Elevator Received 76% 78.7%
Export Elevator Loaded 72% 73.5%
Importer Received 70% 72.1%

Results from the cost minimization problem differ from the utility optimization. 
Testing at the country elevator when receiving is not included as part of the testing strategy for
the cost minimization problem.  Risks to the buyer increased from 0.0128% to 0.0129%, while
seller risks decline from 1.73% to 1.72%.  Changes in testing strategy also result in an increase
in the proportion of non-GM (or undetected GM) in the grain flow.  So, testing cost per non-
GM is lower for the cost minimization model than for the base case.



38

The main difference between the cost minimization model and the utility model (base
case) is that integrator costs are over 50% lower in the cost minimization model, largely due to
not having a risk premium which composed half of the total integrator cost in the base case. 
According to the definition, the risk premium compensates the grain handler for potential risks
emanating in the dual system over those in a non-GM system.  When risks are not valued, the
optimal testing strategy is less intensive (conducted at fewer locations) and integrator costs are
lower.  These results show that degree of risk aversion is important in the decision making
process of the agent.

SUMMARY AND IMPLICATIONS

The objectives of this research were to determine optimal testing strategies and
measure the costs and risks of conforming to EU traceability requirements.  A stochastic
optimization model (maximizing utility) was developed to quantify costs and risks subject to
uncertainty in sampling/testing, test accuracies, adventitious commingling which can occur at
all stages in the supply chain.

U.S. and EU Food Safety System: Two Different Approaches

To restore consumer confidence in public services, authorities in the EU used the
precautionary principle, defined by the Maastricht treaty, and in 1998 placed a moratorium on
GM products and ingredients.  Different backgrounds about food safety between the US and
EU resulted in two strategies.  The American model designates a product as safe until proven
otherwise, and the food safety system is based on public organisms and authorities
management of food safety.  The European strategy employs the precautionary principle, and
the food safety system is based on private initiatives and labels.

Hence, the absence of consensus about practices among international institutions placed
emphasis back on national legislation.  The result has been a distinctly different response to the
issue of traceability between the EU and the U.S. Distinctions exist, even in the definition of
traceability.  The EU defines traceability as ‘the ability to trace and follow a food, feed, food-
producing animal or substance intended to be or expected to be incorporated into a food or
feed, through all stages of production, processing and distribution.’  Traceability is defined by
U.S. agribusiness firms and producers as ‘the efficient and rapid tracking of physical product
and traits from and to critical points of origin or destination in the food chain necessary to
achieve specific food safety and, or, assurance goal’ (Farm Foundation, 2004).

The EU’s new regulations on GM labeling and traceability came into force last April,
ending the European moratorium and attenuates world trade conflicts.  Many food and
agricultural producers in the U.S. and elsewhere expressed the view that segregation and IP of
non-GM materials and derivatives could not be done, or it could be done at a prohibitively high
cost.
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This regulation brings to light the lack of international trade policies on traceability
issues.  Because stakes are important, market participants are increasingly influencing the
determination of acceptable levels.  U.S. farmers say the closed EU market costs them $300
million a year in lost exports, mostly maize (Farm Foundation, 2004).  Export market response
to the commercialization of GM seeds was unexpected; the grain handling industry was
unprepared for the rejection of these products.  Even if the first-mover advantage in reaching
the market with a new innovation or new practices is a critical strategic decision (need to
recover the cost of innovation), the implementation of a traceability system is a competitive
advantage in the international trade.  It is a source of differentiation.  The competitive
advantage created by traceability is remarkable in Europe, where dramatic events have
motivated traceability systems and private quality label development to restore consumer
confidence.  Traceability is a strategic commitment.

European studies on consumer concerns about food risk issues indicate that labeling is
perceived as a means of correcting for lack of transparency in the regulatory system. 
Consumers are aware and knowledgeable enough to request more information about the food
they are purchasing.  Traceability implementations from retail to the producer are established
in response to consumer demands.  However this strategy is also contested because this
practice slows down the innovative process necessary to sustain competitiveness in a global
market.

Traceability Objectives and Issues

Two essential elements are needed for U.S. food producers who want to comply with
the new EU GMO labeling and traceability regulations.  The first is a well documented
traceability system that demonstrates that all reasonable precautions and all due diligence were
undertaken to exclude GM material from the product.  Such a traceability system satisfies the
EU requirements that any traces of GMO detected are adventitious and technically
unavoidable.  The second element is GMO testing to verify the level of adventitious GM in
ingredients and other process inputs and final products are below the relevant thresholds (0.9%
and 0.5%) (Fagen, 2004).

Certification and auditing have a main function in a traceability system.  Independent
certification affirms that an IP system is producing non-GM products, and conforming
production to EU requirements.  Third party certification is an added layer of risk reduction
and provides additional protection in case of failure.  Third-party certification demonstrates
commitment to quality, increases consumer confidence in the product and enhances the
producer’s credibility.  Without an acceptable third party to verify or certify that the protocols
met the required standards, and were implemented correctly, the USDA was required to
provide oversight.
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Stochastic Utility Model and Results

A stochastic optimization model was developed to measure risks and integrator costs
for the introduction of North American HRS wheat into the EU market.  Certified seed
purchase, certification and auditing, buffer strips and traceability costs were added to farm
management.  Traceability costs were also added to country elevators, export elevators and
importers.  Testing costs have been updated and adjusted to conform to EU tolerances. 
Distributions for on-farm adventitious commingling were modified to reflect the impact of
segregation practices.

Results indicate that buyer risks (probability of accepting a lot whose quality is
unsatisfactory) can be managed and result in a very low level of GM content, (less than
0.05%).  Seller risks (probability of rejection of a satisfactory batch), are limited.  Results
indicate a probability lower than 2%.  These low risks show the efficiency of the testing
strategy.

Generally, tests are recommended on-farm, at the country elevator (receiving and
loading), at the export elevator (receiving only) and at the importer level.  The last test is
forced and its intensity is maximal.  Test intensity is low (20%) from the farmer to the CE
loading and high at the EE loading (100%).  Adjustments are necessary to adapt the theoretical
testing strategy (base case) to reality.  Sensitivities are examples of adjustments.  Testing at the
export elevator receiving and intensity at the export elevator loading are adjustments most
frequently done.  Total costs for the supply chain are in the area of 50 c/non-GM bu, with a
risk premium equal to 21 c/non-GM bu.  Costs on-farm are important.
 

The objective of this research was to measure the costs and risks for the introduction of
U.S. grain into the EU market by an integrator.  The model evaluated risks and integrator costs,
reimbursing additional costs (use of certified seeds, auditing and certification costs, buffer
strips, traceability, testing, and quality loss), to conform to European requirements.
 

Results indicate that buyer risks can be managed and result in a low level of rejections
and adventitious presence.  Even a low risk aversion coefficient did not have a large affect on
buyer risks.  All sensitivities performed result in a buyer risk lower than 0.07%.  Seller risks
are generally low.  Most of the sensitivities performed result in less than 2% of rejection at the
importer level.  A seller risk equal to 5.2% was derived when the risk aversion coefficient was
low.  The difference between the seller risk and the buyer risk shows the efficiency of the
optimal testing strategy.  Costs however increase, and for the likely case are in the area of 50
c/bu.  The dominant costs are the risk premium and on-farm costs for certification, certified
seed use, and auditing.

Among sensitivities performed, a few are interesting and give more additional
information on parameter effects on optimal testing strategies, costs and risks.
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C Penalties to exceed tolerances: Higher penalty costs increase quality loss costs for the
volume of non-GM flows diverted in the system.  Sensitivities for penalty costs showed
that high penalties increase costs without changing the optimal testing strategy, or
increasing the supply chain efficiency.  Lower penalty costs resulted in reduced testing,
higher rejection rates/costs.  An effect not measured by this model would be to
discourage agents from utilizing the supply chain.

 
C Adoption rate: When the adoption rate for non-GM production is lower, it becomes

more difficult to remove the risk of commingling; hence, integrator cost is minimized
when the production area is fully dedicated to non-GM grain.  Certified seed use,
certification and reimbursement of cost differential are costly practices for the
integrator.  These sensitivities show the importance of production area characteristics
for the system cost.  As adoption rates for non-GM increase, premiums per non-GM
bushel decline and integrator costs increase.  The net effect on total costs is for total
costs to decline when testing strategies are the same as non-GM adoption declines,
however, the net effect is also affected by discrete changes in testing strategies.

 
C Without on-farm testing: costs are not reduced significantly (the on-farm cost is

minimal), but detections of adventitiously commingled lots in the non-GM flows are
delayed.  These differences are the determinants in the optimal testing strategy choice.

  
C The risk aversion parameter (0): when the decision maker risk aversion is lower, the

manager takes risks, in this case the optimal strategy is less restrictive than the base
case.  The EE loading intensity is low (1:4) instead of high (1:1).  Buyer and seller risks
are significantly different from the base case.  Because the manager is ready to take
risks, the premium to compensate for risks is lower.

Costs and risks, for the introduction of North American grain into the EU market,
depend on many stochastic, strategic and parametric variables.  To compensate for additional
costs and risks generated by segregation and traceability, the model recommends premiums
generally equal to 21 c/non-GM bu.  The additional integrator’s cost per non-GM bushel to
conform to EU requirements in the case of HRS is in the area of about 30 c/non-GM bu. 
Hence, the total cost to conform to requirements is about 50 c/non-GM bu.
 

The results indicate risks can be managed along the critical control points in the system
to maximize utility and shows the risk premium necessary for the decision maker (integrator)
to be indifferent between the dual system with traceability and a single non-GM system.  

Segregation and traceability are costly practices, and even if testing strategy manages
risks, costs are not homogenous between supply chain agents.  Risk premiums being calculated
are for the whole supply chain.   In practice, how is this risk premium going to be shared
between stakeholders?
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Implication Private/Public

Failure or success of traceability systems is dependent on the ability of companies to
implement such systems at low cost.  Companies will have debates to determine whether or not
to implement such protocols, given the low willingness-to-pay by consumers.  Tracking and
source verification cannot stimulate willingness-to-pay, while characteristics related to
nutrition and health could possibly generate premiums (Farm Foundation, 2004).  Even if
record keeping and knowledge acquired are common justifications for implementation of
traceability systems between the private and public sector, there are several sector
implications.  Locations and intensities of testing strategy are recommended, but decision
makers in determining their strategies have choices.  Costs and small premiums can affect the
testing strategies, increasing risk.  Private companies having minimal size efficiencies that
implement traceability systems without premiums justify their choice by the value attached to
extrinsic and intrinsic characteristics of the product, the reducing insurance premium and
liability costs due to decreased claims, and the increase in their competitive advantage. 
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APPENDIX A.  MODEL DISTRIBUTIONS

Table A.1.  Base Case Adventitious Commingling Distributions
Location Distribution Minimum Most Likely Maximum
Grower Risk Triangular 0.01 0.025 0.05
Country Elevator
  Receiving
  Loading

Triangular 0.001+3*GM
0.001

0.01+3*GM
0.01

0.02+3*GM
0.025

Export Elevator
  Receiving
  Loading

Triangular 0.001
0.001

0.01
0.01

0.025
0.025

Source: Wilson, Jabs and Dahl, 2003

Table A.2.  Transportation Mode Assumptions
Location Mode Unit Size (Bushels)

Country Elevator
  Receiving
  Loading

Truck
Rail

800
3,300

Export Elevator
  Receiving
  Loading

Rail
Barge Hold

3,300
33,000

Importer Elevator
  Receiving Barge Hold

33,000

Source: Wilson, Jabs and Dahl, 2003



APPENDIX B. OPTIMIZATION SIMULATION RESULTS

Table B.1. Optimization Simulation Results
Adoption Rate Buffer

Strips
Base case 30% 60% 70% 90% 3-30m

Utility 1.0373 1.0119 1.0270 1.0323 1.0423 1.0378
Optimal Strategy Test (1=Yes, 0=No)-Intensity
Farm 1-5 1-5 1-5 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5 1-5 1-5 1-5
Export Elevator Receiving NA 1-5 1-5 1-5 NA NA
Export Elevator Loading 1-1 1-5 1-1 1-1 1-1 1-1
Probabilities
Buyer Risk (%) 0.0128% 0.0143% 0.0130% 0.0129% 0.0127% 0.0128%
Seller Risk (%) 1.7332% 14.0550% 1.9431% 2.2577% 1.6485% 1.7332%
Costs(c/bu)
System/All bu 20.84     9.56 16.45 19.35 23.40 21.42
System/ non-GM bu 29.56 61.78 34.96 33.86 28.98 30.40
Cert Prod (F) 5.29 8.59 5.93 5.71 5.20 5.29
Auditing (F) 4.05 6.58 4.54 4.37 3.98 4.05
  Certification (F) 11.30 18.34 12.65 12.20 11.09 11.30
  Buffer Strips cost (F) 0.64 1.04 0.72 0.69 0.63 1.47
  Traceability (F) 5.19 8.43 5.82 5.61 5.10 5.19
  Traceability (CE) 0.09 0.18 0.13 0.1 0.07 0.09
  Traceability (EE) 0.06 0.73 0.11 0.8 0.04 0.06
  Traceability (I) 0.06 0.73 0.11 0.8 0.04 0.06
  Total Testing 1.74 3.90 3.59 3.53 1.72 1.74
  Quality Loss 1.15 10.53 1.27 1.50 1.09 1.15
Certainty E (Premium)/All bu 14.46 1.47 7.53 10.78 18.71 14.86
Certainty E (Premium)/non-GM bu 20.56 8.95 15.77 18.87 23.12 21.14
Total Cost/All bu 35.29 11.03 23.97 30.13 42.11 36.29
Total/non-GM bu 50.12 70.74 50.73 52.72 52.10 51.53
Location Percentage of non-GM flow
Adoption rate 80.0% 30.0% 60.0% 70.0% 90.0% 80.0%
Farmer in Bin 79.3% 29.7% 59.4% 69.5% 89.2% 79.3%
Country Elevator Received 78.7% 29.5% 59.0% 69.0% 88.6% 78.7%
Country Elevator Loaded 76.0% 25.4% 55.5% 65.7% 86.3% 76.0%
Export Elevator Received 76.5% 22.5% 52.2% 62.4% 86.5% 76.5%
Export Elevator Loaded 71.8% 18.9% 48.2% 58.5% 82.2% 71.8%
Importer Received 70.5% 16.3% 47.2% 57.2% 82.8% 70.5%
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Table B.1. (Continued)
Base
Case

Certified Seed Use Risk Aversion Traceabiltiy

30% 60% 80% 0.4 0.9 AGRIS
Utility 1.0373 1.0378 1.0362 1.0351 1.2636 1.5528 1.1244
Optimal Strategy Test (1=Yes, 0=No)-Intensity
Farm 1-5 1-5 1-5 1-5 1-5 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5 1-5 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5 1-5 1-5 1-5 1-5
Export Elevator Receiving NA 1-5 NA NA 1-5 NA NA
Export Elevator Loading 1-1 1-1 1-1 1-1 1-4 1-1 1-1
Probabilities
Buyer Risk (%) 0.0128% 0.0128% 0.0128% 0.0128% 0.0497% 0.0130% 0.0130%
Seller Risk (%) 1.7332% 1.7332% 1.7332% 1.7332% 5.1739% 1.7066% 1.7066%
Costs(c/bu)
System/All bu 20.84 21.46 19.59 18.35 23.06 20.83 22.23
System/ non-GM bu 29.56 30.45 27.80 26.03 35.31 29.56 31.54
  Cert Prod (F) 5.29 6.17 3.53 1.76 5.70 5.29 5.29
  Auditing (F) 4.05 4.05 4.05 4.05 4.37 4.05 4.05
  Certification (F) 11.30 11.30 11.30 11.30 12.17 11.30 11.30
  Buffer Strips cost (F) 0.64 0.64 0.64 0.64 0.69 0.64 0.64
  Traceability (F) 5.19 5.19 5.19 5.19 5.60 5.19 5.19
  Traceability (CE) 0.09 0.09 0.09 0.09 0.09 0.09 1.00
  Traceability (EE) 0.06 0.06 0.06 0.06 0.06 0.06 0.66
  Traceability (I) 0.06 0.06 0.06 0.06 0.06 0.06 0.66
  Total Testing 1.74 1.74 1.74 1.74 2.94 1.74 1.74
  Quality Loss 1.15 1.15 1.15 1.15 3.57 1.15 1.15
Certainty E /All bu 14.46 14.89 13.60 12.75 12.01 19.33 15.42
Certainty E /non-GM bu 20.56 21.17 19.34 18.13 18.03 27.41 21.92
Total Cost/All bu 35.29 36.34 33.20 31.09 35.07 40.16 37.65
Total/non-GM bu 50.12 51.61 47.14 44.16 53.34 56.97 53.46
Location Percentage of non-GM flow
Adoption rate 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% 80.0%
Farmer in Bin 79.3% 79.3% 79.3% 79.3% 79.3% 79.3% 79.3%
Country Elevator Received 78.7% 78.7% 78.7% 78.7% 78.7% 78.7% 78.7%
Country Elevator Loaded 76.0% 76.0% 76.0% 76.0% 76.0% 76.0% 76.0%
Export Elevator Received 76.5% 76.5% 76.5% 76.5% 72.9% 76.5% 76.5%
Export Elevator Loaded 71.8% 71.8% 71.8% 71.8% 69.0% 71.8% 71.8%
Importer Received 70.5% 70.5% 70.5% 70.5% 65.5% 70.5% 70.5%
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Table B.1. (Continued)
Base Case Risk Grower No Test Supplier Penalties

1%,2.5%,5% 0.5%,1%,3% On-Farm Low High
Utility 1.0373 1.0360 1.0369 1.0374 1.0356 1.0379

Optimal Strategy Test (1=Yes, 0=No)-
Intensity
Farm 1-5 1-5 1-5 NA 1-5 1-5
Country Elevator Receiving 1-5 1-5 1-5 1-5 1-5 1-5
Country Elevator Loading 1-5 1-5 1-5 1-5 1-5 1-5
Export Elevator Receiving NA 1-5 NA NA NA NA
Export Elevator Loading 1-1 1-1 1-1 1-1 1-5 1-1
Probabilities
Buyer Risk (%) 0.0128% 0.0129% 0.0129% 0.0129% 0.0606% 0.0128%
Seller Risk (%) 1.7332% 1.7692% 1.7466% 1.7259% 6.1448% 1.7332%
Costs(c/bu)
System/All bu 20.84 21.75 20.81 20.83 19.78 21.58
System/ non-GM bu 29.56 34.54 30.14 29.37 29.49 30.62
  Cert Prod (F) 5.29 5.91 5.40 5.26 5.55 5.29
  Auditing (F) 4.05 4.53 4.13 4.03 4.25 4.05
  Certification (F) 11.30 12.62 11.53 11.22 11.84 11.30
  Buffer Strips cost (F) 0.64 0.72 0.65 0.63 0.67 0.64
  Traceability (F) 5.19 5.80 5.30 5.16 5.45 5.19
  Traceability (CE) 0.09 0.10 0.09 0.08 0.09 0.09
  Traceability (EE) 0.06 0.07 0.06 0.06 0.06 0.06
  Traceability (I) 0.06 0.07 0.06 0.06 0.06 0.06
  Total Testing 1.74 3.51 1.75 1.72 1.13 1.74
  Quality Loss 1.15 1.17 1.16 1.14 0.33 2.21
Certainty E (Premium)/All bu 14.46 13.43 14.13 14.55 13.08 14.97
Certainty E (Premium)/non-GM bu 20.56 21.38 20.51 20.55 19.48 21.33
Total Cost/All bu 35.29 35.19 34.94 35.39 32.86 36.55
Total/non-GM bu 50.12 55.93 50.64 49.92 48.97 51.96
Location Percentage of non-GM flow 
Adoption rate 80.0% 80.0% 80.0% 80.0% 80.0% 80.0%
Farmer in Bin 79.3% 77.7% 78.8% 80.0% 79.3% 79.3%
Country Elevator Received 78.7% 75.9% 77.8% 79.3% 78.7% 78.7%
Country Elevator Loaded 76.0% 72.2% 74.7% 76.5% 76.0% 76.0%
Export Elevator Received 76.5% 68.5% 75.2% 77.0% 76.5% 76.5%
Export Elevator Loaded 71.8% 64.2% 70.3% 72.2% 71.7% 71.8%
Importer Received 70.5% 63.1% 69.1% 71.0% 67.3% 70.5%


