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Abstract: Foreign animal diseases can have a devastating impact on the American 
economy and agriculture system, while significantly disrupting the food supply chain, and 
affecting animal health and public health. Continuity of business during an animal disease 
outbreak aims to mitigate these agriculture-related losses by facilitating normal business 
operations through the managed movement of non-infected animals and non-contaminated 
animal products. During a foreign animal disease outbreak, there are competing objectives 
of trying to control and contain the outbreak while allowing non-infected premises to 
continue normal business operations to the greatest extent possible. Using a logic model 
approach, this article discusses the importance of continuity of business planning during an 
animal disease outbreak, providing a detailed and transparent theoretical framework for 
continuity of business planning for animal agriculture stakeholders. The logic model 
provides a basis for continuity of business planning, which is rapidly gaining focus and 
interest in the animal emergency management community. This unique logic model offers 
a framework for effective planning and subsequent evaluation of continuity of business 
plans and processes, by identifying explicit stakeholders, inputs, and activities, alongside 
the desired outputs and outcomes of such planning.
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1. Introduction

A foreign animal disease (FAD) outbreak can significantly disrupt the animal agriculture industry.
FADs are often called transboundary diseases, and are diseases of “significant economic, trade and/or 
food security importance for a considerable number of countries; which can easily spread to other 
countries and reach epidemic proportions; and where control/management, including exclusion, 
requires cooperation between several countries” [1]. Whether introduced intentionally or accidentally, 
these biologic agents pose a risk to animal health, and in many cases pose a serious threat to the 
economy, public health, and food safety and security [2,3]. Lessons learned from past outbreaks and 
exercises have demonstrated the need to focus on business continuity for non-infected premises and 
animals and non-contaminated animal products. Continuity of business (COB) planning can help to 
mitigate the consequences of animal disease outbreaks by managing non-infected premises and 
animals and non-contaminated products that are located in regulatory control areas to ensure these 
entities are not unnecessarily impacted by a FAD outbreak. COB activities promote agricultural
economic stability, secure the food supply, and protect animal health and public health.

Our objective is to provide a model which ties the activities and inputs of COB planning directly to 
intended outputs and outcomes. The logic model approach offers an evaluation-based and 
outcome-oriented perspective to help emergency planners ensure that COB processes are achieving 
their intended objectives and to offer a usable theoretical framework for those interested in developing 
COB plans and processes. A logic model is a planning tool that can be used to graphically display 
processes or programs, helping to ensure that intended objectives or outputs are achieved by mapping 
them to inputs and activities. This paper presents the following: (1) information on the impact of an 
FAD outbreak and the imperative for COB for non-infected premises and animals and 
non-contaminated animals, (2) an introduction to logic modeling, (3) the theoretical logic model 
framework and discussion, and (4) steps forward, including the importance of COB planning in 
improving domestic response policy for animal disease outbreaks. 

COB in animal health emergency management is relatively new when compared to COB in other 
fields such as information technology [4]. The specific objectives of COB in animal health emergency 
management are the following: to control and contain the disease, to let healthy animals continue to 
processing and/or market, to ensure animal products are safe to eat (free of disease), and to minimize 
the disease threat to animals and humans (for zoonotic diseases). In pursuing these objectives, 
COB helps to defend animal health, support food safety, promote food availability and protect public 
health [5–7]. There is a wide variety of general guidance available for continuity of operations 
planning [8]. But in the context of animal health emergency management, COB is just beginning to 
flourish, and various public-private-academic initiatives are emerging for specific diseases and specific 
commodities and products. The Secure Egg Supply (www.secureeggsupply.com) [5] and Secure Milk 
Supply (www.securemilk.org) [6] provide evidence of the success and interest in COB 
initiatives [5,6,9]. State and regional initiatives are also beginning to form as evidenced by the Secure
Milk Supply regional planning [10].

However, a systematic or theoretical approach has not yet been taken to specifically identify what 
inputs and activities are sufficient or necessary for an effective COB plan, or how stakeholders and 
activities actually map to or result in the intended output and outcomes. This is why we have selected a 
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logic-model approach, which delineates the stakeholders, inputs, activities, external factors, outputs, 
and outcomes of a COB plan for an animal disease outbreak. Logic models are used in program 
evaluation to ensure that programs, plans, and processes result in intended objectives and goals [11].
This type of approach is a framework to ensure that the activities being conducted are effectively 
creating the desired outcomes. Because COB planning is relatively new, this approach is appropriate to 
assist in the development of new COB plans, policy, and initiatives, to identify problematic factors in 
COB planning, to encourage transparent plans for all stakeholders, and to evaluate the effectiveness of 
existing plans. This type of theoretical model can help improve COB plans and response policy for 
animal disease outbreaks.

This article is based with the United States in mind, specifically in regard to the risk presented by 
FADs and the potential implications of an outbreak in the United States. However, the principles and 
logic-model provided in this paper are likely applicable to a wider context, and could easily be adapted 
for other types of threats (such as food contaminants), natural disasters, as well as to other countries
with similar veterinary infrastructures. This model should be considered a flexible framework based on 
outcomes, which can be iteratively improved as we continue to learn how to make our COB planning 
efforts more effective.

2. Imperative for Continuity of Business Planning: Impact of a Foreign Animal Disease Outbreak 

FAD outbreaks can have a devastating impact on the United States economy [12]. A highly 
contagious disease outbreak could severely disrupt the food supply chain and halt the international 
trade of affected commodities, significantly disrupting the livelihoods of many Americans. Because 
the United States has for decades been free of many diseases (such as classical swine fever and
foot-and-mouth disease [FMD]), its animals are susceptible, as there is no routine vaccination or 
disease-induced immune response. Responders and officials have also had limited opportunities 
(typically either exercises or foreign deployments) to practice reacting and responding to such events.
Travel and trade, to and from countries with less developed veterinary infrastructure, also increases the 
risk of an FAD introduction. 

In an FAD outbreak in the United States, the goal is to control, contain, and ultimately eradicate the 
FAD. While states have the primary responsibility to respond to any emergency, the federal 
government may intervene depending on the scope of the outbreak and regulatory authorities. 
According to the Animal Health Protection Act—which is the statutory authority for FAD control and 
eradication—the “Secretary [of Agriculture] may carry out operations and measures to detect, control, 
or eradicate any pest or disease of livestock” and “may promulgate such regulations, and issue such 
orders, as the Secretary determines necessary to carry out this chapter” [13]. To stop the spread of the 
FAD, disease transmission must be rapidly controlled [14]. As such, the movement of animals, animal 
products, and conveyances must be restricted—sometimes significantly, particularly as the extent of 
the outbreak is being assessed. These restrictions on movement are typically in the form of 
quarantines, hold orders, or other permitting requirements under the legal authority of the state or 
federal government [15,16].

Some, however, argue that the goal should not be eradication of the disease no matter what, but 
rather “market survival” [14]. So, while the intention of these movement restrictions and quarantines 
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are certainly to halt the spread of the disease, the scope of these activities frequently impacts not only 
infected and directly affected animals, products, and conveyances, but also those animals, products, 
and conveyances that are non-infected and non-contaminated, such as those that may be in close 
geographical proximity or within the same disease control area [7,9]. For large FAD outbreaks, or for 
even small or moderately sized outbreaks in areas where there are dense populations of production 
livestock, these movement restrictions can cause major disruptions in supply chains and marketing 
patterns. An FAD outbreak also has implications for international trade. Importing countries typically 
ban affected imports during an FAD outbreak. This paper specifically focuses not on exports and 
international trade, but intra and interstate trade in the United States. However, we acknowledge that 
many of the practices discussed here may also improve the likelihood of rapid reestablishment of 
international exports through regionalization or other means.

For example, products—such as raw milk or eggs—often may need to move off a production 
premises at regular and frequent intervals, particularly if the production facility is vertically integrated 
(and the products need to move to processing). So depending on the length and scope of the movement 
restrictions, products may not be able to move, forcing unnecessary disposal of non-contaminated 
products. When many non-infected premises are impacted by the quarantine and movement restrictions 
of an FAD response effort, the amount of product that is forced into disposal channels may be quite 
significant. Ultimately, the market for these products and subsequently the food supply may be 
impacted. The objective of COB is to keep these animals and products from non-infected premises 
moving to mitigate the disruptions to the food supply.

However, moving products during an FAD outbreak from premises, believed not to be infected, 
carries some level of risk that the premises could in fact be infected—albeit undetected [17]. This 
could result in moving FAD-contaminated products off the premises, threatening not only animal 
health, but in cases of zoonotic diseases, public health as well. Other animal herds and flocks could be 
infected from moving contaminated animals and products; the food supply could be tainted with 
products containing the biologic agent, possibly posing a threat to public health. While the potential
risk of moving certain animals or animal products from non-infected premises may be negligible or 
low, especially with appropriate testing protocols, biosecurity and cleaning and disinfection 
mitigations, it is not zero. 

COB plans for FAD outbreaks must carefully balance the need to move animals and products for 
continuous food supply and economic security with the need to protect public health and animal 
health. As clarified in this article, effective COB plans can be implemented not only to mitigate 
disruptions to the food supply and security but to actively protect animal health and public health 
through specific activities discussed below.

Given the risk and potential consequences of FAD outbreaks in the United States, there is a strong 
imperative for the systematic and wide development of COB plans to allow the movement of animals 
and products from non-infected premises. The next section details the logic model for COB plans for 
FAD outbreaks. 
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3. Logic Modeling

Because logic modeling has not yet been completed on COB planning or programs for FAD 
outbreaks, we will briefly introduce the purpose and relevance of a logic model. Logic models are 
frequently used in program evaluation, and widely cited as effective instruments to illustrate, describe, 
and communicate about a program, including as a tool in performance evaluation, including in 
epidemiological programs, such as interventions in environment or behavior which are intended to 
change health outcomes or alter disease incidence rates [11,18]. This type of modeling is frequently 
described as beneficial for program development and progress and to identify things that are critical to 
goal attainment. Typically, logic models include components such as inputs (resources), activities, 
outputs, and outcomes [18]. The logic model links the situation to the intervention (inputs and 
activities) to the desired outcomes (solution). Often, outcomes are differentiated between short, 
medium, and long-term to help improve the transparency of the program’s objectives to both internal 
and external stakeholders. Many logic models also incorporate, in some manner, external or 
environmental factors that may impact the intended effectiveness of the program, such as the 
political or social activities or phenomena [19,20]. Logic models may also address factors that may 
specifically facilitate or impede the program’s process, such as risk or the innate characteristics of 
individuals involved.

Logic modeling has been widely used in a variety of emergency preparedness and response 
contexts, including to assess public health emergency preparedness efforts and disaster recovery 
practices, as well as to evaluate learning outcomes and management techniques [21–24]. Logic 
modeling has also been used to advance broader objectives, such as improving human health [19,25].
It is a natural extension to begin using logic models more frequently in animal health emergency 
preparedness, response, and management activities to improve animal health, public health, and to 
protect the food supply.

4. Applying Logic Models in Emergency Management

The logic model improves planning during the preparedness, response, and recovery phases of 
emergency management. Documenting COB plans facilitates transparent planning and improves 
stakeholder (consumers, trading partners, industry, and regulators) confidence. During the response, 
the logic model can help with implementing and adjusting the strategy, by providing a list of 
implementable steps and desired short-term outcomes that should be achieved. Incident Commanders 
and other response officials may use many of the outputs such as risk assessments, models, and COB 
plans to advise the response strategy. For example, risk assessments developed prior to an outbreak 
may demonstrate there is negligible risk of disease transmission when moving certain commodities.
The Incident Command may allow animals and products with negligible risk of disease transmission to 
continue to move through the food supply chain. Logic models are also a tool for evaluating the 
response, after an incident. Planners can use the list of outcomes to map the successes of the response 
and identify lessons-learned. 
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5. Logic Model for Continuity of Business Planning for Animal Disease Outbreaks 

Table 1 lists the components of a logic model for COB for FAD outbreaks. Appendix 1 contains a 
graphical representation of the logic model components. The components in Table 1, grouped by 
stakeholders, inputs, activities, outputs, short- and long-term outcomes, and socio-political-economic-
environment factors, are the major components required for successful COB planning. This model was 
developed based on three sources of information: first, the authors own experience in COB planning at 
the federal level, second, the input of stakeholders and subject matter experts involved in COB 
planning, and third, the review of peer-reviewed literature on the development of effective emergency 
plans and processes. We would like to stress that this model is a general framework, illustrating the 
process of COB planning with the general components involved and frequently desired outcomes. 

This theoretical model provides transparency for all stakeholders into the workings of COB 
planning, clarity in both short- and long-term objectives, and an opportunity for those involved to more 
accurately evaluate the effectiveness of COB objectives during and after an FAD outbreak. The model
can be used to (1) assist in the development of COB plans, policy, and initiatives by outlining goals 
and objectives, (2) identify problematic factors that need to be considered in COB planning, 
(3) encourage transparency in plans so they can be communicated effectively to all stakeholders,
(4) evaluate the effectiveness of existing plans, and (5) improve COB plans and response strategies for 
FAD outbreaks. Connecting the problem to the desired outcome through intermediary steps, this 
program-oriented approach can enable more effective and resource-efficient planning, execution, and 
assessment of COB plans to improve response policy.

This section discusses the components and external factors in the logic model. The components are 
first discussed theoretically—this model provides examples that are specific to COB planning, but very 
broad. Section 5.7 offers more concrete examples of implementing this model. Each of the model’s 
components would be tailored specifically to the commodity, movement type, and risk of movement. 
The purpose of this model is not to tell emergency planners what their outcomes should be, but to offer 
a framework in which they can put their inputs, activities, and outputs in to, thereby understanding the 
interaction between what they do on a day-to-day basis, and what they would like to achieve in the 
long-term, with respect to COB initiatives. 
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Table 1. Logic model components and factors for continuity of business for foreign animal disease outbreaks.

Stakeholders Inputs Activities Outputs
Short-Term 
Outcomes

Long-Term 
Outcomes

Socio-Political-Economic 
Environment Factors

-Industry
- Identification of 

Problem

-Formal, Routine Collaboration 
on Emergency Management 

Issues
-Risk Assessments

-Consumer 
Confidence in 

Industry

-Improved Economic 
Security

-Science and Risk-Based 
Policy

-Government

- Known 
Vulnerabilities to 

Producers & 
Processors

-Research, Modeling, and Risk-
Analyses

-Transparent Continuity 
of Business Planning

-Improved Producer 
Business Practices

-Improved Animal 
Health Outcomes

1.Herd/Flock Health
2.Lower Risk of 
Disease Spread

-Political/Regulatory 
Climate

-Extension 
and Academia

-Identified Critical
Gaps in 

Planning/Policy

-Writing and Development of 
Emergency Preparedness and 

Response Plans

-Improved Understanding 
of Impacts of Outbreaks 

on Industry & Consumers

-Emergency 
Management Policy 

and Regulation

-Improved Public 
Health Outcomes
1.Psychological
2.Food Safety

-Consumer Preferences

-National Security 
Threats (Economic & 

Physical)

-Stakeholder Outreach and PR on 
Preparedness Efforts

-Continuity of Business 
Plans for:

1.Disease Free Products
2.Lower Risk of Disease 

Transmission
3.Movement of Products 

in an Outbreak

-Improved Inter-and 
Intra-Sector 

Collaboration

-Food Security in a 
Disease 

Outbreak/Animal 
Health Emergency

-International Norms

-Assessments of 
Future Trends

-Full-scale & Tabletop Exercises 
of Emergency Processes & Plans

-Guidance on 
Biosecurity, Cleaning and 
Disinfection Procedures

-Consumer 
Confidence in 

Regulatory Authority
-Fiscal Austerity

-Iterative Review and
Assessment of Emergency Plans

-Better Disease 
Transmission Models
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5.1. Stakeholders

The stakeholders are key contributors to COB planning for an FAD outbreak. Each stakeholder 
listed is an institution or group that has distinct (while not always congruent) preferences, motivations, 
and objectives. Other categorizations are certainly possible, though the proposed categories appear to 
be a relatively natural grouping. These stakeholders also exhibit important interactions, as indicated 
both in practice and in theoretical literature. For example, industry action (and inaction) influences 
government action and regulation [26,27]. Government regulation also affects human health and 
consumer behavior [28,29]. Extension and academia can simultaneously be funded by, do research 
with or for, and collaborate or coordinate with the other two groups. Subsequently, in any COB plan, 
these three inputs must be considered individually and in terms of their interactions. Regardless of how 
the stakeholders interact with one another, there are significant organizational challenges in creating 
COB plans that will ultimately be integrated into new public policy. As with many other public 
policy reforms, other factors can influence the desired outcomes, including politics, resources, and 
personal objectives. Therefore, it is often helpful to have a policy champion that can motivate 
stakeholders, legitimize the need for the policy change, garner critical resources, and mobilize others to 
contribute [30].

Figures 1–3 show each stakeholder’s primary role in the model’s activities and outputs. While 
several of the stakeholders are involved in many of the areas not listed, the authors are identifying the 
stakeholder(s) that have the primary role in each activity and output. The figures are useful for both the 
stakeholders involved in developing the plan as well as external stakeholders to ensure transparency in 
responsibility and accountability for the activities listed.

Industry (see Figure 1) is critically important to any COB plan. In fact, it is often interest from 
industry that can initiate, facilitate, and/or support a COB plan for a specific animal or animal 
product [5]. Considering that industry will need to implement the COB plan, their role as a stakeholder 
is critical to the plan’s success. Industries and producers, regardless of size, also hold a wealth of 
information about the specific procedures and best practices for particular animals or animal products, 
including considerations for specific disease agents, biosecurity considerations for small and large 
producers [31], cleaning and disinfection processes, supply chains, and other logistical processes that 
may be impacted in the event of a disease outbreak. 

While industry is a critical component in a COB plan, regulatory partners are also vital. 
All emergency response efforts start locally but may escalate, depending on the incident, to involve 
state and federal responders. FAD outbreaks result in intervention by local, state, and/or the federal 
government, and response operations are in many contexts framed by local, tribal, state, and federal 
laws and regulations; these include quarantine, disposal, enforcement, and disease reporting [32,33].
In the case of an FAD outbreak you will always have state and to some level federal involvement 
because of the implications on interstate commerce. The Animal Health Protection Act, in fact, enables 
the Secretary of Agriculture to prevent, detect, control, and eradicate diseases and pests of animals, 
including foreign animal and emerging diseases, in order to protect animal health, the health and 
welfare of people, economic interests of livestock and related industries, the environment, and 
interstate and foreign commerce in animals and other articles [13]. The private sector, while containing 
no regulatory power, provides goods, services, and expertise. They typically can provide contracted 
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research and supplemental support for the government. The lead responsibilities of government are 
shown below in Figure 2.

Figure 1. Industry’s lead responsibilities in continuity of business.
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Figure 2. Government’s lead responsibilities in continuity of business.
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Figure 3. Extension and academia’s lead responsibilities in continuity of business.
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5.3. Activities

The next step in the logic model is delineating the activities required to create a COB plan for an 
FAD outbreak. Because of the interaction between the stakeholders, as well as their important 
independent role in developing and implementing a COB plan, systematic and consistent collaboration 
between the stakeholders is critical and may be conducted through routine meetings, teleconferences, 
or webinars involving all of the stakeholder groups [9]. Because of the stakeholder groups in this logic 
model, collaboration may be characterized as a public-private partnership, depending on the 
relationships between the stakeholders in the program [36].

The government conducts primary and applied scientific research, modeling, and risk-assessment.
Additionally, it often contracts or provides funding to extension and academic groups for such research 
and analyses, particularly when additional personnel or expertise is needed. These more technical 
activities form the scientific foundation to support evidence-based programs and policies [37,38].
Modeling can be important to understand the consequences of the introduction of a disease, indicating 
how fast the disease may spread, or providing evidence of how to detect disease outbreaks more 
rapidly [39]. Modeling and other types of analyses, including cost-benefit analyses, can also be used to 
assess the impact of different response strategies on the management of disease outbreaks [40].

Plan development, which include federal, state, industry and site-specific plans, can theoretically be 
conducted by any of the stakeholders; the level of involvement often depends on the type of plan being 
developed. Writing—and reaching consensus on the components and details of the plan—can be a 
difficult and time-consuming process, particularly if the stakeholders have numerous competing 
interests and priorities. The plan can have many different components, all of which will need to be 
worked on based on the other activities listed in the logic model. However, it is critically important to 
formally document the COB plan for transparency and consensus, and to use in an emergency [41,42].
For example, COB plans may contain guidance and directives on biosecurity, cleaning and disinfection 
procedures, diagnostic testing and/or surveillance requirements, and movement controls or permitting 
processes for non-infected premises [5,6]. The specific components and the nature of the components 
in a COB plan are likely to be specific to the product or products in question as well as to the nature of 
the disease agent and the risk posed to both animal health and public health. When performed nearly 
simultaneously to the development of the plan, outreach can ensure that external stakeholders feel 
included in the process, and may become less leery of the final product. In addition, in the event that 
the COB plan becomes integrated into regulatory policy or policy guidance, this incorporation of and 
outreach to the stakeholders may encourage support.

Without a doubt, there are many important activities that fall within the broad activities listed in 
Table 1. For example, site visits to better understand production processes may be required to conduct 
risk assessments. The development of the plan may need to not only involve regulators, but also those 
familiar with international standards and state law, to ensure COB plans consider the legal frameworks 
at the international, state, and national level. Other activities may include socializing the plans at 
conferences and other symposiums. This model is not meant to list every element involved in COB 
planning; it is meant to be a framework and lay the foundation for planning efforts.
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5.4. Outputs

The fourth step in the logic model is identifying outputs, listed in Table 1 and depicted in 
Appendix 1. Outputs directly result from stakeholders conducting activities with specific inputs. For 
example, risk assessments will be a product of research and modeling on the risk of disease 
transmission. These risk assessments provide qualitative and/or quantitative evidence regarding the 
potential for disease spread for a specific movement during an outbreak [43]. Risk assessments are a 
key source of information for science-based policy decisions.

The writing and development of emergency preparedness and response plans, as part of the COB 
process, can not only highlight gaps in existing planning which need to be filled, but lead to an 
improved understanding by all stakeholders regarding the challenges faced by different groups during 
an outbreak.

As stakeholder outreach occurs during the planning processes, this leads to more transparent COB 
planning and potentially increased producer and industry knowledge regarding specifics (biosecurity or 
cleaning and disinfection procedures, for example) that are most important to thwart FAD transmission 
during an outbreak. 

Most importantly, the activities lead to COB plans. These plans provide clear guidance to ensure 
that products are disease-free, that movement has a low risk of disease transmission to non-infected 
animals during an outbreak, and that movement of non-contaminated products continues to further 
processing or market. The activities, in other words, result in a tangible set of guidelines, procedures, 
or details that can be used by regulators and industry in an FAD outbreak [5,6].

5.5. Short-Term and Long-Term Outcomes

Finally, the ultimate objectives of any COB planning are short-term and long-term outcomes.
For example, going through the COB planning processes can mean that producers’ business practices 
are improved as they better understand disease transmission pathways. Furthermore, the process of 
conducting all of the activities and working together can result in improved inter-sector collaboration.
Furthermore, completing COB planning and related activities like outreach and risk-analysis can help 
improve consumer confidence not only in industry practices, but in the regulatory authority’s capacity 
and capabilities to effectively deal with an FAD outbreak.

Together, these short-term outcomes which are a result of COB planning also result in important 
long-term outcomes. These long-term outcomes, which are mostly realized in the event that an FAD 
outbreak occurs, are critically important to public health, animal health, the nation’s food supply, and 
the economy [44]. Successful COB planning will ensure a continuous flow of non-contaminated food
through the supply chain and reduced disease transmission. These long-term outcomes provide a clear 
path for the stakeholders to keep in sight as they collaborate to produce COB plans, and clear 
objectives to keep in mind when designing specific criteria or communicating to the public or other 
parties. These long-term outcomes are the fundamental backbone of why COB planning is important 
for the United States in FAD preparedness and response planning.
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5.6. External Factors

External factors are components that are not actively involved in COB planning but have an impact, 
five of which are discussed here. Federal, state, tribal, local law, international partners and laws, along 
with consumers have a direct impact on market continuity and a business’ ability to get products to 
market. Each of these aspects can pose grave economic consequences on the agriculture industry. COB 
plans must be written in concordance with any relevant laws and regulations. 

In agriculture and other policy areas, consumer preferences and behavior impact the animal 
industry [45,46]. Consumers’ and international stakeholders’ acceptance of products, and perceptions 
of risk will influence the demand for products. Moreover, if food products are contaminated with an
FAD agent, consumers may adjust their behavior depending on their risk aversion or preferences [47].
It is important to keep consumers informed through outreach and ensure that there are clear 
expectations and accurate perceptions of risk [48].

5.7. Implementation

This logic model framework offers an implementable way for emergency planners and stakeholders 
to begin COB planning (or to evaluate current efforts). In each of the categories, using the guidance 
provided in Table 1, a program manager can develop specific inputs and activities for relevant 
stakeholders. For example, the stakeholders could include specific commodity groups appropriate to 
the commodity in question. As part of COB planning efforts, these groups would conduct activities 
based on the inputs suggested here (or other appropriate inputs, as recognized by a program manager).
Inputs may include budgetary restrictions based on a specific contract or cooperative agreement. 
Activities may be highly specific, such as engaging a specific organization to assess the risk of a 
proposed commodity in an outbreak situation. The program manager would then identify the specific 
short-term and long-term outcomes desired by the COB activities performed by the stakeholders.
While the outcomes reflected in Table 1 are appropriate for COB planning in general, more specific 
outcomes may be desired and would typically be useful for later plan evaluation. For example, the 
following could be a short-term outcome: conduct market research on consumer acceptance of a 
commodity during an outbreak, and develop appropriate messaging to reflect any concerns from 
consumers or trading partners. The long-term outcomes may be more intangible or at least more 
difficult to quantify, but program managers can still create qualitative criteria that can be measured and 
evaluated. For example, for a specific commodity, a long-term outcome could be: ensure that 
50 percent of producers in a state are participating in the COB biosecurity requirements. There may 
also be specific long-term outcomes related to the high priority FADs, such as: protect public health by 
ensuring COB plans, including diagnostic testing requirements, are fully implemented and observed in 
eight of ten participating counties. COB planning, and this framework, is iterative and flexible for an 
effective FAD response.
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6. Discussion

The previous sections have explained how logic modeling can be used to provide clear objectives 
for emergency preparedness and response planning; they offer a framework for evaluation of planning, 
and transparently illustrate COB planning processes to stakeholders and other external parties.

Perhaps most notably from this logic model, while many of the long-term outcomes come to 
fruition during and after an outbreak, the positive short-term outcomes are not reliant on an FAD 
outbreak actually occurring. The collaboration processes and activities conducted by the stakeholders 
during COB planning result in positive outcomes regardless of whether an outbreak transpires: for 
example, there remains improved emergency management policy, potentially improved producer 
business practices, collaboration and communication both within and between sectors, and increased 
consumer confidence. 

As discussed, this logic model can be further defined to be less abstract, incorporating clear 
performance measures that are measurable to ensure an appropriate evaluation can be conducted of 
COB planning after an outbreak. For example, parameters or goals could be set for both the short and 
long-term outcomes. Such parameters may be difficult to establish prior to an outbreak, and will 
require flexibility and adaptation in an outbreak situation. However, such work is important to 
demonstrate more objective effectiveness of COB plans and programs. As we gain more experience in 
executing COB plans during FAD outbreaks, emergency managers will become better at setting 
appropriate criteria for the short-term and long-term objectives, emphasizing program effectiveness but 
avoiding unreasonable expectations.

7. Conclusions

While the United States’ just-in-time (JIT) food distribution model is extremely effective, it also has 
key vulnerabilities. JIT techniques keep cost low by eliminating storage costs, requiring grocery stores 
to only keep enough food on hand to last until their next shipment. This technique assumes the 
continuous, uninterrupted flow of goods through the supply chain, starting at the farm. Any disruption, 
such as movement restrictions because of an FAD outbreak, could cause significant disruptions to this 
JIT system, costing producers, consumers, and everyone in between. COB planning is particularly 
critical in industries that use the JIT model, because stopping the movement of animals or animal 
products for even less than a week could result in serious economic consequences.

COB planning reduces the risk of disease transmission while allowing disease free products to 
travel to further processing or market, reducing potential disruptions in the food supply. Work on COB 
is relatively new, with a renewed focus on managing non-infected animals and non-contaminated 
animal products during an outbreak, while simultaneously controlling and containing the FAD agent. 
COB planning helps to mitigate losses, facilitate a continuous supply of food, and allow agriculture 
and food industries to maintain operations by minimizing the impacts of quarantines on non-infected 
premises within regulatory CAs. While much work has been completed on actual COB plans, a 
theoretical or program-evaluation approach has not been applied to COB planning for an FAD 
outbreak. This article presents a framework that can be used to design, describe, communicate, and 
evaluate COB planning. In the future, this process-oriented model can be tailored to specific situations, 
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and altered as needed by a particular COB plan or program. It can also be used to provide transparent 
criteria to formally evaluate the effectiveness of COB plans in real events or full scale exercises.

Acknowledgments

The authors would like to thank John Handy, Mark Lyford of LMI, and three anonymous reviewers
for their constructive comments, and Matt Daigle, of LMI, for his editorial expertise. Eric Boyer also 
provided input on a prior version of this model. The views, opinions, and findings contained in this 
article are those of LMI and should not be construed as an official agency position, policy, or decision, 
unless so designated by other official documentation. 

References

1. Otte, M.J.; Nugent, R.; McLeod, A. Assessment of socio-economic impacts and institutional 
responses. Food and Agriculture Organization; 2004. Available online: http://www.fao.org/ag/
againfo/resources/en/publications/sector_discuss/PP_Nr9_Final.pdf (accessed on 26 March 2013).

2. Fitzpatrick, A.M.; Bender, J.B. Survey of chief livestock officials regarding bioterrorism 
preparedness in the United States. J. Am. Vet. Med. Assoc. 2000, 217, 1315–1317.

3. Franz, D.R. Foreign animal disease agents as weapons in biological warfare. Ann. N. Y. Acad. Sci. 
2006, 894, 100–104.

4. Heng, G.M. Developing a suitable business continuity planning methodology. Inf. Mgmt. Comp.
Sec. 1993, 4, 11–13.

5. USDA, APHIS and Secure Egg Supply Working Group. Secure Egg Supply. Available online:
www.secureeggsupply.com (accessed on 4 December 2012).

6. Secure Milk Supply. A Secure Milk Supply Plan for a Foot-and-Mouth Outbreak. Available 
online: http://www.cfsph.iastate.edu/Emergency-Response/SMS-Plan-FMD-Outbreak.pdf (accessed
on 14 June 2011).

7. Trampel, D.W.; Zack, J.T.; Clouse, T.L.; Bickett-Weddle, D.A.; Brown, G.B.; Rao, V.S.; 
Garris, G.I.; Roth, J.A. A federal and state transport plan for movement of eggs and egg products 
from commercial egg production premises in a high-pathogenicity avian influenza control area. 
J. Am. Vet. Med. Assoc. 2009, 235, 1412–1419.

8. Federal Emergency Management Agency. Continuity of Operations Planning. Available online:
http://www.ready.gov/business/plan/planning.html (accessed on 14 June 2011).

9. Hennessey, M.; Lee, B.; Goldsmith, T.; Halvorson, D.; Hueston, W.; McElroy, K.; Waters, K. 
Supporting business continuity during a highly pathogenic avian influenza outbreak: A 
collaboration of industry, academia, and government. Avian Dis. 2010, 54, 387–389.

10. Secure Milk Supply. Available online: http://securemilksupply.org/state-regional.php (accessed 
on 24 February 2013).

11. McLaughlin, J.A.; Jordan, J.B. Using Logic Models. In Handbook of Practical Program 
Evaluation, 3rd ed.; Wholey, J.H., Hatry, H., Newcomer, K.E., Eds.; Jossey-Bass: San Francisco,
CA, USA, 2010; pp. 55–80.



Agriculture 2013, 3 268

12. Carpenter, T.E.; O’Brien, J.M.; Hagerman, A.D.; McCarl, B.A. Epidemic and economic impacts 
of delayed detection of foot-and-mouth disease: A case study of a simulated outbreak in 
California. J. Vet. Diag. Inv. 2011, 23, 126–133.

13. Animal Health Protection Act 7 U.S.C. 8301-8302 et seq. Available online:
http://uscode.house.gov/download/pls/07C109.txt (accessed on 1 February 2013).

14. Slenning, B.D.; Tickel, J.L. Foreign Animal Diseases and Food System Security: Decision 
Making for Appropriate Reponses. In Wiley Handbook of Science and Technology for Homeland 
Security [online]; Wiley Online Library: Malden, MA, USA, 2010; doi:10.1002/9780470087923.
hhs690.

15. Colorado Revised Statutes. § 35-50-103, 111, 2005. Available online: http://www.state.co.us/
gov_dir/leg_dir/olls/sl2005a/sl_132.htm (accessed on 14 June 2011). 

16. USDA. Exotic Newcastle Disease; Additions to Quarantined Area. Federal Register. 2003, 68,
18531–18532.

17. Jewell, C.P.; Keeling, M.J.; Roberts, G.O. Predicting undetected infections during the 2007 
foot-and-mouth disease outbreak. J. R. Soc. Interface. 2009, 6, 1145–1151.

18. McLaughlin, J.A.; Jordan, G.B. Logic models: A tool for telling your program’s performance 
story. Eval. Program Plan. 1999, 22, 65–72.

19. Engel-Cox, J.A.; van Houten, B.; Phelps, J.; Rose, S.W. Conceptual model of comprehensive 
research metrics for improved human health and environment. Environ. Health Perspect. 2008,
116, 583–592.

20. Weiss, C. Theory-based Evaluation: Past, Present, and Future. In Progress and Future Directions 
in Evaluation: Perspectives on Theory, Practice, and Methods; Rog, D., Founier, D., Eds.;
Jossey-Bass: San Francisco, CA, USA, 1997.

21. Caudle, S. Homeland security: Approaches to results management. Public Perf. Manag. Rev. 
2005, 28, 352–375.

22. Davis, M.V.; MacDonald, P.D.; Cline, J.S.; Baker, E.L. Evaluation of public health response to
hurricanes finds north carolina better prepared for public health emergencies. Public Health Rep. 
2007, 122, 17–26.

23. Torghele, K.B.; Buyum, A.; Dubruiel, N.; Augustine, J.; Houlihan, C.; Alperin, M.; Miner, K.R. 
Logic model use in developing a survey instrument for program evaluation: Emergency 
preparedness summits for schools of nursing in Georgia. Public Health Nurs. 2007, 24, 472–479.

24. Zantal-Weiner, K.H.; Horwood, T.J. Logic modeling as a tool to prepare to evaluate disaster and 
emergency preparedness, response and recovery in schools. New Dir. Eval. 2010, 126, 51–64.

25. Helitzer, D.; Willging, C.; Hathorn, G.; Benally, J. Using logic models in a community-based 
agricultural injury prevention project. Pub. Health Rep. 2009, 124s1, 63–73.

26. Browne, W.P. Private Interests, Public Policy, and American Agriculture; University Press of 
Kansas: Lawrence, KS, USA, 1998.

27. Gottlieb, S.L.; Newbern, E.C.; Griffin, P.M.; Graves, L.M.; Hoekstra, R.M.; Baker, N.L.; 
Hunter, S.B.; Holt, K.G.; Ramsey, F.; Head, M. Multistate outbreak of listeriosis linked to turkey 
deli meat and subsequent changes in US regulatory policy. Clin. Infect. Dis. 2006, 42, 29–36.

28. Caswell, J.A. How labeling of safety and process attributes affects markets for food. Ag. Res.
Econ. Rev. 1998, 27, 151–158.



Agriculture 2013, 3 269

29. Unnevehr, L.J.; Jensen, H.H. HACCP as a regulatory innovation to improve food safety in the 
meat industry. Am. J. Agric. Econ. 1996, 78, 764–769.

30. Crosby, B.L. Policy implementation: The organizational challenge. World Dev. 1996, 24,
1403–1415.

31. Hoe, F.G.; Ruegg, P.L. Opinions and practices of Wisconsin dairy producers about biosecurity 
and animal well-being. J. Dairy Sci. 2006, 89, 2297–2308.

32. Nebraska Department of Agriculture. Overview of a Foreign Animal Disease Response. Available 
online: http://www.agr.state.ne.us/division/bai/overview_foreign_animal_disease_response.pdf
(accessed on 29 June 2011). 

33. USDA APHIS. FMD Response Plan: The Red Book. 2012. Available online: http://www.aphis.
usda.gov/animal_health/emergency_management/ (accessed on 10 October 2012).

34. Ilvento, T.W. Expanding the role and function of the cooperative extension system in the 
university setting. Ag. Res. Econ. Rev. 1997, 26, 153–165.

35. U.S. Department of Homeland Security; Department of Agriculture; Food and Drug 
Administration. Food and Agriculture Sector-Specific Plan An Annex to the National 
Infrastructure Protection Plan. [Online], 2010. Available online: http://www.fda.gov/downloads/
Food/FoodDefense/FoodDefensePrograms/UCM243043.pdf (accessed on 4 December 2012).

36. Forrer, J.; Kee, J.E.; Newcomer, K.E.; Boyer, E. Public-private partnerships and the public 
accountability question. Pub. Admin. Rev. 2010, 70, 475–484.

37. Murray, C.J.L.; Lopez, A.D. Evidence-based health policy—Lessons from the global burden of 
disease study. Science 1996, 274, 740–743.

38. Russell, M.; Gruber, M. Risk assessment in environmental policy-making. Science 1987, 4799,
286–290.

39. Reis, B.Y.; Kohane, I.S.; Mandl, K.D. An epidemiological network model for disease outbreak 
detection. PLoS Med. 2007, 4, e210.

40. Garner, M.G.; Dubé, C.; Stevenson, M.A.; Sanson, R.L.; Estrada, C.; Griffin, J. Evaluating 
alternative approaches to managing animal disease outbreaks—The role of modeling in policy 
formulation. Vet. Ital. 2007, 43, 285–298.

41. Rong, L.; Jia, X. A Systematic Study on Emergency Policy Documents for Quick Response. In 
Proceedings of the IEEE International Conference on Systems, Man, and Cybernetics, Singapore,
12–15 October 2008; pp. 856–861.

42. Calixto, E.; Lébre Larouvere, E. The regional emergency response plan requirement: Application 
of the best practices to the Brazilian Case. Saf. Sci. 2010, 48, 991–999.

43. United States Department of Agriculture. An Assessment of the Risk Associated with the 
Movement of Nest Run Eggs Into, Within, and Outside of a Control Area During a Highly 
Pathogenic Avian Influenza Outbreak. [Online], 2010. Available online: http://secureeggsupply.
com/wp-content/uploads/RANestRunEggs.pdf (accessed on 14 June 2011). 

44. Cupp, O.S.; Walker, D.E.; Hillison, J. Agroterrorism in the U.S.: Key Securiity Challenge for the 
21st Century. Biosecur. Bioterror. Biodef. Strategy Pract. Sci. 2004, 2, 97–105.

45. Collins, J.E. Impact of changing consumer lifestyles on the emergence/reemergence of foodborne 
pathogens. Emerg. Infect. Dis. 1997, 3, 471–479.



Agriculture 2013, 3 270

46. Verbeke, W. Agriculture and the food industry in the information age. Eur. Rev. Agric. Econ.
2005, 32, 347–368.

47. Mitchell, L. Economic Theory and Conceptual Relationships between Food Safety and 
International Trade. In International Trade and Food Safety: Economic Theory and Case Studies, 
USDA Economic Research Service Report 828; Buzby, J.C., Ed.; USDA Economic Research 
Service: Washington, DC, USA, 2003.

48. Smith, R.D. Responding to global infectious disease outbreaks: Lessons from SARS on the role of
risk perception, communication and management. Soc. Sci. Med. 2006, 63, 3113–3123.

Appendix 1

© 2013 by LMI; licensee MDPI, Basel, Switzerland. This article is an open access article distributed 
under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/).

Industry

Government

Formal, Routine
Collaboration on 

Emergency
Management

Issues

Activities

Stakeholder
Outreach and PR 
on Preparedness 

Efforts

Iterative Review 
and

Assessment of 
Emergency Plans

Research,
Modeling, and
Risk-Analyses

Full-scale &
Tabletop

Exercises of 
Emergency

Processes & Plans

Outputs

Transparent
Continuity of 

Business
Planning

Continuity of 
Business Plans for:

-Disease Free Products
-Lower Risk of Disease 

Transmission
-Movement of Products 

in an Outbreak

Guidance on 
Biosecurity,

Cleaning and 
Disinfection
Procedures

Risk
Assessments

Improved
Understanding of 

Impacts of 
Outbreaks on 

Industry &
Consumers

Better
Disease

Transmission
Models

Short-Term
Outcomes

Consumer
Confidence in 

Industry

Improved Producer 
Business Practices

Emergency
Management Policy 

and Regulation

Improved Inter-
and Intra-Sectoral

Collaboration

Consumer
Confidence in 

Regulatory
Authority

Food Security in 
a Disease 

Outbreak/Animal
Health

Emergency

Improved
Economic
Security

Extension and 
Academia

Writing and 
Development of 

Emergency
Preparedness and 
Response Plans

Identification
of Problem

Identified
Critical Gaps in
Planning/Policy

Known
Vulnerabilities
to Producers &

Processors

Assessments
of Future 
Trends

National
Security
Threats

(Economic &
Physical)

Improved Animal 
Health Outcomes

-Herd/Flock Health
-Lower Risk of 

Disease Spread

Science and 
Risk-Based

Policy

Consumer
Preferences Fiscal

Austerity

Political/
Regulatory

Climate

Long-Term
OutcomesStakeholders Inputs

Improved Public 
Health

Outcomes
-Psychological
-Food Safety

d

Improved
Government

Cost-
Effectiveness
and Efficiency

International
Norms

Socio-Political-Economic
Environment


