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ABSTRACT 

AN ECONOMIC ANALYSIS OF POTENTIAL BENEFITS OF LIVESTOCK 
TRACEABILITY SYSTEMS FOR TRADE EMBARGO SCENARIOS THAT ARE 

LINKED TO ANIMAL DISEASE OUTBREAK DURATIONS  

 
Lin Yang                                  Advisor:  
University of Guelph, 2016                    Associate Professor A. Boecker 
	  
	  
	  

A mandatory livestock traceability system with three proposed animal movement 

reporting options is under discussion by the Canadian federal, provincial and territorial 

governments. This thesis contributes to a better understanding of potential benefits of the 

enhanced traceability system in case of a foot-and-mouth disease outbreak. For each 

proposed option, an epidemiological stochastic disease model that simulates a FMD 

outbreak in Alberta is paired with a partial equilibrium model developed for the Ontario 

cattle and beef industry to estimate the reduction in trade embargo losses resulting from 

the disease outbreak compared to the current level of traceability capacity. Results 

indicate that the potential trade-embargo related benefits of the three proposed options 

range from $7 million to $15 million on average. However, depending on different 

disease outbreak scenarios, the benefits can range from $2 million to $51 million. 
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CHAPTER 1. Introduction 

1.1 Introduction 

Canada’s livestock industry represents a major portion of the Canadian agricultural 

economy. As the livestock production chain becomes increasingly globalized, the 

industry is highly susceptible to foreign animal diseases (FADs) such as foot and mouth 

disease (FMD) or classical swine fever (CSF). These animal diseases could cause severe 

economic consequences including but not limited to livestock production losses, disease 

control expenditures, and trade disruptions for export-oriented sectors.  

Foot and mouth disease, which can rapidly spread among all cloven-hoofed animals 

(cattle, swine, sheep, etc.), is one of the most contagious and economically devastating 

diseases, and thus has received considerable attention from epidemiologists and 

economic researchers. The presence or absence of the disease separates the world 

livestock market into two segments (FMD-free and FMD-endemic) with significant price 

gaps. For manufacturing beef, as an example, the world price differential between the two 

markets could be as large as 50%-60% according to Ekboir et al. (2002). To avoid any 

disease virus introduction, FMD-free countries would impose an immediate and 

prolonged border closure to all susceptible livestock and livestock products from the 

FMD infected country regardless of where the disease is found in that country.  

The beef industry in Canada is especially vulnerable to FMD due to its high level of 

dependence on cattle and beef exports. Nearly half of total production was exported each 

year (See Figure 1.1). Approximate 90% of Canadian beef export destinations are 

FMD-free countries, among which the United States is the single largest market 

representing 73% of total beef exports with a value of $1.2 billion in 20141 (Farm Credit 

Canada 2015). As a result, at least 90% of current markets would be closed in case of a 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The largest U.S. market for Canadian cattle and beef is followed by Hong Kong (10%), Mexico (6%), Japan (5%), 
China (2%) and others (4%). 
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FMD outbreak in Canada2. The excess supply that would otherwise be destined for export 

markets would instead be absorbed within Canada and in turn disrupt domestic prices and 

output, cause welfare losses throughout the beef industry and result in damage to the 

national economy.  

	  

Figure 1. 1: Percentage of Canadian Cattle and Beef Production Exported, 
2000-2014 
Source: Canadian Cattlemen Market Development Council Results Report 2014/2015 

 

Potential border closure not only exists at a national level, but also at a provincial 

level, which makes the situation even worse for Canada given its vast territory and high 

density of beef production in certain regions (Serecon Management Consulting Inc. 2002). 

The cattle populations are mainly concentrated in western provinces especially Alberta 

and Saskatchewan (See Figure 1.2), which are the two major sources of Ontario cattle 

and beef inflows to supply its provincial demand and export markets. A provincial border 

closure following a FMD outbreak in western provinces would not only result in a supply 

shock in Ontario’s domestic market, but also disrupt its international export flows.   

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 It is highly likely that all importing countries regardless of the disease status would be closed for preventative 
reasons.  
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Figure 1. 2: Canadian Biannual Beef Cattle Inventories, by Province, Jan. 1, 2016 
Note: The inventories from dairy operations are excluded.   
Source: Statistics Canada, CANSIM Table 003-0032 

 

 The responsibility for preventing FMD outbreaks and responding to accordingly falls 

primarily on the Canadian Food Inspection agency (CFIA). In case of a FMD outbreak, 

CFIA would use its “stamping out” policy including destruction and decontamination, 

tracing and surveillance, and movement controls to eradicate the disease as soon as 

possible (CFIA 2012). Tracing to identify locations of exposed and infected animals is an 

absolute essential step, along with specific destruction capacities and other eradication 

resources, to ensure rapid control of the disease spread. To improve the effectiveness of 

animal tracing, CFIA proposed a national livestock traceability system with three 

enhanced tracing options in terms of animal movement tracking.  

This thesis will investigate a hypothetical FMD outbreak in Alberta based on disease 

simulation results to evaluate its economic impacts associated with trade embargo losses 

in Ontario’s beef industry. In addition, this thesis will demonstrate how the enhanced 

livestock traceability system can mitigate such negative impacts compared to the current 

level of traceability capacity.  
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1.2 Livestock Traceability in Canada 

 Livestock traceability refers to the ability to follow an animal or group of animals 

during all stages of its life (World Organization for Animal Health 2014). It plays 

different roles in risk management, building consumer confidence, and enhancing market 

access, and is mostly applied in the context of emergency situations such as disease 

outbreaks. By quickly tracing the exposed or infected animals/premises so that they can 

be more rapidly isolated, destroyed or decontaminated, the traceability system allows 

more effective disease control and eradication. This in turn can limit the extent and 

duration of a disease outbreak, hence reducing the negative economic, environmental and 

social impacts.  

A full identification and traceability system is based on three pillars: animal 

identification, premise identification, and animal movement recording. In Canada, current 

implementation of livestock traceability varies in terms of operational details and 

regulatory requirements across different species and provinces. Livestock species such as 

cattle, bison, swine and sheep have to be applied with approved tags with a unique 

identification number before leaving the original site where they are born. When animals 

are received at the destination site where they are slaughtered, disposed or exported, their 

identification number must be reported. Livestock producers can also report their farm 

locations and thus receive a premise identification number on a voluntary basis (Hobbs, 

Yeung, and Kerr 2007). As to animal movement reporting, most traceability programs in 

Canada are “book-end” systems with information only recorded at the beginning and the 

end of an animal’s life. The cattle and dairy industry in Quebec and feedlots with more 

than 1,000 cattle in Alberta are exceptions where any animal movement within the 

province must be reported (CFIA 2015). Hence, with these two exceptions, no 

information is recorded and stored in readily accessible databases on animal movement 

through intermediate sites such as auction markets, assembly yards and feedlots, where 

there is risk of virus transmission due to the high level of co-mingling of animals. Given 
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the diversity and the voluntary nature of the existing system, the concept of a national 

mandatory livestock traceability system was first discussed in 2006, and the development 

of a National Agriculture and Food Traceability System (NAFTS) became a stated goal 

of Canadian federal, provincial and territorial governments (CFIA 2015).  

The enhanced national traceability system is intended to address the gap in the 

previous industry programs. The CFIA proposed three amendment options associated 

with animal movement reporting from departure sites, intermediate sites to terminal sites 

to ultimately facilitate accurate information flow and support full tracing capacities along 

the entire livestock production chain. The proposed regulatory options would apply to 

cattle, bison, sheep, goats and cervids and include only those recording activities that go 

beyond the current “book-end” system (CFIA 2013, 2015). The details of the three 

options are listed in Table 1.1.  

Table 1. 1: Description of the Three Regulatory Options 
Option 1:  

Lot movement 
(Group Reporting) 

Operators of intermediate sites (e.g. auction marts, assembly yards, 
feedlots) would report the quantity of animals received and their species, 
and the location of the departure site. 

Option 2:  
Sighting 

When animals are moved from one site to an intermediate site, the 
operator of the intermediate site would report the animal’s identification 
number. 

Option 3: 
Lot movement + 
Passive reading 

Operators of intermediate sites would report the quantity of animals 
received and their species, animal’s identification number and the location 
of the departure site. Moreover, the operator of the intermediate site or 
farm would install or cause to be installed equipment that is designed to 
obtain animal identification information, ensure the equipment is 
functional, and that it is properly maintained. 

Note: The date and time at which animals are received or left, as well as the license plate number of the 
conveyance that transport the animals are also reported for all three options. 
Source: CFIA (2013) 
 

In summary, option 1 requires reading and reporting the ID number of the departure 

and destination sites, as well as the movement of animals as a whole group. For option 2, 

operators are required to read and report the ID of each individual animal received at an 
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intermediate site. Option 3 is a combination of both option 1 and 2, although the 

individual animal reporting can be less stringent then under option 2 due to the passive 

reading system. The difference between options 2 and 3 can best be explained through an 

example: As a lot of animals go through a chute upon arrival at an assembly yard, option 

2 requires operators to read and report each individual animal, e.g. by using hand-held 

readers in addition to a panel reader. Option 3 only requires the operation of a functioning 

panel reader so that there is a higher probability that some animals are missed and hence 

not reported.   

1.3 Motivation 

While the three proposed options might improve the current tracing investigations to 

various degrees, the improved efficacy can only be realized through a high regulatory and 

financial burden on farmers and other supply chain stakeholders. Hence the industry’s 

willingness to accept and comply with any new traceability regulations is an important 

concern for the government. The Treasury Board requires conducting a cost-benefit 

analysis to discuss the specific benefits derived from the advanced tracing options in 

balance with the incremental costs incurred, to ultimately identify which option is most 

appropriate and cost-effective. The costs of implementing a traceability system can be 

estimated in a fairly straightforward way (USDA 2009), whereas the benefits are 

characterized by greater uncertainties. This thesis contributes to a better understanding of 

potential benefits of the enhance traceability system associated with reducing trade 

embargo losses from FMD outbreaks. It also contributes to the current literature by 

addressing the following gaps: 

1. In many studies, international trade embargo durations are assumed without 

considering the size and duration of the disease outbreaks that caused them. Most 

assumptions on the time period to reopen export markets in the current literature, such as 

Ward et al. (2009), and Bergevoet and van Asseldonk (2013) are based on the minimal 



	   7	  

waiting periods recommended by the World Organization for Animal Health (OIE), 

whereas the link between outbreak duration and trade embargo duration has received 

little attention. As a result, the real export losses may be underestimated. This study 

explores the uncertainties of both disease outbreaks and trade embargos by studying past 

disease outbreak cases. The length of export bans imposed by trading partners is linked to 

the results of a FMD spread model, in order to estimate the disease impacts depending on 

realistic conditions of simulated outbreaks. Furthermore, this thesis attaches the disease 

outcomes with their probabilities of occurrence in the stochastic disease spread model 

rather than simply taking the mean values of outcomes as was done in the current 

literature, such as Serecon Management Consulting Inc. (2010).  

2. A number of factors that are challenging the estimation of trade embargo losses 

resulting from animal disease outbreaks have not been well addressed in the current 

literature, such as the impacts of different eradication strategies on the time to recognize 

disease freedom, the possibility and the effects of zoning agreements that could protect 

some regions from export suspensions, the possible duration of interprovincial movement 

restrictions, some political or administrative factors affecting the specific time to resume 

trade, and the possibility of alternative import or export markets to fill trade gaps. This 

thesis discusses some of the important factors that could impact the benefit estimation of 

the enhanced traceability system in case of animal disease outbreaks and aims to fill in 

the information gaps as much as possible.  

3. Few studies have done similar research focused on the beef industry at a 

provincial level. The existing papers (Paarlberg et al. 2002; Schoenbaum and Disney 

2003; Mangen et al. 2004; Le Roy et al. 2006; Hagerman et al. 2012) predominately 

investigate the impacts of animal disease outbreaks at the national level. However, trade 

impacts at a provincial level also call for attention. Net exporting provinces will likely 

stand to benefit more from enhanced traceability system capacity than net importing 

provinces in terms of the reduced losses from international trade embargos. For 
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interprovincial border closures, net importing provinces could also suffer staggering 

losses given that the halt of inflows from other provinces hinders the export flows to 

other countries.   

4. Many different market participants are involved in the beef industry, and they 

may all be affected by structural changes brought about by implementing a new 

traceability system in different ways. Therefore it is important that the benefit analysis of 

the enhanced system not only takes into account the overall economic gains of the whole 

industry as was done in literature such as Paarlberg et al. (2002) and Le Roy et al. (2006), 

but also investigates the distribution of impacts along the supply chain. This thesis aims 

to quantify the size of the benefits across different supply chain stages involved in the 

beef industry to shed light on the conflicting interests of different stakeholders to comply 

with the new system. 

These gaps in the current literature call for a thorough analysis and investigation, and 

this thesis aims to contribute by closing these gaps conceptually and empirically. Better 

understanding and in-depth exploration of the nature and sources of uncertainties will 

help to communicate the benefits more appropriately. The partial trade-embargo related 

benefit analysis in this thesis is not all encompassing, however it can serve as a basis for 

provincial government and industry stakeholders to make economically sound decisions 

by clarifying potential trade-embargo related benefits of the enhanced traceability system 

in case of a disease outbreak occurred in another province. Finally, a thorough analysis of 

past disease outbreaks and subsequent trade embargo procedures also helps to direct 

future research in animal health issues and to inform policy decisions in establishing best 

practices in animal health management.   

1.4 Purpose and objectives 

The purpose of this research is to quantify the economic benefits of the three 

proposed options of the enhanced traceability system compared to the current traceability 
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performance for trade embargo scenarios that are linked to disease outbreak durations. 

Benefits are defined as the difference in economic losses resulting from disease outbreaks 

between each of the three enhanced options and the current system. Due to data 

restrictions, disease simulation data are only available for Alberta and economic data are 

only available for Ontario’s cattle and beef industry, which means this study will 

investigate a FMD outbreak in Alberta based on disease simulation results and estimate 

its impacts on Ontario’s cattle and beef industry. Ontario imports live cattle from western 

provinces to meet its provincial demand and to supply international export markets. In the 

event of a disease outbreak in Alberta, both interprovincial imports and international 

exports would be restricted in Ontario. Hence, this analysis is guided by three specific 

research questions:  

1) How would a FMD outbreak in Alberta affect the Ontario beef industry and how 

would the impacts be distributed among the different stakeholders involved? 

2) To what extent can the enhanced traceability system reduce the costs of trade 

embargos compared to the current traceability capacity? 

3) How would the answers to the above two questions change when disease-free 

zoning is considered a possible scenario?  

 

These questions will be addressed by achieving the following specific objectives: 

1. To develop reasonable assumptions on the link between disease outbreak 

durations and subsequent trade embargo durations by studying particular operating 

procedures in past FMD cases, as well as economic studies that investigate the 

consequences of potential disease outbreaks.  

2. To estimate the scale and duration of a potential FMD outbreak in Alberta under 

different traceability capacities by analyzing the disease simulation results from a disease 

spread model. The statistical analysis will be based on the results from North American 

Animal Disease Spread Model (NAADSM), a stochastic model that generates probability 
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distributions of disease outcome variables such as the duration of disease outbreak and 

the number of animals slaughtered.   

 3. To employ a partial equilibrium model of the Ontario beef sector to calculate the 

welfare changes resulting from trade embargos for all marketing levels based on the 

disease outcomes obtained from the disease spread model.  

1.5 Thesis Outline 

The following chapters will be presented as follows: Chapter 2 reviews literature on 

previous disease outbreaks and develop assumptions on the link between the outbreak 

and trade embargo durations. Chapter 3 presents the stochastic results of disease 

simulation outcomes under the current traceability performance and the enhanced tracing 

options from a FMD spread model. Chapter 4 explains the specification of the partial 

equilibrium model constructed for Ontario’s beef industry and Chapter 5 illustrates the 

empirical methods based on the conceptual framework to determine the economic 

impacts in the context of exogenous trade embargo shocks following a disease outbreak. 

Chapter 6 presents the economic outcomes of the partial equilibrium model (changes of 

prices, outputs and welfare) for each marketing level in Ontario beef sector. These are 

combined with the probability distributions for different trade embargo scenarios to 

calculate the trade-embargo related benefits of the enhanced traceability system. The final 

chapter summarizes the research results, and discusses limitations and implications for 

future study. 
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CHAPTER 2. Investigating the Link Between Disease Outbreak 

Durations and Trade Embargo Lengths 

2.1 Introduction 

The purpose of this chapter is twofold: (1) to identify uncertainties in estimating the 

benefits of traceability systems that are related to the extent and duration of disease 

outbreaks and subsequent trade embargos; and (2) to form reasonable assumptions on the 

link between disease outbreaks and trade embargos based on a review of studies of past 

FMD outbreaks and investigations of the economic consequences of potential FMD 

outbreaks.  

2.2 Two Sources of Uncertainties in Estimating Traceability Benefits  

For the purpose of this thesis, the estimation of the enhanced traceability benefits for 

the Ontario beef industry is derived from the ability of the advanced tracing capacity to 

reduce the length of both interprovincial and international trade embargos by quickly 

containing the disease outbreak in Alberta. However, estimating these benefits can be 

particularly challenging because of two sources of uncertainties that have not been well 

addressed in previous studies; the first is the actual duration of disease outbreaks, and the 

second is the length of the resulting trade embargos.  

2.2.1 Factors Influencing the Duration of Disease Outbreaks 

The first uncertainty concerns the duration of disease outbreaks, which is determined 

by a number of factors and directly influence the length and scope of trade embargos. 

Since the presence of the virus may not be recognized until a few weeks after the disease 

begins to spread (Productivity Commission 2002), the actual duration of disease 
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outbreaks technically begins from the first detection of an infected case to the last 

detected case reported to OIE (USDA 2015). Most of the existing literature that evaluates 

the economic impacts of a potential FMD outbreak make simplified assumptions about 

outbreak durations or utilize a simple average of durations from past outbreaks (Junker et 

al. 2009). Some studies such as Pendell (2006) and Jones (2010) use disease spread 

modelling to derive the duration of a hypothetical outbreak, but they fail to consider the 

probability of different outbreak sizes, and instead take the difference in the mean value 

of the outbreak durations under different traceability levels as the basis for calculating 

traceability benefits.  

The severity of an epidemic is determined by numerous factors that would further 

increase the uncertainties regarding the outbreak duration. The effectiveness of control 

and eradication measures would be the most significant factor, which depends on the 

specific circumstance of disease outbreaks. The preferred type of control and eradication 

measures still remain a controversial issue, especially for the following three control 

strategies: 

1. Stamping-out: The killing of affected and susceptible animals in the herd, and 

exposed animals in other herds accompanied by the subsequent destruction and 

disposal of carcasses, cleansing and disinfection of premises (OIE 2014). 

2. Vaccination-to-kill: Successful immunisation of all susceptible animals with 

subsequent depopulation and disposal of vaccinated animals (OIE 2014). 

3. Vaccination-to-live: Successful immunisation of all susceptible animals without 

subsequent depopulation and disposal of vaccinated animals whereas allowing them 

to live out their normal commercial lives (OIE 2014). 

 

Based on past control strategies that historically have been implemented in response 

to epidemics and the response plans of most FMD-free countries, in most cases 

stamping-out is generally considered to be superior to vaccination due to the additional 
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time and effort needed to manage the vaccinated animals. The time that it takes to gather 

the required resources and implement a vaccination program could actually prolong the 

outbreak and trade embargo durations (Hagerman et al. 2012).  

In Canada, emergency vaccination is considered to be the third line of defence after 

prevention and disease control, and is only allowed in some clearly defined situations 

such as an overwhelming outbreak (CFIA 2012). In recent years however, extensive 

research has been conducted to demonstrate the benefit of vaccination in reducing the 

duration of large disease outbreaks. Roche et al. (2015) conduct five different disease 

simulation models, all of which show that vaccination with stamping-out results in a 

reduction in the duration of a potential outbreak, and the derived benefits are more 

significant when vaccination is started early in cattle-only operations within a 3-km 

vaccination ring. Hagerman et al. (2012), the Australian Bureau of Agricultural and 

Resource Economics and Sciences (ABARES) (2013), Dürr et al. (2014) and Roche et al. 

(2014) all demonstrate that vaccination is appealing in situations of fast disease spread, 

long delays in detecting the disease, and low availability of resources to control the 

outbreak. Matthews (2011) and Barnett (2015) point out that vaccination is more 

effective the earlier it is used and that it is imperative to have a clear emergency 

vaccination plan prior to an outbreak.  

The above examples show that the impacts of different eradication strategies on the 

duration of outbreaks critically depends on the nature and characteristic of the epidemic, 

such as the density of the herd population, the speed of the virus spreading, and the 

capabilities and resources available. More importantly, the effectiveness of each strategy 

in containing the disease also depends on when, where and how they are implemented. 

These associated factors all increase the uncertainties regarding the duration of disease 

outbreaks. Apart from the effectiveness of control measures, other factors such as the 

strain of the virus, the time of first detection after the virus has been introduced, and the 
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species infected and animal population densities also impact the size and duration of 

outbreaks (McLaws and Ribble 2007).  

2.2.2 Factors Influencing the Length of Trade Embargos 

The second uncertainty is the length of a trade embargo, which depends primarily on 

the duration of disease outbreak but is also influenced by other factors. The additional 

trade embargo length beyond the disease outbreak starts from the last case detected or 

slaughtered until each trading partner recognizes the infected country’s disease freedom 

and trade restrictions are lifted. The OIE has a clear guideline about the official minimum 

waiting periods for regaining disease-free status for countries or zones: three months after 

the last animal is slaughtered when a stamping-out or a vaccination-to-kill policy is 

applied, or six months after the last case or the last vaccination where a 

vaccination-to-live strategy is implemented (OIE 2014). It is easy to see how different 

control strategies directly affect the length of trade embargos.  

The provision regarding the establishment of disease-free zones is also set out in the 

OIE regulations, ensuring that some regions of infected countries can still maintain 

exports with trading partners once the region can demonstrate that no evidence of FMD 

outbreak or FMD virus infection has been found, and no vaccination has been given 

during the past 12 months (OIE 2014). In the event of very limited outbreaks in FMD 

free countries or zones, a containment zone which includes all infected cases can be 

established if no new cases have been detected within a minimum of two incubation 

periods, i.e. four weeks. The disease free status of all the areas outside the containment 

zone could be regained irrespective of the official waiting periods once the containment 

zone is recognized by OIE (OIE 2014). In 2013, Canada and the U.S. signed an 

agreement on animal disease zoning to recognize each other's zoning measures. Once 

Canada released disease-free zones, the U.S. would resume trade from those areas (CFIA 



	   15	  

2014). However, since the detailed framework of the agreement is still under 

development, the extent to which the agreement can be guaranteed is still unknown.   

Although OIE has clear guidelines regarding the minimum waiting periods for 

re-establishing disease-free status, the actual time that OIE takes to declare disease 

freedom has always been several months longer due to the uncertainty of administrative 

processes. The OIE operating procedure on reinstatement of official status starts with the 

preliminary screening of the application by OIE headquarters. The final evaluation is 

conducted by the Scientific Commission through correspondence or during its physical 

meeting, which is only held twice a year in August/September and in February. This 

process may also include a further evaluation by an ad hoc group meeting or even an 

expert mission to the infected country to confirm the reported facts in the dossier if 

necessary (OIE 2014). For the above reason, the normal administrative procedures can 

sometimes go beyond the minimum waiting periods. In addition, the delay in application 

could also prolong the waiting periods (ABERES 2013). For example, in 2007 the UK 

applied for disease-free status to be renewed by submitting the evidence on 31 December 

2007, three months after the last identified case of FMD. Though the OIE declared the 

UK’s free status on 22 February 2008, less than two months after the application, the 

total waiting period lasted for 5 months (Anderson 2008). 

Although there may be some delays in the OIE process, the standard procedures can 

still be a reliable reference to estimate the expected time to regain disease freedom, 

especially for provincial trade bans in Canada, which would be lifted as soon as the 

infected region can regain its disease-free status. The biggest uncertainty regarding the 

length of trade embargos, however, lies in the individual response by each of Canada’s 

trading partners. The major trading partners in live cattle, such as the U.S., Mexico, Japan 

and South Korea, can apply trade embargos beyond OIE guidelines and may respond 

differently due to their own evaluation processes, precautionary principles and political 

motives. The standard routines on reinstatement of disease-free status are not publically 
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available in some countries, making it difficult to estimate their responses. An exception 

is the U.S.’s official evaluation process laid out in the Federal Register. In the U.S., the 

Animal and Plant Health Inspection Service (APHIS) applies a rigorous and risk-based 

analytical process to reinstate the disease free status of the requesting countries or regions. 

The reinstatement process includes information gathering and evaluation; verification 

through a site visit3; a risk analysis based on gathered information; consideration of 

public comments4; and a final determination published in the Federal Register. The entire 

process can take as long as several years depending on various factors such as the 

completeness of the information provided by the requesting countries or regions and the 

complexity of public comments. (Animal and Plant Health Inspection Service 2015). 

Besides administrative procedures, the length of trade embargos also depends on 

each country’s individual decisions, which are often influenced by the following factors: 

1. The trading partner’s sensitivity to the disease outbreak 

The sensitivity to a FMD outbreak may be associated with the characteristics of the 

livestock industry in the importing country and the extent to which the country is 

dependent on livestock trade to support its economy. For instance, Canada is generally 

very cautious when resuming trade after an FMD outbreak and is likely to impose 

stringent import barriers, given that most of its livestock sectors are highly vulnerable to 

the disease while at the same time highly export dependent. However, for Hong Kong, 

which imports nearly all of its domestic pork, a FMD outbreak might be a negligible 

consideration (Fuller, Fabiosa and Premakumar 1997). The substitutability of other 

potential suppliers also influences the trading partners’ attitudes towards FMD and trade 

embargos. Importing countries that only have trade relationships with certain exporting 

countries will likely lift embargos more quickly due to the difficulty of finding another 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 A site visit is necessary in most cases and in certain circumstances follow-up visits may also be necessary. 
4 The time period for APHIS to solicit public comments usually lasts for 60 days.  
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trading partner. For example, given the predominance of Australia in the world wool 

trade, it is likely to resume exporting wool relatively quickly in the event of a disease 

outbreak, whereas for other livestock exports, Australia would likely not recover in a 

such short period due to alternative large global suppliers (ABARES 2013). 

 

2. The disease outbreak history in both countries 

The trading partner is likely to be more cautious towards an infected country with 

frequent disease outbreaks in the past. Also, recent disease outbreaks in either country 

may lead to keen vigilance or public overreaction to the current outbreak. For example, 

the 10-year embargo imposed by Japan after Taiwan’s outbreak of FMD in 1997 may be 

partly due to the public overreaction to FMD, which may have reminded them of BSE 

and E-Coli outbreaks in the previous year (Fuller, Fabiosa and Premakumar 1997). An 

uninfected trading partner’s plans to declare disease-free status for another pathogen in 

the near future could also prolong a trade embargo. In Taiwan’s 1997 outbreak, apart 

from the effort to combat FMD to resume trade with Japan, Taiwan also had to 

demonstrate freedom from hog cholera due to Japan’s anticipated declaration of a swine 

fever free status in 1999 (Fuller, Fabiosa and Premakumar 1997).  

 

3. Cooperation and negotiation pre- and post-disease outbreak 

Maintaining a long-term relationship with animal health organizations such as OIE 

could help shorten the official waiting periods since less time may be required to meet 

administrative protocols. Also, establishing cooperation with trading partners such as 

having signed trade agreements prior to a disease outbreak could facilitate resuming trade 

sooner. However, the effectiveness of such agreements is not guaranteed and thus further 

negotiations between trading partners may be necessary. For example, even though a 

Veterinary Equivalency Agreement (VEA) negotiated between the U.S. and Canada prior 

to the BSE outbreak in 2003 should have allowed Canada to regain disease-free status 



	   18	  

immediately, the final recognition by the U.S. to allow imports of live cattle was delayed 

for more than two years (Serecon Management Consulting Inc. 2010). 

In summary, the length of trade embargos is affected by a wide variety of factors and 

is considered the biggest uncertainty by far and also the most critical piece of information 

for estimating the economic consequences of trade embargos due to trade losses. Unlike 

previous studies which make simplified assumptions of the OIE minimum waiting 

periods or specific assumptions such as a one or two year trade embargo, this study will 

base the model’s assumptions regarding the length of a potential trade embargo on a 

thorough analysis of previous experiences and research on FMD outbreaks. 

2.3 Literature Review on FMD Outbreaks and Trade Embargos 

The discussion in the previous section identified the key uncertainties regarding the 

duration of disease outbreaks and trade embargos. This section will discuss how these 

uncertainties could be addressed by looking at two different strands of research: analyses 

of actual past outbreaks, and analyses of the economic impacts of hypothetical outbreaks. 

2.3.1 Assumptions about Trade Embargo Length in Economic Research on Hypothetical 

Disease Outbreaks 

Extensive research has been conducted to analyze the economic consequences of 

potential FMD outbreaks. The estimation of economic impacts such as disease control 

costs and production losses is relatively straightforward once the number of animals 

destroyed or the per-unit costs of eradication strategies is known. However, when it 

comes to the trade impact, a reasonable assumption about the length of trade embargo is 

necessary, otherwise the final economic result will be over or underestimated. Therefore, 

developing the key parameter of length of trade embargos is the first step in investigating 

the effects of export market closure.  

This section summarizes the assumptions made in eighteen economic papers 
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regarding trade embargos following hypothetical disease outbreaks, and presents the 

results of each study. The two main groups of studies are (i) where no link between 

disease outbreak duration and trade embargo duration is assumed, and (ii) where a link is 

established. This first group can be further divided into two more sub-groups, as follows: 

1. Assume that trading partners will comply with OIE provisions and resume trade after 

the declaration of disease free status. There are two circumstances that will result 

from this assumption:  

1) Trading partners will closely follow the OIE guidelines and the infected 

country will regain disease free status and market access immediately after 

the minimum official waiting period. Economic studies such as Ward et al. 

(2009), and Bergevoet and van Asseldonk (2013) make the assumption based 

on the highly optimistic outcome that all trading partners will follow the OIE 

guidelines about the minimum waiting periods required to re-establish 

disease-free status and will resume trade accordingly.  

2) Trading partners will closely follow the OIE guidelines but it takes the 

infected country longer than the official waiting periods to regain 

disease-free status due to administrative procedures and operational 

requirements. Junker et al. (2009) estimate the economic impacts of 

simulated FMD outbreaks on three OECD countries: the U.S., Canada and 

the Netherlands. The assumed duration of the outbreak is about 2 months, an 

average of the durations of past epidemics in OECD countries over the last 

10 years; whereas the duration of the trade embargo is presumed to be 1.5 

months longer than the OIE minimum waiting periods due to administrative 

delays. Boklund et al. (2013) investigate the epidemiological and economic 

effects of a hypothetical FMD outbreak in Denmark and establish that while 

OIE guidelines were followed, there was a delay between 1 to 3 months due 

to the additional time for the standing veterinary committee to meet 
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preceding the OIE official recognition. 

 

2. Assume that trading partners do not follow OIE provisions. There are three 

circumstances that will result from this assumption:  

1) Trading partners take additional months or years to recognize OIE provisions 

and resume trade. Serecon Management Consulting Inc. (2010) assumes a 

delay of 24 months before Canadian livestock products will finally access 

the U.S. and other countries after Canada regains OIE disease-free 

recognition regardless of the outbreak size. Forbes and Halderen (2014) 

assume that early trade, middle trade, and late trade resumes one month, two 

months, and six months after OIE recognition respectively.  

2) Simplified and seemingly arbitrary assumptions about embargo length, 

which can be one year or as long as several years in extreme cases, without 

providing a specific rationale. Three examples of Australian studies on FMD 

outbreaks illustrate these simplified assumptions: Tozer et al. (2010) and 

Matthews (2011) assume a one-year trade embargo and the Animal Health 

Australia (2016) suggests that it would take at least 18 months for reopening 

the U.S. and Asian markets. These examples are independent of which 

control strategy is used or how long the outbreak lasts.  

3) Assumptions based on previous disease outbreak experience. Some studies 

establish the assumption based on past observations, such as the OIE’s 

reaction to previous FMD outbreaks in the world or the trading partner’s 

reaction to previous FMD or other foreign animal diseases in the infected 

country or other countries. Mahul and Durand (2000) simulate a FMD 

outbreak in France and develop two scenarios of trade bans: the OIE scenario 

(an optimistic assumption), and the basic scenario which is based on past 

international trade bans imposed on the Italian and Greek outbreaks in 1993 
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and 1994 respectively. The ABARES (2003) conducts a study on the 

socio-economic impacts of FMD in 2013 and the trade embargo length 

assumption is derived from FMD outbreaks in other parts of the world and 

Australia’s own experience with other animal diseases. 

In the second main group of studies it is assumed that the length of trade embargos is 

largely related to the size and duration of disease outbreaks. More studies fall into this 

group than the previous group (the assumption of no link between outbreak and embargo 

duration). The Productivity Commission of Australia (2002) establishes three outbreak 

scenarios: a small/short outbreak for three months, a medium outbreak for six months and 

a long outbreak for 12 months. Under both the short and medium outbreaks, Australia is 

assumed to comply with OIE provisions, whereas under the long outbreak, there is an 

additional one-year trade embargo including an extra 3-month delay for OIE recognition 

and a further 9-month exclusion from major export markets.  

Serecon Management Consulting Inc. (2002, 2010) also simulates three outbreak 

cases in Canada and assume an immediate recognition of disease freedom for all trading 

partners under both short and medium outbreaks, which last for 1.5 months and 3.5 

months respectively, whereas for the 6-month long outbreak, there is a one-month delay 

for trading partners to recognize the OIE recognition. Similar examples can be found in 

ABARES (2013) and Hagerman et al. (2012), in which the trading partners comply with 

OIE provisions in small outbreaks but embargos are extended for large outbreaks. Other 

studies do not take into account OIE decisions in any scenarios, such as Krystynak and 

Charlebois (1987), who simply assume a short embargo of one year and a long embargo 

of 1.5 years, and Dent et al. (2002), who employ a short embargo of 2 years and a long 

embargo of 6 years.  

2.3.2 Research on Actual FMD Outbreaks and Length of Trade Embargos 

This section provides a list of FMD epidemics since 1993 in previously disease-free 
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countries with the aim to discover connections between the length of disease outbreaks 

and subsequent trade embargos. Nineteen FMD outbreaks are included from McLaws and 

Ribble (2007) and from USDA (2015). The reasons for choosing this sample of outbreaks 

are as follows: first, the time frame of these disease outbreaks and trade embargos are 

clearly documented in the current literature; second, the countries that previously held 

disease-free status bear the largest economic costs in the event of an FMD outbreak, 

compared to endemic areas, due to the loss of high premium markets and other 

trade-related benefits associated with disease-free status. Since Canada is recognized as 

FMD-free country by OIE and has close trade relations with countries such as Japan, 

South Korea and Taiwan, similarity in trade and country characteristics to those examples 

in the sample provide the opportunity to draw lessons from these past epidemics.  

Table 2.1 presents the 19 outbreaks in ascending order of duration and the time it 

took for the OIE and the U.S. to recognize disease freedom. Due to the limited data 

available, there are only seven observations that report U.S. decisions. Three questions 

arise from Table 2.1: First, is there a relationship between the duration of disease 

outbreaks and subsequent trade embargos? Second, what is the difference between the 

time for the OIE and for the USDA to recognize disease freedom? Third, what 

information is most important for developing meaningful assumptions about the link 

between outbreak duration and embargo duration for the purpose of investigating the case 

of Canada in this thesis 
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Table 2. 1: FMD Outbreak Durations and Time to Recognize Disease Freedom 
Disease Outbreaks 

(Country /Year) 
Outbreak 

Duration (days) 
Vaccination 

Applied 
OIE 

Recognition 
Time Since Last 
Case (months) 

USDA 
Recognition 

Time Since Last 
Case (months) 

Ireland/2001 2 No 6 7.5 
France/2001 11 No 6 7.5 
Botswana/2002 16 Yes 9.5  
Botswana/2003 18 Yes 10.5  
South Korea/2000 21 Yes 17  

 The Netherlands/2001 32 Yes 5 9 
South Korea/2002 52 No 5.5  
South Africa/2000 54 Yes 19  
Greece/1994 59 No 12  

United Kingdom/2007 63 No 5 15.5 
Japan/2000 64 No 4.5 20 
Greece/2000 66 No 5  
Japan/2010 76 No 6.5 26 
Greece/1996 89 No 11  
Italy/1993 105 No 7  
Uruguay/2001 120 Yes 21  
Taiwan/1997 123 Yes 71  

United Kingdom/2001 222 No 4 15 
Argentina/2000 531 Yes 17.5  

Source: McLaws and Ribble (2007); USDA (2015) 
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Figure 2.1 depicts a scatter plot of the relationship between the duration of disease 

outbreaks and subsequent trade embargos imposed by both OIE and USDA based on the 

information in Table 2.1.  

 

	  

Figure 2. 1: Outbreak Duration and Recognition Time from OIE and USDA 
Source: McLaws and Ribble (2007); USDA (2015) 
 

The blue data points in Figure 2.1 show that there is no clear relationship between 

the duration of the 19 disease outbreaks and OIE recognition time. There are three 

possible reasons that explain this finding. First, the OIE guidelines regarding the 

minimum waiting periods to regain disease-free status have changed to reflect progress in 

world animal disease management. From 1992 to 1998, the minimum waiting period for 

stamping-out in non-vaccinating countries was 6 months compared to the current 3 

months, and the time for stamping-out in vaccinating countries was 12 months compared 

to 6 months at present (Geale et al. 2015). Therefore, the epidemics that occurred before 

1998, such as the two outbreaks in Greece and the one in Taiwan, resulted in longer trade 

0	  
5	  
10	  
15	  
20	  
25	  
30	  
35	  
40	  
45	  
50	  
55	  
60	  
65	  
70	  
75	  

0	   50	   100	   150	   200	   250	   300	   350	   400	   450	   500	   550	   600	  

 R
ec
og
ni
ti
on
	  T
im
e	  
Si
nc
e	  
La
st
	  C
se
	  

(M
on
th
s)
 

Outbreak	  Duration	  (Days) 

OIE	  Recognition	  Time	   USDA	  Recognition	  Time	  



	   25	  

restrictions, which could be partly due to less effective disease management mechanisms 

and to insufficient international cooperation at that time.  

Second, different control strategies affect the length of trade embargos. The waiting 

period is shortest when the country adopts a stamping-out strategy alone and becomes 

longer when emergency vaccination is applied. In the above 19 cases, Taiwan, Argentina, 

South Africa, Uruguay and Botswana applied vaccinations during disease outbreaks and 

this resulted in much longer trade embargos for these countries than for others with 

similar outbreak durations but with stamping-out practices alone.  

Finally, affected countries differ with respect to available resources and 

infrastructure that are required for effective disease control. For example, the two 

relatively short outbreaks in Botswana ended in relatively long trade embargos. This may 

be driven partially by the choice of including vaccination as a control strategy, but the 

limited resources and capacities of a developing country may also have played a role. 

For the above reasons, it is difficult to establish an explicit relationship between the 

duration of disease outbreaks and trade embargos when the sample cases are selected by 

different evaluation criteria. The only regularity that is evident from the data is that, for 

almost half of the cases, the duration of OIE recognition was approximately half a year. 

Therefore, apart from very extreme cases, the total duration of OIE’s evaluation process 

will likely last for around six months under normal circumstances. However, to develop a 

realistic assumption for the length of a potential trade embargo for this thesis, it is 

important to take into account past cases that occurred within similar contexts to the 

present condition in Canada. Therefore, it is necessary to investigate in-depth the 

decisions regarding disease-free recognition by the U.S., the primary destination for 

Canada’s beef and cattle exports.  

The red points in Figure 2.2 illustrate the decisions by the USDA to confer 

disease-free status after FMD outbreaks since 2000. The 7 cases in the figure can be 

divided into two groups: three short outbreaks that lasted 32 days or less and resulted in 
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trade embargos of less than 9 months; and four long outbreaks of 63 days or more in 

duration, leading to trade embargos of at least 15 months. Even though there does not 

appear to be a continuous or steady function to describe the link between outbreak 

duration and time until disease-free recognition by the USDA, the distinction of a discrete 

or shifter relationship between the two variables appears to be a reasonable starting point 

for further analysis.  

Comparing the time frames for the OIE and the USDA to recognize disease freedom, 

it is apparent that the USDA decisions differed greatly from the OIE recommendations: 

they were more risk averse to infected countries and responded with much longer 

embargos than the OIE. For the seven cases in Table 2.1, the difference could be as small 

as 1.5 months or as large as 1.5 years. Now the question is which one is more important 

to Canada’s case. For the purpose of this thesis, it is the decision of the specific importing 

country that really matters, given the predominance of the U.S as Canada’s major trading 

partner in cattle and beef products. Therefore, the USDA recognition time is more 

relevant than the OIE recognition time.  

 The three questions outlined above have thus been answered. There is no apparent 

relationship between the duration of disease outbreaks and the OIE recognition time 

when looking at all 19 cases. However, for Canada’s case, these 19 cases are not all 

relevant because many of involve developing countries who may not have the same level 

of disease surveillance, contingency planning and response capacity as Canada. The 7 

cases with data on the USDA decisions are more relevant to Canada’s case because of the 

similar disease management capacities and the competing trade relationship with the U.S.  

In conclusion, the USDA decision is a more appropriate indicator of potential 

embargo lengths than the OIE recommendation because the latter is not binding for 

importing countries and because of the close trade relationship between the U.S. and 

Canada. Consequently, the 7 cases regarding the USDA decision in the Table 2.1 serve as 

the empirical base for developing the trade embargo assumption in this thesis. Even 
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though the sample is very small and there is not a certain scientific rationale or a 

mathematical function to illustrate the link between the two durations, the 7 cases can 

still be divided into two groups:  

1. Short outbreaks lasting from 2 to 32 days, with corresponding trade embargo 

durations ranging from 7.5 to 9 months; 

2. Long outbreaks lasting from 63 to 222 days, with corresponding trade embargo 

durations ranging from 15 to 26 months. 

Therefore, even if one cannot predict the exact duration of a trade embargo when 

there is a potential disease outbreak, one can at least estimate a likely or reasonable range 

wherein the duration may lie: if the disease outbreak is 32 days or less, the subsequent 

trade embargo will probably last for 9 months or less; if the outbreak lasts for 63 days or 

more, a trade embargo from 15 to 26 months can be expected.  

2.4 Developing Assumptions about the Link Between Outbreak Duration and Trade 

Embargo Length 

 By taking the midpoint of the possible range of the trade embargo lengths given the 

disease outbreak duration provided in the previous section and rounding it to nearest 

integer multiple of 3 given that the economic model is calibrated on quarterly data, two 

trade embargo scenarios are assumed in this thesis: a short embargo of 9 months and a 

long one of 21 months. Any cutoff in outbreak duration between 32 and 63 days would 

shift from a short embargo to a long one. For illustration purposes, 60 days is chosen in 

this thesis to represent the possible cutoff in outbreak duration: if the outbreak duration is 

less than 60 days, it is assumed that it would lead to a short trade embargo of 9 months; if 

the duration lasts for 60 days or longer, it would lead to a long trade embargo of 21 

months. In addition, taking into account both the outbreak duration and the additional 

time for operational requirements before the resumption of trade, an approximate value of 

three months is added to the trade embargo length based on Junker et al. (2009) and 
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Boklund et al. (2013). Hence the assumption of total duration for a short embargo would 

be 12 months and the long embargo would be 24 months for this thesis. In terms of the 

interprovincial trade restriction, this thesis makes a simplified assumption that the 

duration of the interprovincial trade ban would be consistent with that of the international 

trade embargo. However, an extra simulation can be conducted to illustrate the market 

outcomes of a more realistic situation in Canada in which provincial trade restrictions 

would be lifted within one year once the infected area can demonstrate that the disease 

has been eradicated.  

In conclusion, the assumptions in the current economic studies are varied since they 

are derived from experience under different national or historical circumstances, and they 

cannot be directly applied to Canada’s case. However, most studies agree that the length 

of trade embargos will be different under different outbreak scenarios. The link between 

the outbreak and trade embargo durations developed in this thesis are based on strong 

assumptions due to limited observations, which may not hold in real disease outbreaks. 

However, it is important to note that these parameters are always flexible and can be 

adjusted in the model under different circumstances.  
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CHAPTER 3. Disease Spread Simulation  

3.1 Introduction 

This chapter presents the disease simulation results from a FMD spread model 

constructed by the Animal Risk Assessment Unit of the CFIA5. The North American 

Animal Disease Spread Model (NAADSM) has been constructed to simulate a FMD 

outbreak in Alberta, the most significant producer of cattle and beef in Canada. Fifty 

percent of cattle and beef products produced in Alberta are exported to other provinces, 

particularly Ontario in 20096 (Alberta Beef Producers 2009).  

3.2 Disease Model Specification 

Three parameters are varied in the model to generate different outbreak scenarios as 

shown in Table 3.1: 

Table 3. 1: Parameter Settings in the Disease Spread Model 
Parameter Value 
Outbreak Location Cow-calf operation 

Feedlot operation 
Swine operation 

Virulence Low virulence 
High virulence 

Traceability 
Option 

 

Current System 
 

Option 1: P=0.6   
Option 2: P=0.8 
Option 3: P=0.94 

Enhanced System Option 4: Lot Movement 
Option 5: Sighting 
Option 6: Lot Movement + Passive Reading 

Note: P: Probability of successful tracing  
Source: CFIA (2014) 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Disease simulation results were provided by Caroline Dube from CFIA to Andreas Boecker to conduct a preliminary 
cost-benefit analysis on regulatory amendments of livestock traceability (see Boecker 2014). 
6 15% of Alberta’s beef production was sold within the province, 28% to the U.S. and 7% to other countries. 
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1. Primary outbreak location. Three primary outbreak locations indicating the 

operations where the infection originates are identified based on the livestock production 

system in Alberta (Sanson et al. 2014): a cow-calf operation, a cattle feedlot operation, 

and a swine operation. Given that pigs shed the virus much more quickly than cattle, it is 

expected that an outbreak starting from a swine operation with higher disease spread 

speed will result in longer outbreak durations and more premises/animals infected than 

either of the two cattle operations.  

2. Virulence. Two virulence levels of the disease are considered: a low virulence 

level indicating high biosecurity and resulting in slow disease spread speed, and a high 

virulence scenario indicating low biosecurity and resulting in fast disease spread speed. 

3. Traceability Option. Traceability options representing the current “book-end” 

system and the proposed animal movement tracing levels are defined in the model. The 

current traceability systems are implemented in livestock operations across multiple 

provinces, but the level of traceability capacity varies widely in terms of operational 

details, regulatory requirements and species-specific tracing characteristics. To reflect the 

resultant variation across provinces, three levels of traceability capacity with the 

probability of successful tracing of 0.6, 0.8, and 0.94 are assumed to reflect current 

performance. For the enhanced system, the three proposed traceability options are 

included to be compared with the current level of traceability capacity: 

1. Lot movement: Operators of intermediate sites report the size and species of 

animal groups.  

2. Sighting: Operators of intermediate sites report the ID of each individual animal.  

3. Lot movement and passive reading: Combination of group reporting and 

individual animal reporting with a passive reading system. 

Hence, in total, there are six traceability settings in the model, and for comparison 

purposes, each option is assumed to have a compliance rate of 100% for reporting animal 

movement. The above three parameters varied in the model generate 36 different 
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scenarios. For each scenario the model was run 1,000 times. Runs in which an outbreak 

was so isolated and small that it receded without being discovered were dropped from the 

dataset. Output variables include the outbreak duration, infected and destroyed 

premises/animals, and total area of infected zones. To show the relative impacts of 

different traceability capacities on the size of the outbreak, all of the simulation results 

were compared by traceability options. More specifically, the disease outcomes from six 

scenarios – reflecting each of the three outbreak locations combined with low or high 

virulence assumptions – are compared across the current and the enhanced traceability 

options.  

3.2 Simulation Results 

3.2.1 Outbreak Size Indicators 

A total of 35,414 simulation results of each disease output variable are provided for 

all six traceability options combined. For each option, around 5,900 results7 were 

generated from the six scenarios in which outbreak location and virulence level are varied.	  

Table	  3.2 shows the average outcomes for each traceability option of the key output 

variables, which provide an indication of the outbreak size and duration. Table 3.3 

presents the summary statistics of the outbreak duration for each traceability option. The 

average outcomes are very similar for each of the current tracing options as shown in 

Table 3.2. The results of an analysis of variance (ANOVA) are then presented in Table 

3.4, which demonstrate that the means of the six outcome variables in Table 3.2 for all 

three current options do not differ significantly. Since it is unclear which of these three 

tracing probabilities best represents the current situation, the mean of the three results is 

taken to reflect current traceability performance. This average value is compared against 

the performance of the three options of the enhanced traceability. The ANOVA is also 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 After excluding the samples of outbreaks that were not discovered, the number of actual simulation outcomes for 
each traceability option (1 through 6) is 5903, 5909, 5900, 5901, 5894, 5907, respectively.  
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conducted for the three enhanced options and the results are displayed in Table 3.5, 

which clearly show that the means of the disease outcomes for the three enhanced options 

differ significantly. A further “post-hoc” test-Tukey’s Test demonstrates that among the 

three options, it is Option 4 that significantly differs from Option 5 and 6. 

The three proposed options largely reduce the average number of destroyed premises 

by 4, 6.5 and 7; destroyed animals by 9089, 15476 and 16588; and the total area of 

infected zones by 88.02, 154.11 and 160.52 km2 compared to the current system (see 

Table 3.2). It is further apparent that among these three options, option 5 results in the 

smallest outbreak size. However, in terms of the outbreak duration which can range from 

5 to 271 days (See Table 3.3), the average results do not differ very much under each 

traceability option. Option 5 leads to the largest relative reduction in the average duration 

by almost 6 days compared to the average duration under current traceability options, 

which is still too small of a reduction to differentiate between a short embargo and a long 

one. However, it is clearly shown in Table 3.3 that Option 5 and 6 lead to much smaller 

standard deviations from the current traceability options. The reductions in the maximum 

outbreak durations are more than 100 days. Therefore, to link disease outcomes with the 

trade embargo assumptions, probability distributions of the outbreak durations are needed 

instead of the average outcomes.  

 
Table 3. 2: Average Outcomes of Disease Spread Model for Each Option 

Traceability 
Option 

Outbreak 
Duration 
(Days) 

Number of 
Infected 
Animals 

Number of 
Destroyed 
Animals 

Number of 
Infected 
Premises 

Number of 
Destroyed 
Premises 

Total Area 
of Infected 

Zones 

1 33.72 55526.68 53085.83    26.16    24.45    588.72 
2 33.49 53859.39 52307.08    25.60    24.34    579.59 
3 33.63 57190.39 55206.63    27.04    25.38    603.15 

   Mean (1-3) 33.61 55525.49 53533.18    26.27    24.72    590.49 
4 30.68 46487.85 44443.81    22.42    20.77    502.47 
5 27.80 38972.90 36945.20    19.27    17.71    429.97 
6 28.16 39586.41 38057.53    19.44    18.21    436.38 

Note: Infected zones are set up within 3km of the infected premises (Sanson et al., 2014). 
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Table 3. 3: Summary Statistics of the Outbreak Durations (Days) for Each Option 
Traceability Option Observation Mean Median Std. Dev. Min. Max. 

1 
2 
3 

5903 
5909 
5900 

33.72 
33.49 
33.63 

23 
23 
23 

29.54 
28.67 
28.88 

5 
5 
6 

271 
236 
261 

4 
5 
6 

5901 
5894 
5907 

30.68 
27.80 
28.16 

23 
22 
22 

23.76 
19.58 
19.62 

5 
5 
5 

251 
155 
152 

 
Table 3. 4: Results of Analysis of Variance (ANOVA) for Option 1, 2 and 3 

Disease 
Outcome 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Square 

Mean 
Square 

F value Pr(>F) 

Outbreak 
Duration 

Trace Option 
Residuals 

Trace Option 
Residuals 

Trace Option 
Residuals 

Trace Option 
Residuals 

Trace Option 
Residuals 

Trace Option 
Residuals 

2 
17709 

2 
17709 

2 
17709 

2 
17709 

2 
17709 

2 
17709 

165 
14928645 
3.276e+10 
4.199e+14 
2.659e+10 
3.237e+14 

6237 
87794151 

3837 
60921065 
1.666e+06 
3.740e+10 

82.4 
843.0 

1.638e+10 
2.371e+10 
1.329e+10 
1.828e+10 

3119 
4958 
1918 
3440 

833037 
2111851 

0.098 
 

0.691 
 

0.727 
 

0.629 
 

0.558 
 

0.394 

0.907 
 

0.501 
 

0.483 
 

0.533 
 

0.573 
 

0.674 

Infected 
Animals 

Destroyed 
Animals 
Infected 
Premises 

Destroyed 
Premises 

Total Area of 
Infected Zones 

 
Table 3. 5: Results of Analysis of Variance (ANOVA) for Option 4, 5 and 6 

Disease 
Outcome 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Square 

Mean 
Square 

F value Pr(>F) 

Outbreak 
Duration 

Trace Option 2 29100 14550 32.76 6.31e-15 
Residuals 17699 7861311 444   

Infected 
Animals 

Trace Option 2 2.055e+11 1.027e+11 6.793 0.00112 
Residuals 17699 2.677e+14 1.512e+10   

Destroyed 
Animals 

Trace Option 2 1.932e+11 9.661e+10 9.439 8e-05 
Residuals 17699 1.812e+14 1.024e+10   

Infected 
Premises 

Trace Option 2 37041 18521 5.551 0.00389 

Residuals 17699 59055429 3337   
Destroyed 
Premises 

Trace Option 2 31849 15925 8.088 0.000308 
Residuals 17699 34847723 1969   

Total Area of 
Infected Zones 

Trace Option 2 1.901e+07 9504937 7.175 0.000768 
Residuals 17699 2.345e+10 1324752   
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3.2.2 Probability Distributions of Outbreak Durations 

As mentioned in the previous chapter, based on the 7 cases of the USDA recognition 

of disease freedom in real FMD outbreaks (USDA 2015), the turning point in outbreak 

durations causing a shift from a short embargo to a long embargo could be anywhere 

between 32 and 63 days. The average outbreak durations in	  Table 3.2 cannot be used to 

predict whether a resultant trade embargo will be a short embargo or a long one, and so it 

is necessary to generate a probability distribution of outbreak durations that fall in the 

range between 32 and 63 for each traceability option. This facilitates the estimation of the 

probability of a long outbreak and a subsequent long trade embargo. To demonstrate how 

the enhanced tracing options can reduce the probability of large outbreaks and subsequent 

long embargos, we choose 60 days as a cutoff point that causes a shift from a short 

outbreak to a long outbreak: if the outbreak duration is 60 days or longer, it is assumed 

that it would lead to a long trade embargo of 24 months; if the duration is shorter than 60 

days, it would lead to a short trade embargo of 12 months.  

The probability distributions for each tracing option are shown in	  Figure 3.1. It is 

clear that the probabilities of outbreak durations that exceed a certain period in the range 

between 32 and 63 are decreasing as the possible cutoff day increases for all traceability 

options. The probability distributions of option 5 and 6 are similar and result in larger 

reductions from the current system than option 4 does. If the cutoff is set at 60 days, the 

probability of a long outbreak of 60 days or more is 13.4% for the current system, and it 

is 10.9%, 8.0%, and 8.1% respectively for the three proposed options. So compared to the 

current system, option 4 reduces the probability of an outbreak that is 60 days or longer 

by 2.5 percentage points, whereas option 5 reduces the probability by 5.4 percentage 

points, and option 6 by 5.3 percentage points. To illustrate more specifically how the 

three proposed options of the enhanced system can reduce the probability of a long 

outbreak duration and a long trade embargo compared to the current traceability capacity, 

the differences of outbreak duration distributions in the range of 32 to 63 days between 
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the current system and the proposed options are presented in Figure 3.2. In general, 

option 4 reduces the probability of a long outbreak by less than 3 percentage points 

compared to the current system; options 6 leads to a reduction of approximately 5 to 6 

percentage points; whereas option 5 can reduce the probability by as much as 7.5 

percentage points. However, it should be noted that after day 50 there is virtually no 

difference between options 5 and 6. 

	   	  
Figure 3.1: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; All Six Scenarios 
 

 
Figure 3.2: Differences in Probabilities of Outbreaks with Duration Equal or Above 
Cut-off Between Current and Enhanced Traceability Capacities; All Six Scenarios  
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Since the results in Figures 3.1 and 3.2 are generated from the sum of the 5,900 

simulations for each traceability option, they fail to distinguish the results under different 

outbreak scenarios. For this reason, the outcomes under each outbreak location and 

virulence scenario are differentiated to account for more of the possibilities in outbreak 

scenarios. The results are shown in Figures 3.3-3.14. When the disease with low 

virulence occurs in a cow-calf operation, as indicated in scenario 1 (Figure 3.3 and Figure 

3.4), the differences of probability of a possible long outbreak between the current and 

the three proposed tracing options are in the range from1 to 3 percentage points. Among 

the three proposed options, option 5 yields the highest reduction for most cutoff days 

whereas option 4 leads to the smallest reduction. With the high virulence scenario 2 (See 

Figure 3.5 and Figure 3.6), the differences sometimes extend beyond 5 percentage points. 

Option 6 results in the highest reduction for all cutoff days whereas option 4 and option 5 

generate very close probability distributions.  

In a feedlot operation indicated in scenario 3 and 4 (See Figure 3.7-Figure 3.10), 

there is little difference between the current and the enhanced options, with a reduction in 

the probability of a long outbreak at around 1 to 2 percentage points for a cutoff larger 

than 40 days with both low and high virulence. For the three proposed options, the 

probability distributions are very similar and it is difficult to tell which one reduces the 

probability to the largest extent.  

When the disease occurs in a swine operation, shown in scenario 5 and 6 (See Figure 

3.11-Figure 3.14), the differences in the probability of a long outbreak are much larger 

than outbreaks in the two cattle operations. With the low virulence setting in scenario 5, 

the differences of probabilities relative to the current option are showing a downward 

trend for all three proposed options as the cutoff is increased. Among the three proposed 

options, option 5 and 6, which generate similar results, lead to the largest reduction 

between 6 and 18 percentage points, whereas option 4 generates the lowest reduction at 

around 4 to 6 percentage points. With the high virulence setting in scenario 6, the benefits 
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of enhanced traceability are the most apparent relative to the other five scenarios. Option 

4 reduces the probability of a long outbreak by around 6 percentage points; option 5 

reduces this probability by 20 percentage points; and option 6 by 15 points. 

Scenario 1. Outbreak Occurs on Cow-calf Operation; Low Virulence 
 

	  

Figure 3. 3: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Cow-calf, Low Virulence 
	  

 

Figure 3. 4: Differences in Probabilities of Outbreaks with Duration Equal or Above 
Cut-off Between Current and Enhanced Traceability Capacities; Cow-calf, Low 
Virulence 
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Scenario 2. Outbreak Occurs on Cow-calf Operation; High Virulence 
 

	   	  

Figure 3. 5: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Cow-calf, High Virulence  

 

	  

Figure 3. 6: Differences in Probabilities of Outbreaks with Duration Equal or Above 
Cut-off Between Current and Enhanced Traceability Capacities; Cow-calf, High 
Virulence  
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Scenario 3. Outbreak Occurs on Feedlot Operation; Low Virulence 

	  

Figure 3. 7: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Feedlot, Low Virulence 
 

	   	  

Figure 3. 8: Differences in Probabilities of Outbreaks with Duration Equal or Above 
Cut-off Between Current and Enhanced Traceability Capacities; Feedlot, Low 
Virulence  
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Scenario 4. Outbreak Occurs on Feedlot Operation; High Virulence 

	   	  

Figure 3. 9: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Feedlot, High Virulence 
 

	   	  

Figure 3. 10: Differences in Probabilities of Outbreaks with Duration Equal or 
Above Cut-off Between Current and Enhanced Traceability Capacities; Feedlot, 
High Virulence 
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Scenario 5. Outbreak Occurs on Swine Operation; Low Virulence 

	   	  

Figure 3. 11: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Swine, Low Virulence  

 

	   	  

Figure 3. 12: Differences in Probabilities of Outbreaks with Duration Equal or 
Above Cut-off Between Current and Enhanced Traceability Capacities; Swine, Low 
Virulence  
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Scenario 6. Outbreak Occurs on Swine Operation; High Virulence 

	   	  

Figure 3. 13: Probabilities of Outbreaks with Duration Equal or Above Cut-off for 
Current and Enhanced Traceability Capacities; Swine, High Virulence 
 

	  

Figure 3. 14: Differences in Probabilities of Outbreaks with Duration Equal or 
Above Cut-off Between Current and Enhanced Traceability Capacities; Swine, High 
Virulence 
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In summary, for all of the six scenarios: 
The ability of the enhanced traceability options to reduce the probability of a long 

outbreak is more significant with high virulence for every outbreak location. This 

conclusion is intuitive given that a high virulence level typically leads to larger outbreak 

sizes and longer outbreak durations. Therefore the enhanced tracing options can result in 

a relative reduction in outbreak duration when the virulence of outbreaks is high. 

Outbreaks that originate on a swine operation result in higher probabilities of a long 

duration relative to outbreaks originating in other operations regardless of tracing options 

and virulence types. In contrast, the probability distributions of outbreak durations of the 

other two cattle operations are very similar. As a result, the value of the enhanced 

traceability system is more pronounced when outbreaks occurs in a swine operation. 

For the three proposed options, the benefits of option 5 and 6 in reducing the 

probability of a long outbreak are significantly larger than those of option 4. In half of the 

scenarios (1, 3, 6), option 5 leads to the largest relative reduction in the probability of a 

long outbreak. However, the overall superiority of option 5 over option 6 in reducing the 

probability of a long outbreak is primarily based on the outcome of the sixth scenario - a 

swine operation and high virulence.   

In some scenarios (2, 3, 4), the differences in probabilities of outbreaks for cut-offs 

below 36 days become negative, showing that the current capacity may outperform the 

enhanced options in reducing the probability of outbreaks between 30 and 36 days. These 

results at first seem counterintuitive and show that modeling the traceability capacity 

could be challenging and that currently there is no possibility to follow up. However, one 

should note that the benefit of the enhanced system is primarily derived from reductions 

in the probability of very large outbreaks, which are typically longer than 36 days. It is 

clearly shown that for cut-offs above 36 that the enhanced options outperform the current 

capacity for all six scenarios.  
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In summary, this chapter presents the outcomes of the FMD spread model which 

serve as the basis for calculating the trade-embargo related benefits of the enhanced 

traceability options. The differences of the probability of a possible long outbreak in the 

range of 32 to 63 days between the current traceability capacity and the three proposed 

tracing options are shown for the sum of the six outbreak scenarios and each scenario 

separately. These differences will later be used for weighting the trade embargo losses 

from the partial equilibrium model of Ontario’s beef industry to calculate the final results. 

Although the cutoff points chosen here for demonstration (60 days or any number 

between 32 and 63 days) and the two types of trade embargo length (12 months and 24 

months) are based on strong assumptions which may not hold in real disease outbreaks, it 

is important to note that these parameters are always flexible and can be adjusted in the 

model under different circumstances or as further data become available.  
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CHAPTER 4. Conceptual Economic Model 

4.1 Introduction 

This chapter will lay out the conceptual economic framework to be used for 

estimating the benefits of traceability systems in a potential FMD outbreak. The benefits 

of enhanced traceability options for the Ontario beef industry are quantified by 

calculating how much each option can reduce the economic losses compared to the 

current level of traceability capacity. A partial equilibrium framework developed by 

Cairns et al. (2016) is used to quantify the exogenous shocks from the disease outbreak 

on the entire beef sector and throughout each segment along the supply chain.  

The first section of the chapter will summarize the overall economic impacts of 

animal diseases that can be captured in a partial equilibrium framework or other 

economic methods based on specified research objectives. The second section will 

introduce the partial equilibrium framework and review its applications in previous 

economic animal disease studies. The third section will apply this economic framework 

to the Ontario beef sector in order to estimate the effects of disease outbreak shocks 

throughout the industry.  

4.2 A Summary of the Economic Impacts of Animal Disease Outbreaks 

The analysis of Animal disease outbreaks is not a problem faced exclusively by 

veterinarians, since the potential economic impacts can be substantial. The implications 

of animal diseases are extensive because of the large number of players that are affected 

or involved, including animals themselves, industry, government, international trading 

partners, and consumers. Although it is not realistic to pinpoint the specific disease 

impacts on each economic agent, a general summary of the effects at different levels can 

be useful to illustrate the far-reaching economic consequences. Schoenbaum and Disney 
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(2003) divide the total disease effects into two elements: (i) Disease control costs and (ii) 

the net change in social welfare derived from supply shocks, export losses and indirect 

impacts on related industries. Combining the components used in previous studies, a 

broad and systematic economic framework for identifying disease impacts is generated in 

Figure 4.1. The overall disease impacts are reflected in the total disease costs with two 

major components: disease control expenditures and industry losses. Expenditures appear 

in two forms: expenditures on preventive activities, as well as those on control and 

eradication measures. The industry losses are firstly shown through production losses, 

including (i) the loss of live animals due to mortality, abortion and slaughtering; (ii) 

reductions in animal productivity such as reduced fertility, weight gain and working 

capacity due to morbidity; (iii) the reductions in animal products and by-products; and (iv) 

the adverse changes in farmers’ production decisions such as reducing breeding stocks. 

Farmers may also decide to exit the industry. Industry losses also accrue through 

consumption losses that arise from consumers’ concern about health issues. Both the 

production losses and consumption losses lead to market responses embodied in supply 

and demand changes. Trade embargoes, as discussed in previous chapters, cause 

significant losses to export-oriented livestock industries that can no longer sell their 

products abroad, and the oversupply absorbed back from closed export markets would 

cause domestic prices to fall. Disease outbreaks also cause spillover effects to other 

industries such as substitute and complementary markets or even the tourism or the labor 

market in the whole economic system. The overall impacts are measured through a 

dynamic process involving the responses of domestic and export markets to the disease 

shock. Although it is difficult to assess the impacts in a comprehensive framework that 

captures every detailed change, current economic models focus on addressing different 

aspects or components of the total costs according to which target groups and economic 

outputs are under investigation. 

. 
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Figure 4. 1: A Summary of Animal Disease Impacts 
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4.3 The Partial Equilibrium Analysis 

4.3.1 An Introduction of the Partial Equilibrium Framework 

A partial equilibrium framework illustrates the supply and demand relationships for a 

specific commodity and considers all other effects from the rest of the economy as 

exogenous. The supply and demand functions are constructed under specific production 

and budgeting constraints such as input costs, output prices, accrued inventory, and 

producer and consumer income. Market equilibrium occurs when quantity supplied 

equals quantity demanded such that social welfare is maximized. The partial equilibrium 

model examines how exogenous shocks, such as disease outbreaks or policy actions, 

would disrupt the initial equilibrium and impact market participants as the market moves 

towards a new equilibrium. The two equilibria are then compared in terms of changes in 

prices, outputs, producer and consumer surplus, and aggregate social welfare.  

The partial equilibrium model can be applied at a relatively disaggregated level for a 

single sector through the vertical linkage of prices and quantities in the supply chain. The 

research scope can also be extended to multi-sector analysis by incorporating economic 

linkages among closely related markets. Therefore, this model can be used to investigate 

the distributional impacts of an exogenous shock within a specific sector, as well as to 

further trace the impacts of the shock to other related sectors.  

4.3.2 Applications of Partial Equilibrium Models in Animal Disease Economic Studies 

Numerous studies have applied the partial equilibrium model in order to assess 

animal disease impacts. Schoenbaum and Disney (2003) simulate the impacts of 

alternative mitigation strategies for a potential FMD outbreak in the U.S. by combining a 

partial equilibrium framework and a cost-minimization technique. The total costs of each 

mitigation measure are compared, including the direct government costs of implementing 

the strategy and the indirect costs of the disease outbreak embodied in the net change in 
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producer and consumer surplus. The mitigation measure with the lowest total costs is 

regarded as the most cost-effective strategy.  

Paarlberg, Lee, and Seitzinger (2002) construct a multi-sector partial equilibrium 

framework to empirically investigate the possible impacts of a FMD outbreak in the U.S. 

agricultural sector on farm income. The analysis includes the effects on livestock animals, 

meat products and the feed market. The equilibrium model is built to reflect three 

dynamic changes caused by the disease outbreak: (i) a decline in domestic supply of meat 

arising from the quarantine and slaughter of infected animals, (ii) a reduction in domestic 

meat prices given the excess supply caused by trade embargos from other countries, and 

(iii) a decline in domestic meat consumption due to concern over potential health risks.  

Papers published by Paarlberg, Lee, and Seitzinger in 2003 and 2005 highlight the 

importance of decomposing welfare effects by groups. The producers within the disease 

control zones are worse off due to incurring the total production losses, whereas 

producers outside the control zones increase surplus due to their abilities to adjust output 

and costs. The welfare impacts on consumers should also be decomposed based on their 

preferences for meat and sensitivity towards health issues. This composition effect on 

consumers is more apparent given that the gains to consumers whose consumption does 

not change largely outweigh the losses to those who stop or reduce buying meat. 

Jones et al. (2011) simulate a FMD outbreak in Ontario and estimate the disease 

control costs under three levels of traceability capacities. They also calculate the welfare 

impacts for each of the three traceability capacities in an equilibrium displacement model. 

The results show that the benefits of increasing the ability to trace animals were less than 

the lowest annual cost of the traceability system. 

Cairns et al. (2016) build a single-sector and multi-level partial equilibrium model of 

the Ontario cattle and beef industry to estimate the distributional welfare impacts of a 

potential FMD outbreak, both within and outside of the province under different zoning 

scenarios. Since the losses are mostly derived from interprovincial and international trade 
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embargos, it is not surprising that the authors find that no matter where the outbreak 

occurs its economic consequences on the Ontario beef industry are similar.  

Apart from the studies discussed above, a summary of the papers with a partial 

equilibrium framework is shown in Table 4.1.  
	  
Table 4. 1: Applications of Partial Equilibrium Models in the Current Literature 

 Country Disease Time Sectors Economic Outcomes 

Paarlberg et 
al. (2002) 

USA FMD One-year Livestock 
Poultry 
Crops 

1. Animal inventories and 
production losses 
2. Export losses 
3. Consumption Losses 

Mangen et 
al. (2004) 

Netherlands CSF One-year Pig industry 1.Government costs 
2. Welfare changes 

Le Roy et al. 
(2006) 

Canada BSE Two-year Cattle 
Beef 

By-products 

1. Costs of extra processing 
2. Export losses 
3. Import drops 
4. Transferring payments 

Rich and 
Winter- 
Nelson 
(2007) 

South cone 
of South 
America 

FMD Long run: 
Five-year 
Short run: 
One- year 

Livestock 
Meat 

Feed grains 

1. Long run: change in net 
aggregate revenue 
2. Short run: change in cattle 
inventories, beef prices, and 
export volumes 

Paarlberg et 
al. (2008) 

USA FMD Sixteen 
-quarter 

Livestock 
Crops 

1. Price and output changes 
2. Net returns to capital and 
management 
3. Consumer surplus change 

Hagerman et 
al. (2012) 

USA: 
California 

Texas 

FMD One-year Dairy 
Fed cattle 

1. Disease control costs 
2. National losses in total 
agriculture surplus 

Paarlberg 
(2014) 

USA PEDV Five-year Livestock 
Feed crops 

1. Price and output changes 
2. Net returns to capital and 
management 
3. Consumer surplus change 
4. Spillover effects to other 
agricultural sectors 

Note: FMD: Foot-and-mouth disease; CSF: Classical swine fever; BSE: Bovine spongiform 
encephalopathy; PEDV: Porcine epidemic diarrhea virus 
 



	   51	  

4.4 The Partial Equilibrium Framework of the Ontario Beef Industry  

In this section, a partial equilibrium framework is presented for the Ontario beef 

sector, so that economic shocks resulting from a FMD outbreak in Alberta can be 

examined. The economic impacts are estimated for all marketing levels in the supply 

chain by comparing the market outcomes under the initial equilibrium with those under 

the new equilibrium. The specific model used in this thesis is developed by the Beef 

Farmers of Ontario (BFO) and the Ontario Ministry of Agriculture, Food and Rural 

Affairs (OMAFRA), and focuses on a multi-level analysis in the Ontario beef industry 

(Cairns et al. 2016). Based on the provincial-level scope, both interprovincial and 

international trade shocks can be simulated using the framework. Readers are referred to 

Cairns et al. (2016) for a more detailed documentation of the model.  

4.4.1 The Structure of the Ontario Beef Industry  

The Ontario beef industry is vertically linked in that the products at one stage are 

used as the inputs for production in the next stage along in the supply chain. The supply 

of the upstream segment is thus dependent on demand of the adjacent downstream 

segment. In contrast, output prices are transmitted from the retail stage backwards down 

the production chain to the farm level. No matter at what stage of the supply chain an 

exogenous shock occurs, it will be transmitted to other stages through price and quantity 

responses, and each marketing level will end up bearing different economic costs.  

To estimate how these costs are distributed among each marketing level, an analysis 

of the Ontario beef industry structure is warranted. The whole industry can be broken 

down into six vertically linked stages: (i) Cow-calf, (ii) backgrounding, (iii) finishing, (iv) 

non-Fed, (v) processing, and (vi) retail. Each stage will be described individually below.  
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Cow-Calf (Output: Feeder Calves) 

Beef production starts with cow-calf operations where young beef cattle are 

produced. The majority of calves are born in spring and newborn calves are raised in 

pasture fields to 500-600 pounds. They are weaned approximately seven months from 

birth (Canadian Cattlemen’s Association (CCA) 2015).  

Backgrounding (Output: Feeders/Feeder Cattle/Stockers) 

Backgrounding is the second stage of beef production where the weanling feeder 

calves, bought from cow-calf operations, are raised on a forage-based diet and gain 

weight to approximate 900 pounds in about six months8 (CCA 2015). The supply of 

provincial feeder cattle comes from two sources: the feeder calves bought from 

cow-calve operations, as well as feeders from Ontario dairy operations.  

Finishing (Output: Fed cattle/Finished cattle) 

The finishing stage is the last stage of raising beef cattle. Feeders between nine and 

eleven months of age are placed in feedlots and put on feed until they gain enough weight 

(1350 to 1450 pounds) to be sold to processing plants as fed or finished cattle. This 

process takes roughly six months to complete.  

Non-Fed (Output: Cows and Bulls) 

The non-fed cattle sector includes culled cows and bulls, and adds to the fed cattle 

from the finishing sector to make up the total number of cattle for slaughter. While there 

is always a stable and sufficient supply of culled cows and bulls from dairy operations, 

the total provincial supply of non-fed cattle is largely contingent on herd dynamics. When 

the herd is expanding (contracting) in a specific year, the supply of non-fed cattle for 

slaughter decreases (increases). The provincial supply is negatively related to the beef 

cow/bull inventory (Cairns et al. 2016).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Some farmers will raise the weanling calves in cow-calf operations by themselves rather than selling them to 
backgrounding operations.   
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Processing and Retail (Output: Beef) 

The processing and retail level are the last two steps of the multi-level production 

and distribution system, and are aggregated into one product stage for two reasons. First, 

they sell a similar output (beef), and second, price and quantity data describing 

transactions between the two stages is proprietary and hence unavailable. The provincial 

processing sector is mainly defined as Ontario slaughter plants whose total slaughter 

capacity is limited to certain constraints, and therefore these plants generally prefer 

high-value fed cattle to non-fed cattle. The spare capacity filled by non-fed cattle gives 

priority to bulls over cows. For the above reason, the provincial supply of beef products 

is not only determined by the number of cattle for slaughter, but also to a large extent by 

the capacity constraints of provincial slaughter plants as well as the composition of 

slaughter cattle.   

4.4.2 The Market equilibrium of the Ontario Beef Industry 

The market equilibrium of the Ontario beef industry, a small open economy in 

international cattle and beef trade, occurs at the point where total supply equals total 

demand after incorporating all possible inflows and outflows of cattle and beef within 

and outside of the country. Since each stage of the supply chain is comprised of 

distinctive production and trade flows, the market of each stage would clear under a 

specific equilibrium condition. As a result, the first step to identify the equilibrium 

condition of each marketing level is to determine the trade flows into and out of the 

province at that particular stage.  

Table 4.2 presents the Ontario biannual live cattle trade flows from 2009 to 2015. In 

terms of cattle inflows into the province, interprovincial imports from western provinces 

(mainly Alberta, Saskatchewan, Manitoba) far exceed international imports, whereas for 

cattle movements out of Ontario, international exports (mainly to the U.S.) far exceed 
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interprovincial exports. For simplicity, this thesis omits the international inflows and 

interprovincial outflows in Ontario given their small quantities. Therefore, it is assumed 

that the Ontario beef sector imports live cattle from western provinces to meet its 

provincial demand as well as to export demand to the U.S. market. According to Cairns et 

al. (2016)9, two exceptions occur in the cow-calf and the non-fed market, where it is 

assumed that no interprovincial imports are entering.  
 

Table 4. 2: Ontario Live Cattle Trade Flows, Biannual, 2009-2015 

    
Interprovincial 
Imports  

International 
Imports  

Interprovincial 
Exports  

International 
Exports  

2006 Jan. to Jun.  132.6 10.7 23.8 28.3 

 
Jul. to Dec. 181 5.5 4.8 23.2 

2007 Jan. to Jun.  123.9 18 24.5 31.2 

 
Jul. to Dec. 184.8 11.6 8.6 54.3 

2008 Jan. to Jun.  100.1 10.2 51.5 120.6 

 
Jul. to Dec. 174.3 12.2 44.4 87.2 

2009 Jan. to Jun.  111.3 12.9 20.9 60.3 
  Jul. to Dec. 210.8 10.2 4 67.2 
2010 Jan. to Jun.  92.9 10.7 14.4 74.3 
  Jul. to Dec. 125.4 2.1 4 56 
2011 Jan. to Jun.  81.9 11.6 24.9 52.8 
  Jul. to Dec. 137 12.1 3.4 43.4 
2012 Jan. to Jun.  72.3 13.1 8 40.6 
  Jul. to Dec. 127.5 7 6.4 76 
2013 Jan. to Jun.  69.6 11 10 78 
  Jul. to Dec. 133.9 10 7.4 72.2 
2014 Jan. to Jun.  86.8 5.9 11.2 70.2 
  Jul. to Dec. 147.8 4.5 7.4 78.5 
2015 Jan. to Jun.  85.4 2.2 10.5 60.1 
  Jul. to Dec. 107.6 4 9.5 81.6 

Note: Quantities are measured in thousands of heads. 
Source: Statistics Canada, CANSIM Table 003-0083 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	   While Canfax Cattle Services reports the exports of live cattle by type to the U.S., they fail to distinguish the feeder 
cattle on cow-calf and backgrounding operations. Since the feeder cattle exported are generally defined as “feeders”, it 
is therefore assumed that there are no international trade flows at the cow-calf stage. For the non-fed market, no 
interprovincial imports are assumed given that there is always a stead and sufficient supply of culled cows/bulls from 
Ontario dairy sectors. 	  
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 The trade flows for processed meat are more complicated then those for live cattle 

since import and export flows from the rest of the world are included. The interprovincial 

movement of beef remains uncertain due to the lack of data available. Given the high 

slaughter capacity in Ontario’s processing plants, it is assumed that Ontario may also 

export processed beef to other provinces. As a result, the net interprovincial import, 

which can be either positive or negative, is applied to capture any market shortage or 

surplus. 

In summary, the market equilibrium condition for each beef market10 is generated by 

setting total supply equal to total demand. This relationship is defined more explicitly 

below in equations (4.1) to (4.5):  
Cow-Calf Market: 

Provincial Supply + Interprovincial Imports = Provincial Demand （4.1） 

Backgrounding Market: 

Provincial Supply (from both beef and dairy operations) + Interprovincial Imports = 
Provincial Demand + Exports to the U.S.   （4.2） 

Finishing Market:  

Provincial Supply + Interprovincial Imports = Provincial Demand + Exports to the U.S.
  （4.3） 

Non-Fed Market: 

Provincial Supply = Provincial Demand + Exports to the U.S. + Change in Inventory 
from the previous period to the current period  （4.4） 

Processing and Retail Market: 

Provincial Supply + Imports from the U.S. + Imports from the R.O.W + Net 
Interprovincial Imports = Provincial Demand + Exports to the U.S. + Exports to the 
R.O.W.     （4.5） 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 The market equilibrium is differentiated across markets rather than supply chain stages (cattle operations). Producers 
and consumers (producers in the next supply chain stage) determine the equilibrium in each specific market. 
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In the case of a FMD outbreak, the initial market equilibrium of each stage would be 

shocked due to the halt of certain trade flows. Considering the time frame of the two 

trade embargo scenarios, i.e. the one year for the short embargo and two years for the 

long embargo, it is assumed that market adjustments regarding increasing production or 

finding substitute trade destinations are restricted according to Canfax Research Services 

(2012) which demonstrate that it could take up to four years for the beef industry to 

respond with increased supply. As a result, any excess supply in the domestic market 

would drop to meet domestic demand, and vise versa. The market responses would lead 

to a new equilibrium where domestic supply equals domestic demand, along with 

changes in prices, outputs and social welfare.  

4.4.3 Graphical Analysis to Illustrate Trade Embargo Shocks  

This section discusses disease outbreak impacts under different simulated scenarios, 

each represented by a set of market supply and demand diagrams of the Ontario cattle 

and beef industry. The two-panel diagrams demonstrate how prices, quantities and social 

surplus change from the initial market equilibrium condition, as the supply and demand 

curves shift due to the disease outbreak shock. Hence, these diagrams serve as the 

theoretical base for the subsequent empirical analysis. In a strict sense, a unique supply 

and demand diagram should be generated for each stage in the Ontario beef chain due to 

the differences in trade flows and elasticities across stages. However, for simplicity, only 

one typical graphic model - for the finishing market as an example - is generated based 

on following assumptions: 1) The Alberta outbreak would not affect Ontario’s provincial 

cattle production and demand directly. Indirect impacts would be from interprovincial 

(from all western provinces) and international trade embargos; 2) As a small open 

country in free trade, Ontario is a price taker. The dominant U.S. market price determines 

the fed cattle price in Ontario; 3) Interprovincial imports as a residual in the market 

equilibrium condition are assumed to be exogenous and are treated as a part of domestic 



	   57	  

supply; and 4) Market adjustments of increasing production or finding alternative trading 

partners are restricted under the short-term constraint. Four specific trade embargo 

scenarios are summarized in Table 4.3 

Table 4. 3: A Summary of Different Trade Embargo Scenarios 
 Interprovincial Imports International Exports 

Baseline Scenario ✓ ✓ 
Counterfactual Scenario A ✗ ✗ 
Counterfactual Scenario B ✗ ✓ 
Counterfactual Scenario C ✓ ✗ 

 

(1) Baseline Scenario: FMD is not present 

Figure 4.2 shows the market outcomes under the baseline scenario where there is no 

disease outbreak. Interprovincial imports of fed cattle in Ontario are added to domestic 

supply to generate the total provincial supply depicted as 𝑆! in Panel a. The initial 

provincial demand is represented by 𝐷!. The difference between the total supply curve 

𝑆! and demand curve 𝐷! gives the amount of excess supply that is available for export, 

shown as 𝐸𝑆! in Panel b. 𝐸𝐷! represents the excess demand for Ontario’s fed cattle, 

which is a horizontal line at price 𝑃! given the assumption that Ontario is a price taker. 

The U.S. market determines the Ontario price at 𝑃!. The intersection of 𝐸𝑆! and 𝐸𝐷! 

determines the initial equilibrium price 𝑃! and export quantity 𝑄!. Under the 

equilibrium condition, domestic production and demand are represented by 𝑄! and 𝑄!, 

whereas the difference between them (𝑄!-𝑄!) is the amount of excess supply 

exported,  𝑄!. The consumer surplus and producer surplus can be calculated under the 

initial equilibrium condition, and are the areas 𝐴𝑃!𝐸 and 𝐵𝑃!𝐹, respectively. Aggregate 

social welfare is represented by 𝐴𝑃!𝐸 + 𝐵𝑃!𝐹. 
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Figure 4. 2: Market Outcomes under Baseline Scenario 

 

(2) Counterfactual Scenario: FMD occurs in Alberta 

Under a counterfactual scenario, an outbreak occurs in Alberta with the assumption 

that it will not affect Ontario’s provincial production and consumption, and therefore 

only the trade flows of fed cattle are shocked. Since Ontario both imports from western 

provinces and exports to the U.S and other countries, the trade impacts should be 

discussed separately depending on whether Ontario is recognized as a disease-free zone 

as well as how long the interprovincial trade ban would last. A recent agreement on 

animal disease zoning between Canada and the U.S. in 2013 might allow Ontario to 

continue export to the U.S. once it is recognized as a disease-free zone, even if the 

outbreak occurs in Alberta. However, the extent to which the agreement can be 

guaranteed is still unknown. Therefore, two further scenarios are generated with regards 

to Ontario’s disease-free status. In scenario A where zoning is impossible, import markets 

close for all of Canada and thus Ontario cannot export internationally. In scenario B, 

Ontario is accepted as a disease-free zone by trading partners and its exports are not 
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affected by the disease outbreak. Under both scenarios, Ontario stops interprovincial 

imports from western provinces during the whole period to avoid any possible risks of 

introducing the disease in the province, regardless of its disease status. In terms of the 

interprovincial trade restriction, the assumption in this thesis is that the duration of 

interprovincial trade bans is consistent with that of international trade embargos. 

However, it is highly possible that the provincial level trade bans could be lifted earlier 

than international trade embargos. As a result, a third scenario is generated under the 

assumption that interprovincial trade barriers are lifted earlier then international trade 

embargos so that Ontario can import from western provinces while international exports 

remain banned in the non-zoning scenario. 

  
Counterfactual Scenario A: Ontario is not allowed to export (No zoning implemented)  

Figure 4.3 shows the market response to the FMD outbreak in the counterfactual 

scenario A. Because zoning is not possible under this scenario, Canada is entirely 

blocked from the export market. For Ontario, both interprovincial imports and 

international exports are halted. Without exports, the market equilibrium is determined by 

domestic supply and demand. The total impacts for Ontario are largely determined by the 

extent to which the provincial market relies on interprovincial imports to meet its 

domestic and export demand, which can be further divided into two scenarios:  

a) With imports halted, if Ontario’s provincial supply still exceeds provincial 

demand at the initial equilibrium price 𝑃!, the provincial supply curve shifts leftward 

from 𝑆! to 𝑆!. Without export markets, the new market equilibrium is reached at 𝑂! 

where the demand curve 𝐷! intersects with new supply curve 𝑆!, determining the new 

equilibrium price 𝑃! and equilibrium quantity 𝑄!. The welfare changes under this 

scenario are straightforward. On the producers’ side, with the market price received 

dropping from 𝑃! to 𝑃! and quantity produced decreasing from 𝑄! to 𝑄′, producer 

surplus is reduced from area 𝐵𝑃!𝐹 to area 𝐶𝑃!𝑂!. On the consumers’ side, the market 



	   60	  

price paid drops from 𝑃! to 𝑃! whereas the quantity consumed increases from 𝑄!to 𝑄!. 

The net gain in consumer surplus is shown as 𝑃!𝑃!𝑂!𝐸 –the difference in area between 

𝐴𝑃!𝑂! and 𝐴𝑃!𝐸.  

b) If Ontario’s supply is not able to meet its demand without interprovincial imports, 

the provincial demand will outstrip the provincial supply at the initial equilibrium price 

𝑃!. Given the assumption in Section 4.4.2 that Ontario’s finishing operations do not 

import from other countries and that the only inflow of fed cattle into the province would 

be interprovincial imports, it is assumed that the supply curve would shift leftward from 

𝑆! to 𝑆∗, determining the new equilibrium point 𝑂∗, along with the demand curve 𝐷!. 

The equilibrium price increases from 𝑃! to 𝑃!, and the quantity demanded decreases 

from 𝑄!to 𝑄∗. As a result, consumers suffer the loss of area 𝑃!𝑃!𝑂∗𝐸, which is the 

difference between area  𝐴𝑃!𝐸 and 𝐴𝑃!𝑂∗. The producer surplus changes are much more 

ambiguous. With a price increase and quantity dropping, it is difficult to infer whether 

producers will gain or lose. The net welfare change is shown as the difference between 

area 𝐷𝑃!𝑂∗ and 𝐵𝑃!𝐹. 

	  
Figure 4. 3: Market Responses under Counterfactual Scenario A 



	   61	  

Counterfactual Scenario B: Ontario is allowed to export (Zoning is implemented)  

Figure 4.4 depicts the market response to the FMD outbreak in the counterfactual 

scenario B, where trading partners recognize Ontario’s disease-free status. Under this 

scenario, interprovincial imports are still prohibited to avoid any disease introduction 

while the international exports to the U.S and other importing countries are maintained. 

The final impacts, as mentioned in counterfactual scenario A, depend on the extent of 

Ontario’s reliance on interprovincial imports to meet provincial demand and export 

market commitments.  

a) When interprovincial import bans are imposed but export markets are still 

accessible, if domestic provincial supply exceeds demand, the provincial supply curve 

shifts down from 𝑆! to 𝑆!. This in turn reduces the excess supply for export from 𝐸𝑆! 

to 𝐸𝑆!. A new market equilibrium is generated where excess supply equals excess 

demand, resulting in equilibrium price 𝑃! and quantity 𝑄!! . Domestic production 

declines from 𝑄! to 𝑄!!  whereas consumption still remains at 𝑄!. Consumers would 

neither gain nor lose with both domestic price and quantity unchanged. Producers suffer 

welfare losses due to the drop in production. The difference between area 𝐶𝑃!𝐺 and 

𝐵𝑃!𝐹 captures the net loss in producer surplus.  

b) In another case, if Ontario provincial demand exceeds the provincial supply when 

interprovincial imports are not allowed, the provincial supply net of interprovincial 

imports depicted by 𝑆∗ is not sufficient to meet export demand even though export 

markets are accessible. Given the assumption that Ontario’s finishing operations do not 

import from other countries, a new equilibrium is achieved at 𝑂∗, where domestic supply 

equals to domestic demand, determining the equilibrium price at 𝑃! and equilibrium 

quantity at 𝑂∗. The welfare impacts are the same as counterfactual scenario A. 

Consumers suffer a loss of 𝑃!𝑃!𝑂∗𝐸 whereas producers may either gain or lose, 

depending on the difference in area between 𝐷𝑃!𝑂∗ and 𝐵𝑃!𝐹. 
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Figure 4. 4: Market Responses under Counterfactual Scenario B  

 

Counterfactual Scenario C: Ontario is allowed to import from western provinces (Zoning 

is not implemented) 

Figure 4.5 illustrates the market responses under the scenario where interprovincial 

trade barriers are lifted earlier then international trade embargos when no zoning is 

implemented. With export markets closed, the market equilibrium is reached at 𝑂 where 

domestic supply (including interprovincial imports from western provinces) equals 

domestic demand, determining the equilibrium price at 𝑃! and equilibrium quantity at Q. 

On the producers’ side, with the market price received dropping from 𝑃! to 𝑃! and 

quantity produced decreasing from 𝑄! to 𝑄, producer surplus is reduced from area 

𝐵𝑃!𝐹 to area 𝐵𝑃!𝑂. On the consumers’ side, the market price paid drops from 𝑃! to 

𝑃! whereas the quantity consumed increases from 𝑄!to 𝑄. The net gain in consumer 

surplus is shown as 𝑃!𝑃!𝑂𝐸 –the difference in area between 𝐴𝑃!𝑂 and 𝐴𝑃!𝐸. The 

area of EOF captures the net losses of the whole industry. 
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Figure 4. 5: Market Responses under Counterfactual Scenario C   

 

The four sets of supply and demand diagrams show the dynamic process of how the 

Ontario’s finishing cattle market responds to an FMD outbreak in Alberta. Although the 

diagrams can easily portray the general impacts on social welfare of a specific cattle 

production market, they fail to capture the vertical linkages among each marketing stage. 

The market price of each stage is not only determined by the quantities of supply and 

demand of that stage, but is also determined by the price linkages with other stages. As a 

result, accurate quantification highlights the need for empirical analysis, especially for 

those ambiguous results from the diagram analysis. 	  
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CHAPTER 5. Empirical Methods 

5.1 Introduction 

This chapter will illustrate the empirical methods that will be used to estimate the 

effects of trade embargo shocks on the Ontario beef industry based on the partial 

equilibrium framework presented in Chapter 4. The trade impacts are examined by 

comparing the estimated market outcomes that actually occurred in the past with no 

disease outbreak, and the simulated market outcomes that would have transpired were a 

disease outbreak to occur (Cairns, Ker and Duff 2013). To be more specific, the model is 

calibrated on quarterly data, aggregated from monthly figures from 1996 at the earliest 

and 2001 at the latest up to and including 2012, representing the baseline scenario, 

whereas the disease outbreak shock is implemented in 2011 to cover the short embargo 

(2011) and long embargo (2011-2012) periods, representing the counterfactual scenarios. 

The difference in social welfare between the baseline and the counterfactual scenarios is 

considered to be the economic impact of the simulated disease outbreak.  

This chapter will start by identifying the structural equations underlying the Ontario 

beef supply chain to illustrate how the beef industry is operated in terms of production, 

consumption and trade flows. This will be followed by an illustration of welfare measures 

that are applied to capture the impacts of market responses to a potential disease outbreak. 

Finally, data sources and implicit assumptions regarding relevant economic variables in 

the model are explained.  

5.2 Quantity Estimation and Price Transmission Equations 

The partial equilibrium framework of the Ontario beef industry is modeled based on 

a linear regression analysis of structural equations to generate the estimated market 

outcomes such as prices, quantities and trade flows. Two types of equations are specified: 

quantity estimation and price transmission equations. The quantity estimation equations 
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are constructed to measure the quantities of supply and demand, as well as quantities of 

imports and exports that lead to the maximum benefits for producers and consumers 

under different input and output constraints such as input costs, output prices, inventory, 

slaughter capacity, and income. The quantity equations are illustrated in log-log 

functional form in order to estimate how responsive the quantity variables are to changes 

in constraint parameters or explanatory variables due to disease outbreak shocks. The 

responsiveness of the quantity variables to changes in input or output prices provides 

insight into the supply and demand elasticities of beef cattle at different production stages. 

Similarly, the quantity changes caused by epidemic shocks could also inversely impact 

prices through inverse elasticities. The price transmission equations are applied in linear 

form to trace the price linkages between each adjacent sector and simulate how a price 

shock occurring in one production stage transmits to other stages.  

The structural equations for each cattle stage are illustrated in equation (5.1) to (5.24) 

with the definition of each variable listed in Table 5.1. In each equation, quarterly 

dummies are included to account for seasonal effects in the cattle and beef market. Other 

time dummies or trend variables may also be included to account for some unusual 

changes or underlying trends during the sample period. It should be noted that for the 

purpose of simplicity, the equations illustrated in this section do not differentiate between 

genders, but the actual estimations are decomposed between heifers and steers. A detailed 

explanation of the equations can be found in Cairns et al. (2016). 
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Table 5. 1: Variable Definitions 
Variable Definition 
SFC/DFC Supply of feeder calves/ Demand for feeder calves 
PFC Price of feeder calves 
SFeeder/ DFeeder Supply of feeders/ Demand for feeders 
PFeeder Price of feeders 
ExpFeeder!"   Exports of feeders to the U.S. 
PFeeder!"/PFeeder!" U.S./Ontario feeder price 
PCorn Price of corn 
PDiesel!" U.S. diesel price 
SFed/ DFed Supply of fed cattle/ Demand for fed cattle 
PFed Price of fed cattle 
ExpFed!"   Exports of fed cattle to the U.S. 
PFed!"/PFed!" U.S./Ontario fed cattle price 
PBoxBeef!"/PBoxBeef!" U.S./Ontario wholesale price of boxed beef 
CWFed   Carcass weight of fed cattle 
ER!"/!"# U.S.-Canada exchange rate 
INVCow Inventory of cows 
DCow Demand for cows 
PCow Price of cows 
ExpCow!"   Export of cows to the U.S. 
CWCow Carcass weight of cows  
PCow!"/PCow!" U.S. /Ontario cow price 
SBeef/DBeef Supply/demand of beef 
PBeef/PPork/PChick Price of beef/pork/chicken 
Income Per capita disposable income 
ExpBeef!"  /ExpBeef!"#   Exports of beef to U.S./the rest of the world 

ImBeef!"  /ImBeef!"#   Imports of beef from U.S./the rest of the world 
PBeef!"/PBeef!" U.S./Ontario retail beef price 
ExPBeef!"#$%/ImPBeef!"#$% World average beef export /import price 
Q Quarterly dummy variable  
DBSE Dummy variable of BSE period 
Note: Variables indicate the market outputs for Ontario’s beef sector (prices and quantities are shown as 
Ontario’s prices and quantities).  
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Structural equations for each cattle production stage: 

Cow-Calf: 
Supply of feeder calves: 

𝐼𝑛𝑆𝐹𝐶!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝐶!!! + 𝛽!𝐼𝑛𝐼𝑁𝑉𝐶𝑜𝑤!!!   + 𝛽!𝐼𝑛𝑆𝐹𝐶!!!  (5.1)                          

Demand for feeder calves: 

𝐼𝑛𝐷𝐹𝐶!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝐶! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑒𝑑𝑒𝑟! +   𝛽!𝐼𝑛𝐷𝐹𝐶!!!    (5.2)                        

Price transmission for feeder calves: 

𝑃𝐹𝐶!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝑃𝐹𝑒𝑒𝑑𝑒𝑟!+𝛽!𝑃𝐹𝐶!!!    (5.3)   

 
Backgrounding: 

Supply of feeders: 

𝐼𝑛𝑆𝐹𝑒𝑒𝑑𝑒𝑟!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝐶!!! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑒𝑑𝑒𝑟!!! + 𝛽!𝐼𝑛𝑆𝐹𝑒𝑒𝑑𝑒𝑟!!!  (5.4)  

Demand for feeders: 

𝐼𝑛𝐷𝐹𝑒𝑒𝑑𝑒𝑟!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑒𝑑𝑒𝑟! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑑! + 𝛽!𝐼𝑛𝑃𝐶𝑜𝑟𝑛! +   

                                                          𝛽!𝐼𝑛𝐷𝐹𝑒𝑒𝑑𝑒𝑟!!!            (5.5) 

Exports of feeders to the U.S: 

𝐸𝑥𝑝𝐹𝑒𝑒𝑑𝑒𝑟!"!   = 𝛽! + 𝛽!𝑄 + 𝛽!(𝑃𝐹𝑒𝑒𝑑𝑒𝑟!"! − 𝑃𝐹𝑒𝑒𝑑𝑒𝑟!"!)+   𝛽!𝑃𝐷𝑖𝑒𝑠𝑒𝑙!"! 

                                                                  +𝛽!𝐷𝐵𝑆𝐸 +   𝛽!𝐸𝑅!"!/!"#!   + 𝛽!𝐸𝑥𝑝𝐹𝑒𝑒𝑑𝑒𝑟!"!!!   (5.6) 

Price transmission of feeders: 

𝑃𝐹𝑒𝑒𝑑𝑒𝑟!   = 𝛽! + 𝛽!𝑄+𝛽!𝑃𝐹𝑒𝑑! +   𝛽!𝑃𝐹𝑒𝑒𝑑𝑒𝑟!!!    (5.7)  

 

Finishing: 

Supply of fed cattle: 

𝐼𝑛𝑆𝐹𝑒𝑑!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑒𝑑𝑒𝑟!!! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑑!!! +   𝛽!𝐼𝑛𝑃𝐶𝑜𝑟𝑛!!! + 

                                                𝛽!𝐼𝑛𝑆𝐹𝑒𝑑!!!            （5.8） 

Demand for fed cattle: 
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𝐼𝑛𝐷𝐹𝑒𝑑!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑑! + 𝛽!𝐼𝑛𝑃𝐵𝑜𝑥𝑒𝑑𝐵𝑒𝑒𝑓! + 𝛽!𝐼𝑛𝐷𝐹𝑒𝑑!!!   （5.9） 

Warm carcass weight of fed cattle: 

𝐼𝑛𝐶𝑊𝐹𝑒𝑑!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛
!"#$!!!
!"#$%!!!

+ 𝛽!𝐼𝑛𝐶𝑊𝐹𝑒𝑑!  !!  (5.10) 

Exports of fed cattle to the U.S: 

𝐸𝑥𝑝𝐹𝑒𝑑!"!   = 𝛽! + 𝛽!𝑄 + 𝛽!(𝑃𝐹𝑒𝑑!"! − 𝑃𝐹𝑒𝑑!"!)+   𝛽!𝑃𝐷𝑖𝑒𝑠𝑒𝑙!"! + 𝛽!𝐸𝑅!"!/!"#! 

                                                      +𝛽!𝐷𝐵𝑆𝐸 +   𝛽!𝐸𝑥𝑝𝐹𝑒𝑑!"!!!      （5.11） 

Price transmission of fed cattle: 

𝑃𝐹𝑒𝑑!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝑃𝐹𝑒𝑑!"! ∗ 𝐸𝑅!"!/!"#! + 𝛽!𝑃𝐹𝑒𝑑!!!     (5.12) 

 

Non-Fed: (Equations for cows are represented for illustration purposes and the same 
equations apply to bulls)  

Inventory of cows: 

𝐼𝑛𝐼𝑁𝑉𝐶𝑜𝑤!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛
!"#$!
!"#!

+ 𝛽!𝐼𝑛𝐼𝑁𝑉𝐶𝑜𝑤!!!   (5.13) 

Demand for cows: 

𝐼𝑛𝐷𝐶𝑜𝑤!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐶𝑜𝑤! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑑!   + 𝛽!𝐼𝑛𝑃𝐵𝑜𝑥𝐵𝑒𝑒𝑓!  + 

                                              𝛽!𝐼𝑛𝐷𝐶𝑜𝑤!!!            （5.14） 

Exports of cows to the U.S: 

𝐸𝑥𝑝𝐶𝑜𝑤!"!   = 𝛽! + 𝛽!𝑄 + 𝛽! 𝑃𝐶𝑜𝑤!"! − 𝑃𝐶𝑜𝑤!"! +   𝛽!𝑃𝐷𝑖𝑒𝑠𝑒𝑙!"! + 

              𝛽!𝐸𝑅!"!/!!!! +     𝛽!𝐷𝐵𝑆𝐸 +   𝛽!𝐸𝑥𝑝𝐶𝑜𝑤!"!!!   （5.15）  

Warm carcass weight of cows: 

𝐼𝑛𝐶𝑊𝐶𝑜𝑤!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛
!"#$!!!
!"#$%!!!

+ 𝛽!𝐼𝑛𝐶𝑊𝐶𝑜𝑤!!!    （5.16） 

Price transmission for cows:  
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𝑃𝐶𝑜𝑤!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝑃𝐶𝑜𝑤!"! ∗ 𝐸𝑅!"!/!"#! + 𝛽!𝑃𝐶𝑜𝑤!!!    (5.17) 

Processing and Retail:   

Demand for beef: 

𝐼𝑛𝐷𝐵𝑒𝑒𝑓!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝑃𝐵𝑒𝑒𝑓! + 𝛽!𝐼𝑛𝑃𝑃𝑜𝑟𝑘! + 𝛽!𝐼𝑛𝑃𝐶ℎ𝑖𝑐𝑘!   

                                                𝛽!𝐼𝑛𝑐𝑜𝑚𝑒 + 𝛽!𝐼𝑛𝐷𝐵𝑒𝑒𝑓!!!    (5.18） 

Exports of beef to the U.S: 

𝐸𝑥𝑝𝐵𝑒𝑒𝑓!"!   = 𝛽! + 𝛽!𝑄+𝛽!𝐼𝑛(𝑃𝐵𝑒𝑒𝑓!"! − 𝑃𝐵𝑒𝑒𝑓!"!)+𝛽!𝑃𝐹𝑒𝑑! + 𝛽!𝐸𝑅!"!/!"#! 

                                                              +𝛽!𝐸𝑥𝑝𝐵𝑒𝑒𝑓!"!!!          （5.19） 

Exports of beef to the rest of the world: 

𝐼𝑛𝐸𝑥𝑝𝐵𝑒𝑒𝑓!"#!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝐸𝑥𝑃𝐵𝑒𝑒𝑓!"#$%! + 𝛽!𝐼𝑛𝑃𝐹𝑒𝑑! + 𝛽!𝐼𝑛𝐸𝑥𝑝𝐵𝑒𝑒𝑓!"#!!!   

                  
   (5.20) 

Imports of beef from the U.S: 

𝐼𝑚𝐵𝑒𝑒𝑓!"!   = 𝛽! + 𝛽!𝑄 + 𝛽!(𝑃𝐵𝑒𝑒𝑓!"! − 𝑃𝐵𝑒𝑒𝑓!"!)+ 𝛽!𝐸𝑅!"!/!"#! + 𝛽!𝐼𝑚𝐵𝑒𝑒𝑓!"!!!   

  （5.21） 

Imports of beef from the rest of the world: 

𝐼𝑛𝐼𝑚𝐵𝑒𝑒𝑓!"#!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝐼𝑛𝐼𝑚𝑃𝐵𝑒𝑒𝑓!"#$%! + 𝛽!𝐼𝑛𝐼𝑚𝐵𝑒𝑒𝑓!"#!!!    （5.22）                                                           

Price Transmission Equation: 

Wholesale beef 

𝑃𝐵𝑜𝑥𝐵𝑒𝑒𝑓!   = 𝛽! + 𝛽!𝑄 + 𝛽!𝑃𝐵𝑜𝑥𝐵𝑒𝑒𝑓!"! ∗ 𝐸𝑅!"!/!"#! +   𝛽!𝑃𝐵𝑜𝑥𝐵𝑒𝑒𝑓!!!    （5.23）   

Retail beef: 

𝑃𝐵𝑒𝑒𝑓!   = 𝛽!+𝛽!𝑄 + 𝛽!𝑃𝐵𝑜𝑥𝐵𝑒𝑒𝑓!   + 𝛽!𝑃𝐵𝑒𝑒𝑓!!!   （5.24） 
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5.2 Welfare Measures 

The social welfare changes from the baseline scenario to the counterfactual scenario 

are used to calculate the disease impacts arising from trade embargos. The producer and 

consumer surplus are estimated for each marketing level and added together to generate 

the total trade embargo losses. The consumer and producer surplus are generated by 

calculating the areas of relevant triangles in the supply and demand diagrams depicted in 

the previous section, which are shown in the following two equations： 

 

CS=0.5×Q!×(P!"#$%&$'# − P!)	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	    (5.25)	  

PS =
  0.5×Q!× P! − P!"#$%&$'# ,                                                                                                            P!"#$!!"#$   ≥ 0
0.5×Q!×(P! − P!"#$%&$'#)+ 0.5×P!"#$%&$'#×Q!"#$%&$'#  ,   P!"#$%&$'# < 0 	   	   	   	   (5.26)	  

 

The intercepts of the demand and supply curves on the vertical axis, as well as the 

intercepts of the supply curve on the horizontal axis are unknown parameters in equation 

(5.1) and (5.2) and can be substituted by price elasticity of supply (E!)  and demand (E!), 

which are estimated using the structural equations. Hence, the consumer and producer 

surplus can be calculated as： 
CS = −0.5×Q!×P! ÷ E!	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   (5.27)	  

PS =
  0.5×Q!×P! ÷ E!,                                                                                                                        P!"#$%&$'#   ≥ 0
0.5×Q!×P! ÷ E! − 0.5×Q!×P!×(E! − 1)! ÷ E!,       P!"#$%&$'# < 0	   	   	   (5.28) 

5.3 Data Sources and Implicit Assumptions  

The data used to estimate the model are directly obtained from Cairns et al. (2016). 

However, the original data are derived from a number of sources. Prices and export 

volumes of live cattle by type, and slaughter counts of fed/non-fed cattle were obtained 
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from Canfax Cattle Services, beef trade volumes and carcass weight were obtained from 

Agriculture and Agri-Food Canada, and interprovincial imports of live cattle, inventory 

of non-fed cattle, beef demand, and disposable income were obtained from Statistics 

Canada. Variables that are unavailable in the dataset such as the interprovincial imports 

of cattle by stage and the number of calves born each quarter are generated separately 

using the data that is available. This section will illustrate the process of inferring the 

missing data. Readers are referred to Cairns et al. (2016) for more detailed explanations.  

Cattle market information from recent decades is used to simulate the market 

outcomes based on the structural equations defined above. Since the industry is broken 

down into different supply chain stages, so are the structural equations, meaning the 

specific sample period of each structural equation may vary due to data availability. 

However, all sample periods end in 2012, which is the last simulation year. The monthly 

data of each economic variable are aggregated into quarterly data. For the price 

transmission equations, the sample period is consistent for all marketing stages, starting 

from the first quarter of 1996 and ending in the fourth quarter of 2012. The various 

quantity equations including supply, demand, export, and import functions are consistent 

within each stage, although they may differ slightly across stages due to the availability 

of data. More specifically, in both the cow-calf market and the backgrounding market, the 

quantity estimation equations start from 2001, whereas in the finishing and non-fed 

markets, the functions start from 2000. In final product stage, data are available from 

1997.  

One of the biggest challenges in developing this multi-level model is that the data are 

not public for certain cattle production stages, and therefore inferences must be made 

based on specific assumptions. For the Ontario cattle industry, while the prices and 

international trade volumes of cattle at each production stage are available from Canfax 

and AAFC, the quantities of supply and demand are not available except in terms of the 

number of fed and non-fed cattle slaughtered in provincially and federally inspected 
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processing plants. Based on the slaughter counts in Ontario processing plants, which 

represent the demand for fed and non-fed cattle, the supply at finishing and non-fed 

markets can be calculated as the residual from the market clearing condition which was 

presented in Chapter 4. The slaughter counts multiplied by the specific carcass weight for 

each animal type gives the supply of processed meat, whereas beef demand is generated 

by multiplying per capita beef disappearance with the Ontario population.  

Estimating the relevant supply and demand quantities for the cow-calf and 

backgrounding stages remain a challenge. These two beginning stages of the supply chain 

are tightly vertically integrated and some famers raise newborn calves to feeders at the 

cow-calf operation, rather than selling them to specialized backgrounding operations. The 

supply and demand data for these two stages are considered cohesive in a cattle 

production cycle. This means that the number of feeder calves demanded in cow-calf 

operations, shifted forward by six months (the duration of backgrounding phase) and 

after deducting any mortality losses, provides an estimate of the supply of feeder cattle at 

backgrounding stage. Therefore, once the supply data at the cow-calf stage are available, 

the related quantity data for these two stages can be estimated based on the market 

clearing condition. Cairns et al. (2016) estimate the supply of feeder calves as the number 

of calves born each month shifted forward by six months and less any mortality losses. 

The details of this calculation are provided in their paper. As a result of these techniques, 

even though the supply and demand data for each specific cattle production stage may not 

be available, the supply in the cow-calf stage and the demand in fed and non-fed markets 

provide enough information to make inferences regarding any missing data at the other 

stages.  

As for the data on trade volumes, international trade volumes are differentiated 

among each cattle type, whereas the interprovincial imports are reported as the total 

number of live cattle imports from western provinces. As a result, the proportion of live 

cattle imports attributed to each type of cattle is roughly estimated as a proportion of 
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inventory counts for each cattle species in beef operations in the western provinces 

(Cairns et al. 2016). The interprovincial trade flows of beef in Ontario remain uncertain 

due to the lack of available data. Given the high slaughter capacity in Ontario’s 

processing plants, it is assumed that Ontario may also export processed beef to other 

provinces. A net interprovincial import, which can be either positive or negative, is 

calculated as the residual from the market clearing condition to capture any market 

shortage or surplus. 

There are some additional assumptions about the gender composition of cattle at 

each stage. Prices are differentiated for female cattle and male cattle at each production 

stage, but the quantities only start to differentiate at the finishing stage. Therefore, a 

gender ratio assumption must be made in the cow-calf and backgrounding stage. For the 

purpose of this thesis, it is assumed that the female and male calves are born in the same 

proportion; that 70% of interprovincial imports are male calves; and 95% of exports are 

male calves. These assumptions can be easily adjusted for different scenarios or as 

additional data become available. 
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CHAPTER 6. Empirical Results and Discussion 

6.1 Introduction 

The purpose of this chapter is to discuss the economic results from the partial 

equilibrium model. Prices and output quantities for all marketing levels are compared 

under the baseline scenario and the disease outbreak scenario to examine the market 

impacts of the two trade embargo situations. Welfare impacts are shown as the changes in 

consumer surplus and producer surplus for each stage of the beef industry, and these 

changes are calculated based on the market responses and elasticity estimates. Economic 

results are presented under each of the different zoning scenarios.  

6.2 Estimates of Supply and Demand Elasticities 

The welfare measurement in the beef industry is based on three elements: market 

prices, quantities of supply and demand, and the price elasticities of supply and demand. 

The elasticities listed in Table 6.1 are the estimated coefficients of output prices from 

each log-log regression equation of supply and demand. However, an exception occurs in 

non-fed operations where the supply is treated as exogenous. As the non-fed cattle 

category complements fed cattle in order to fill any gaps in the number of cattle for 

slaughter, the supply is therefore largely contingent on the herd dynamics	  of cattle 

production rather than non-fed cattle prices11. As a result, the supply elasticities of cows 

and bulls are obtained from Cairns et al. (2016) rather than estimated. It has to be noticed 

that the elasticities in Table 6.1 are differentiated across markets rather than cattle 

operations or supply chain stages, which means that for each cattle production stage, the 

price elasticity of supply is shown in the current market whereas the price elasticity of 

demand is presented in the preceding market given that the specific cattle operation is 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 The provincial supply of non-fed cattle is treated as a residual from the market clearance identity:  
Supply=Demand +U.S. Exports +(Inventoryt-Inventoryt-1).	  
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acting as the consumers in the preceding market. As can be seen in Table 6.1, in live 

cattle markets, the price elasticity of supply in backgrounding and non-fed operations 

(0.623 and 0.710) is much larger than that in cow-calf and finishing operations (0.359 

and 0.069). For cow-calf operations, the beginning stage to produce calves, due to the 

capacity constraints to expand output based on cattle production cycle, the price elasticity 

of supply is thus relative small. As backgrounding operations, the intermediate stage of 

cattle supply chain, buy feeder calves from cow-calf farms and sell them to feedlots, they 

can easily adjust their market decisions based on price signals. As a result, the price 

elasticities of both supply and demand (0.623 and -1.556) are relative high comparing to 

those in other operations. The price elasticity of supply is smallest in finishing operations 

(0.069) given that this is the final stage of cattle production and that all the cattle with 

market weight have to be slaughtered in processing plants. An example of price decrease 

can easily show the difference in backgrounding and finishing operations. When there is 

a price decrease of both feeder cattle and fed cattle, backgrounding operations can easily 

hold the feeder cattle for an extra period and do not sell them to the finishing markets, 

whereas the finishing operations cannot hold the cattle any longer because the fed cattle 

have already reached market weight for slaughter. Therefore, the supply is much more 

elastic to price changes in backgroudning operations than in finishing operations. The 

supply is most elastic to price changes in non-fed operations given that there is always a 

constant flow of culled cows and bulls entering into the beef supply chain as a 

complement of fed cattle. For processed beef market, the price elasticity of supply is 

much lower than price elasticity of demand given that supply is contingent on the number 

of cattle slaughtered rather than price signals. The beef demand is elastic to price signals 

because consumers can easily switch between beef and its substitute, i.e. chicken and 

pork.  
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Table 6. 1: Elasticity Definitions and Values 
Definition Value 

Cow-Calf Market 

Price elasticity of supply for feeder calves 

Price elasticity of demand for feeder calves 

0.359 

-1.556 

Backgrounding Market 

Price elasticity of supply for feeders 

Price elasticity of demand for feeders 

0.623 

-0.189 

Finishing Market 

Price elasticity of supply for fed heifers 0.069 

Price elasticity of supply for fed steers 

Price elasticity of demand for fed heifers 

Price elasticity of demand for fed steers 

0.034 

-0.471 

-0.172 

Non-fed Market 

Price elasticity of supply for cows 

Price elasticity of supply for bulls 

Price elasticity of demand for cows 

Price elasticity of demand for bulls 

0.710 

0.710 

-0.645 

-0.052 

Product Market 

Price elasticity of supply for beef 

Price elasticity of demand for beef 

0.014 

-0.713 

Note: All elasticities are estimated from OLS regression results except for the supply elasticites for culled 
cows/bulls which are obtained from Cairns et al. (2016). 
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6.3 Market Responses and Welfare Impacts of Different Embargo Scenarios 

This section reports the annual market responses and welfare impacts of the one-year 

embargo assumed to start in 2011, and the two-year embargo assumed to last from 2011 

to 2012. The economic impacts of the two-year trade embargo are disaggregated to 

capture the specific shocks that may occur in each separate year. An extra simulation of 

the two-year embargo scenario is conducted to take into account the situation in which 

the interprovincial import barriers are lifted after one year.  

6.3.1 Market Responses and Welfare Impacts of the One-year Embargo 

Table 6.2 and 6.3 illustrate the market impacts and welfare changes of the one-year 

trade embargo under different zoning scenarios. The results show that for all marketing 

levels except for the non-fed market, the recognition of a disease-free zone does not 

generate a different market outcome or welfare impact compared to the no zoning 

scenario. This result might seem counterintuitive. However, looking at Ontario’s 

provincial supply and demand at each marketing level in Table 6.2, provincial demand of 

cattle or beef always exceeds provincial supply except in the non-fed operations, 

resulting in no spare supply for export markets. As a result, even though export is still an 

option, without interprovincial imports from western provinces Ontario’s provincial 

supply is not even able to meet its provincial demand, let alone demand from export 

markets. The Ontario dairy operations, however, have a stable and sufficient supply of 

non-fed cattle to meet the export markets and therefore enjoy a net gain from the 

disease-free zoning agreement.  

Each marketing level of the Ontario supply chain suffers from varying degrees of 

trade losses. At the cow-calf market where there is no international export and where the 

interprovincial imports account for only a small amount (20,742, approximately 10%) of 

domestic production, the shock of trade embargo does not cause significant losses. 
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Demand decreases by 9.6% to meet the domestic supply. The heifer price and steer price 

increase by 8.5% and 12.7% respectively to further drive down consumer surplus by 

26.7%, whereas producers enjoy a net gain of 12.1% due to the price increase. Overall, 

the market experiences the benefit of $14,000.  

At the backgrounding market, provincial beef demand is nearly double that of 

provincial supply in the baseline scenario, therefore interprovincial imports account for a 

significant proportion of the total supply that is needed to meet domestic and export 

demand. In the context of a FMD outbreak and the resultant trade embargo, the loss of 

interprovincial imports drives up heifer and steer prices by 7.1% and 13.4% respectively. 

The provincial supply net of interprovincial imports is far less than what is required to 

meet the domestic demand, so provincial demand decreases by 56.2% from 483,225 to 

211,596, causing a drastic decrease in consumer surplus by 57.5% with an absolute loss 

of $92.3 million. The producer surplus drops by 14.1%, a loss value of $3.21 million.  

Similar to the case at the cow-calf market, both interprovincial and international 

trade do not make up a large proportion of total supply and demand at the finishing 

market, and thus the border closure does not cause a significant loss of social welfare. 

The consumer surplus drops by 7.2%, equivalent to $10.35 million, due to the 6% 

reduction in demand. With prices and supply remaining relatively constant, the producer 

surplus decreases less than 1% whereas total surplus declines by 5.2% which is almost 

exclusively attributed to the loss in consumer surplus.  

In the non-fed market, there is no interprovincial import given the sufficient supply 

from Ontario dairy operations. With the border closed, exports are held back for the 

domestic market, driving down the number of provincial culled cattle entering the supply 

chain by 3%. The non-fed cattle inventory therefore expands by 6.5% and further 

decreases the cow price by 34.8% and the bull price by 18.2%. Given that non-fed cattle 

represents a relatively small market in the entire supply chain with only $13.18 million of 

total surplus in the baseline scenario, the market only suffers a loss of $23,000 in total. 
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Unlike the other markets in which the effect of zoning is too small to make a difference, 

the access to the U.S. market mitigates the total losses at this stage. The producers are 

becoming better off with the surplus increasing by 25.4% compared to a 42.4% loss 

without zoning, and the overall welfare realizes a gain of $2.33 million instead of the loss 

of $0.23 million when zoning is not implemented.  

Since the final product stage includes the processing and retail market, the producer 

surplus and consumer surplus at this stage represents the welfare of processors and final 

beef retailers and consumers respectively. The wholesale price and retail price do not 

change based on the assumption that Ontario is a small open economy whose price is 

determined by the large U.S. market. Retailers and consumers do not suffer any loss, as 

the retail price and the amount of beef consumption remain unchanged. With the border 

closure, the residual supply diverted from international export markets flows into other 

provinces in Canada and the interprovincial imports value becomes negative, indicating 

that 99.41 millions pounds are exported to other provincial markets. The total surplus 

drops by 2.4% with an absolute loss of $159.4 million which is totally borne by 

processors due to the 4.6% decrease in the number of cattle slaughtered in Ontario’s 

processing plants. 

 Overall, the entire industry experiences a loss of $103.8 million in consumer 

surplus and $157.6 million in producer surplus when zoning is not possible. The 

recognition of Ontario as a disease-free zone leads to a much smaller reduction in the 

total surplus of $2.6 million, which is fully attributed to the impact on non-fed operations.  

 

 

 

 
 

 
 
	  



	   80	  

Table 6. 2: Market Responses to the One-year Embargo, 2011 
Market 

Outcomes 
Baseline 
Scenario 

    FMD Outbreak 
No Zoning      Zoning 

   Percentage Change 
No zoning      Zoning 

Cow-Calf (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 
Steer Price 

1.64 
1.50 

1.78 
1.69 

1.78 
1.69 

8.5% 
12.7% 

8.5% 
12.7% 

Supply 
Demand 

Interprovincial Imports 

196,214 
216,956 
20,742 

196,214 
196,214 

0 

196,214 
196,214 

0 

0% 
-9.6% 
-100% 

0% 
-9.6% 
-100% 

Backgrounding (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 
Steer Price 

1.27 
1.27 

1.36 
1.44 

1.36 
1.44 

7.1% 
13.4% 

7.1% 
13.4% 

Supply 
Demand 

Interprovincial Imports 
U.S. Exports 

265,966 
483,225 
220,672 

3,413 

211,506 
211,506 

0 
0 

211,506 
211,506 

0 
0 

-20.5% 
-56.2% 
-100% 
-100% 

-20.5% 
-56.2% 
-100% 
-100% 

Finishing (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 
Steer Price 

1.05 
1.07 

1.06 
1.08 

1.06 
1.08 

1% 
0.9% 

1% 
0.9% 

Supply 
Demand 

Interprovincial Imports 
U.S. Exports 

558,268 
587,958 
47,370 
17,680 

552,800 
552,800 

0 
0 

552,800 
552,800 

0 
0 

-0.1% 
-6% 

-100% 
-100% 

-0.1% 
-6% 

-100% 
-100% 

Non-Fed (Prices are in CAD/lb and quantities equal head.) 
Cow Price 
Bull Price 

0.66 
0.77 

0.43 
0.63 

0.63 
0.71 

-34.8% 
-18.2% 

-4.5% 
-7.8% 

Supply 
Demand 

Inventory 
U.S. Exports 

110,975 
68,054 

994,222 
42,997 

107,705 
75,113 

1,059,272 
0 

146,285 
75,113 

1,045,211 
42,997 

-3% 
10.4% 
6.5% 

-100% 

31.8% 
10.4% 
5.1% 
0% 

Processing&Retail (Prices are in CAD/lb and quantities in million lb.) 
Wholesale Price 

Retail Price 
1.73 
6.04 

1.73 
6.04 

1.73 
6.04 

0% 
0% 

0% 
0% 

Supply 
Demand 

Interprovincial Imports 
U.S. Imports 

556.93 
803.61 

27.6 
314.8 

531.19 
803.61 
-99.41 
314.8 

531.19 
803.61 

0 
368.1 

-4.6% 
0% 

-460.5% 
0% 

-4.6% 
0% 

-100% 
16.9% 

R.O.W Imports 
U.S. Exports 

R.O.W Exports 

57.04 
134.8 
17.96 

57.04 
0 
0 

57.04 
134.8 
17.96 

0% 
-100% 
-100% 

0% 
0% 
0% 
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Table 6. 3: Welfare Changes (in CAD million) of the One-year Embargo, 2011 
Welfare 

Measurement 
Baseline 
Scenario 

  FMD Outbreak 
No Zoning  Zoning 

Welfare Change 
    No Zoning             Zoning 

Cow-Calf  

Producer Surplus 
Consumer Surplus 
Subtotal Surplus 

25.57 
11.08 
36.65 

28.67 
8.12 

36.79 

28.67 
8.12 

36.79 

3.1 
-2.96 
0.14 

(12.1%) 
(-26.7%) 
(0.4%) 

3.1 
-2.96 
0.14 

(12.1%) 
(-26.7%) 
(0.4%) 

Backgrounding   

Producer Surplus 
Consumer Surplus 
Subtotal Surplus 

22.75 
160.52 
183.27 

19.54 
68.22 
87.76 

19.54 
68.22 
87.76 

-3.21 
-92.3 

-95.51 

(-14.1%) 
(-57.5%) 
(-52.1%) 

-3.21 
-92.3 

-95.51 

(-14.1%) 
(-57.5%) 
(-52.1%) 

Finishing   

Producer Surplus 
Consumer Surplus 
Subtotal Surplus 

57.88 
143.20 
201.08 

57.76 
132.85 
190.61 

57.76 
132.85 
190.61 

-0.12 
-10.35 
-10.47 

(-0.2%) 
(-7.2%) 
(-5.2%) 

-0.12 
-10.35 
-10.47 

(-0.2%) 
(-7.2%) 
(-5.2%) 

Non-Fed   

Producer Surplus 
Consumer Surplus 
Subtotal Surplus 

4.77 
8.41 

13.18 

2.75 
10.20 
12.95 

5.98 
9.53 

15.51 

-2.02 
1.79 
-0.23 

(-42.4%) 
(21.3%) 
(-1.8%) 

1.21 
1.12 
2.33 

(25.4%) 
(13.3%) 
(17.7%) 

Processing&Retail   

Producer Surplus 
Consumer Surplus 
Subtotal Surplus 

3347.73 
3406.54 
6754.27 

3188.35 
3406.54 
6594.89 

3188.35 
3406.54 
6594.89 

-159.4 
0 

-159.4 

(-4.8%) 
(0%) 

(-2.4%) 

-159.4 
0 

-159.4 

(-4.8%) 
(0%) 

(-2.4%) 

Aggregate   
Producer Surplus 
Consumer Surplus 
Total Surplus 

3454.70 
3729.75 
7184.45 

3297.07 
3625.93 

6923 

3300.30 
3625.26 
6925.56 

-157.6 
-103.8 
-261.5 

(-4.56%) 
(-2.78%) 
(-3.64%) 

-154.4 
-104.5 
-258.9 

(-4.47%) 
(-2.81%) 
(-3.6%) 
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6.3.2 Market Responses and Welfare Impacts of the Two-year Embargo 

Table 6.4 and 6.5 report the disaggregated economic impacts of the two-year trade 

embargo that occur in the second year (2012) given that the shock of the first year (2011) 

has already been captured by the analysis of the one-year trade embargo. Table 6.6 then 

summarizes the total welfare changes for the whole period of the two-year embargo. 

Besides an almost doubling of the absolute values of total welfare losses compared to the 

one-year embargo scenario, all market participants respond in similar ways to the short 

embargo scenario. Overall, the total surplus of the industry for the two-year embargo 

declines by $536 million without zoning and $531 million with zoning. At the cow-calf 

market, the 26% loss in consumer surplus is offset by the 13% gain in producer surplus 

and the total surplus increases by 1.5%, with a net gain of $1 million. The backgrounding 

market suffers most from the trade ban in terms of percentage changes, with total surplus 

dropping by 51.7% for an absolute loss of $193.3 million. Consumers, i.e. finishing 

operations bear the majority of the welfare losses at this market given the sharp decline in 

demand. The total welfare in the finishing market decreases by 4.5%, equivalent to $18.5 

million, which is totally attributed to the loss in consumers, i.e. Ontario’s processing 

plants. The non-fed market experiences a loss of $1.4 million with 4.3% decline. The 

zoning agreement plays a role at this stage. When zoning is in place, the welfare loss 

becomes a net gain of $3.67 million. The total surplus at the final product stage only 

drops by 2.3%, but in terms of the absolute value it suffers a loss of $327.8 million which 

is completely borne by processors due to the decrease in slaughter counts from both 

provincially and federally inspected processing plants in Ontario.  
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Table 6. 4: Market Responses to the Two-year Embargo, 2012 
Market  

Outcomes 
Baseline 
Scenario 

     FMD Outbreak Percentage Change 
No zoning Zoning No zoning Zoning 

Cow-Calf (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 1.82 2.01 2.01 10.4% 10.4% 
Steer Price 1.71 1.93 1.93 12.9% 12.9% 

Supply 161,965 160,931 160,931 -0.6% -0.6% 
Demand 165,431 160,931 160,931 -2.7% -2.7% 

Interprovincial Imports 3,466 0 0 -100% -100% 
Backgrounding (Prices are in CAD/lb and quantities equal head.) 

Heifer Price 1.39 1.54 1.54 10.8% 10.8% 
Steer Price 1.38 1.56 1.56 13.0% 13.0% 

Supply 246,128 202,360 202,360 -17.8% -17.8% 
Demand 460,259 202,360 202,360 -56.0% -56.0% 

Interprovincial Imports 216,544 0 0 -100% -100% 
U.S. Exports 2413 0 0 -100% -100% 

Finishing (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 1.16 1.22 1.22 5.2% 5.2% 
Steer Price 1.17 1.18 1.18 0.9% 0.9% 

Supply 527,477 520,697 520,697 -1.3% -1.3% 
Demand 553,148 520,697 520,697 -5.9% -5.9% 

Interprovincial Imports 39,186 0 0 -100% -100% 
U.S. Exports 13,515 0 0 -100% -100% 

Non-Fed (Prices are in CAD/lb and quantities equal head.) 
Cow Price 0.74 0.60 0.81 -18.9% 9.5% 
Bull Price 0.87 0.73 0.83 -16.1% -4.6% 

Supply 139,299 119,381 148,620 -14.3% 6.7% 
Demand 106,334 108,452 108,452 2.0% 2.0% 

Inventory 994,222 1,009,625 997,212 1.6% 0.3% 
U.S. Exports 33,041 0 33041 -100% 0% 

Processing&Retail (Prices are in CAD/lb and quantities in million lb.) 

Wholesale Price 1.85 1.85 1.85 0% 0% 

Retail Price 6.5 6.5 6.5 -0.3% 0% 
Supply 

Demand 
Interprovincial Imports 

549.03 
811.67 
29.53 

523.01 
811.67 
-87.02 

523.01 
811.67 

0  

-4.7% 
0% 

-396% 

-4.7% 
0% 

-100% 
U.S. Imports 318.4 318.4 373.82 0% 17.5% 

R.O.W Imports 57.28 57.28 57.28 0% 0% 

U.S. Exports 125.82 0 125.82 -100% 0% 
R.O.W Exports 16.76 0 16.76 -100% 0% 
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Table 6. 5: Welfare Changes (in CAD million) of the Two-year Embargo, 2012 
Welfare 

Measurement 
Baseline 
Scenario 

  FMD Outbreak Welfare Change 

No Zoning  Zoning    No Zoning             Zoning 

Cow-Calf  
Producer Surplus 22.72 25.9 25.9 3.18 (14%) 3.18 (14%) 

Consumer Surplus 9.11 6.81 6.81 -2.3 (-25.2%) -2.3 (-25.2%) 

Subtotal Surplus 31.83 32.71 32.71 0.88 (2.8%) 0.88 (2.8%) 

Backgrounding     
Producer Surplus 23.23 20.63 20.63 -2.6 (-11.2%) -2.6 (-11.2%) 
Consumer Surplus 167.22 72.05 72.05 -95.17 (-56.9%) -95.17 (-56.9%) 
Subtotal Surplus 190.45 92.68 92.68 -97.77 (-51.3%) -97.77 (-51.3%) 

Finishing 
 

  

Producer Surplus 60.37 60.64 60.64 0.27 (0.5%) 0.27 (0.5%) 

Consumer Surplus 149.11 140.79 140.79 -8.32 (-5.6%) -8.32 (-5.6%) 

Subtotal Surplus 209.48 201.43 201.43 -8.05 (-3.8%) -8.05 (-3.8%) 

Non-Fed     

Producer Surplus 6.67 4.47 8.06 -2.2 (-33%) 1.39 (20.8%) 

Consumer Surplus 12.59 13.62 12.54 1.03 (8.2%) -0.05 (-0.4%) 

Subtotal Surplus 19.26 18.09 20.6 -1.17 (-6.1%) 1.34 (7%) 

Processing&Retail     
Producer Surplus 3486.21 3320.38 3320.38 -165.83 (-4.76%) -165.83 (-4.76%) 
Consumer Surplus 3697.22 3697.22 3697.22 0 (0%) 0 (0%) 
Subtotal Surplus 7183.43 7017.6 7017.6 -165.83 -2.31% -165.83 (-2.31%) 

Aggregate     

Producer Surplus 3599.2 3432.02 3435.61 -167.18 (-4.64%) -163.59 (-4.55%) 

Consumer Surplus 4035.25 3930.49 3929.41 -104.76 (-2.6%) -105.84 (-2.62%) 
Total Surplus 7634.45 7362.51 7365.02 -271.94 (-3.56%) -269.43 (-3.53%) 
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Table 6. 6: Total Welfare Changes (in CAD million) of the Two-year Embargo, 
2011-2012 

Welfare 
Measurement 

Baseline 
Scenario 

  FMD Outbreak Welfare Change 

No Zoning   Zoning     No Zoning            Zoning 

Cow-Calf  
Producer Surplus 48.29 54.57 

14.93 
54.57 6.28 (13%) 6.28 (13%) 

Consumer Surplus 20.19 14.93 -5.26 (-26.1%) -5.26 (-26.1%) 

Subtotal Surplus 68.48 69.5 69.5 1.02 (1.5%) 1.02 (1.5%) 

Backgrounding     
Producer Surplus 45.98 40.17 40.17 -5.81 (-12.6%) -5.81 (-12.6%) 
Consumer Surplus 327.74 140.27 140.27 -187.5 (-57.2%) -187.5 (-57.2%) 
Subtotal Surplus 373.72 180.44 180.44 -193.3 (-51.7%) -193.3 (-51.7%) 

Finishing 
 

  

Producer Surplus 118.25 118.4 118.4 0.15 (0.1%) 0.15 (0.1%) 

Consumer Surplus 292.31 273.64 273.64 -18.67 (-6.4%) -18.67 (-6.4%) 

Subtotal Surplus 410.56 392.04 392.04 -18.52 (-4.5%) -18.52 (-4.5%) 

Non-Fed     

Producer Surplus 11.44 7.22 14.04 -4.22 (-36.9%) 2.6 (22.73%) 

Consumer Surplus 21 23.82 22.07 2.82 (13.4%) 1.07 (5.1%) 

Subtotal Surplus 32.44 31.04 36.11 -1.4 (-4.3%) 3.67 (11.3%) 

Processing&Retail     
Producer Surplus 6889.22 6561.38 6561.38 -327.84 (-4.76%) -327.84 (-4.76%) 
Consumer Surplus  7103.76  7103.76 7103.76 0 (0%) 0 (0%) 
Subtotal Surplus 13992.98 13665.14 13665.14 -327.84 (-2.34%) -327.84 (-2.34%) 

Aggregate     

Producer Surplus 7109.18 6781.74 6788.56 -327.44 (-4.61%) -320.6 (-4.51%) 

Consumer Surplus 7765 7556.42 7554.67 -208.58 (-2.69%) -210.3 (-2.71%) 
Total Surplus 14874.18 14338.16 14343.23 -536.02 (-3.6%) -531 (-3.57%) 
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In summary, welfare losses for the two-year embargo more than double in the value 

compared to a one-year embargo, from $261.5 to $536 million without zoning and from 

$258.9 to $531 million with zoning. Nevertheless the percentage changes of each market 

output and welfare measurement from the baseline scenario remain relatively consistent 

under both trade embargo scenarios. This indicates that market participants respond 

similarly to different lengths of trade embargos within two years. Over a longer period, 

however, the possibility of cattle production adjustment and the availability of substitute 

trade markets could yield different market responses. According to Canfax Research 

Services (2012), it could take up to four years for the beef industry to respond with 

increased supply. And based on the 2015 Beef Sector Report from Farm Credit Canada, 

diversification of Canada’s beef importers in recent decades is increasing. The U.S. share 

of Canadian beef exports had fallen from 84% in 2000 to 73% in 2014 whereas the share 

of the FMD-endemic markets especially China and Hong Kong had increased 

significantly from 0.01% and 0.2% in 2000 to 2% and 10% in 2014. In 2013, Hong Kong 

surpassed Mexico as the second largest importer of Canadian beef. For the above reasons, 

if a longer timeframe is considered, the market adjustments of production and finding 

substitute markets might become possible and the estimated welfare losses are expected 

to change considerably.  

The total welfare losses are distributed unequally along the supply chain. The trade 

dependence, as well as the relative market size of each segment in the supply chain 

largely determines the trade-embargo related impact for each segment. The 

backgrounding market is most reliant on interprovincial imports, and so the provincial 

border closure causes the largest percentage change in total surplus losses (more than 

50%) under both trade embargo scenarios. Consumers (finishing operations buying cattle 

at the backgrounding market) bear the brunt of losses. For the cow-calf and finishing 

markets where trade plays a smaller role, the producers even experience a small net gain 

given the increase in output price. Concerning the relative market size, the final product 
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stage experiences only a 2% reduction in total surplus, but it suffers the most significant 

losses in terms of absolute value.  

With respect to different zoning scenarios, the effect of zoning depends on whether 

the Ontario provincial market has enough residual supply to meet international export 

markets once interprovincial imports are restricted. As a result, zoning has little impact 

on all cattle production stages in which provincial demand exceeds provincial supply. 

However in the non-fed market, which is highly dependent on exports and consistently 

has enough excess supply for export, the effect of zoning is most pronounced in that both 

consumer and producer surplus go from a net loss to a net gain once zoning is allowed. 

Overall, zoning plays a small role in mitigating the total welfare losses of the whole 

industry, and the introduction of zoning results in savings of $2.5 million and $5.1 

million for the short embargo and the long embargo, respectively. Although these savings 

are small for a net importing sector at the provincial level, zoning may provide a larger 

benefit for the national industry, as Canada is a net beef exporter. However, it should be 

noticed that the effectiveness of such agreement may not be guaranteed and thus calls for 

further negotiations between trading partners. 

The welfare impacts for each marketing level are based on market responses as well 

as elasticity estimates. To investigate how sensitive the market impacts are to changes in 

the elasticity estimates, a sensitivity analysis is conducted following Pendel (2006) and 

Ukkestad (2014). The welfare effects are calculated with all supply and demand 

elasticities increasing or decreasing by 50%. These are compared to the original disease 

outbreak scenario without zoning and are presented for illustration purpose in Table 6.7. 

As can be seen in Table 6.7, the producer surplus is not sensitive to the change in 

elasticities under either trade embargo scenario. The losses in producer surplus barely 

change compared to the original disease outbreak scenario, with prices becoming either 

50% more elastic or 50% less elastic. The consumer surplus is much more sensitive to the 

selection of elasticities, with a 30% decrease in the loss of consumer surplus compared to 
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the original disease outbreak scenario when the prices of supply and demand become 50% 

more elastic. With a 50% decrease in elasticities, however, the consumer surplus losses 

under both embargo scenarios nearly double.  
 

Table 6. 7: Sensitivity Analysis of Supply and Demand Elasticities 

 
Original 50% Increase 50% Decrease 

Welfare Change in Elasticities in Elasticities 

 
1-year 2-year 1-year 2-year 1-year 2-year 

Cow-Calf 
      

Change in consumer surplus -2.96 -5.26 -2.6 -4.81 -4.02 -6.58 
Change in producer surplus 3.1 6.28 2.77 5.61 3.44 6.98 
Change in subtotal surplus 0.14 1.02 0.17 0.8 -0.58 0.4 

Backgrounding 
      

Change in consumer surplus 
Change in producer surplus 

-92.3 
-3.21 

-187.47 
-5.81 

-61.9 
-2.49 

-125.73 
-4.49 

-183.52 
-3.94 

-372.7 
-7.12 

Change in subtotal surplus -95.51 -193.28 -64.39 -130.22 -187.46 -379.82 

Finishing 
      

Change in consumer surplus -10.35 -18.67 -6.98 -12.71 -20.5 -36.6 
Change in producer surplus -0.12 0.15 -0.11 0.16 -0.12 0.16 
Change in subtotal surplus -10.47 -18.52 -7.09 -12.55 -20.62 -36.44 

Non-fed 
      

Change in consumer surplus 1.79 2.82 1.17 1.86 3.6 5.63 
Change in producer surplus -2.02 -4.22 -0.94 -2.23 -5.8 -10.3 
Change in subtotal surplus -0.23 -1.4 0.23 -0.37 -2.2 -4.67 

Product 
      

Change in consumer surplus 0 0 0 0 0 0 
Change in producer surplus -159.38 -327.84 -154.84 -322.7 -155.93 -324.98 
Change in subtotal surplus -159.38 -327.84 -154.84 -322.7 -155.93 -324.98 

Aggregate 
      

Change in consumer surplus -103.82 -208.58 -70.31 -141.39 -204.44 -410.25 
Change in producer surplus -157.63 -327.44 -155.61 -323.65 -162.35 -335.26 
Change in total surplus -261.45 -536.02 -225.92 -465.04 -366.79 -745.51 

Note: Values are measured in millions of Canadian dollars. 
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6.3.3 Market Responses and Welfare Impacts of the Two-year Embargo with 

Interprovincial Imports Reinstated in the Second Year 

 An extra simulation is conducted in this section to illustrate the market outcomes of a 

two-year embargo scenario in which provincial trade restrictions would be lifted after one 

year. As shown in Tables 6.8 and 6.9, once the interprovincial imports are reinstated in 

2012, international border closures following a FMD outbreak cause little impacts on all 

supply chain stages except the non-fed market whether zoning is possible or not. The 

results are intuitive given that the Ontario beef sector is highly dependent on imports 

from western provinces to supply its domestic and export markets. If provincial imports 

are not interrupted, any residual supply from export markets due to the international trade 

embargos would replace the interprovincial imports and thus the negative impacts can be 

reduced. In terms of the non-fed market where there is no interprovincial import and 

where the U.S. exports account for a significant proportion, the prices of cows and bulls 

decrease by 17.6% and 16.1% respectively and the quantities of supply drop by 15.6% 

due to the U.S trade embargo. As a result, the producer surplus is reduced by 32.45% 

with an absolute loss of $2 million. The availability of zoning agreement is beneficial for 

the non-fed market given that the 33,041 heads of cattle exports are not restricted. In the 

end the market realizes a gain of $1.2 million when zoning is in place compared to the 

loss of $1.4 million when zoning is not possible.  

The whole industry experiences a loss of $ 4.35 million without zoning in the second 

year of the two-year embargo (2012). When zoning is considered a possible scenario, the 

loss can be mitigated to $1.72 million. These two values capture the difference in welfare 

changes between the short embargo (2011) and the long one (2011-2012). Compared to 

the original scenario in which the duration of interprovincial import bans is consistent 

with that of the international embargos, the difference of welfare losses generated under 

this scenario is too small to demonstrate the benefit of an enhanced traceability system in 

reducing trade embargo losses. For demonstration purposes, only the results of the 
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original scenario are applied to calculate the benefits the enhanced traceability options in 

the subsequent sections. 

 
Table 6.8: Market Responses to the Two-year Embargo with Interprovincial 

Imports Reinstated in the Second Year, 2012 
Market 

Outcomes 
Baseline 
Scenario   

      FMD Outbreak  Percentage Change 
  No Zoning      Zoning No zoning    Zoning 

Cow-Calf (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 1.82 1.82 1.82 0% 0% 
Steer Price 1.71 1.73 1.73 1.2% 1.2% 

Supply 161,965 161,965 161,965 0% 0% 
Demand 165,431 165,431 165,431 0% 0% 

Interprovincial Imports 3,466 3,466 3,466 0% 0% 

Backgrounding (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 1.39 1.38 1.38 -0.7% -0.7% 
Steer Price 1.38 1.40 1.40 1.4% 1.4% 

Supply 246,128 202,364 202,364 -17.8% -17.8% 
Demand 460,259 463,055 463,055 0.6% 0.6% 

Interprovincial Imports 216,544 260,691 263,104 20.4% 21.5% 

U.S. Exports 2,413 0 2,413 -100% 0% 

Finishing (Prices are in CAD/lb and quantities equal head.) 
Heifer Price 1.16 1.16 1.16 0% 0% 
Steer Price 1.18 1.18  1.18  0% 0% 

Supply 527,477 527,199 527,199 -0.05% -0.05% 
Demand 553,148 553,012 553,012 -0.02% -0.02% 

Interprovincial Imports 39,186 25,813 39,328 -34.1% 0.4% 

U.S. Exports 13,515 0 13,515 -100% 0% 

Non-Fed (Prices are in CAD/lb and quantities equal head.) 
Cow Price 0.74 0.61 0.83 -17.6% 12.2% 
Bull Price 0.87 0.73 0.84 -16.1% -3.4% 

Supply 139,299 117,541 146,780 -15.6% 5.4% 
Demand 106,334 106,612 106,612 0.3% 0.3% 

Inventory 994,222 1,009,625 997,212 1.6% 0.3% 
U.S. Exports 33,041 0 33,041 -100% 0% 

Processing&Retail (Prices are in CAD/lb and quantities in million lb.) 
Wholesale Price 1.85 1.85 1.85 0% 0% 

Retail Price 6.5 6.5 6.5 0% 0% 
Supply 549.03 549.1 549.1 0.01% 0.01% 

Demand 811.67 811.67 811.67 0% 0% 
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Interprovincial Imports 29.53 -113.11 29.47 -483% -0.2% 

U.S. Imports 318.4 318.4 318.4 0% 0% 

R.O.W Imports 57.28 57.28 57.28 0% 0% 

U.S. Exports 125.82 0 125.82 -100% 0% 
R.O.W Exports 16.76 0 16.76 -100% 0% 

 
 

Table 6. 9: Welfare Changes (in CAD million) of the Two-year Embargo with 
Interprovincial Imports Reinstated in the Second Year, 2012 

Welfare 
Measurement 

Baseline 
Scenario 

   FMD Outbreak Welfare Change 

No Zoning   Zoning     No Zoning         Zoning 

Cow-Calf  
Producer Surplus 22.72 22.99 22.99 0.27 (1.2%) 0.27 (1.2%) 

Consumer Surplus 9.11 8.94 8.94 -0.17 (-1.9%) -0.17 (-1.9%) 

Subtotal Surplus 31.83 31.93 31.93 0.1 (0.3%) 0.1 (0.3%) 

Backgrounding     
Producer Surplus 23.23 19.11 19.11 -4.12 (-17.7%) -4.12 (-17.7%) 
Consumer Surplus 167.22 167.99 167.99 0.77 (0.5%) 0.77 (0.5%) 
Subtotal Surplus 190.45 187.1 187.1 -3.35 (-1.8%) -3.35 (-1.8%) 

Finishing     

Producer Surplus 60.37 60.33 60.33 -0.04 (-0.07%) -0.04 (-0.07%) 

Consumer Surplus 149.11 149.07 149.07 -0.04 (-0.03%) -0.04 (-0.03%) 

Subtotal Surplus 209.48 209.4 209.4 -0.08 (-0.04%) -0.08 (-0.04%) 

Non-Fed     

Producer Surplus 6.67 4.51 8.24 -2.16 (-32.4%) 1.57 (23.5%) 

Consumer Surplus 12.59 13.33 12.23 0.74 (5.9%) -0.36 (-2.9%) 

Subtotal Surplus 19.26 17.84 20.47 -1.42 (-7.4%) 1.21 (6.3%) 

Processing&Retail     
Producer Surplus 3541.49 3541.89 3541.89 0.4 (0.01%) 0.4 (0.01%) 
Consumer Surplus 3697.22 3697.22 3697.22 0 (0%) 0 (0%) 
Subtotal Surplus 7238.71 7239.11 7239.11 0.4 (0.01%) 0.4 (0.01%) 

Total Surplus     

Producer Surplus 3654.48 3648.83 3652.56 -5.65 (-0.15%) -1.92 (-0.05%) 

Consumer Surplus 4035.25 4036.55 4035.45 1.3 (0.03%) 0.2 (0%) 
Total Surplus 7689.73 7685.38 7688.01 -4.35 (-0.06%) -1.72 (-0.02%) 
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Table 6. 10: Total Welfare Changes (in CAD million) of the Two-year Embargo with 
Interprovincial Imports Reinstated in the Second Year, 2011-2012 

Welfare 
Measurement 

Baseline 
Scenario 

  FMD Outbreak  Welfare Change 

No Zoning   Zoning     No Zoning           Zoning 

Cow-Calf  
Producer Surplus 48.29 51.66 51.66 3.37 (7.0%) 3.37 (7.0%) 

Consumer Surplus 20.19 17.06 17.06 -3.13 (-15.5%) -3.13 (-15.5%) 

Subtotal Surplus 68.48 68.72 68.72 0.24 (0.4%) 0.24 (0.4%) 

Backgrounding     
Producer Surplus 45.98 38.65 38.65 -7.33 (-15.9%) -7.33 (-15.9%) 
Consumer Surplus 327.74 236.21 236.21 -91.53 (-27.9%) -91.53 (-27.9%) 
Subtotal Surplus 373.72 274.86 274.86 -98.86 (-26.5%) -98.86 (-26.5%) 

Finishing     

Producer Surplus 118.25 118.09 118.09 -0.16 (-0.1%) -0.16 (-0.1%) 

Consumer Surplus 292.31 281.92 281.92 -10.39 (-3.6%) -10.39 (-3.6%) 

Subtotal Surplus 410.56 400.01 400.01 -10.55 (-2.6%) -10.55 (-2.6%) 

Non-Fed     

Producer Surplus 11.44 7.26 14.22 -4.18 (-36.5%) 2.78 (24.3%) 

Consumer Surplus 21 23.53 21.76 2.53 (12%) 0.76 (3.6%) 

Subtotal Surplus 32.44 30.79 35.98 -1.65 (-5.1%) 3.54 (10.9%) 

Processing&Retail     
Producer Surplus 6889.22 6730.24 6730.24 -158.98 (-2.31%) -158.98 (-2.31%) 
Consumer Surplus 7103.76 7103.76 7103.76 0 (0%) 0 (0%) 
Subtotal Surplus 13992.98 13834 13834 -158.98 (-1.14%) -158.98 (-1.14%) 

Total Surplus     

Producer Surplus 7109.18 6945.9 6952.86 -163.28 (-2.3%) -156.32 (-2.2%) 

Consumer Surplus 7765 7662.48 7660.71 -102.52 (-1.32%) -104.29 (-1.34%) 
Total Surplus 14874.18 14608.38 14613.57 -265.8 (-1.79%) -260.61 (-1.75%) 
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6.4 The Economic Benefits of the Proposed Traceability Options  

The economic benefits of the three enhanced tracing options are estimated based on 

their ability to reduce the trade embargo losses compared to the current traceability 

capacity under different disease outbreak and zoning scenarios. The final benefits are 

calculated by multiplying the difference of welfare losses between a long and short 

embargo ($274.57 million without zoning and $272.06 million with zoning) with the 

difference in the probability of a long trade embargo that is 60 days or longer between the 

current system and enhanced traceability options.  
 
Table 6. 11: The Trade-embargo Related Benefits of the Proposed Tracing Options 

Outbreak Size 
Traceability Probability 

Difference 
Benefits Benefits 

Options （No Zoning） （Zoning） 

Cow-calf  Option 4 1.25% 3.43 3.4 
Low virulence Option 5 2.27% 6.23 6.18 
 Option 6 2.18% 5.99 5.93 
Cow-calf  Option 4 1.90% 5.22 5.17 
High virulence Option 5 2.43% 6.67 6.61 
  Option 6 4.44% 12.19 12.08 
Feedlot  Option 4 0.74% 2.03 2.01 
Low virulence Option 5 0.91% 2.5 2.48 
 Option 6 1.16% 3.19 3.16 
Feedlot  Option 4 1.52% 4.17 4.14 
High virulence Option 5 1.15% 3.16 3.13 
  Option 6 1.67% 4.59 4.54 
Swine  Option 4 3.07% 8.43 8.35 
Low virulence Option 5 6.37% 17.49 17.33 
 Option 6 6.37% 17.49 17.33 
Swine  Option 4 6.47% 17.76 17.6 
High virulence Option 5 18.87% 51.81 51.34 
  Option 6 15.67% 43.03 42.63 
Average across Option 4 2.54% 6.97 6.91 
the Six Scenarios Option 5 5.42% 14.88 14.75 
  Option 6 5.33% 14.63 14.5 

Notes: 1.The values of benefits are measured in millions of Canadian dollars. 
 2. Option 4, 5, 6 represent lot movement, sighting, lot movement plus passive reading. 
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The results in Table 6.11 demonstrate that the benefits of the three enhanced tracing 

options do not differ significantly between the two zoning scenarios. For simplicity, only 

the results without zoning are discussed in this section. The results show that the more 

significant an enhanced traceability option is to reduce the probability of a long outbreak 

and subsequent embargo, the more benefits that option generates in terms of reduced the 

welfare losses. Benefits range from $2 million in case of an outbreak in feedlot 

operations with low virulence to $51 million in case of an outbreak in swine operations 

with high virulence. Considering all of the possible outbreak scenarios in the disease 

spread model, traceability options 5 and 6 generate the largest absolute benefits.  
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CHAPTER 7. Conclusion 

7.1 Research Summary 

 A national mandatory livestock traceability system with three proposed tracing 

options characterized by different levels of animal movement recording is under 

discussion by Canada’s federal, provincial and territorial governments. Government 

agencies are tasked to conduct a cost-benefit analysis of the three proposed options to 

identify the most efficient option. The purpose of this research is to quantify the 

economic benefits of the enhanced traceability system compared to current traceability 

system in terms of reducing the trade embargo losses arising from a FMD outbreak. To 

this purpose, the stochastic disease outcomes from an epidemiological model that 

simulates a FMD outbreak in Alberta are combined with the economic outcomes from a 

partial equilibrium model developed for the Ontario cattle and beef industry. Through 

this approach the trade-embargo related benefits of the enhanced traceability system are 

quantified and analyzed.  

 The most important contribution of this research is that the benefits estimated for 

trade embargo scenarios are linked to disease outbreak durations which are attached with 

their probabilities of occurrence based on the large number of simulation runs from the 

stochastic disease spread model. Trade losses tend to be underestimated in other studies 

that assume that trading partners follow OIE guidelines when resuming trade with an 

infected country. However, this is not the case for most countries, which can always go 

beyond OIE recommendations due to precautionary principles or political reasons. 

Therefore reasonable assumptions on the link between disease outbreaks and subsequent 

trade embargo durations are drawn from a comprehensive literature review of past FMD 

outbreaks. Based on an analysis of past decisions of the USDA to resume trade with 

infected countries, the cutoff point in outbreak duration causing a shift from a short 
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embargo to a long embargo could be anywhere between 32 and 63 days. 60 days is 

chosen in this thesis for illustration purposes but this parameter can be easily adjusted 

under different research scenarios. Based on this assumption, the differences between the 

current and the enhanced traceability capacity in the probability that an outbreak will be 

equal to or longer than 60 days and will result in a long embargo of two years can be 

generated from the stochastic disease spread model for different disease outbreak 

scenarios varied by outbreak locations and virulence levels. The differences in 

probabilities can range from 0.74% percentage points for the lot movement option 

(option 4) in case of an outbreak in a feedlot with low virulence, to 18.87% percentage 

points for the sighting option (option 5) in case of an outbreak in a swine operation with 

high virulence. Overall, sighting and lot movement plus passive reading yield the largest 

reductions in probabilities of a long outbreak compared to the current traceability 

capacity in most disease outbreak scenarios.  

 The disease simulation results are then used in conjunction with the partial 

equilibrium model to calculate the final benefits of the enhanced traceability options. A 

short embargo of one year and a long embargo of two years are incorporated in the model 

to calculate the economic impacts in terms of welfare losses. The impacts are distributed 

unequally among marketing levels along the Ontario beef supply chain. Final beef retails 

and consumers do not suffer any losses given that prices remain unchanged and any gaps 

from trade embargos can be filled by international import replacement. Processors suffer 

the highest loss in terms of absolute value, with $160 million lost in a short embargo and 

$327 million lost in a long embargo. However, these absolute values represent only a 

small percentage change-less than 5% compared to the baseline scenario. The 

backgrounding market, which is most reliant on interprovincial imports, experiences the 

largest percentage change in welfare with more than a 50% decrease in total surplus 

under both trade embargo scenarios. For the cow-calf and finishing stages, where trade 

plays a small role, the producer surplus even sees a small net gain given the output price 



	   97	  

increase. Overall, the absolute value of welfare losses for the long embargo more than 

doubles in value compared to the one-year embargo, from approximately $ 261 million to 

$536 million. However, if interprovincial import is reinstated after one year, the beef 

industry will only suffer little loss in the second year of the two-year embargo, $4.35 

million without zoning and $1.72 million with zoning. 

The difference in the welfare loss between the short embargo and the long embargo 

multiplied by the difference in probability of a long outbreak for each proposed option 

gives the value of their respective benefits. The potential benefits range from $2 million 

in case of an outbreak on a feedlot operation with low virulence to $51 million in case of 

an outbreak on a swine operation with high virulence. On average, the benefits range 

from $7 million to $15 million for the three proposed options. However, depending on 

different disease outbreak scenarios, the benefits can range from $2 million to $51 

million. 

7.2 Implications, Limitations and Future Research  

The results of this thesis provide some important policy implications for Canadian 

government in terms of the potential benefits of the enhanced traceability system in case 

of a disease outbreak in another province. The unequally distributed disease impacts 

across different cattle production stages also inform the policy decision in dealing with 

the conflicting interests of different stakeholders in complying with the new regulation. 

As finishing operations and processing plants suffer the highest loss from the disease 

outbreak, it is highly possible that they have the highest interest in participating in the 

new traceability program. The cow-calf farms enjoy a net gain from the disease outbreak. 

However, this does not mean that they cannot benefit from the enhanced traceability 

system given that they would suffer from production losses due to “stamping out” policy 

in case of the disease outbreak within the province. In addition, the results of the 

two-year embargo scenario in which interprovincial imports are lifted after one year also 
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demonstrate the importance to allow trade within the country as free as possible.   

There are several limitations of this research. Due to the lack of disease simulation 

data for Ontario, a disease outbreak was assumed to occur in Alberta and thus the only 

impact on Ontario is the loss from interprovincial and international border closures, 

which fails to capture the cost of disease containment. However, according to Cairns et al. 

(2016), the disease impacts do not differ significantly between an outbreak in Ontario and 

an outbreak in Alberta given that trade embargos are the main driver of losses. For future 

studies that aim to provide a complete animal disease economic analysis for Ontario, an 

epidemiological model for Ontario disease outbreak simulation is warranted. 

To estimate the potential benefits of the traceability system in case of a hypothetical 

disease outbreak, strong assumptions have to be made regarding the parameters in the 

disease outbreak and trade embargo scenarios which are filled with great uncertainties. 

This thesis makes strong assumptions on the possible duration of both the interprovincial 

and international trade embargos, the specific cutoff day in outbreak duration to shift 

from a short embargo to a long one, the availability of zoning agreement, and the 

outbreak probability of a disease outbreak. Sensitivity analysis and extra simulation can 

be conducted to test the robustness of the results. It is important to note that these 

parameters are always flexible and can be adjusted in the model under different 

circumstances or as further data become available.  

The partial equilibrium framework for the Ontario beef industry is calibrated on 

quarterly data from the past decades until 2012, during which time a BSE occurred in 

2003 that resulted in the halt of live cattle exports to the U.S. for more than two years. 

The effect of BSE is captured by using a dummy variable or by dropping the observations 

in the estimation equations. This might underestimate the impacts of BSE given that it 

can last for as long as several years even after the resumption of trade. This thesis may 

not fully capture the impact of the BSE outbreak and may not incorporate them 

accurately into the model at the current state. Future research and a more thorough 
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analysis of the market responses to the BSE crisis and the methods to control that 

pathogen are needed.  

Another possible improvement for the economic model is to simulate a long-term 

shock in the beef industry, incorporating the possible long-run market adjustments. The 

current model simulates a short embargo of one year and a long one of two years and the 

results show that all market participants respond in similar way under either embargo 

scenario. The assumption underlying this conclusion is that a period of two years is not 

long enough for farmers to adjust their production based on the cattle life cycle or to find 

any substitute trading partners to fill the gaps in domestic market. However, if a longer 

timeframe is considered, the above market adjustments become possible and the 

estimated welfare losses are expected to change considerably.  

Finally, this thesis only focuses on the potential benefits of the enhanced traceability 

system in case of a disease outbreak. The partial analysis of trade-embargo related 

benefits do not consider other traceability benefits in reducing disease containment costs 

or enhancing market access, and therefore the benefits estimated in this thesis cannot be 

compared with the costs of implementing the new system. As a result, cost analysis is 

necessary in future studies to generate the distributed net benefits of the proposed three 

options among different stakeholders if more information is available to estimate the 

overall benefits of the enhanced traceability.  
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