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ABSTRACT 

Destination-Specific Export Competitiveness of the Hog and Cattle Sectors in 

Ontario and Canada 

Yuxi Li                           Advisor: 

University of Guelph, 2018            Dr. Rakhal Sarker 

 

This research measures destination-specific export competitiveness of 

commodities related to the hog and cattle sectors exported from Canada and Ontario 

to the United States and Japan. This thesis also builds an empirical model, using the 

Heckscher–Ohlin–Vanek trade model as guidance, to estimate the key drivers of 

export competitiveness. The results revealed that different commodities have 

different levels of competitiveness in each of the two specific markets considered. Also, 

each commodity has different levels of competitiveness in different markets. The 

impacts of explanatory variables vary across commodities and export destinations. 

Among them, relevant exchange rates, trade agreement and tariff, and relevant 

diseases have significant impacts on export competitiveness of the hog and cattle 

sectors. The key determinants of export competitiveness provide empirical evidence 

which will be informative and useful for future decision making by different stake 

holders in Ontario and in Canada.   
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Chapter 1 Introduction 

1.1 Background 

Canada is a trading nation. More than a dozen regional and bilateral trade agreements 

are currently in effect in Canada. The North American Free Trade Agreement (NAFTA) is 

considered to be the most important of all regional and bilateral trade agreements for 

Canada.   

 Because of a relatively small domestic market, the prosperity of agri-food sector in 

Canada depends on enhanced trade opportunities with other countries. In 2016, Canada 

was the fifth largest exporter of agri-food products following the EU, the United States, 

Brazil and China. With an export value of about $56 billion, Canada accounted for about 

4% of the total value of world agri-food exports in 2016.  

Within Canada, Ontario has the highest diversity of agri-food commodities produced. 

Ontario is a major producer of corn and soybeans, hogs, cattle and dairy products in Canada. 

In 2016, about one quarter of all farms producing these commodities in Canada were 

located in Ontario. According to the data obtained from Ontario Ministry of Agriculture, 

Food and Rural Affairs (OMAFRA), the total amount of Ontario’s agri-food export was 

about $14 billion in 2016. This accounted for about 25% of total agri-food exports from 

Canada in 2016. During the same period, total agri-food import into Ontario was about $26 

billion, accounting for about 65% of total agri-food imports into Canada.  

Among all export destinations, the United States is the most important export 

destination for Canadian agri-food commodities. In 2016, about 52% of Canadian agri-
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food commodities exported were destined to the United States. The second most important 

destination was China (9.2%), followed by Japan (7.4%), the EU (6.4%), and Mexico 

(3.3%). The remaining countries accounted for only about 22% of Canadian agri-food 

exports. During the same period, the US was the main source of agri-food commodities 

imports for Canada, with about 60% of the value of Canadian agri-food imports. The 

second most important source of import was the EU (12.2%), followed by Mexico (5.5%), 

Brazil (2.3%) and China (2.3%). 

The United States is also the most important destination for agri-food commodities 

exported from Ontario. In 2016, over 75% of Ontario’s agri-food commodities were 

exported to the United States. The second most important export destination of Ontario’s 

agri-food commodities was Asia (13.2%), followed by the EU (6.1%). All other counties 

in the world accounted for only about 6% of total agri-food exports from Ontario. The 

United States was also the main source of agri-food commodities imported into Ontario in 

2016, with about 66% of the value of agri-food imports. The second most important source 

of import was the EU (9.2%), followed by Asia (7.7%), Latin America (excl. Mexico) 

(7.3%) and Mexico (5%).  

 

1.2 Economic Problem 

Canada is a vast country. The lengths of the growing season, as well as climatic 

conditions, vary widely across Canada. While the two most populous provinces, Ontario 

and Quebec, are located in central Canada, the crops grown and livestock raised in these 
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provinces are somewhat different from those either in the Prairie Provinces or in the 

Maritime Provinces. As a result, concentrations of agri-food exports vary across provinces. 

As the largest exporter and importer of agri-food commodities, Ontario’s agri-food plays 

an important role in total Canadian agri-food exports.  

In an increasingly globalized market for agri-food commodities, competitiveness plays 

a pivotal role. Competitiveness is often viewed as the ability to sell and supply goods and 

service in a given market, in relation to this ability of other countries. A question regularly 

entertained in various policy circles in Canada and among major stakeholders is how 

competitive are Canadian and Ontario agri-food exports in the global market. Canada and 

Ontario export agri-food commodities to many countries, such as the United States, the EU, 

Mexico, Japan and China. Do Canada and Ontario agri-food exports have same level of 

competitiveness in different destination countries? Canada and Ontario export many agri-

food commodities to the US, such as live animals, red meats, grains, oilseeds, dairy 

products, etc. Do all the commodities have the same level of competitiveness in the US 

market? Do Canadian and Ontario’s agri-food export have similar competitiveness in the 

US and Japanese markets? 

By providing answers to these questions, this research attempts to shed light on the 

positions of Canadian and Ontario agri-food exports in specific markets. The knowledge 

gained through this research will assist producers, processor and traders in making 

informed decisions. For example, computing the level of competitiveness of agri-food 

exports from Canada and from Ontario will help farmers and traders identify if the agri-
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food exports are competitive or not. Estimating the key determinants of competitiveness 

will help the farmers and policy-makers make adjustments for improving the 

competitiveness of agri-food exports. For example, if a high tariff rate shows strong 

negative impacts on the agri-food’s export competitiveness, government can put more 

efforts on negotiation of a free trade agreement to reduce the tariff. In addition, the ability 

to assess the competitiveness of agri-food exports has the potential to improve resource 

allocation within the sector. This information can help farmers, processors and traders 

better position themselves in order to improve the competitiveness of agri-food exports.  

 

1.3 Economic Research Problem 

Despite a number of theoretical and empirical contributions in recent years, the 

definition and measurement of competitiveness is not widely acceptable. A growing 

theoretical and empirical literature has investigated the extent of export competitiveness 

on the national level, such as Yu (2010), Sarker and Ratnasena (2014). Yu (2010) employs 

Normalized Revealed Comparative Advantage index (NRCA) to assess the comparative 

advantage of Hawaii’s agricultural export to the mainland US market. He found that NRCA 

allows them to conduct a trend analysis which is unable to do with the Balassa Revealed 

Comparative Advantage index (BRCA). However, he did not conduct any empirical model 

for the key determinants of export competitiveness. 

Sarker and Ratnasena (2014) employ both BRCA and NRCA to measure the 

competitiveness of Canada’s export of wheat, beef and pork in the global market using 
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longitudinal data from 1961 to 2011. They found that Canadian wheat sector has higher 

competitiveness compared with wheat exported from other countries in the global market, 

but not the pork sector. Sarker and Ratnasena (2014) also investigated the competitiveness 

at the national level. They also built an empirical model with NRCA indices as the 

dependent variables instead of export quantity. Three categories of explanatory variables 

(cost of production, relevant exchange rates, and relevant policies) were used in the 

empirical model. 

 To the best of my knowledge, previous research investigated the competitiveness of 

selected agri-food commodities in the global market and at the national level. No research 

investigated destination-specific export competitiveness of selected commodities at the 

provincial level and for specific commodities at disaggregated export level. This study 

focuses on the competitiveness of hog and cattle related commodities exported from 

Canada and Ontario to the US and Japan at three alternative aggregate levels. There are 

two economic research problems in this study: What is the export competitiveness of 

selected commodities exported from Canada and from Ontario to the US and to Japan at 

three alternative aggregate levels? What are the key determinants of export competitiveness 

of selected agri-food commodities? 

 

1.4 Purpose and Objectives 

This research attempts to accomplish two main purposes. The first is to measure the 

extent of the destination-specific export competitiveness of selected commodities related 
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to hog and cattle sectors exported from Canada and from Ontario to the United States and 

to Japan. The second is to evaluate the key drivers of export competitiveness of selected 

commodities.  

The specific objectives of this research are as follow: 

1) To identify the most important commodities under each segment of hog and cattle value 

chain, by comparing the total trade value of each commodities. 

2) To measure the export competitiveness of selected commodities, by using the Balassa 

Revealed Comparative Advantage index (BRCA) and Normalized Revealed 

Comparative Advantage index (NRCA) at different aggregate levels; 

3) To determine the key factors contributing to changes in export competitiveness of the 

selected commodities, by building an empirical analysis, which uses the H-O-V trade 

model as guidance. 

 

1.5 Hypothesis 

The following set of hypotheses can be tested to achieve the above objectives: 

1) Different commodities have the same level of export competitiveness in the US 

and in Japan. 

2) Relative input costs do not affect the export competitiveness of selected 

commodities. 

3) Exchange rate does not matter for destination-specific export competitiveness. 

4) Trade agreements do not matter for destination-specific export competitiveness. 
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5) Livestock diseases do not affect export competitiveness of the selected 

commodities. 

 

1.6 Study Outline 

Chapter 2 provides an overview of the Canadian and Ontario agri-food exports. 

Relevant policies and relevant diseases are also introduced. Chapter 3 provides a literature 

review on different approaches for measuring competitiveness, including Real Exchange 

Rate (RER), Constant Market Share (CMS), Balassa Revealed Comparative Advantage 

(BRCA) and Normalized Revealed Comparative Advantage (NRCA). It also provides a 

literature review on key drivers of export competitiveness. Chapter 4 develops the 

conceptual framework which describes the basic trade theory (H-O theorem) used in this 

study. Chapter 5 provides an empirical analysis which uses the H-O-V trade model as a 

guidance to empirically test the hypotheses. Commodity selection and data description are 

also provided in Chapter 5. Chapter 6 presents the empirical results and provides a detailed 

discussion of the results. Chapter 7 summarizes the major findings of this research, 

highlights the policy implications of the results and concludes.  

 

 

 

 

 



 

8 

 

Chapter 2 An Overview of Agri-Food Exports 

The purpose of this Chapter is to provide an overview of Canadian and Ontario’s agri-

food exports, so that the context of this research is better understood. To this end, a brief 

introduction of Canadian and Ontario’s main agri-food export commodities and main 

destinations are highlighted. Possible factors which may affect the agri-food exports are 

also been discussed.  

 

2.1 A Brief Overview of Canadian Agri-Food Exports 

Canada is one of the largest producers and exporters of major agri-food commodities 

traded in the world. In 2016, Canada was the fifth largest exporter of agri-food commodities 

in the world. According to the data obtained from Agriculture and Agri-Food Canada 

(AAFC), Figure 2.1 & 2.2 reveal that, in 2016, Canada exported agri-food commodities 

worth$56.7 billion dollars, which accounted for 3.5% of the total value of world agri-food 

exports ($1.62 trillion). Canada was the fourth largest exporter, following the EU (41.2%), 

the United States (11.7%) and Brazil (5.8%). During the same year, Canada imported agri-

food commoditiesworth$44.4 billion, accounting for 2.8% of world’s total imports (1.34 

trillion dollar). On the import side, Canada ranked fifth in the world after the EU (40.7%), 

the US (10.7%), China (8.6%) and Japan (4.5%).  

In 2016, over one-half of the value of agri-food commodities was exported, including 

primary and value-added commodities. The share of primary commodities increased from 

28% in 1997 to 35% in 2015. And the share of value-added commodities increased from 
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37% in 1997 to about 50% in 2015. Between 2015 and 2016, Canadian exports of value-

added agri-food commodities had increased from $27.3 billion to $29.2 billion. However, 

Canadian exports of primary agri-food commodities declined from $28.4 billion to $26.8 

billion.  These statistics highlight the growing importance of value-added agri-food 

exports in total agri-food commodities exported from Canada. (AAFC, 2017) 

Among all export markets, the United States has been the top export destination of 

Canadian agri-food exports. More than 53% of Canadian agri-food exports were destined 

to the United States in 2016. China was a distant second with 10.9%, followed by Japan 

(7.3%), the EU (5.5%) and Mexico (3.1%). The other 169 countries accounted for the 

remainder of agri-food exports from Canada. The United States has also been the main 

source of agri-food imports into Canada, accounting for about 60% of total agri-food 

imports in 2016. The European Union represented a distant second source of agri-food 

imports (12.2%), followed by Mexico (5.5%), Brazil (2.3%)and China (2.3%) in 2016. 

(AAFC, 2017) 

 Among all the export commodities, oilseeds and oilseed products accounted for 

around 25%, followed by grains and grain products with 22%.  Export of live animal, red 

meat and related commodities accounted for about 17%. On an export value basis, the 

oilseeds & oilseed products increased fourfold from $3 billion in 1996 to $12 billion in 

2016. The grains and grain products increased from $10 billion in 1996 to $23 billion in 

2016. Exports of live animals, red meat and related commodities increased from $14 billion 

in 1996 to $35 billion in 2016. Live animals & red meat & related commodities, with over 
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$20 billion increase in total export value, highlights their importance in Canadian agri-food 

exports.  

A large portion of these commodities are exported directly to the United States. In 

2016, among all agri-food exports to the US, Canadian beef and pork exports were at the 

topworth $2.4 billion, followed by baked goods at $2.1 billion, vegetables at $1.7 billion, 

canola oil at $1.6 billion and animal feed at $1.5 billion. In the Japanese market, Canadian 

canola seeds were the top agri-food export, worth around $1 billion, followed by fresh pork 

($625 million), non-durum wheat ($406 million), soybeans seeds ($324 million) and frozen 

pork ($196 million). The high export values of red meat (including pork and beef) highlight 

their importance in the agri-food export to the US and Japan. (AAFC, 2017). 
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Figure 2.1 World Agri-Food Export Share by Country of Origin in 2016 

 

 

Figure 2.2 World Agri-Food Import Share by Country of Destination in 2016 
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2.2 A Brief Overview of Ontario’s Agri-Food Export 

Ontario is not only the largest province in Canada in terms of population; it is also the 

largest exporter and importer of agri-food commodities. Unlike the western provinces in 

Canada, Ontario has a highly diverse agri-food sector. Ontario is one of Canada’s large 

exporter of grain& grain products, live animals, vegetables, and some other animal 

products. Ontario is also a large importer of grain products, red meats, vegetables, fruit and 

nuts, fish and products and specialty crops.  

Ontario's agri-food sector plays an important role in the merchandise trade. According 

to the data obtained from OMAFRA, in2016, the total amount of Ontario's agri-food export 

was worth $14.8 billion, accounting for 25% of total agri-food exports from Canada. On 

the other hand, total agri-food import in Ontario was $26.7 billion, accounting for 65% of 

total agri-food imports into Canada.  

Among all export destinations, the United States has been the top export destination for 

agri-food commodities from Ontario. In 2016, the total value of Ontario's agri-food 

exported to the U.S. was worth $11.2 billion which accounted for about 76% of Ontario's 

agri-food exports, followed by Asia (excl. Japan 10%), the EU (7%), and Japan (3%). All 

other countries accounted for the remainder of the exports. During the same period, the 

value of agri-food imports from the U.S. was $17.6 billion which accounted for 66 % of 

Ontario's total agri-food imports, followed by the EU with 8.5%, Asia (excl. Japan) with 

7.4% and Mexico with 6%. 

Among all export commodities, in 2016, grain products accounted for 23%, followed 
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by vegetable with 10%, oilseeds with 9%, sugar with 7.3% and red meat with 7.2%. A large 

portion of these commodities are exported directly to the United States. In terms of the 

Japanese market, Ontario’s oilseeds represent the top agri-food export commodity, with 

around $184 million, followed by red meat ($72 million), and other animal products ($42 

million). It is clear from the above set of information that the most important export 

commodities are grains and red meats. 

 

2.3 Factors Which May Have Influenced on the Agri-Food Exports 

Research and development (R&D), whose final goal is to increase productivity and 

lower the cost of production, has been an integral part of many countries’ domestic 

agricultural policies. For example, investment in R&D helps developing a disease-resistant 

crop with higher yields and a more effective pesticide for the farming sector. Investment in 

R&D increases the ability of producing same bundle of outputs with fewer inputs or 

producing more outputs from the same bundle of inputs. Canada's gross domestic 

expenditure on research and development has increased from $28,022 million dollars in 

2005 to $31,604 million dollars in 2015. 

As the United States and Japan are chosen as the two main destinations for agri-food, 

there are some policies, regulations and diseases which may have impacts on Canadian and 

Ontario’s agri-food export. A regional free trade agreement and international trade 

regulations may have impacts on trade between these two countries. This section provides 

brief introduction of NAFTA and COOL. In addition, relevant diseases including BSE 
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(Bovine Spongiform Encephalopathy), PEDV (Porcine Epidemic Diarrhea virus) and 

swine flu(H1N1) have been introduced. 

 

2.3.1 Relevant Policies and Regulations 

The regional free trade agreement becomes one of the important factors which would 

affect the competitiveness of Canadian and Ontario’s agri-food export in the US market. 

The North American Free Trade Agreement (NAFTA) is the most important free trade 

agreement between Canada and the US, and there is no free trade agreement between 

Canada and Japan.  

The North American Free Trade Agreement (NAFTA), which is the first 

comprehensive regional free trade agreement signed by Canada, the United States and 

Mexico. NAFTA came into effect in January 1994, and it eliminated most tariff and non-

tariff barriers within the North America. Trade among NAFTA countries has increased 

tremendously due to the lower trade barriers, especially on agri-food commodities. 

Increasing trade between NAFTA countries expanded their share of exports and imports in 

partner countries (USDA, 2016). 

It is well known that NAFTA has positive impacts on Canada’s agri-food trade. 

However, there is no evidence related to the effect of free trade agreements on provincial 

agri-food exports. Since NAFTA is the most important regional free trade agreement, its 

benefits need to be considered not only at the national level, but also at the provincial level. 

By addressing this issue, it would provide a more comprehensive evaluation of NAFTA. 
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Moreover, evaluating the impacts of NAFTA at the provincial level would reveal the benefit 

of a regional free trade agreement for specific producers, processors and traders in each 

province. 

 The Country-of-Origin Labeling (COOL) was introduced in the US Farm Bill 2002 

and came into force in September 2008. This regulation may have adversely impacted some 

Canadian and Ontario’s agri-food exports to the United States. The Country-of-Origin 

Labeling regulation required a stringent and detailed labeling of meats (including beef, 

pork lamb), fruits, vegetables and peanuts. For example, if a hog was born in Country A, 

and was raised in Country B, then been slaughtered in Country C, and finally was packaged 

in Country D. Under the requirements of COOL, the information of Country A, B, C, and 

D should all be labeled on the final consumer-ready products. A number of previous studies 

argued that an extra cost imposed by COOL may have negatively impacted agri-food trade 

flows between Canada and the United States.  Moreover, the implementation of COOL 

led to a trade dispute between the US on the one side and Canada and Mexico on the other 

(DS 346 and DS 348 by WTO). While the COOL no longer exists, it may have impacted 

the competitiveness of Canadian and Ontario’s agri-food exports to the United States.  

 

2.3.2 Relevant Diseases  

BSE (Bovine Spongiform Encephalopathy), also known as the mad cow disease, is a 

fatal disease of cattle which is known to have transmitted to humans. The first mad cow 

case in Canada was confirmed in Edmonton on May 16, 2003. The border of US was 
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immediately closed after this confirmation. While the US border was reopened after July 

18, 2005, and Canadian beef and beef products from animals younger than 21 months were 

first allowed to enter Japan on Dec 11, 2005. The outbreak of BSE has impacted the trade 

of beef and pork products due to the closure of the border between Canada and the 

US/Japan. 

Swine Flu, also known as the H1N1 virus, causes symptoms similar to the regular flu 

which crossed the species boundary for the first time. It was first found in pigs but spread 

primarily from person to person. The first case of Swine flu in Canada was confirmed in 

Nova Scotia on April 26, 2009. On April 29, the US suffered its first confirmed death 

related to swine flu. The outbreak of swine flu crossed throughout the world as people 

travelled. On August 10, 2010, the World Health Organization (WHO) declared the H1N1 

pandemic was over. Global market panic caused by the swine flu led to economic damage 

as countries began to put restrictions on pork imports.  

PEDV, stands for Porcine Epidemic Diarrhea virus, is a virus which causes a severe 

condition of diarrhea and dehydration by affecting the cells in the small intestine of hog. 

The PEDV can be very serious and cause the death of younger pigs. However, the PEDV 

can only be transmitted from pigs to pigs. It does not pose a direct health risk to human and 

other animals. In Japan, there was an outbreak of PEDV in 1996 which killed more than 

39,000 pigs. After that, only a small number of PEDV cases were found during 1997 and 

2005. However, after an absence of 7 years, the outbreak of PEDV resurfaced and spread 

rapidly across Japan in October 2013. This outbreak caused significant damage to pig 
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population in Japan. The first case of PEDV in North America was found in the US on May 

5, 2013 in Indiana while the first case of PEDV in Canada was confirmed in a swine farm 

in Ontario in January 2014. After that, PEDV were also found in Manitoba, Quebec and 

PEI. Pigs were not getting rid of PEDV before the end of December 2014. 

 The above three diseases are considered to have impacted the flow of agri-food 

commodities exported from Canada and from Ontario to the United States and to Japan. 

 

2.4 The Choice of Destinations and Commodities 

The United States has been the most import export destination of Canadian and 

Ontario’s agri-food commodities. Figure 2.3 indicates that the growth rates of Canadian 

and Ontario’s agri-food commodities exported to the US. It can be gleaned from this figure 

that the growth rates of agri-food exported from Canada and Ontario to the US are higher 

than the growth rate of total agri-food commodities imported into the US between 1990 

and 2014. The United States and Japan are chosen as two main export destinations since 

the US is the top destination for agri-food commodities exported from Canada and Ontario 

and Japan has been the most important export destinations in Asia.  
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Figure 2.3 Growth Rates of Canadian and Ontario’s Agri-Food Exports 

 

While grains and red meats are two of the most important agri-food commodities 

exported from Canada and from Ontario, among red meats beef and pork are considered to 

be the most important sectors. Under the red meat category, Figure 2.4 shows Ontario’s 

share of Canadian pork exported to the United States based on the data obtained from 

AAFC. During 1990 and 1999, Ontario’s pork export accounted for around 21% of 

Canadian total pork exported to the US. In the next decade, the share had increased to 

around 35%. The share of Ontario’s pork exported to the US had increased to about 40% 

in recent years.  

Figure 2.5 shows Ontario’s beef as a share of Canadian beef exported to the United 

States. During 1990 and 1999, Ontario’s beef export accounted for about 14.7% of 
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Canadian total beef exported to the US. It increased to 16.1% in the next decade. In the 

recent 5 years (2010-2014), it had increased to 23.7%. 

The large shares of pork and beef exported from Ontario to the US highlight the 

importance of Ontario’s pork export among all agri-food commodities exported from this 

province.  
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Figure 2.4 Ontario’s Pork as a Share of Canadian Pork Exported to the United States 
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Figure 2.5 Ontario’s Beef as a Share of Canadian Beef Exported to the United States 
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Chapter 3 Literature Review 

The aim of this chapter is two-fold. The first is to provide a brief overview of previous 

research on export competitiveness and to highlight the strength and weakness of different 

approaches used for measuring export competitiveness. The second objective is to critically 

assess the previous research on the determinants of agri-food export competitiveness. The 

next section focuses on different approaches to measuring export competitiveness, 

followed by determinants of export competitiveness. 

 

3.1 An Overview of the Measurements of Competitiveness 

Many different approaches have been used for measuring export competitiveness, such 

as the real exchange rate (RER), Constant-Market-Share analysis (CMS), Balassa Revealed 

Comparative Advantage (BRCA) and Normalized Revealed Comparative Advantage 

(NRCA). However, each method has its advantages and disadvantages. Table 3.1 

summarizes the strength and weakness of each approach. 

 

3.1.1 Real Exchange Rate (RER) 

The basic idea of using RER is that the change in a country’s competitiveness will be 

reflected in the value of domestic currency relative to the value of a foreign currency. Bose 

(2014) points out that “the real exchange rate depreciation increases international price 

competitiveness.” A RER measures domestic prices relative to foreign prices as converted 

in domestic currency. The RER can be defined as: 
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RER = 
𝐸𝑃𝑓

𝑃𝑑
                          (3.1) 

Here, the real exchange rate is the nominal exchange rate (E) multiplied by the ratio 

of the foreign price index (Pf) to the domestic price index (Pd). A decrease in the RER 

means a real appreciation of the domestic currency against the foreign currencies, while an 

increase in the RER means a real depreciation. According to Motlaleng (2004), an 

improvement in the competitive position can be represented by a depreciation of the RER, 

while a lower competitive position can be represented by an appreciation of the RER. 

 Bose (2014) examines the links between the RER and competitiveness for the trade 

pattern in New Zealand using various real exchange rate measurements. He found that RER 

appreciation reduces price competitiveness of tradable and lower outputs. He also points 

out that RER appreciations above the equilibrium level justified by the terms of the trade 

hurt the manufacturing sectors’ competitiveness. Bose (2014) also argues that RER 

measures need to be tailored to the appropriate price index and trading partners. 

Metlaleng (2004) computes and compares RER indexes for Botswana based on 

different indicators of RER to assess Botswana’s competitiveness. He found that using 

different RER may reflect different levels of competitiveness. Using RERs based on CPI 

and GDP indicate a gain of competitiveness, while RERs based on export unit values 

indicate a loss of competitiveness. While the RER is easy to compute and compare, its use 

as an indicator of export competitiveness may be problematic. Therefore, his research 

reminds us choosing the right indicators matters for the research.  

Even if you ignore the problem of choosing appropriate indicators, using RER as an 
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indicator of export competitiveness can still be problematic. Kennedy (1997) points out 

that a strong RER might reflect a strong competitiveness of a nation’s economy. However, 

a relative high RER indicates a relative high price compared with foreign goods. Therefore, 

a relative high RER will lower selected commodities’ export competitiveness. Furthermore, 

currencies are now traded as commodities in foreign exchange markets around the world. 

As a result, governments may intervene in their nominal exchange rate to reduce the 

impacts of speculative attacks on their currencies.  As countries manipulate RER, the use 

of this indicator to measure and compare export competitiveness is problematic. Therefore, 

RERs are not appropriate for measuring the export competitiveness in this study. 

 

3.1.2 Constant Market Share (CMS) 

The Constant-Market-Share (CMS) approach attempts to uncover the reasons 

underlying a country’s comparative export performance. The basic idea for the CMS 

approach is that the larger the market share that a county has, the stronger its 

competitiveness would be in the focus market. 

Carlo (1988) uses the CMS approach to decompose the change in export as a co-impact 

of four factors: global market growth effect, commodity composition effect, market share 

effect and competitiveness effect. The basic framework of the CMS approach is an identity 

which defines the aggregate export level of a country as the sum of individual commodities 

exported to the world. The basic identity is defined as followed: 

𝑞𝑡 = ∑ 𝑞𝑖
𝑡

𝑖 = ∑ 𝑠𝑖
𝑡

𝑖 𝑄𝑖
𝑡                      (3.2) 
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Where 𝑞𝑡 denotes the total exports value of the focus country, 

  𝑞𝑖
𝑡denotes the exports value of commodity i of the focus country, 

𝑄𝑖
𝑡is the total world exports value of commodity i, 

𝑠𝑖
𝑡 = 𝑞𝑖

𝑡/𝑄𝑖
𝑡is the export share of commodity i in the focus country. 

Then Carlo (1988) decomposes the change in exports into four co-impacts by 

differentiating and expanding the basic identity as follow: 

𝑑𝑞𝑡

𝑑𝑡
=  𝑠𝑡

𝑑𝑄𝑖
𝑡

𝑑𝑡
+ [∑ 𝑠𝑖.

𝑡 𝑑𝑄𝑖.
𝑡

𝑑𝑡𝑖
− 𝑠𝑡

𝑑𝑄𝑖
𝑡

𝑑𝑡
] 

+ [∑ ∑ 𝑠𝑖𝑗
𝑡

𝑗𝑖

𝑑𝑄𝑖𝑗
𝑡

𝑑𝑡
− ∑ 𝑠𝑖.

𝑡 𝑑𝑄𝑖.
𝑡

𝑑𝑡𝑖 ] + ∑ ∑
𝑑𝑠𝑖𝑗

𝑡

𝑑𝑡
𝑄𝑖𝑗

𝑡
𝑗𝑖         (3.3) 

Where 𝑠𝑡 𝑑𝑄𝑖
𝑡

𝑑𝑡
 denotes the world growth effect,  

  [∑ 𝑠𝑖.
𝑡 𝑑𝑄𝑖.

𝑡

𝑑𝑡𝑖 − 𝑠𝑡 𝑑𝑄𝑖
𝑡

𝑑𝑡
]denotes the commodity effect, 

  [∑ ∑ 𝑠𝑖𝑗
𝑡

𝑗𝑖

𝑑𝑄𝑖𝑗
𝑡

𝑑𝑡
− ∑ 𝑠𝑖.

𝑡 𝑑𝑄𝑖.
𝑡

𝑑𝑡𝑖 ]denotes the market effect, 

  ∑ ∑
𝑑𝑠𝑖𝑗

𝑡

𝑑𝑡
𝑄𝑖𝑗

𝑡
𝑗𝑖 denotes the competitiveness effect. 

After decomposing, we can easily calculate the changes in competitiveness. As Magee 

(1975, p.221) states: “The technique [CMS] reveals that, even if a country maintains its 

share of every product in every market, it can still have a decrease in its aggregate market 

share if it exports to markets that grow more slowly than the world average and/or if it 

exports products for which demand is growing more slowly than average.”  

The CMS approach has been used by a number of researches, such as Richardson 

(1971), Feldman (1994), Chen et al (2000), etc. Feldman (1994) uses the CMS approach 

to analyze the external competitiveness of Germany by examining both pressures on profit 
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margins in the export prospects. He found that the external competitiveness is generally 

exaggerated by using various indicators of real appreciation, such as relative unit labor cost 

in manufacturing.  Chen et al (2000) also apply the CMS model to investigate the 

performance of Chinese export in agri-food products from 1980 to 1996. By using the CMS 

approach, a downward trend of China’s competitiveness in agri-food exports was revealed 

over the period. They also pointed out that relevant trade policy might have impacts on the 

competitiveness of China’s export competitiveness. In Richardson’s (1971) research, he 

demonstrates the theoretical pitfalls of explaining export growth by the previous exposition 

model. At the same time, he argues that the growth of relative competitiveness due to the 

changes in export shares can also be a result of encompass a number of residual and other 

factors which are not associated with a country’s competitive position. 

The advantage of the CMS approach is its simplicity and applicability to ready-to-use 

published data (Carlo, 1988; Singh and Dey, 2011; Chen et al., 2000). Singh and Dey (2011) 

also point out that CMS approach decomposes the export growth into different effects. The 

decomposition allows researcher to isolate the competitiveness effect to create a one-to-

one relationship between growth rate and competitiveness effect. Milana (1988) asserts 

that the main reasons for using CMS analysis are its simplicity and applicability to ready-

to-use published data at a reasonable level of disaggregation.  

However, it has some theoretical and operational problems. Richardson (1971) pointed 

out that there are two problems of application. The first one arises from the need to make 

some arbitrary assumptions on the aggregation levels before the implementation of the 
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CMS. Fredoun (2006) also points out a problem of choosing an appropriate aggregate level. 

He found that the results of competitiveness might be different based on different levels of 

aggregations.  

The second problem is that CMS analysis must be performed over a discrete time 

period. Jepma (1986) proposed a revised CMS analysis which overcomes some of the 

problems. However, it is still an issue for choosing an appropriate base year and aggregate 

commodity level. Milana (1988) asserts that different formulas (Laspeyres-type or 

Paasche-type) and values of competitiveness for each component can be found.  

Furthermore, the CMS approach decomposes the changes in the exports into four co-

effects by differentiating and expanding the original identity. Although the identity is 

expending based on some rules, these four co-impacts are not independent of each other. 

Therefore, it makes little economic sense to isolate one from the others, then conduct an 

empirical analysis. Therefore, CMS may not be appropriate for analyzing destination-

specific export competitiveness for a continuous time period. 

 

3.1.3 Balassa Revealed Comparative Advantage (BRCA) 

The concept of revealed comparative advantage has been used to measure trade 

competitiveness of a country. According to Krugman (2015), “a country has a comparative 

advantage in producing a good if the opportunity cost of producing that good in terms of 

other goods is lower in that country than it is in other country”. Balassa Revealed 

Comparative Advantage (BRCA)is the most widely used measurement of international 
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competitiveness of a sector or a country. This method was first proposed by Balassa (1965), 

and is defined as: 

𝐵𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸𝑖)/(
𝐸𝑗

𝐸
)                       (3.4) 

Where, 

𝐵𝑅𝐶𝐴𝑗
𝑖denotes the BRCA index of commodity j exported from country i to the 

rest of the world, 

  𝐸𝑗
𝑖denotes the exports of commodity j from country i to the rest of the world, 

  𝐸𝑖denotes country i’s total exports, 

  𝐸𝑗denotes the total exports of commodity j in the world, 

  𝐸denotes the total exports in the world. 

The BRCA index focuses on country i’s market share in the j commodity export market 

relative to its market share in total world export. The higher the BRCA value the greater 

the comparative advantage the country has in the selected export commodity.  

The BRCA index is the most widely used measurement for determining the level of 

export competitiveness. However, it has some limitations. The threshold value for BRCA 

is 1, and it’s bounded between 0 and infinite. A value greater than 1 indicates that the 

selected commodity is competitive, while a value less than 1 indicates it is not competitive. 

Therefore, as an index which represents the level of competitiveness, it has asymmetric 

distribution. Cole et al (2005) argue that regression analysis using the BRCA index 

therefore gives too much weight to values that are greater than 1 which will lead to bias in 

the results. 
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When the share of selected commodity in focus country’s export is greater than the 

share of selected commodity in world’s total export market, the BRCA shows comparative 

advantage. However, the BRCA index can only indicate whether or a not a country has 

comparative advantage in a commodity at a specific time in a given market, it cannot be 

compared between commodities, countries or time. Yeats (1985) observed that the 

magnitude of the BRCA has neither the ordinal property nor the cardinal property and can 

even generate misleading results in some circumstances. For example, the BRCA index is 

likely to have a bias to signify strong comparative advantage for countries with a small 

market share in the world export market, i.e., small 𝐸𝑖/𝐸  and commodities which 

comprise only a small market share of the world export market, i.e., small 𝐸𝑗/𝐸.  

BRCA has been employed in many recent studies. For example, Esmaeili (2014), 

Fasano-Filho Ugo (1987), Trifkovic and Yu (2010), Canavari et al (2009) etc., measure 

export competitiveness of Iranian dates, Brazilian manufactured exports, Moroccan citrus 

sectors and Turkish organic products, respectively. The summary of relevant studies using 

RCA is presented in Table 3.2. Fasano-Filho (1987) used the BRCA index to determine the 

competitiveness of Brazil’s selected commodities exports (including chemicals, basic and 

miscellaneous manufactures, machinery and transport equipment) in different markets at 

the national level between 1962 and 1981. They found that Brazil is most competitive in 

exporting the basic and miscellaneous manufactures category. Brazil’s comparative 

advantages are concentrated in labor-intensive products which have a significant share in 

Brazilian sales to developed countries. However, in ALADI (Association for Latin 
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American Integration) markets, Brazil’s capital-intensive exports have higher comparative 

advantage. For machinery and transport equipment shows different competitiveness in 

different markets (negative in developed countries, positive in developing countries). 

Esmaeili (2014) uses BRCA to determine the international trade pattern of the 

productions and export of dates in Iran and the other main export countries at the national 

level using data from 1961 to 2005.He found that the patterns of production and export of 

dates differ between countries. Also, the countries that have enjoyed increasing 

comparative advantage also enjoy the large share of trade. He found that the date 

comparative advantage for Iraq decreased in recent years. The main reasons for the 

decrease in the export value are civil war and political problems.  

Canavari et al (2009) employ both RCA and CMS to capture the competitiveness of 

Turkish organic products in the EU market at national level. Trifkovic & Yu (2010) also 

employ RCA index and relative unit values to capture the competitiveness of Moroccan 

citrus sectors in the EU markets during 1993 and 2008 period. Their result shows that 

Morocco has strong revealed comparative advantage in the export of citrus fruits to the EU. 

Irrespective of the level of competitiveness, all the studies mentioned above are 

investigating the competitiveness of selected commodities at the national level. 

Several modifications to the BRCA have been proposed to address the asymmetric 

property (Vollrath, 1991; Laursen, 1998; Proudman and Redding, 2000). However, we are 

dealing with destination-specific export competitiveness, the BRCA index is not 

appropriate since it is unable to do comparison between countries and commodities. The 
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primary focus of this study is to measure destination-specific competitiveness of hog and 

cattle sectors from Canada and from Ontario to the U.S. and Japan, we employed a modifies 

version of the BRCA, Normalized Revealed Comparative Advantage (NRCA) which is 

proposed by Yu et al. (2009) 

 

3.1.4 Normalized Revealed Comparative Advantage (NRCA) 

Normalized Revealed Comparative Advantage (NRCA) is a modification of the BRCA 

which was proposed by Yu (2009). NRCA measures country i’s actual exports of 

commodity j differ from its comparative-advantage-neutral level. It can be written as: 

𝑁𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸
⁄ ) − (

𝐸𝑖𝐸𝑗
𝐸𝐸

⁄ )                  (3.5) 

The comparative-advantage-neutral value of the NRCA is zero and it has a symmetric 

distribution. If the value of 𝑁𝑅𝐶𝐴𝑗
𝑖>0, it indicates that country i’s exports of j is higher 

than its comparative-advantage neutral level and hence, it has comparative advantage in 

commodity j. NRCA solves some problems raised by the BRCA, such as the asymmetric 

distribution. NRCA index’s symmetric distribution makes significant contribution to the 

empirical research. At the same time, the NRCA indices can be compared between 

commodities, countries, and different time periods which make it more useful and 

meaningful for comparing and interpreting economic meanings.  

Yu (2010) employs NRCA to assess the comparative advantage of Hawaii’s 

agricultural export to the US market at the national level. He found that NRCA allows us 
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to conduct a trend analysis which is unable to do with the BRCA index. In addition, he 

investigates Hawaii’s national agricultural exports in the US market. Sarker and Ratnasena 

(2014), Sarker (2014) employ both BRCA and NRCA for analyzing the export 

competitiveness of Canadian wheat, Australian wheat, pork and beef in global market 

based on national and aggregate level. They found that Canadian wheat has high 

competitiveness in the global market, but not the pork sectors.  

The above research investigated the export competitiveness of selected commodities 

in the global market at the total agri-food export level, and at the national level. However, 

to the best of my knowledge, no research considered destination-specific export 

competitiveness of selected commodities of supply chains exported from a province instead 

of whole country, which is the focus of this study. Finally, the specific commodities have 

been chosen based on a supply chain perspective.  

3.2 Drivers of Export Competitiveness 

Which factors contributed to changes in destination-specific export competitiveness of 

the selected commodities? Sahay (2006) assert that the determinants of competitiveness 

encompass several dimensions, including factors such as performance of chain actors, 

infrastructure and national government and the ability to comply with food regulation, 

safety and quality requirements. Osbat et al. (2017) point out that competitive pressures 

from other competitors have increasing impacts on the agri-food export competitiveness. 

They also point out that investment, quality of institutions and available liquidity to firms 

also appear to play a role in enhancing the export competitiveness. 
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Canavari et al. (2009) employ an import demand function to estimate the drivers of 

competitiveness of Turkish organic export in the EU markets. In their research, the export 

quantity of organic products is used as the dependent variable. For the explanatory 

variables, export price of commodity, real income in destination country, real world price 

of commodity, real domestic price of commodity, real exchange rate between countries, 

and export incentives are employed. However, they are unable to obtain any significant 

coefficients estimates for the explanatory variables.  

The most relevant research was done by Sarker and Ratnasena (2014). They employ 

both BRCA and NRCA to measure the competitiveness of Canada’s export of wheat, beef 

and pork in the global market using the longitudinal data from 1961 to 2011. They found 

that Canadian wheat sector has higher competitiveness in the global market, but not the 

pork sector. Sarker and Ratnasena (2014) also investigated the competitiveness of three 

important agri-food commodities at the national level. These authors employed Box-Cox 

transformation in empirical analysis and instead of export quantity as the dependent 

variable, used the NRCA index as the dependent variables. Following the prediction of the 

H-O-V trade model, they used three categories of explanatory variables (cost of production, 

relevant exchange rates and relevant policies). 

3.3 Conclusion 

There are several measurements that can be used to determine the level of export 

competitiveness, such as Real Exchange Rates (RER), Constant Market Share (CMS) 

Balassa Revealed Comparative Advantage (BRCA) and Normalized Revealed 
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Comparative Advantage (NRCA). Each approach has its own strengths and weakness. The 

RER is easy to be computed and compared. However, appropriate indicators need to be 

chosen before using this approach. The CMS is ready-to-use, and we can isolate the 

competitiveness effect quite easily. However, appropriate aggregate level and base year 

need to be compared carefully. Also, the CMS approach can only be performed over a 

discrete time period. The BRCA is the most widely used approach for measuring export 

competitiveness. However, due to the asymmetric distribution, the BRCA can cause biased 

and misleading results. In addition, the BRCA indices are not comparable between different 

commodities, different countries and different time period. Compared with the BRCA 

index, the NRCA has symmetric distribution, and it allows us to do such a trend analysis. 

After the comparisons between these alternative approaches, this study is going to 

employ both the NRCA and BRCA index as the measurements for computing 

competitiveness of Canadian and Ontario’s agri-food exports. To the best of my knowledge, 

previous research has investigated the competitiveness of selected commodities at the 

national level at the total agri-food export level. And no research was done at provincial 

level along with value chains. In this study, we are going to analyze Canada and Ontario’s 

export of hog and cattle’s value chains to United States and Japan at three alternative 

aggregate levels.  

In terms of the drivers of competitiveness, the research done by Sarker and Ratnasena 

(2014), will be used as the guidance research. However, we make some adjustments to both 

methods since we are investigating source-specific and destination-specific exports.  
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Table 3.1 Comparisons of Different Approaches for Measuring Export Competitiveness 

Approach Formula Strength Limitations Literatures 

Real 

Exchange 

Rate (RER) 

RER =  
𝐸𝑃𝑓

𝑃𝑑
 

1. Easy to be computed and 

compared 

1. Need to figure out 

appropriate indicators 

2. The nominal exchange rate 

might be intervened by the 

government  

Kennedy (1997), 

Metlaleng (2004), Ball 

(2006) 

Constant 

Market Share 

(CMS) 

𝑑𝑞𝑡

𝑑𝑡
=  𝑠𝑡

𝑑𝑄𝑡

𝑑𝑡
+ [∑ 𝑠𝑖.

𝑡
𝑑𝑄𝑖.

𝑡

𝑑𝑡𝑖

−  𝑠𝑡
𝑑𝑄𝑡

𝑑𝑡
]

+ [∑ ∑ 𝑠𝑖𝑗
𝑡

𝑗𝑖

𝑑𝑄𝑖𝑗
𝑡

𝑑𝑡

− ∑ 𝑠𝑖.
𝑡
𝑑𝑄𝑖.

𝑡

𝑑𝑡𝑖
]

+  ∑ ∑
𝑑𝑠𝑖𝑗

𝑡

𝑑𝑡
𝑄𝑖𝑗

𝑡

𝑗𝑖
 

1. Its simplicity and 

applicability to ready-to–

use published data. 

2. Easy to isolate each effect 

1. Make several arbitrary 

assumptions. 

2. Need to choose appropriate 

aggregate level and base 

year. 

3. CMS analysis must be 

performed over a discrete 

time period. 

4. No sense to isolate single 

effect to conduct a empirical 

analysis 

Richardson, (1971), 

Jepma, 1986, Carlo 

(1988), Feldman, 1994, 

Chen et al., 2000, Singh 

and Dey (2011) 

Balassa 

Revealed 

Comparative 

Advantage 

(BRCA) 

𝐵𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸𝑖
)/(

𝐸𝑗

𝐸
) 

1. Most widely used. 

2. Easy to be calculated. 

1. Asymmetric distribution. 

2. No meaningful magnitude. 

3. Cannot conduct a trend 

analysis. 

4. BRCA indexes are not 

comparable between different 

countries, commodities and 

time. 

Balassa (1965), Ferto 

and Hubbard (2003), 

Cole et al (2005), Bojnec 

and Ferto (2012, 2014), 

Cooper (2006), Savin 

and Winker 2009), Chien 

(2010), 

Normalized 

Revealed 

Comparative 

Advantage 

(NRCA) 

 𝑁𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸
⁄ ) − (

𝐸𝑖𝐸𝑗
𝐸𝐸

⁄ ) 
1. Symmetric distribution & 

more meaningful 

magnitude. 

2. Comparable between 

countries, commodities 

and times. 

 Yu (2009, 2010), Sarker 

(2014, 2015) 
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Table 3.2 Empirical Studies of the Measurements of International Competitiveness and Economic and Political Factors 

Author(

s) 

Method Commo-

dities 

DV(s) 

or 

index 

Explanatory 

Variables or 

key factors 

Data Key Findings Remarks 

Sarker, 

R. 

(2015)  

BRCA 

Index 

and 

NRCA 

Index 

Wheat sectors 

in Canada 

and Australia 

NRCA 

indexes  

Canadian, 

Australian and 

world's total 

export of wheat, 

Canadian, 

Australian and 

world's total 

exports of all 

agri-food 

commodities.  

Longitudi

nal data 

from 

1961-

2011. 

Both Canada and Australia 

enjoyed competitiveness in 

wheat sectors.  

Shows a decline trend and 

the difference become 

smaller. 

Using NRCA 

index as the 

dependent 

variable instead 

of trade quantity. 

However, it does 

not conduct an 

empirical analysis 

of drivers of 

competitiveness.  

Peterson, 

E., and 

S. 

Valluru. 

(2000) 

HOV 

equation 

model 

Grains, 

oilseeds, 

sugars, all 

agriculture 

and meat 

products 

Net 

trade 

value 

of 

agricult

ural 

commo

dity  

Capital, skilled 

labor, land and 

energy 

resources, 

national policy 

variables, 

measure of 

environmental 

regulations. 

Cross-

sectional 

data from 

40 

countries 

Agricultural policies in such 

industries as sugar, meat 

products and grains have 

influence on trade. 

This study uses 

net trade value as 

the dependent 

variable which is 

not the most 

appropriate 

indicator of 

competitiveness. 

Esmaeili, 

A. 

(2014) 

BRCA 

index, 

Export 

supply 

model, 

OLS 

Exports of 

dates in Iran 

and other 

main export 

countries 

Real 

supply 

export 

value  

Date's export 

prices, Iranian 

real GDP, 

Iranian date 

RSCA index, 

Dummy variable 

for export 

subsidy 

Cross-

sectional 

data from 

8 

countries 

from 1961 

to 2005 

The patterns of production 

and export of dates differ 

between countries. 

The countries that have 

enjoyed increasing 

comparative advantage also 

enjoy the large share of 

trade. Export subsidy havs 

impacts on the export 

competitiveness of dates. 

Using RCA for 

calculating the 

competitiveness, 

and export value 

as the dependent 

variable. 

In addition, the 

explanatory 

variables are too 

limited. 
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Author(

s) 

Method Commoditie

s 

DV(s) 

or 

index 

Explanatory 

Variables or 

key factors 

Data Key Findings Remarks 

Yu, R. et 

al (2010) 

NRCA 

Index, 

OLS 

Hawaii's 

major export 

commodities 

NRCA 

index 

 

Time index Hawaii's 

major 

export 

data in 

1995 and 

2005 

Trend analysis is allowed to 

do by NRCA. And Hawaii's 

agricultural structure has 

changed since 1990s. 

It did a trend 

analysis of NRCA 

indices. But lack 

of an empirical 

analysis of drivers 

of 

competitiveness. 

Sarker 

and 

Ratnasen

a (2014) 

BRCA 

and 

NRCA, 

H-O-V 

model, 

OLS 

Canada's 

export of 

wheat, beef 

and pork  

NRCA 

indexes  

Wheat sector 

(Cost of 

fertilizer, seed, 

energy and hire 

farm labor). 

Beef and pork 

sectors (Cost of 

feed, hired farm 

labor, energy 

and operating 

expenses). 

Longitudi

nal data 

from 

1961-

2011. 

Canada enjoyed 

competitiveness in the 

wheat sector but not in the 

pork sector during 1961 and 

2011. Policies and diseases 

will affect the 

competitiveness. 

It analyzed the 

competitiveness 

of wheat at the 

national level on 

the global market. 

But lack of 

research at the 

provincial and 

disaggregate 

level. 

Fasano- 

Filho 

(1987) 

CMS, 

RER, 

BRCA 

Brazil’s 

commodities 

(chemicals, 

basic and 

miscellaneou

s 

manufactures

, machinery 

and transport 

equipment) in 

different 

markets 

Brazili-

an 

manufa

ctured 

exports 

Nominal 

exchange rate, 

Brazilian 

manufactured 

export prices, 

recession-boom 

variable 

(capacity), 

export subsidy 

Brazil 

export 

date 

during 

1962 and 

1981 

periods 

Brazil is most competitive 

in exporting the basic and 

miscellaneous manufactures 

category. For machinery and 

transport equipment, it has 

low competitiveness in 

developed countries, high 

competitiveness in 

developing countries. 

Using Brazilian 

manufactured 

export value as 

the dependent 

variable. 

In addition, the 

explanatory 

variables are too 

limited. 
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Author(

s) 

Method Commoditie

s 

DV(s) 

or 

index 

Explanatory 

Variables or 

key factors 

Data Key Findings Remarks 

Canavari 

et al 

(2009) 

BRCA & 

CMS, 

import 

demand 

function 

Turkish 

organic 

products in 

the EU 

market 

Export 

quantit

y 

Export price of 

good, real 

income in the 

EU country, real 

world price of 

good, real 

domestic market 

price, real 

exchange rate, 

export 

incentives 

Turkish 

organic 

export 

data from 

1993 to 

2008.  

Both the results of RCA 

index and the CMS suggest 

that Turkish organic export 

have low competitiveness. 

For the import demand 

function, they are unable to 

obtain significant coefficient 

estimates for the 

explanatory variables. 

It did calculate 

the BRCA index.  

Using Brazilian 

manufactured 

export value as 

the dependent 

variable for 

import demand 

function. 

 

Trifkovic

& Yu 

(2010) 

RCA 

index, 

relative 

unit 

values 

(RUV) & 

CMS 

Moroccan 

citrus sectors 

in the EU 

markets 

none none Moroccan 

citrus 

sectors 

export 

data from 

1993 

to2008 

In the EU market, the most 

competitive supplier of 

citrus fruit is Greece, while 

the least competitive is 

Mexico. Morocco’s 

competitiveness varies 

across markets. Moroccan 

citrus sector strengthens its 

competitiveness through 

structural modifications and 

investments in 

infrastructure, quality and 

safety management systems.  

Comparing RCA 

with RUV and 

CMS. But lack of 

empirical analysis 

of determinants of 

competitiveness. 
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Chapter 4 Conceptual Framework: The Heckscher-Ohlin Model 

The objective of this chapter is to develop an analytical framework for international free trade 

pattern. The first section provides the brief introduction of Heckscher-Ohlin (H-O) theorem. The 

second section uses a 2 goods x 2 factors x 2 countries model for simplicity illustration of H-O 

theorem. Section three develops the Heckscher-Ohlin-Vanek (H-O-V) trade model as a framework 

to identify the key factors that would have effects on trade pattern. 

The Heckscher-Ohlin model is a general equilibrium model of international trade. It was 

proposed by Heckscher (1919) and Ohlin (1933), and improved by Samuelson (1948) who 

established a general two goods, two factors and two countries framework. After the contribution 

of Samuelson, Vanek (1968) generalized the H-O theorem to the n-dimension and established a 

testable relationship between different factor endowments, factor inputs and factor trade, which is 

called Heckscher-Ohlin-Vanek (H-O-V) equation.  

The H-O-V trade model assumes that trade occurs because countries have different resources, 

and it is differed from the Ricardian model, which assumes that, trade occurs because countries 

use their technological comparative advantage to specialize in the production of different goods. 

The H-O theorem assumes no difference in technology in between countries. 

Under the Heckscher-Ohlin theorem, there are two scenarios (1) no-trade equilibrium, (2) free-

trade equilibrium. In the first scenario, with no trade between the two identical countries, 

individual production equals to their consumption which is the autarky equilibrium point. In the 

second scenario, both counties consume beyond their own production-possibility frontier; in 

addition, production and consumption points are divergent. Since this study focuses on trade 

between Canada, United States and Japan, in this chapter, for simplicity of illustration, we only 

focus the second scenario, which is free-trade pattern trade model. 
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4.1 An Illustration of the H-O-V Trade Model (2 goods x 2 factors x 2 countries). 

This section provides an illustration of the H-O-V trade model using 2 goods (computer and 

pork), 2 factors (capital and labor), 2 countries (Home country and Foreign country) as example. 

Before setting up the H-O-V trade model, several assumptions need to be made: 

(1) Between two industries in a country, labor and capital can be moved freely. 

(2) Pork production is labor-intensive, and computer production is capital-intensive. 

(3) Foreign country is labor abundant and Home country is capital abundant.  

(4) Free trade between countries.  

(5) Technology is identical in both countries.  

(6) Consumers’ preferences are identical across countries. 

Before setting up the trade pattern, we need to figure out that with no trade, the relative price 

of computers is lower in Home country than that in Foreign country, while the relative price of 

pork is lower in Foreign country than Home country. If trade occurs between these two countries, 

the equilibrium price of computers should be higher than the autarky price in Home country, but 

lower than the autarky price in Foreign country. Similarly, the equilibrium price of pork should be 

higher than autarky price in Foreign country, but lower than the autarky price in Home country. 

Figure 4.1 indicates the international free trade equilibrium in Home country. Without trade, 

point A is the autarky equilibrium point for computer where the Home production possibilities 

frontier (PPF) is tangent with the indifference curve. With free trade between countries, the 

production of computer in Home country shifts to point B, where the PPF is tangent with world 

price line (slope = (𝑃𝑐/𝑃𝑃)𝑤). In terms of consumption in Home country, it will shift from point 

A to point C, where the world price line is tangent with higher indifference curve. The difference 

between point B and point C on horizontal axis (𝑄𝐶2 − 𝑄𝐶3) represents the quantity of computers 
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exported from Home country to Foreign country. The difference between point B and point C on 

typical axis (𝑄𝑃3 − 𝑄𝑃2) is the quantity of pork exported from Foreign country to Home country. 

Panel (b) in Figure 4.1 indicates Home country’s export supply curve for computers. Point A 

represents the relative price of computers (𝑃𝑐/𝑃𝑃)𝐴, where is the no-trade equilibrium point. At 

point D, with the relative price of (𝑃𝑐/𝑃𝑃)𝑤, the export supply is (𝑄𝐶2 − 𝑄𝐶3). 

Similarly, Figure 4.2 indicates the international free trade equilibrium in Foreign country. In 

Foreign country, point 𝐴∗ is the no trade equilibrium point. With free trade between countries, the 

production shifts to point 𝐵∗, and the consumption shifts to point 𝐶∗. Panel (b) in Figure 4.2 

indicates the import demand curve for computers in Foreign country. Point 𝐴∗  represents the 

relative price of computers (𝑃𝑐
∗/𝑃𝑃

∗)𝐴∗
, where is the no-trade equilibrium point. At point 𝐷∗, with 

the relative price of (𝑃𝑐/𝑃𝑃)𝑤, the export supply is (𝑄𝑐3
∗ − 𝑄𝑐2

∗ ). In Figure4.3, the equilibrium 

relative price of computer and pork with free trade, which is ( 𝑃𝑐/𝑃𝑃)𝑤, is determined by the 

intersection of the Home country’s export supply and the Foreign country’s import demand curves, 

at point D. At this relative price, the quantity of computers that Home country export equals to the 

quantity of computers that Foreign country import, and the quantity of pork that Foreign country 

export equals to the quantity of pork that Home country import.  

Figure 4.3 shows that the trade quantity and trade price are determined by the Home export 

curve (which is excess supply curve) and the Foreign imports curve (which is the excess demand 

curve). In addition, the trade quantity is largely affected by the price ratio of ( 𝑃𝑐/𝑃𝑃)𝑤, ( 𝑃𝑐/

𝑃𝑃)∗, 𝑎𝑛𝑑 ( 𝑃𝑐/𝑃𝑃)𝐴. If the ( 𝑃𝑐/𝑃𝑃)𝑤 goes up, the trade quantity 𝑄𝑤 is likely to go down; while 

the ( 𝑃𝑐/𝑃𝑃)𝑤 goes down, the 𝑄𝑤 is likely to go up. 

Using the free-trade equilibrium, we can determine the trade pattern between two countries. 

Home country exports computer, the good that uses intensively the factor of production (capital) 
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found in abundant in Home country. Foreign country exports pork, the good that uses intensively 

the factor of production (labor) found in abundant in Foreign country. This important result restates 

the Heckscher-Ohlin model. 
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Figure 4.1 International Free-Trade Equilibrium at Home Country 

 

 

Figure 4.2 International Free-Trade Equilibrium at Foreign Country 
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Figure 4.3 Determination of the Free-Trade World Equilibrium Price 

 

 

4.2 The HOV Trade Model 

The following representation of the H-O-V model relies heavily on Trefler (1993). Firstly, it 

is assumed that technologies and consumer preferences are identical across all countries. Let i 

denotes countries (i = 1, 2, …, i), j denotes industries (j = 1, 2, …, j), and f denotes factors (f = 1, 

2, …, f). Then let 𝐸𝑓𝑖 denotes the endowment of factor f in country i. For factor f in all countries 

can be represented by ∑ 𝐸𝑓𝑖
𝑖
𝑖=1 . Then let 𝐺𝑖 represents the gross national product of country i. So, 

the world GNP can be defined as 𝐺𝑤 = ∑ 𝐺𝑖
𝑐
𝑖=1 . Let 𝑇𝑖 represents the trade balance of country i, 

so that the consumption in country i can be represented by 𝐶𝑖 = 𝐺𝑖 − 𝑇𝑖. Country i’s share of 

world consumption can be represented as 𝑠𝑖 = 𝐶𝑖/𝐺𝑤 = (𝐺𝑖 − 𝑇𝑖)/ 𝐺𝑤. Let 𝐹𝑓𝑖 denotes the net 

exports of factor f by country i. The vector of factors that used to produce export commodities can 

be represented as 𝑭𝑖 = (𝐹1𝑖, 𝐹2𝑖 , … , 𝐹𝐹𝑖)
′. Then we can get the following equation: 
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𝐹𝑓𝑖 = 𝐸𝑓𝑖 − 𝑠𝑖 ∑ 𝐸𝑓𝑗
𝑐
𝑗=1 , 𝑓 = 1,… , 𝐹, 𝑖 = 1,… , 𝑖.              (4.1) 

Equation (4.1) represents that net export equals to country’s total endowment minus country’s 

consumption. It implies that a country exports the goods, which are using country’s abundant 

factors. Therefore, country i is defined to be abundant in factor f if 𝐹𝑓𝑖 = 𝐸𝑓𝑖 − 𝑠𝑖 ∑ 𝐸𝑓𝑖
𝑐
𝑖=1 > 0. In 

other words, if country i’s endowment of factor f relative to the world endowment exceeds its share 

of world GNP, we say that country i is abundant in that factor. 

Let 𝑤𝑓𝑖 denotes factor f’s price in country i, and the vector of all factors’ prices can be written 

as 𝒘𝑖 = (𝑤1𝑖, 𝑤2𝑖, … , 𝑤𝑓𝑖)′. Then 𝐴𝑖(𝑤𝑖), a f x i matrix, indicates the requirement of factor f for 

producing one unit of j. The term 𝑻𝑖 is the i x 1 vector of net exports. Thus, we have 𝑭𝑖 = 𝑨𝑖𝑻𝑖. 

Under the free trade equilibrium scenario, the prices should be equaled for all pairs of country i 

and i’. Therefore, we can have the following equation: 

𝑤𝑓𝑖 = 𝑤𝑓𝑖′ , 𝑓 = 1,… , 𝑓, 𝑖, 𝑖′ = 1,… , 𝑖.                (4.2) 

Equation (4.2) indicates the factor price equalization theorem. Note, Equation (4.1) and (4.2) are 

built under the assumption that productivity is identical across countries. If the differences of 

productivity across countries are allowed, then equation (4.1) and (4.2) would change.  

Leontief (1953) claimed that the United States is abundant in labor when labor is measured in 

“productivity-equivalent” units. When the differences of productivity are considered in the model, 

a parameter 𝜋𝐿𝑖, which represents the productivity factor, can be applied in the equation. So, we 

can have 𝐸𝐿𝑖
∗ = 𝜋𝐿𝑖𝐸𝐿𝑖 , here 𝐸𝐿𝑖  is the labor endowment in country i, and 𝐸𝐿𝑖

∗   is the labor 

endowment measured in productivity-equivalent units. Similarly, we can have 𝑤𝑓𝑖 = 𝜋𝑓𝑖 𝑤𝑓𝑖
∗  (f 

= 1, …, f, i = 1, …, i). Here, the unit price of 𝐸𝐿𝑖
∗  is represented by 𝑤𝑓𝑖

∗ . Then the vector of unit 

price of productivity-equivalent factors can be represented as 𝒘𝑖
∗ = (𝒘𝑖

∗, 𝒘𝑖
∗, … . , 𝒘𝑖

∗). Substitute 

these into equation (4.1), and then we can have the following equations, 
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𝐹𝑓𝑖
∗ = 𝜋𝑓𝑖 𝐸𝑓𝑖 − s𝑖 ∑ 𝜋𝑓𝑗 𝐸𝑓𝑗

𝑐
𝑗=1 ,        𝑓 = 1,… , 𝑓, 𝑖 = 1,… , 𝑖,       (4.3) 

w𝑓𝑖

𝜋𝑓𝑖 
= 

w𝑓𝑖′

𝜋𝑓𝑖′ 
 ,                       𝑓 = 1, … , 𝐹, 𝑖 = 1,… , 𝑖.       (4.4) 

Equations (4.3) and (4.4) include the data on trade (𝐹𝑓𝑖
∗ ,  net export), endowments of each 

factors (𝑉𝑓𝑖 ), factor price data (w𝑓𝑖 ), country i’s share of world consumption (s𝑖) . The only 

unknown data are the 𝜋𝑓𝑖  , the productivity parameter of factor. In principle, the 𝜋𝑓𝑖  can be 

obtained from international productivity studies. However, Trefler (1993) points out that reliable 

productivity estimates are not readily available for all trading nations. Here we know that 𝑭𝑓𝑖
∗ , 

𝑬𝑓𝑖  and 𝝅𝑓𝑗  are all vectors. The equation (4.3) can be written as 𝑭𝑓
∗ = 𝑿𝑓 ∏𝒇 , 𝑓 = 1,… , 𝑓, 

expand the sectors as follow: 

𝑭𝑓
∗ = 

[
 
 
 
 
 
𝐹𝑓1

∗

𝐹𝑓2
∗

.

.

.
𝐹𝑓𝑖

∗
]
 
 
 
 
 

, 𝑿𝑓 = 

[
 
 
 
 
 

(1 − 𝑠1)𝐸𝑓1          − 𝑠1𝐸𝑓2    …   − 𝑠1𝐸𝑓𝑖

   −𝑠2𝐸𝑓1           (1 − 𝑠1)𝐸𝑓1   …   − 𝑠2𝐸𝑓𝑖

.                        .               .             .

.                        .                   .         .
.                        .                       .     .  

         −𝑠𝑖𝐸𝑓1             − 𝑠𝑖𝐸𝑓2     …   (1 − 𝑠2)𝐸𝑓𝑖]
 
 
 
 
 

,∏𝒇 = 

[
 
 
 
 
 
π𝑓1

π𝑓2

.

.

.
π𝑓𝑖 ]

 
 
 
 
 

(4.5) 

By analogy to the linear regression model, (𝑭𝑓
∗ , 𝑿𝑓) are the data and ∏𝒇 is a vector of regression 

coefficients, which are the productivity parameters. 

If productivity parameter π𝑓𝑖 can vary across factors, the H-O-V model provides vary good 

empirical fit. From Equation (4.3), we can find that the ∏ �̂� do not depend on data of other factors, 

so that they can be calculated with one factor at a time. In addition, the ∏ �̂� are not likely to 

satisfy both equation (4.3) and (4.4). If we choose the US as one of the country, the estimates of 

Equation (4.4) can be written as: 

�̂�𝒇𝒊

�̂�𝒇,𝑼𝑺
= 

w𝑓𝑖

w𝑓𝑖,𝑈𝑆
, 𝑖 = 1,… , 𝑖                      (4.5) 

Here, after we get the 
�̂�𝒇𝒊

�̂�𝒇,𝑼𝑺
 , we can predict the 

w𝑓𝑖

w𝑓𝑖,𝑈𝑆
 . Trefler (1993) finds that the close 
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correspondence between the π𝑓𝑖 and the w𝑓𝑖 strongly supports the HOV model. Also, he found 

that π𝑓𝑖, the productivity parameters using to calculate the productivity-equivalent unit, varies 

across countries.  

 The role of productivity differences in determining comparative advantage has also been 

demonstrated in recent empirical work. Chor (2010) also shows that comparative advantage and 

trade flows are influenced by country and industry characteristics and by trading countries. It is to 

be noted here that while most previous studies used quantity traded as the dependent variable, the 

NRCA indices are used as measure of comparative advantage in this study and as the dependent 

variables in this study. 
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Chapter 5 Empirical Framework 
 

 This chapter serves four distinct purposes. First, the choice of commodities is discussed. 

Secondly, discussion also addresses the empirical measurement of destination-specific export 

competitiveness for the specific commodities. Then the factors influencing destination-specific 

export competitiveness based on the H-O-V trade model are discussed in a regression framework. 

Finally, the relevant data and their sources are discussed.  

 

5.1 Commodity Selection 

Destination-specific export competitiveness of red meats and products exported from Ontario 

and Canada to the United States and Japan are investigated in this study using a value chain 

perspective for the hog and cattle sectors. As shown in Figure 5.1, each value chain is divided into 

four segments: live animal, fresh & chilled meat, frozen meat and further processed meat. There 

are more than 10 commodities under each segment based on 6-digit HS code which are exported 

from Ontario and from Canada to different export destinations. As not all commodities are equally 

important in terms of the value of export. For simplicity, this study focuses on the most dominant 

commodities, which have the highest trade value under each segment. The list of the dominant 

commodities under each segment is given in Table 5.1. 
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Figure 5.1 Value Chain of Hog or Cattle Sector 

 

Source: The author creates this figure based on the knowledge of hog supply chain. 

Table 5.1 List of Dominant Commodities under Each Segment (6-Digit HS Code) 

 Hog Value Chain Cattle Value Chain 

Live Animal Slaughter Hogs  

(HS 010392) 

Slaughter Cattle 

(HS 010290) 

Fresh & Chilled Meat Pork, fresh & chilled  

(HS 020319) 

 

Meat of bovine animals, 

bone in, fresh & chilled (HS 

20120) 

Frozen Meat Frozen Pork  

(HS 020329) 

Meat of bovine animals, 

boneless, frozen  

(HS 020230) 

Further Processed Meat Cured bacon  

(HS 021012) 

 

Meat of bovine animals, 

prepared and preserved  

(HS 160250) 

 

There are two kinds of trade between countries, inter-industry trade and intra-industry trade 

(IIT). Inter-industry trade refers to either import or export of homogenous good in the same 

industry, while intra-industry trade refers to the exchange of differentiated goods in the same 

industry. In this study, we employed the Grubel-Lloyd (GL) index to determine the pattern of trade. 

GL index is the most widely used intra-industry trade index. The GL index is defined as: 

𝐺𝐿𝑖𝑗 = 1 − 
|𝑋𝑖𝑗− 𝑋𝑗𝑖|

𝑋𝑖𝑗+ 𝑋𝑗𝑖
 ; 0 ≤ 𝐺𝐿𝑖𝑗  ≤ 1                (5.1) 

Where i j indicate country i and j, 

Live 
Animal

Fresh & 
Chilled 
Meat 

Further 
Processed 

Meat 

Frozen 
Meat 
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𝐺𝐿𝑖𝑗  denotes the GL index of selected commodity exported from i to j, 

  𝑋𝑖𝑗 denotes the trade value of selected commodity exported from i to j, 

  𝑋𝑗𝑖 denotes the trade value of selected commodity imports from j to i. 

When the GL index is close to 1, then the trade pattern is considered intra-industry trade. If the GL 

index is close to 0, then the trade pattern of the selected commodity is considered inter-industry 

trade. Since there is no known threshold value for the GL index that is widely agreed upon, we 

employed 0.33 as the threshold value. While it is somewhat arbitrary, it is necessary to differentiate 

between intra- and inter-industry trades. If the GL index is less than 0.33, we consider it as inter-

industry trade. However, if the GL index is greater than 0.33, we consider trade as intra-industry 

trade. The median of each GL index is used to determine the pattern of trade. We found that median 

values of GL indices for fresh & chilled meat of bovine (HS 020120), frozen meat of bovine (HS 

020230) and cured bacon (HS021012) are larger than 0.33, which considered to be intra-industry 

trade. Table 5.2 lists the GL indices for the selected commodities which considered as inter-

industry trade. 

Table 5.2List of Selected Commodities Exported from Canada to the United States and Japan 

Using H-O-V Trade Model 

Dominant Commodities  GL index (USA) GL index (Japan) 

Slaughter Cattle 0.001 0 

Slaughter hogs  0.001 0 

Pork, fresh & chilled 0.216 0.003 

Pork, frozen 0.312 0.005 

Bovine meat, Prepared and Preserved 0.093 0.001 

Source: Trade data for Canada, the US and Japan come from AAFC, odesi, MAFF 

Note: 

1. No live hog and cattle are exported from Canada to Japan. 
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5.2 Measurement of Export Competitiveness 

5.2.1 Balassa Revealed Comparative Advantage (BRCA) and Normalized Revealed 

Comparative Advantage (NRCA) 

Due to the limitations of RER, CMS, this study employs both Balassa Revealed Comparative 

Advantage (BRCA) and Normalized Revealed Comparative Advantage (NRCA) as the 

measurements of export competitiveness. As mentioned earlier, the BRCA, as the most widely 

used measurement for export competitiveness, has some limitations; however, we want to make a 

comparison between these two RCAs. They are defined as: 

𝐵𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸𝑖)/(
𝐸𝑗

𝐸
)                            (5.2) 

𝑁𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸
⁄ ) − (

𝐸𝑖𝐸𝑗
𝐸𝐸

⁄ )                       (5.3) 

The NRCA index is a modification of the BRCA index. To make it clear, we set up the NRCA 

index step by step. Firstly, the comparative-advantage-neutral level is represented by: 

𝐸𝑗
𝑖∗ = (𝐸

𝑖

𝐸⁄ )*𝐸𝑗                            (5.4) 

𝐸𝑖

𝐸⁄ represents the share of country i’s exports in the global market, and (𝐸
𝑖

𝐸⁄ )*𝐸𝑗 represents 

the neutral level of country i’s export of commodity j. Therefore, the difference between actual 

and neutral point can be represented by: 

△ 𝐸𝑗
𝑖 = 𝐸𝑗

𝑖 - 𝐸𝑗
𝑖∗ = 𝐸𝑗

𝑖 -(𝐸
𝑖

𝐸⁄ )*𝐸𝑗  (>, < or =)            (5.5) 

Finally, the difference between actual and neutral point by world’s total trade has been scaled down, 

then the NRCA index can be refined as: 

𝑁𝑅𝐶𝐴𝑗
𝑖 = △ 𝐸𝑗

𝑖  /E = (
𝐸𝑗

𝑖

𝐸
⁄ ) − (

𝐸𝑖𝐸𝑗
𝐸𝐸

⁄ )              (5.6) 

Here, we can see that NRCA, which is bounded between -1 and 1, solves the issue of 



 

52 

 

asymmetric distribution raised by BRCA index. In this study, since we only focus on the 

destination-specific export competitiveness of Canadian and Ontario hog and cattle value chains, 

we make reasonable adjustments to the calculation of BRCA and NRCA.  

Firstly, original BRCA and NRCA are dealing with a selected country’s comparative 

advantage, competing with all the export countries in the world. In this study, we consider the total 

imports of selected destination countries (the U.S. and Japan respectively), instead of using total 

exports in the world (E). In other words, Canada is competing with other countries’ exports in the 

selected destination. According to the data obtained from AAFC (2016), the United States is the 

main market for Canadian live hog exports. Rather than competing with other live hog exporters 

in the global market, considering the major competitors in the United States will help farmers and 

traders position themselves in the target market. 

Secondly, rather than consider all merchandise trade with the trading countries, we only focus 

on the agri-food sectors. From the previous steps of calculation of NRCA, we can see that, we 

need to define 𝐸𝑗
𝑖 ,𝐸𝑖 , 𝐸𝑗 and E first. For better interpretation, let’s take the example of live 

slaughter hogs exported from Canada to the US.  

𝑁𝑅𝐶𝐴𝑆𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝐻𝑜𝑔𝑠
𝐶𝐴𝑁−𝑈𝑆  =  (

𝐸𝑆𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝐻𝑜𝑔𝑠
𝐶𝐴𝑁−𝑈𝑆

𝐸
⁄ ) − (

𝐸𝑖𝐸𝑆𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝐻𝑜𝑔𝑠
𝐸𝐸

⁄ )    (5.7) 

In this study, 𝐸𝑆𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝐻𝑜𝑔𝑠
𝐶𝐴𝑁−𝑈𝑆  denotes live slaughter hogs exported from Canada to the US. 

𝐸𝑆𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝐻𝑜𝑔𝑠denotes the US’s total imports of live slaughter hogs from all the countries in the 

world. From the original NRCA formula, 𝐸𝑖 denotes Canada’s total exports of everything to the 

US. And E denotes the US’s total imports of everything from all the countries in the world. Since 

we are dealing with the hog and cattle value chain, it is more reasonable to move focus from 

Canadian total export to Canadian total agri-food exports. Therefore, we choose three alternative 
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aggregations of exports: (1) total agri-food level, (2) red meat level (including livestock and red 

meat), and (3) value chain export level (hog value chain and cattle value chain, respectively).  

Once the aggregation of export has been chosen, the BRCA and NRCA can be calculated. 

There are three scenarios: 

First scenario: Total agri-food level 

𝐸𝑖denotes total trade value of all agri-food commodities exported from Canada to the US. 

E denotes the US’s total import value of all agri-food commodities from all the countries in 

the world. 

Second scenario: Total red meat level 

𝐸𝑖denotes total trade value of red meat exported from Canada to the US. 

E denotes the US’s total import value of red meat exported from all the countries in the world. 

Third scenario: Total value chain export level 

𝐸𝑖denotes total trade value of related commodities (by hog or cattle value chain perspective) 

exported from Canada to the US. 

E denotes the US’s total imports value of related commodities (by hog or cattle value chain 

perspective) exported from all the countries in the world. 

 

After choosing three alternative aggregate export levels, then we are able to calculate the 

BRCA and NRCA indices at each aggregate level. Estimated BRCA & NRCA values are presented 

in Chapter 6. 
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5.2.2 Drivers of Competitiveness 

 The Heckscher-Ohlin model assumes that trade occurs because countries are abundant in 

different factor endowments. There are lots of factors which may have influence on the export 

competitiveness. Due to the limitations of BRCA index, the empirical estimation only focuses on 

NRCA index. Once the NRCA indexes have been calculated, the determinants of competitiveness 

can be estimated by empirical analysis. This study uses the research done by Sarker and Ratnasena 

(2014) as guidance. Sarker and Ratnasena use three groups of explanatory variables in the 

empirical analysis: factors related to input costs, relevant exchange rates and relevant policy and 

disease variables. The empirical model for this study can be written by given formula, 

NRCA = f(PProduction, Relevant Exchange rates, Policies and disease)    (5.8) 

Specifically, the cost of production includes feed prices, labor cost, energy costs, expenditure on 

research & development in agriculture. Relevant exchange rates between sources countries and 

destination countries are used in the analysis. Relevant policy variables include free trade 

agreement (such as NAFTA), tariff rates and Country-of-Origin labeling (COOL). Also, the 

empirical model includes some relevant diseases which have impacts on the supply side, such as 

BSE (Bovine Spongiform Encephalopathy), swine flu (H1N1) and PEDV (Porcine Epidemic 

Diarrhea Virus).  

 However, there is an econometric issue that the relationship between dependent variable 

and independent variables is unknown. Data transformations (or power transformations) are a 

commonly-used tool which can be applied in many functions, such as improving normality of a 

selected function’s data. A distribution that is symmetric or nearly so is often easier to summarize 

and interpret than a skewed distribution. However, why is it useful to make datasets symmetric? 

There are couple reasons. Firstly, symmetric datasets are simpler to summarize. The mean of 



 

55 

 

sample is a good estimator of the mean of population. Secondly, a classical empirical analysis is 

usually built based on the normality assumption. In order to fit the normality assumption, power 

transformation is needed. 

In order to determine the right function of empirical analysis, in this study, we imposed Box-

Cox transformation method. The idea was modified by Box and Cox (1964), and it is defined as: 

𝑦𝜆 =
(𝑦𝜆 − 1)

𝜆
  𝑖𝑓 𝜆 ≠ 0; 

𝑦𝜆 = log(𝑦)     𝑖𝑓 𝜆 = 0.                      (5.9) 

Box-Cox transformation would have been ideal to transform both dependent and explanatory 

variables. For simplicity, this study only transforms the dependent variables. It is well known that 

a log-log functional form is more appropriate when the 𝜆 equals to 0. If, however, 𝜆 equals to 1, 

a linear functional form is more appropriate. The Likelihood Ratio Test (LRT) can be used to see 

if 𝜆  is significantly different from 0 and 1. The LRT statistic requires both restricted and 

unrestricted estimates. In this study, we define the restricted estimate using 𝜆 equals to 0 or 1, and 

the unrestricted estimates using original 𝜆. If lambda value of the Box-Cox transformation for 

each NRCA index is not equal to 0 or 1, we imposed the transformed NRCA index as the dependent 

variable.  

As an example, the empirical analysis for slaughter hogs exported from Canada to the US can 

be written as follow: 

𝑁𝑅𝐶𝐴𝜆 = 𝛼0 + 𝛽1𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑅𝑎𝑡𝑒𝐶𝐴𝑁−𝑈𝑆 + 𝛽2𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑅𝑎𝑡𝑒𝑀𝑒𝑥𝑖𝑐𝑜−𝑈𝑆 

+𝛽3𝑃𝐵𝑎𝑟𝑙𝑒𝑦
𝐶𝐴𝑁 + 𝛽4𝑃𝐵𝑎𝑟𝑙𝑒𝑦

𝑈𝑆 + 𝛽5𝑃𝐹𝑒𝑒𝑑𝑒𝑟ℎ𝑜𝑔
𝐶𝐴𝑁 + 𝛽6𝑃𝐹𝑒𝑒𝑑𝑒𝑟ℎ𝑜𝑔 

𝑈𝑆 + 𝛽7 𝑊𝑎𝑔𝑒𝐶𝑎𝑛 

+ 𝛽8𝑊𝑎𝑔𝑒𝑈𝑆 + 𝛽9𝐶𝐸𝑛𝑒𝑟𝑔𝑦
𝐶𝐴𝑁 + 𝛽10𝐶𝐸𝑛𝑒𝑟𝑔𝑦

𝑈𝑆 +  𝛽11𝑅𝑁𝐷𝐶𝐴𝑁 + 𝛽12𝑇𝑎𝑟𝑖𝑓𝑓  

   +𝛾1𝐷𝑢𝑚𝑚𝑦𝑁𝐴𝐹𝑇𝐴 + 𝛾2𝐷𝑢𝑚𝑚𝑦𝐶𝑂𝑂𝐿 + 𝛾3𝐷𝑢𝑚𝑚𝑦𝐵𝑆𝐸 + 𝛾4𝐷𝑢𝑚𝑚𝑦𝑃𝐸𝐷𝑉 
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      +𝛾5𝐷𝑢𝑚𝑚𝑦𝑆𝑤𝑖𝑛𝑒 𝑓𝑙𝑢 + 𝛾6𝐷𝑢𝑚𝑚𝑦𝑀𝑜𝑛𝑡ℎ +  𝜀                        (5.10) 

 

Where  ExchangeRateCAN−US represents the exchange rate between Canada and the US,  

  ExchangeRateMexico−USrepresents the exchange rate between the US and Mexico (since 

Mexico is another exporter of slaughter hogs),  

PBarley
CAN  and PBarley

US  represent the barley price in Canada and the US, 

PFeederhog
CAN  and PFeederhog 

US represent the feeder hog prices in Canada and the US, 

 WageCanand WageUS represent the wage rates in Canada and the US, 

CEnergy
CAN andCEnergy

US represents the cost of energy in Canada and the US, 

RNDCANrepresents the research &development expenditure in Canada, 

Tariffrepresents the tariff rates between Canada and the US, 

NAFTA, COOL, BSE, PEDV and Swine flu is employed as dummy variables in the 

empirical model, 

DummyMonthrepresents a vector of 11 monthly dummy variables, 

α0 , 𝛽1 , 𝛽2 , 𝛽3 , 𝛽4 , 𝛽5 , 𝛽6 , 𝛽7 , 𝛽8 , 𝛽9 , 𝛽10 , 𝛽11 , 𝛽12 ,γ1 , γ2 , γ3 , γ4 , γ5 ,and γ6 are 

the coefficients, and ε is the error term. 

In this study, similar functional form and set of explanatory variables are used for all the other 

commodities, including slaughter hogs, fresh and chilled pork, frozen pork and prepared and 

preserved meat of bovine.  
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5.3 Data Description and Summary Statistics 

5.3.1 Major Production Inputs:  

Corn, soybean and barley 

In this study, we used farm level data for inputs, including corn, soybean and barley. In Canada, 

barley is used as the main feed for cattle and hogs. But in Ontario, farmers use corn and soybean 

as the main feeds. Thus, the prices of corn, barley and soybean are used as the main costs of feed. 

Hogs raised in the US can be considered as substitutes of hogs raised in Canada. Therefore, the 

prices of corn, soybean and barley in the US and in Japan are also employed in the empirical 

analysis. Since over 98% of corn used in feeding livestock in Japan are imported from the US, we 

use the export prices of corn and soybean from the US to Japan as a proxy for the cost of feed in 

Japan. The farm level prices for corn and soybean in Ontario and Canada were obtained from 

CANSIM (table 002-0043) and Statistics Canada, while the USDA and MAFF (Ministry of 

Agriculture, Forestry and Fisheries) are the main data sources for feed prices in the US and in 

Japan. All prices were measured as dollars per metric ton and I have converted them into dollars 

per bushel to make them consistent across sources.  

 

Wage rates 

Wage rate is one of the major input costs of production in Canada and in Ontario. Wage rates 

in the US and in Japan are also employed in the empirical analysis. The wage rates data in Canada 

and in Ontario were obtained from the Statistics Canada. As mentioned earlier, the value chains of 

hog and cattle are divided into four segments (including live animal, fresh & chilled meat, frozen 

meat and further processed meat). For the first three segments, we use the farm level wage rates. 

In CANSIM table 282-0151, we take the average of wage rates of “Natural resources, agriculture 
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and related production occupation” as the wage rates for the three segments. For the further 

processed meat, we employ the wage rates of manufactory (or unskilled worker) as the wage rates 

of meat packers. For the wage rates in the US and in Japan, the average wage rates for agricultural 

workers were obtained from USDA and MAFF. All the wage rates were measured as dollars per 

hour to make them consistent across sources. 

 

Energy Costs 

Energy plays an important role in the production of livestock and products in all sources and 

destination countries. In this study, gasoline and electricity are considered as the main energy use. 

Farm level data of gasoline is supposed to be used for the empirical analysis. However, we are 

unable to find the farm level data of gasoline in Canada. Therefore, we employ the average price 

of different kinds of gasoline instead. The prices of gasoline are obtained from Statistics Canada. 

We use the total electricity expenses of farm in Canada which was obtained from Statistic Canada 

(CANSIM table 002-005). 

Prices of gasoline and electricity in the US and in Japan are also employed in the empirical 

analysis. The price of gasoline and electricity in the US were obtained from Bureau of Labor 

Statistics. In Japan, we are unable to find the price of gasoline and electricity, so we use the total 

fuel expense in farm instead (data obtained from MAFF). All the prices of gasoline are converted 

into dollars per liter to make them consistent across sources.  

 

R&D Expenditure 

Research and Development expenditure increases the productivity in an industry. Since we 

are investigating the hog and cattle sectors, we wished to use monthly farm level data of R&D in 
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this study. However, the R&D data related to hog and cattle sectors were not available. We were 

able to access only the annual data of total R&D expenditure in agriculture for Canada and for 

specific provinces from the AAFC. The data of Canadian and Ontario’s total farm sale of 

production is available. To reduce the scale effect, this study uses the ratio of total R&D 

expenditure on agriculture and farm sale of production as a proxy variable in the empirical model. 

Using the total R&D expenditure on agriculture captures the information of all kinds of farms, 

including livestock farms, crop farms, fish and seafood industry and other kinds of farm. Therefore, 

it is not narrow enough to capture only the hog and cattle farms. However, using the ratio of total 

R&D on agriculture and total farm sales, which measures the amount of R&D spending for 

additional dollar of farm sale, would make it more suitable for hog and cattle sectors.  

 

5.3.2 Major Trade/Policy Variables:  

Exchange Rate 

Since we are dealing with agri-food trade between countries, the exchange rates between 

countries play important roles in the international trade. The fluctuation of exchange rate may have 

influence on the export competitiveness. Therefore, the exchange rate between source country and 

destination country is used the empirical analysis. 

The US imports beef and pork not only from Canada, but also from other countries. In the US 

market, Denmark is the second largest pork exporter, while Australia are the major competitors for 

Canadian beef. Therefore, due to the substitution effects, the exchange rates between the US and 

Denmark, between the US and Australia are employed in the empirical analysis. The exchange rate 

between Canada and the US is defined as the amount of Canadian dollar in terms of per US dollar. 

The real exchanges were obtained from the USDA. 
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NAFTA 

The North American Free Trade Agreement (NAFTA) is the most important free trade 

agreement between Canada and the US. There was no free trade agreement between Canada and 

Japan during the time period (1990 - 2014).  

NAFTA, which came into force since January 1994, progressively eliminated almost all tariff 

and quota barriers to agri-food trade among these counties over the 1994-2008 transition periods. 

The changes in tariff rates would reflect the impacts of NAFTA on agir-food exported from Canada 

and from Ontario directly. However, for some commodities, such as slaughter hogs, there is no 

tariff rate between two Canada and the US. Therefore, a dummy variable for NAFTA will be 

imposed in the empirical analysis of slaughter hogs exported from Canada to the US. It equals to 

“1” from January 1994 to December 2014, and equals to “0” otherwise. 

 

Tariff Rates 

For most of the selected commodities, there are specific tariff rates imposed on the agri-food 

commodities exported from Canada and from Ontario to the United States. Bilateral tariffs data 

for the year 1990 to 2014 in this study were obtained from the United Nations Statistical Division-

Trade Analysis and Information System (UNCTAD-TRAINS). Under this system, for 

commodities exported from Canada to the United States, the reporter of tariff rates is the US, and 

Canada is the trade partner. Tariff rates are reported in two ways: simple and weighted average 

effective applied rates based on the 6-digit HS code. In this study, the simple average tariff rates 

are employed in the empirical analysis. Note, the tariff data for the year 1994 is not available. 

Therefore, the average of tariff data in 1993 and 1995, which are the closest values available, was 

used in the empirical analysis. 
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Country-of-Origin labeling(COOL) 

Country-of-Origin labeling (COOL), which came into force since September 2008, has 

impacts on the trade of beef and pork between Canada and the US. In this study, a dummy variable 

for COOL will be employed in the empirical analysis. It equals to “1” during the implementation 

of COOL (from September 2008 to December 2014), and equals to “0” otherwise. 

 

5.3.2 Notable Livestock Disease Variables:  

BSE (Bovine Spongiform Encephalopathy) 

The outbreak of BSE has impacts on the trade of beef and pork sectors due to the closure of 

the border between Canada and the US/Japan. The first mad cow case was confirmed in Alberta 

on May 16, 2003. And the border with the US was immediately closed. The border of US was 

reopened after July 18, 2005, and Canadian beef and beef products from animals younger than 21 

months were first allowed to enter Japan on Dec 11, 2005. In this study, BSE was employed as a 

dummy variable in the empirical model, it equals to “1” during the outbreak of BSE, and equals to 

“0” otherwise.  

 

Swine Flu (H1N1) 

The first case of Swine flu in Canada was confirmed in Nova Scotia on April 26, 2009. On 

April 29, the US suffered its first confirmed death of swine flu. The outbreak of swine flu crosses 

throughout the world at the same time. On August 10, 2010, the World Health Organization (WHO) 

declared the H1N1 pandemic over. A dummy variable for swine flu is employed in the empirical 

analysis, it equals to “1” during the swine flu time period (April 2009 to August 2010), and equals 

to “0” otherwise. 
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PEDV (Porcine Epidemic Diarrhea virus) 

In Japan, there was an outbreak of PEDV in 1996 which killed more than 39,000 pigs. In 

October 2013, another outbreak of PEDV spread rapidly across Japan which caused significant 

damage to pig population in Japan. The first case in North America was found in the US on May 

5, 2013 in Indiana. And the first case of PEDV in Canada was confirmed in a swine farm in Ontario 

in January 2014. Until December 2014, pigs were still suffering from PEDV. A dummy variable 

for PEDV is employed in the empirical analysis, it equals to “1” during the PEDV (January 2014 

to December 2014) time period, and equals to “0” otherwise. 

 

5.3.4 Statistical Summary of Data 

Tables 4 to 16 in Appendix Part C show the statistical summary of the dependent variables 

(NRCA indices) and independent variables (three categories of explanatory variables). It 

summarizes the mean, standard deviation, minimum and maximum values of each variable. The 

exchange rates between Denmark and the US, between Mexico and the US, with higher standard 

deviation, are much higher than the exchange rate between Canada and the US. In terms of the 

feed price (Table 12 in Appendix Part C), we can find that the price of feed (including barley, corn 

and soybeans) in the US was slightly lower than the price of feed in Canada and in Ontario. In 

Table 14 in Appendix Part C, the wage rates for farmers are lower than that of manufactory workers 

in Canada and in Ontario. However, the rate wages in the US are higher than that in Canada, and 

the wages rates in Japan are much lower than that in Canada. Energy price are lower in the US 

than Canada. 
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5.4 Expected Sign of Explanatory Variables 

In the empirical analysis, three categories of explanatory variables include input costs (the 

prices of feed, wage rates, costs of energy), trade/policy variables (exchange rates, NAFTA, tariff 

rates, COOL) and related livestock diseases (BSE, Swine flu, PEDV) are employed. The expected 

sign of each variable is listed in Table 17 in Appendix. 

Barley, corn and soybean are used as the main feeds for live cattle and live hogs in Canada 

and in Ontario. A high price of feed will increase the costs of production. Therefore, a high price 

of feed in Canada will lower the competitiveness of Canadian exports in the US market. The costs 

of feed in Canada are expected to have a negative sign. As substitutes, the costs of feed in the US 

and in Japan are expected to have a positive sign. Wage rates and energy costs are regarded as 

inputs of production. A high input cost is expected to have a negative impact on the 

competitiveness of Canadian and Ontario’s agri-food exports. As substitutes, the input costs in the 

US and in Japan are expected to have a positive sign. In terms of exchange rate, a higher exchange 

rate between Canada and the US will increase Canadian export competitiveness. Therefore, the 

exchange rate between Canada and the US expected to have a positive sign. Agri-food exported 

from other competitors to the US is considered as substitutes. Therefore, the exchange rates 

between the US and Denmark, Australia are expected to have negative sign. Free trade agreement 

such as NAFTA is expected to have positive impacts. However, tariff and COOL, which impose 

extra cost on the agri-food commodities, are expected to have negative sign. Relevant diseases 

including BSE, swine flu and PEDV are expected to have negative sign. 
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Chapter 6 Empirical Results 

 The purpose of this chapter is to present and discuss the empirical results. The first section 

presents the results related to destination-specific competitiveness of selected agri-food 

commodities exported from Canada and Ontario, to the US and Japan. The results of regression 

analysis which attempts to unpack the sources of export competitiveness are discussed in section 

two.  

 

6.1 Determine the Level of Export Competitiveness of Selected Commodities 

The export competitiveness are assessed by both BRCA and NRCA indices in this study. Three 

alternative aggregate export levels, including:1) Total agri-food export level; 2) Total red meat 

export level; 3) Total value chain export level are used in calculating the BRCA and NRCA indices. 

In this section, the BRCA and NRCA indices are presented and compared first. This is followed 

by a comparison of the export competitiveness of selected commodities at three alternative 

aggregate export levels. Finally, the export competitiveness of the selected commodities to selected 

export destinations are discussed. 

 

6.1.1 Comparisons of BRCA index and NRCA index 

The results of BRCA and NRCA indices for fresh & chilled pork exported from Canada to the 

US at total agri-food export level are presented in Figure 6.1. The left y axis indicates the value of 

BRCA index while the right y axis indicates the value of NRCA. The thin black line and thick red 

line represent the BRCA and NRCA, respectively. Note, BRCA and NRCA indices have different 

threshold values. The threshold value for BRCA index is 1, and it is 0 for the NRCA index.   

Figure 6.1 reveals that both BRCA and NRCA indices are above the threshold line, which 
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indicates that fresh & chilled pork exported from Canada has been competitive in the US market 

(compared with other agri-food commodities) during the entire period of this study. However, these 

two different indices show different trends. In terms of BRCA index, the competitiveness of 

Canadian fresh & chilled pork declined from 1990, reached the bottom point at around 2002, and 

then recovered to the level of 1993. In terms of the NRCA index, which is the thick line, the 

competitiveness was fluctuating during 1993 and 1999, reaching the peak point at around 2002, 

and then declined back to the level of 1992. Figure 6.1 reveals that the BRCA and NRCA indices 

show two different trends for the competitiveness of Canadian fresh & chilled pork in the US 

market. The results of BRCA and NRCA indices of Canadian slaughter hogs, slaughter cattle, 

frozen pork and prepared & preserved meat of bovine exported from Canada to the US are shown 

in Figure 1 to 4 in Appendix. The BRCA and NRCA indices of slaughter cattle and frozen pork 

seem to have very similar trend. However, the trends of BRCA and NRCA indices of slaughter 

hogs and prepared & preserved meat of bovines are quite different.  

This finding makes us reconsider the formula of BRCA, which mentioned in the earlier 

chapter: 

𝐵𝑅𝐶𝐴𝑗
𝑖 = (

𝐸𝑗
𝑖

𝐸𝑖)/(
𝐸𝑗

𝐸
)                          (6.1) 

From equation (6.1), we can find that BRCA index could easily lead to bias for a “small” country 

(𝐸
𝑖

𝐸⁄  is relatively small) or small commodity (
𝐸𝑗

𝐸
⁄ is relatively small). Therefore, the results of 

NRCA are reliable. In addition, as mentioned in the earlier chapter, the magnitude of BRCA only 

indicates whether the selected commodity is comparative advantage or not. Compared with BRCA, 

the NRCA index allows us to do a trend analysis. Therefore, this study only employs the NRCA 

index in the empirical analysis. 
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6.1.2 Comparisons of NRCA indices at different aggregate export levels 

This section attempts to compare NRCA indices at three alternative aggregate export levels. 

Accordingly., the NRCA indices for each commodity at three alternative aggregate export levels 

have been calculated. Does the competitiveness of selected commodities vary across different 

aggregate export levels in the US market? Figure 6.2 to 6.6 attempt to address this question.  

 Figure 6.2 presents the results of slaughter hogs exported from Canada to the United States. 

In Figure 6.2, the green line with stars, the blue line with triangle, and the red line represent the 

competitiveness of Canadian slaughter hogs at total agri-food, total red meat and hog value chain 

level, respectively. Figure 6.2 reveals that Canadian slaughter hogs were competitive in the US at 

three aggregate export levels since the NRCA indices are above the threshold value. Comparing 

the NRCA indices at three aggregate export levels, we can see that the absolute value of NRCA 

indices become larger and larger from total agri-food level to hog value chain level. In addition, 

the NRCA indices at hog value chain level are more volatile than that at total agri-food export 

level. When we look into the NRCA indices of Canadian slaughter cattle, fresh & chilled pork and 

prepared and preserved meat of bovine, similar results observed (see Figures 6.3, 6.4 and 6.6).  

However, the competitiveness of frozen pork exported from Canada to the US has different 

result which is shown in Figure 6.5. As before, the green line with stars, the blue line with triangle, 

and the red line represent the competitiveness of Canadian frozen pork in the US at total agri-food, 

total red meat and hog value chain level, respectively. In Figure 6.5, the competitiveness of 

Canadian frozen pork fluctuated around the threshold value at total agri-food level and at total red 

meat level. However, at hog value chain level, the competitiveness of Canadian frozen pork lies 

far below the threshold value, which shows very different result with the other two aggregate 

export levels. These results reveal that, compared with other agri-food commodities and other red 
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meat products, Canadian frozen pork had a modest level of competitiveness in the US market. 

However, when compared with other hog products, such as live hogs and fresh & chilled pork, 

Canadian frozen pork had a relatively lower level of competitiveness.  

The NRCA indices for selected commodities exported from Ontario to the US, and from 

Canada & Ontario to Japan are shown in Figures 5 to 13 in Appendix (Part E). At different 

aggregate export levels, one commodity can have different levels of competitiveness.  

Do the three alternative aggregate levels matter? Measuring the export competitiveness of 

selected agri-food commodities at different aggregate export levels can reveal different sets of 

information to different stake holders. For example, a farmer who only raises hogs, the 

competitiveness of pork and related commodities along with the hog value chain could be the main 

concerns. Therefore, the competitiveness calculated at the hog value chain level is more relevant 

for hog producers. However, the competitiveness measured at the hog value chain level is not able 

to meet the requirement of a red meat farmer who raises hog and cattle as well as other live animals. 

Due to the property of NRCA index, the NRCA can be compared within the same base export level, 

but not comparable between different aggregate export levels. Therefore, the farmer can adjust his 

production by distinguish which sector has higher competitiveness.  

Previous research used total agri-food exports. It is useful for a farmer who raises live animals 

and grows crops. All the relevant products are included in the total agri-food export level. 

Therefore, the competitiveness of these commodities can be comparable between each other. For 

stake holders, it is better to know the competitiveness of all relevant export commodities. For some 

commodities, such as Canadian slaughter hogs, the competitiveness at three aggregate export 

levels have very similar trend. It will help the stake holders predict the competitiveness of relevant 

commodities in the short future. For commodity, which have different trend at different aggregate 
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export level, such as frozen pork, it provides more insightful information. Canadian frozen pork 

has modest level of competitiveness when compared with other agri-food commodities. However, 

compared with slaughter hogs and fresh & chilled pork, it has much lower competitiveness. 

Measuring export competitiveness at three aggregate export levels provides different information 

for stake holders. This information may help the stake holders to better prepare themselves for 

future trade opportunities. 

 

6.1.3 Comparison of Different Segments Exported from One Source to Destination Countries 

(Total Agri-Food Export Level as an Example) 

This section attempts to compare the competitiveness of different segments in selected 

destination country. Figure 6.7 shows the comparison of NRCA indices of five selected 

commodities exported from Canada to the US at total agri-food export level.  The solid red line, 

the black dotted line, the blue line with star, the green line with triangle and the pink line with 

cross represent the competitiveness of Canadian slaughter cattle, slaughter hogs, fresh & chilled 

pork, frozen pork and prepared & preserved meat of bovine in the US market, respectively. Figure 

6.7 reveals that Canadian slaughter cattle had the highest level of competitiveness in the US market 

for most of time (except BSE time period), followed by fresh & chilled pork, slaughter hogs, frozen 

pork and prepared & preserved meat of bovine. For most of the time in the past 25 years, Canadian 

slaughter cattle, fresh & chilled pork, slaughter hogs and frozen pork had competitiveness in the 

US, while Canadian prepared and preserved meat of bovine has not been competitive in the US 

market. However, the competitiveness of Canadian prepared and preserved meat of bovine had 

been increased steadily since 1991.  

 Figure 6.8 shows the comparison of NRCA of different segments exported from Ontario to 
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the US. Similarly, the red solid line, the black dotted line, the blue line with star, the green line 

with triangle and the pink line with cross represent the competitiveness of Canadian slaughter 

cattle, slaughter hogs, fresh & chilled pork, frozen pork and prepared & preserved meat of bovine 

in the US market, respectively. Figure 6.8 reveals that Ontario’s slaughter hogs and fresh & chilled 

pork were competitive in the US market, while the frozen pork and prepared & preserved meat of 

bovine were not competitive (between 1990 and2014). The competitiveness of Ontario slaughter 

cattle in the US market fluctuated around the threshold value. 

Figure 6.9 and 6.10 indicates the comparison of NRCA of different segments exported from 

Canada and Ontario to Japan. Since Canada and Ontario do not export either live cattle or live 

hogs to Japan, the competitiveness of only three commodities are compared in the Japanese market. 

Figure 6.9 and 6.10 show that Ontario’s fresh & chilled and frozen pork have been competitive in 

the Japanese market, and frozen pork had higher competitiveness than fresh & chilled pork. 

However, Ontario’s prepared & preserved meat of bovine was not competitive in the Japanese 

market. 

 

6.1.4 Comparison of One Commodity Exported from One Source to Different Markets and 

from Different Sources to One market (Total Agri-Food Export Level as an Example) 

Canada exports fresh & chilled pork, frozen pork and prepared and preserved meat of bovine 

to both the US and Japan. Figure 6.11 shows the comparison of NRCA of fresh & chilled pork 

exported from Canada to the US and Japan at total Agri-food export level. During the 1990 -2008 

period, Canadian fresh & chilled pork had higher level of competitiveness in the US market than 

in the Japanese market. However, since 2008, Canadian fresh & chilled pork achieved similar level 

of competitiveness in both markets. Figure 6.12 presents the competitiveness of Ontario’s fresh & 
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chilled pork in both markets. A higher competitiveness of Ontario’s fresh & chilled pork can be 

found in the US market but not in the Japanese market. 

Figure 6.13 and 6.14 reveal the competitiveness of frozen pork exported from Canada and 

Ontario, respectively. Before 2012, Canadian frozen pork had higher competitiveness in the US 

market compared with Japanese market. During the 1990 -2008 period, Ontario’s frozen pork 

became more competitive in the Japanese market. However, the competitiveness of Ontario’s 

frozen pork declined in the Japanese market after 2008.  

Figure 6.15 and 6.16 reveal the competitiveness of fresh & chilled pork exported from Canada 

and Ontario to the US. It can be easily seen that fresh & chilled pork exported from Canada had 

higher competitiveness than the same commodity exported from Ontario. Similar results seem to 

be hold for other commodities in the US and Japanese markets. 

 

6.1.5 Key Findings based on the BRCA and NRCA Indices 

The results of NRCA indices reveal that, in the US market, Canada slaughter cattle, slaughter 

hogs (exported from Canada and from Ontario), fresh & chilled pork (exported from Canada and 

from Ontario) and frozen pork (exported from Canada) had competitiveness at the total agri-food 

export level. While the prepared and preserved meat of bovine was not competitive in both markets. 

Canadian slaughter cattle had the highest level of competitiveness, except the BSE period, 

followed by fresh & chilled pork, slaughter hogs, frozen pork and prepared & preserved meat of 

bovine. Among these commodities, frozen pork (exported from Ontario) and prepared and 

preserved meats of bovine (exported from Canada and from Ontario) were not competitive in the 

US market.  

Fresh & chilled pork was competitive in both US market and Japanese market, while prepared 
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and preserved meat of bovine did not have competitiveness. Fresh & chilled pork exported from 

Canada had higher level of competitiveness than Ontario fresh & chilled pork, which is shown in 

Figure 6.15 and Figure 6.16. Similar results seem to be hold for other commodities in the US and 

Japanese markets. Frozen pork exported from Ontario did not have competitiveness in the US 

market. However, compared with fresh & chilled pork, frozen pork had higher competitiveness in 

the Japanese market while it had been declined since year 2005. 
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Figure 6.1 Comparison of BRCA and NRCA for Fresh & Chilled Pork Exported from Canada to the US at Total Agri-food 

Export Level 
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Figure 6.2 Comparison of NRCA for Canadian Slaughter Hogs in the US market at Three Alternative Aggregate Export Levels 
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Figure 6.3 Comparison of NRCA for Canadian Slaughter Cattle in the US market at Three Alternative Aggregate Export Levels 

 
 

 

 



 

75 

 

Figure 6.4 Comparison of NRCA for Canadian Fresh & Chilled Pork in the US Market at Three Alternative Aggregate Export 

Levels 
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Figure 6.5 Comparison of NRCA for Canadian Frozen Pork in the US Market at Three Alternative Aggregate Export Levels 
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Figure 6.6 Comparison of NRCA for Canadian Prepared and Preserved Meat of Bovine in the US Market at Three Alternative 

Aggregate Export Levels 
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Figure 6.7 Comparison of NRCA of Different Segments Exported from Canada to the US at Total Agri-food Export Level 
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Figure 6.8 Comparison of NRCA of Different Segments Exported from Ontario to the US at Total Agri-food Export Level 
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Figure 6.9 Comparison of NRCA of Different Segments Exported from Canada to Japan at Total Agri-food Export Level 
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Figure 6.10 Comparison of NRCA of Different Segments Exported from Ontario to Japan at Total Agri-food Export Level 
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Figure 6.11 Comparison of NRCA of Fresh & Chilled Pork Exported from Canada to the US and Japan at Total Red Meat 

Export Level 
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Figure 6.12 Comparison of NRCA of Fresh & Chilled Pork Exported from Ontario to the US and Japan at Total Red Meat Level 
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Figure 6.13 Comparison of NRCA of Frozen Pork Exported from Canada to the US and Japan at Total Red Meat Export Level 
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Figure 6.14 Comparison of NRCA of Frozen Pork Exported from Ontario to the US and Japan at Total Red Meat Export Level 

 

 

 

 



 

86 

 

Figure 6.15 Comparison of NRCA of Fresh & Chilled Pork Exported from Canada and Ontario to the US at Total Red Meat 

Export Level 
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Figure 6.16 Comparison of NRCA of Fresh & Chilled Pork Exported from Canada and Ontario to Japan at Total Red Meat 

Export Level 
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6.2 Unpacking the Sources of Export Competitiveness 

This section focuses on the factors driving the destination-specific export competitiveness. 

Three groups of factors are included in the empirical analysis. These factors include: input costs 

(price of feed, wage rates, costs of energy), trade/policy variables (exchange rates, NAFTA, tariff 

rates, COOL) and related livestock diseases (BSE, Swine flu, PEDV). 

 

6.2.1 Choice of Functional Form 

Since the NRCA indices have a threshold value of 0, and it has a symmetric distribution, the 

value of NRCA could be either negative, positive or zero. If the NRCA indices are negative or zero, 

application of log-log functional form is problematic. After calculating the NRCA indices for all 

the commodities, we find that Canadian slaughter hogs and fresh & chilled pork have all positive 

values of NRCA indices in the US market at three alternative aggregate export levels. For other 

commodities, NRCA indices have both positive and negative values. Under this situation, 

additional adjustment is needed for the Box-Cox transformation. The Box-Cox transformation has 

been introduced in Chapter 5. For non-negative values, the Box-Cox transformation is defined as: 

𝑦𝜆 =
(𝑦𝜆 − 1)

𝜆
, 𝑖𝑓 𝜆 ≠ 0; 

𝑦𝜆 = log(𝑦),               𝑖𝑓 𝜆 = 0.                   (6.2) 

However, Box and Cox did propose a second formula that can be used for negative values, which 

is defined as: 

𝑦𝜆 =
((𝑦 + 𝑧)𝜆 − 1)

𝜆
, 𝑖𝑓 𝜆 ≠ 0; 

𝑦𝜆 = log(𝑦 + 𝑧),                  𝑖𝑓 𝜆 = 0.                (6.3) 

Box-Cox transformation is designed for non-negative values, but it can be applied to data that have 
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occasional zero or negative values by adding a constant z to the value before applying the power 

transformation. Rodríguez (2007) also suggests that: “although z could be estimated, in practice 

one often uses a small value such as a half or one.” In some other studies, such as Cox (2007), a 

minimum value of z, which makes the negative value to become positive, is used in the power 

transformation. In this study, relative small values of NRCA indices have been found when 

measuring the level of competitiveness. Therefore, this study decides to use the minimum value of 

z, which makes each NRCA index positive.  

This study also tests the skewness of each NRCA index before and after transformation, to see 

whether the Box-Cox transformation reduce the skewness of dependent variables. The results of 

𝜆 and skewness for non-negative NRCA indices are listed in Table 1 (Appendix), and results of 𝜆 

and skewness for other commodities are listed in Table 2 and 3 (Appendix). These tables reveal 

that by transforming the dependent variables with the power of 𝜆, the skewness of dependent 

variables had been reduced.  
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Table 6.1 Coefficients of Estimation of Slaughter Hogs Exported from Canada to the US 

(transformed linear form) 

Variables Total Agri-

food Level 

Total Red Meat 

Level 

Hog Value Chain 

Level 

Constant 2.00E-02 

(0.0218) 

-1.13E+00*** 

(0.0174)  

-1.27E+00 

(0.0548) *** 

Exchange rate between Canada and 

the US 

1.60E-02. 

(0.0082) 

-4.74E-03 

(0.0066) 

9.59E-03 

(0.0206) 

Exchange rate between Mexico and 

the US 

-2.11E-03 

(0.0014) 

-1.13E-03 

(0.0011) 

-5.64E-03 

(0.0035) 

Price of barley in Canada -2.25E-02*** 

(0.0056) 

-1.86E-02*** 

(0.0045) 

-5.08E-02*** 

(0.0142) 

Price of barley in the US 3.23E-04 

(0.0011) 

6.62E-04 

(0.0009) 

3.18E-03 

(0.0029) 

Price of feeder hog in Canada -2.44E-04 

(0.00022) 

-1.57E-04 

(0.0002) 

-9.78E-04. 

(0.0005) 

Price of feeder hog in the US 7.00E-04*** 

(0.00007) 

4.15E-04*** 

(0.0001)  

7.54E-04*** 

(0.0002) 

Wage rate of farmer in Canada 2.04E-03 

(0.0014) 

1.28E-03 

(0.0001) 

3.32E-04 

(0.0036) 

Wage rate in US 5.41E-03** 

(0.0020)  

3.86E-03* 

(0.0016)  

1.78E-02*** 

(0.0051) 

Price of gasoline in Canada -1.66E-05 

(0.0002) 

5.98E-05 

(0.0001) 

1.09E-05 

(0.0004) 

Price of gasoline in the US -6.50E-04*** 

(0.0001)  

-4.62E-04*** 

(0.0001)  

-1.43E-03*** 

(0.0003) 

Use of electricity in Canada -2.65E-07* 

(0.0000)  

-1.77E-07. 

(0.0000) 

-6.09E-07. 

(0.0000) 

Use of electricity in the US -1.37* 

(0.6319)  

-9.42E-01. 

(0.5063) 

-2.19E+00 

(1.587) 

Ratio of Canada R&D and farm sales 9.64E-04 3.91E-04 -9.58E-04 
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(0.0007) (0.0006) (0.0018) 

NAFTA 1.58E-02*** 

(0.0035)  

1.63E-02*** 

(0.0028) 

3.91E-02*** 

(0.0087) 

BSE -6.66E-03* 

(0.0027)  

-8.66E-04 

(0.0002) 

-2.76E-02*** 

(0.0067) 

COOL -4.96E-02*** 

(0.0035) 

-3.40E-02*** 

(0.0028) 

-8.44E-02*** 

(0.0088) 

PEDV -1.73E-02*** 

(0.0034) 

-1.44E-02*** 

(0.0027) 

-2.19E-02* 

(0.0086) 

Swine Flu 6.30E-03. 

(0.0037) 

4.44E-03 

(0.0030) 

1.64E-02. 

(0.0094) 

No. of Observations 268 268 268 

Adjusted R-square 0.7357 0.6483 0.7088 

F-Statistics 28.64 19.31 25.18 

Anderson-Darling Normality test 0.6393 0.6742 0.2466 

DW test 0.5872 0.5974 0.4547 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 6.2 Coefficients of Estimation of Slaughter Hogs Exported from Canada to the US 

(with Log-Log Form) 

Variables Total Agri-

food Level 

Total Red 

Meat Level 

Hog Value 

Chain Level 

Constant -6.760*** 

(1.6246)  

-2.114 

(1.674)  

2.225  

(1.529) 

Exchange rate between Canada and the 

US 

0.854 ** 

(0.2760) 

-0.118  

(0.2844) 

0.135  

(0.2598) 

Exchange rate between Mexico and the 

US 

-0.817  

(0.5784) 

-0.739  

(0.5960) 

-1.044. 

(0.5444) 

Price of barley in Canada -1.814 *** 

(0.5034) 

-2.067 *** 

(0.5187) 

-1.760 *** 

(0.4738) 

Price of barley in the US 0.017 

(0.1103) 

0.174  

(0.1137) 

0.172  

(0.1038) 

Price of feeder hog in Canada -0.232  

(0.2414) 

-0.220  

(0.2488) 

-0.420.  

(0.2272) 

Price of feeder hog in the US 6.1 *** 

(0.1263) 

0.948 *** 

(0.1301) 

0.568 *** 

(0.1188) 

Wage rate of farmer in Canada -0.464 

(0.4587) 

-1.129 * 

(0.4727) 

-1.246 ** 

(0.4317) 

Wage rate in US 1.707  

(1.100) 

1.791  

(1.1336) 

3.281 ** 

(1.0354) 

Price of gasoline in Canada -0.244  

(0.4745) 

0.194  

(0.4892) 

0.118  

(0.4468) 

Price of gasoline in the US -1.075 *** 

(0.2416) 

-1.153 *** 

(0.2489) 

-1.194*** 

(0.2274)  

Use of electricity in Canada -5.142 * 

(2.362) 

-4.989 * 

(2.434) 

-4.540 * 

(2.223) 

Use of electricity in the US -2.941  

(1.822) 

-2.709  

(1.877) 

-1.797  

(1.715) 
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Ratio of Canada R&D and farm sales 0.364  

(0.2602) 

0.191  

(0.2681) 

-0.165  

(0.2449) 

NAFTA 0.370 *** 

(0.0994) 

0.559 *** 

(0.1024) 

0.402 *** 

(0.0936) 

COOL -1.458 *** 

(0.1038) 

-1.169 *** 

(0.1069) 

-0.845 *** 

(0.0977) 

BSE -0.163 * 

(0.0747) 

-0.025  

(0.0770) 

-0.319 *** 

(0.0703) 

PEDV -0.433 *** 

(0.0944) 

-0.444 *** 

(0.0973) 

-0.215 * 

(0.0888) 

Swine Flu 0.207  

(0.0992) 

0.180  

(0.1022) 

0.175  

(0.0934) 

No. of Observations 268 268 268 

Adjusted R-squared 0.767 0.651 0.7129 

F-Statistics 33.6 19.54 25.66 

Anderson-Darling Normality test 0.6343 0.6712 0.2452 

DW test 0.5853 0.5964 0.4542 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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6.2.2 Empirical Results of Selected Commodities in the US Markets in Three Aggregation 

Export Levels 

In this study, we calculate export competitiveness for Canadian and Ontario hog and cattle 

value chains in the US and Japan at three alternative aggregate export levels. Table 6.2 presents 

three sets of regression results in log-log form for slaughter hogs exported from Canada to the US 

at three alternative levels. The table identifies coefficients on each variable, and their 

corresponding significance. The adjusted R-squared shows a goodness of fit between 65% and 77% 

in Table 6.2. The adjusted R-squared at total agri-food level is higher than those at red meat and 

hog value chain levels. Higher value of adjusted R-squared indicates the regression model fits the 

dataset better.  

Apart from adjusted R-squared, significant variable is another important consideration. 

Moving from total agri-food export level to hog value chain level, the exchange rate between 

Canada and the US and dummy variable for PEDV become less significant. While the exchange 

rate between Mexico and the US, wage rate in Canada and in the US, and dummy variable for BSE 

become more significant. 

At total agri-food export level, the exchange rate1 between Canada and the US has positive 

sign and it is statistically significant. In this study, the exchange rate is represented by the amount 

of Canadian dollars in terms of one US dollar. If one US dollar can buy more from Canada, they 

are willing to import more from Canada. The relative lower price will make Canadian slaughter 

hogs more competitive in the US market. As a result, the exchange rate between Canada and the 

US has positive impact on the competitiveness of Canadian slaughter hogs in the US market. For 

every 1% increase of exchange rate between Canada and the US, the export competitiveness of 

                                                        

1 The exchange rate is defined as: Exchange Rate =  
1 𝑈𝑆 𝑑𝑜𝑙𝑙𝑎𝑟

1 𝐶𝑎𝑛𝑎𝑑𝑖𝑎𝑛 𝑑𝑜𝑙𝑙𝑎𝑟
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Canadian slaughter hogs will increase by 0.85% in the US market. The empirical analysis also 

includes the exchange rate between Mexico and the US, since Mexico is another important hog 

exporter to the US market. The Mexican slaughter hogs are considered as substitute of Canadian 

slaughter hogs. If one US dollar can buy more from Mexico instead of Canada, they are likely to 

import more from Mexico instead of Canada. As a result, a high exchange rate between Mexico 

and the US will lower the competitiveness of Canadian slaughter hogs in the US market. A negative 

impact of exchange rate between Mexico and the US can be found in Table 6.2.  

 In Canada, barley is used as the main feed for live hogs and live cattle. Feed prices are 

considered as important input costs. A relative high cost of input would lead to a relative high price 

of traded product. Therefore, the price of barley in Canada would have negative impact, and the 

result from Table 6.2 matches the expectation. In particular, every 1% increase in barley price in 

Canada will lead to a 1.814% decrease in competitiveness of Canadian slaughter hogs in the US 

market. Slaughter hogs raised in the US, which use barley as main feed, are considered as substitute 

of Canadian slaughter hogs. Therefore, a high feed price in the US will increase the 

competitiveness of Canadian slaughter hogs. A positive sign of barley price in the US can be found 

in the Table 6.2. However, it is not statistically significant which indicates that the price of barley 

in the US has no impacts on the competitiveness of Canadian slaughter hogs. 

Feeder-pigs, raised in Canada and the US, are considered as substitute of Canadian slaughter-

ready hogs. Table 6.2 reveals that the price of feeder hogs in the US has positive sign and it is 

statistically significant. At total agri-food export level, for 1% increase in the price of feeder hogs 

in the US you can expect the competitiveness of Canadian slaughter-ready hogs to increase by an 

average of 1.111%. 

In terms of wage rates, as one of important costs of inputs, a relative high wage rate will 
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increase the price of traded commodity. Therefore, a high wage rate in Canada will lower export 

competitiveness of Canadian slaughter hogs. The coefficient on wage rates in Canada in Table 6.2 

has negative sign which matches the expectation, and it is statistically significant at the red meat 

and hog value chain levels. While a relatively higher wage rate in the US will increase our 

competitiveness, which has positive sign and is statistically significant.   

Similarly, a high cost of energy in Canada will lower the competitiveness of Canadian 

slaughter-ready hogs in the US market. In Table 6.2, electricity in Canada shows negative impacts 

on the export competitiveness of slaughter hogs, while the gasoline in Canada seems do not have 

any significant impacts. Gasoline and electricity in the US are also included in the empirical model. 

Table 6.2 reveals that gasoline in the US has strong negative impacts, which is not consistent with 

our expectation. When the geographic characteristics of Canada have been considered, it is easy 

to figure out that the main export cities of Canada are located near to the border of Canada and the 

US. As a result, the trucks, used for exporting slaughter hogs from Canada to the US, will mostly 

rely on the gasoline in the US. Therefore, gasoline price in the US, which is regarded as main fuel 

cost of trucks, is likely to have a negative impact on the competitiveness of Canadian slaughter 

hogs in the US market. 

The ratio of Canadian R&D expenditure and farm sales is defined as the amount of R&D 

expenditure in terms of one Canadian dollar farm sales. As we know that the expenditure on R&D 

would increase the productivity, which will increase the export competitiveness. However, in Table 

6.2, the coefficient on R&D has positive sign but it is not statistically significant. It indicates that 

the R&D ratio seems do not have impacts on the export competitiveness of Canadian slaughter 

hogs.  

There is no specific tariff rate for slaughter hogs exported from Canada to the US. Therefore, 
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a dummy variable for NAFTA was employed in the empirical model. NAFTA aims to eliminate 

the tariffs between the trading partners. A relative lower tariff rate, compared with other countries, 

will increase Canadian export competitiveness in the US market. Therefore, the coefficient on the 

dummy variable for NAFTA is expected to have a positive sign. This result reveals that although 

there is no change in tariff rates, NAFTA still bring positive impact on export competitiveness of 

slaughter hogs exported from Canada to the US. 

In Table 6.2, the coefficient on the dummy variable of COOL has negative sign and it is 

statistical significant at 1% level at three aggregate export levels. A number of research has 

investigated the impacts of COOL, (for example, Rude et al (2010) and Jones et al (2009)) and 

found that the enforcement of COOL could impose extra costs on the production side of livestock. 

These extra costs caused by COOL would increase the trade price of Canadian slaughter hogs. 

Therefore, the enforcement of COOL would lower export competitiveness of Canadian hogs. The 

empirical results substantiate this expectation.  

In Table 6.2, a negative sign of coefficient on the dummy variable for BSE can easily be found, 

and it is statistical significant. During the outbreak of BSE, the border was closed for cattle and 

related commodities between Canada and the US. Instead, the US imported related commodities 

from other countries, which would severely lower the export competitiveness of Canadian 

livestock in the US market. Similarly, PEDV and swine flu are hog-related diseases which have 

negative impacts on the production of hogs and related commodities. Table 6.2 reveals that PEDV 

has negative impacts on the competitiveness of Canadian slaughter hogs, while Swine flu does not 

have impacts. 

 Very similar information can be found in the results of slaughter hogs exported from Canada 

to the US, which are shown in Table 6.5. And the results of fresh & chilled pork and frozen pork 
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are presented in next section, while the results of prepared and preserved meat of bovine are 

presented in Appendix (Part F Table 19 to Table 22).  

 

6.2.3 A Comparison of Destination-Specific Export Competitiveness 

In last section, the export competitiveness of selected commodities had been discussed at three 

alternative aggregate levels: 1) total agri-food level; 2) total red meat level; 3) hog or cattle value 

chain level. This section provides a comparison of destination-specific export competitiveness.  

Among all three aggregate export levels, only the results at red meat level will be presented 

in this section. There are couple reasons. Firstly, Table 6.2 reveals that some variables (including 

exchange rate between Canada and the US, and swine flu) became less statistically significant 

going from an aggregate level (total agri-food level) to a disaggregate level (hog value chain), 

while the wage rate in Canada and in the US became statistically significant. The red meat level, 

which is the subset of total agri-food level and includes both hog and cattle value chains level, 

captures the characteristics of both aggregate and disaggregate levels. Secondly, this study 

analyzes the competitiveness of both hog and beef segments. There is a need to compare the 

competitiveness between the commodities selected from hog and cattle value chains. If the value 

chain level was chosen as a base, a comparison between these two value chains is not allowed. 

Therefore, the red meat level becomes the most appropriate aggregate level for interpretation of 

the results. 

 Table 6.6 summaries the empirical results of fresh & chilled pork exported from Canada and 

Ontario to the US and Japan at red meat level. The results are interpreted by three categories: input 

costs, exchange rates, disease and policy variables. Among all the input costs, feed price and wage 

rates in Canada, as well as gasoline price in the US, show strong negative impacts. Table 6.6 reveals 
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that a high input cost will lower the competitiveness of fresh & chilled pork exported from Canada 

and Ontario. The ratio of R&D and farm sale has positive impacts on Canadian fresh & chilled 

pork export. 

The exchange rate between Canada and the US only shows positive impacts on Canadian fresh 

& chilled pork in the US. The exchange rate between Canada and Japan does not have impacts on 

the export competitiveness of fresh & chilled pork exported from Canada and Ontario. In the 

Japanese market, substitution effect plays an important role. Pork exported from the US is 

considered as a substitute of Canadian pork. The exchange rate between the US and Japan shows 

strong negative impacts on the competitiveness of fresh & chilled pork exported from Canada and 

Ontario.  

In terms of relative diseases, BSE has a negative impact on the competitiveness of live cattle 

and live hogs. However, in Table 6.6, BSE shows positive impacts on Canadian and Ontario’s fresh 

& chilled pork in the US and Japanese markets. Fresh & chilled pork is considered as a substitute 

of beef products. When the border was closed for cattle and related commodities during the BSE 

period, Canada is likely to export more pork instead of beef to the US. Therefore, BSE would have 

positive impacts on Canadian pork’s competitiveness in the US market, which can be found in 

Table 6.6. In terms of PEDV and swine flu, PEDV only shows negative impacts on Ontario’s fresh 

& chilled pork in both markets. And swine flu only shows negative impacts on Canadian fresh & 

chilled pork in the US market.  

Consistent with previous results, tariff shows negative impacts on fresh & chilled pork 

exported from Canada and Ontario to the US. A relative high tariff would lead to a relative high 

price of traded product. Therefore, high tariff will lead to a decrease of competitiveness of 

Canadian and Ontario’s fresh & chilled pork. However, tariff is not the key determinant in the 
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Japanese market.  

COOL shows positive impacts on the competitiveness of fresh & chilled pork exported from 

Canada and Ontario to the US, while it shows negative impacts in the Japanese market. In last 

section, a negative impact of COOL has been found on the competitiveness of slaughter hogs. Due 

to substitution effect, COOL is likely to have positive impact on fresh & chilled pork. However, 

COOL shows negative impacts in the Japanese market. The US market and Japanese markets are 

the two main export destinations for Canadian and Ontario’s fresh & chilled pork. Since COOL 

increase the competitiveness of fresh & chilled pork exported from Canada and Ontario to the US, 

Canada is likely to export more to the US. As a result, Canada will export less to the Japan. 

Therefore, COOL shows negative impacts on fresh &chilled pork exported from Canada and 

Ontario to Japan. 

  Table 6.7 shows the results for frozen pork. In terms of policy variables, tariff shows negative 

impacts in the Japanese market. And COOL shows positive impacts on the competitiveness of 

frozen pork exported from Canada and Ontario in both markets.  

 

6.2.4 A Comparison of Ontario and Canada Results 

Table 6.6 reveals the results of fresh & chilled pork exported from Canada and Ontario. In the 

US market, use of energy, R&D ratio and COOL have similar impacts on the competitiveness of 

fresh & chilled pork exported from Canada and Ontario. The cost of feed in Ontario has stronger 

negative impacts, compared to the cost of feed in Canada. Since Ontario is a major producer of 

corn and soybean, which are used as the main feed for live hogs in Ontario this result is not 

surprising. Unlike other provinces in Canada, which use barley as the main feed for live hogs, the 

production of feed is concentrated in Ontario. The export competitiveness of Ontario’s fresh and 
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chilled pork is largely affected by the prices of feed, which are mainly produced in Ontario. 

In terms of the disease variables, the BSE has stronger positive impacts on Ontario’s fresh & 

chilled pork than Canadian fresh & chilled pork in the US market. As the production of cattle and 

beef-related commodities is concentrated in western Canada, when the border was closed for cattle 

and beef-related commodities during the BSE time period, the beef export to the US suffered but 

not hog exports. Since Ontario is one of the major pork exporting province in Canada, the dummy 

variable for BSE has strong positive impacts on the export competitiveness of fresh & chilled pork 

exported from Ontario.  

Ontario’s pork exports accounts for more than 35% of total pork exported from Canada to the 

US. Thus, tariff shows strong negative impacts on the export competitiveness of Ontario’s fresh & 

chilled pork in the US market.  

In terms of PEDV, the first case of PEDV in Canada was confirmed in a swine farm in Ontario 

in January 2014. After that, PEDV was also found in other provinces in Canada. Within Canada, 

PEDV was first found in Ontario, which is the major producer and exporter of hog and hog-relative 

commodities. PEDV is likely to show strong negative impacts on fresh & chilled pork exported 

from Ontario to the US. However, the first case of swine flu was found in Nova Scotia. Therefore, 

swine flu would have a strong negative impact on Canadian fresh & chilled pork in the US. 

 When Ontario results are compared with the Canadian results, we find that three group of 

explanatory variables have similar impacts on the export competitiveness. Some of them have 

stronger impacts on the export competitiveness of Ontario fresh & chilled pork, such as feed prices, 

tariff, BSE and PEDV. The other variables have stronger impacts on the export competitiveness of 

Canadian fresh & chilled pork, such as the exchange rate between Canada and the US, wage rates 

and swine flu. 
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6.3 Conclusion 

This study builds an empirical analysis using H-O-V trade model as guidance. The 

transformed NRCA indices are used as the dependent variables, and three groups of explanatory 

variables are included (cost of inputs, relevant exchange rates, relevant policies and diseases) in 

the empirical analysis.  

In terms of input costs, feed price, wage rate and energy use are the most important 

components of input costs. Input costs in Canada and Ontario show negative impacts, while input 

costs in destination countries show positive impacts. A relative high input cost will lower the export 

competitiveness. Among all the inputs costs, energy use has the largest influence on the export 

competitiveness. 

In terms of exchange rates, exchange rate between Canada and the US has strong positive 

impacts on Canadian export competitiveness in the US market. But it appears to have little effect 

on Ontario’s pork to the US market. In the Japanese market, the exchange rate between Canada 

and Japan is not the key determinant of export competitiveness. Due to substitution effect, the 

exchange rate between Japan and the US plays an important role on the competitiveness of selected 

commodities exported from Canada and Ontario. 

In terms of relevant diseases, BSE shows strong negative impacts on the competitiveness of 

slaughter hogs and slaughter cattle exported from Canada and from Ontario to the US. However, 

it will increase the competitiveness of fresh & chilled pork, frozen pork and prepared & preserved 

meat of bovine in both markets. PEDV and Swine flu show negative impacts on some of the 

selected commodities.  

NAFTA has a strong positive impact on the export competitiveness of hog and cattle related 

commodities exported from Canada and Ontario to the US. Tariff has strong negative impacts, due 
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to the extra cost imposed on the traded commodities. In the Japanese market, tariff only shows 

negative impacts on Canadian and Ontario’s frozen pork, and it does not have any impact on fresh 

& chilled pork and prepared & persevered meat of bovine. The impacts of COOL vary across 

commodities. COOL decreases the export competitiveness of slaughter hogs and slaughter cattle 

exported from Canada and Ontario to the US. However, COOL would increase the export 

competitiveness of fresh & chilled pork, frozen pork and prepared & preserved meat of bovine in 

the US market.  
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Table 6.3 Coefficients of Estimation of Fresh & Chilled pork Exported from Canada to the 

US (Transformed Linear Form) 

Variables Total Agri-

food Level 

Total Red 

Meat Level 

Hog Value 

Chain Level 

Constant -1.42E+01*** 

(0.713) 

-1.90E+01*** 

(1.32) 

-2.51E-02 

(0.0179) 

Exchange rate between Canada and 

the US 

2.71E+00*** 

(0.261) 

3.36E+00*** 

(0.499) 

5.67E-02*** 

(0.0068) 

Exchange rate between Denmark and 

the US 

-3.34E-01* 

(0.170) 

-4.11E-01 

(0.314) 

-1.10E-02* 

(0.0043) 

Price of barley in Canada -7.32E-02 

(0.222) 

-3.86E-01 

(0.410) 

-1.46E-03 

(0.0056) 

Price of barley in the US 4.96E-02 

(0.115) 

3.18E-01 

(0.213) 

2.82E-04 

(0.0029) 

Wage rate of farmer in Canada 2.71E-01* 

(0.127) 

5.58E-01* 

(0.234) 

-1.50E-04 

(0.0032) 

Wage rate in the US -1.18E-01 

(0.077) 

-4.50E-01** 

(0.146) 

-2.34E-03 

(0.0020) 

Price of gasoline in Canada -1.40E-02* 

(0.0066) 

-1.21E-02 

(0.0124) 

-1.50E-04 

(0.0002) 

Price of gasoline in the US 1.89E-02*** 

(0.0024) 

4.95E-02*** 

(0.0080) 

5.38E-04*** 

(0.0001) 

Use of electricity in Canada 5.40E-06 

(0.0000) 

1.07E-05 

(0.0000) 

1.11E-07 

(0.0000) 

Use of electricity in the US -8.16E+00 

(23.82) 

3.26E+00 

(43.88) 

9.43E-01 

(0.595) 

Ratio of Canada R&D and farm sales 2.34E-01*** 

(0.0231) 

2.83E-01*** 

(0.0431) 

2.37E-03*** 

(0.0006) 

Tariff -1.18E+00** 

(0.413) 

-2.00E+00** 

(0.761) 

-1.80E-02. 

(0.0103) 

BSE 6.12E-01*** 

(0.084) 

1.83E+00*** 

(0.177) 

3.75E-03 

(0.0024) 

COOL -4.17E-01*** 

(0.0979) 

4.52E-01 

(0.211) 

2.43E-02*** 

(0.0029) 

PEDV 4.59E-01*** 

(0.112) 

2.42E-01 

(0.207) 

2.17E-02*** 

(0.0028) 

Swine Flu -4.30E-01*** 

(0.121) 

-7.37E-01** 

(0.231) 

-9.76E-03** 

(0.0032) 

No. of Observations 271 270 270 

Adjusted R-square 0.566 0.625 0.5028 

F-Statistics 15.39 22.52 10.34 

Anderson-Darling Normality test 0.2261 0.1657 0.5653 

DW test 0.4412 0.5249 0.5721 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 6.4 Coefficients of Estimation of Fresh & Chilled Pork Exported from Canada to the 

US (Log-Log Form) 

Variables Total Agri-

food Level 

Total Red 

Meat Level 

Hog Value 

Chain Level 

Constant -8.908 *** 

(0.3808) 

-6.558 *** 

(0.3361) 

-2.623 *** 

(0.3052) 

Exchange rate between Canada and 

the US 

1.266 *** 

(0.1315) 

0.589 *** 

(0.1161) 

0.688 *** 

(0.1055) 

Exchange rate between Denmark and 

the US 

-0.838. 

(0.4610) 

-0.443  

(0.4070) 

-0.506  

(0.3696) 

Price of barley in Canada -0.317 

(0.3140)  

-0.461. 

(0.2772) 

-0.155  

(0.2517) 

Price of barley in the US 0.053  

(0.1659) 

0.248. 

(0.1464) 

-0.078  

(0.1329) 

Wage rate of farmer in Canada 1.473. 

(0.8316) 

1.468  

(0.7342) 

-0.314  

(0.6666) 

Wage rate in the US -1.061  

(0.6512) 

-1.740 ** 

(0.5749) 

0.304  

(0.5221) 

Price of gasoline in Canada -0.492. 

(0.2734) 

-0.098  

(0.2414) 

0.218  

(0.2192) 

Price of gasoline in the US 0.487 *** 

(0.0616) 

0.507 *** 

(0.0543) 

-0.169 *** 

(0.0493) 

Use of electricity in Canada 1.440  

(1.390) 

1.476  

(1.227) 

2.317 * 

(1.114) 

Use of electricity in the US 0.239  

(1.075) 

0.268  

(0.9494) 

1.349  

(0.8620) 

Ratio of Canada R&D and farm sales 0.097 *** 

(0.0102) 

0.053 *** 

(0.009) 

0.032 *** 

(0.0082) 

Tariff -0.351. 

(0.1855) 

-0.271. 

(0.1638) 

-0.233  

(0.1487) 

BSE 0.234 *** 

(0.0379) 

0.380 *** 

(0.0334) 

-0.039  

(0.0303) 

COOL -0.175 *** 

(0.0427) 

0.085 * 

(0.0377) 

0.209 *** 

(0.0342) 

PEDV 0.200 *** 

(0.0484) 

0.089 * 

(0.0428) 

0.245 *** 

(0.0388) 

Swine Flu -0.220 *** 

(0.0529) 

-0.218 *** 

(0.0467) 

-0.212 *** 

(0.0424) 

No. of Observations 271   

Adjusted R-square 0.5539 0.6367 0.4258 

F-Statistics 12.35 20.35 9.184 

Anderson-Darling Normality test 0.2131 0.1453 0.5472 

DW test 0.4103 0.5104 0.5431 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 6.5 Coefficients of Slaughter Hogs Exported from Ontario to the US 

Variables Total Agri-food 

Level 

Total Red Meat 

Level 

Hog Value Chain 

Level 

Constant -2.35E+00*** 

(0.074) 

-7.77E+00*** 

(0.514) 

6.51E-01*** 

(0.024) 

Exchange rate between Canada and the 

US 

2.63E-01 

(1.16) 

1.82E+00 

(8.07) 

2.00E-01 

(0.376) 

Exchange rate between Mexico and the 

US 

-1.07E-02 

(0.015) 

-8.57E-02 

(0.103) 

-6.94E-03 

(0.0048) 

Price of corn in Ontario 1.55E-02 

(0.037) 

9.32E-02 

(0.256) 

5.18E-03 

(0.0119) 

Price of corn in the US -1.94E-02 

(0.047) 

-1.40E-01 

(0.327) 

-1.19E-02 

(0.0152) 

Price of soybean in Ontario 8.55E-04 

(0.0188) 

-5.83E-03 

(0.130) 

3.81E-03 

(0.0061) 

Price of soybean in the US -4.00E-03 

(0.0151) 

-2.47E-02 

(0.105) 

-5.49E-03 

(0.0049) 

Wage rate of farmer in Ontario 7.32E-03 

(0.0139) 

1.99E-02 

(0.0962) 

2.15E-03 

(0.0045) 

Wage rate in the US 4.05E-02 

(0.067) 

2.96E-01 

(0.465) 

4.05E-03 

(0.0217) 

Price of gasoline in Canada -2.82E-03 

(0.0019) 

-1.44E-02 

(0.0128) 

-6.28E-04 

(0.006) 

Price of gasoline in the US -4.42E-03*** 

(0.0012) 

-2.78E-02** 

(0.0083) 

-7.98E-04* 

(0.0004) 

Use of electricity in Ontario -3.40E-06* 

(0.0000) 

-2.16E-05* 

(0.0000) 

-9.22E-07* 

(0.0000) 

Use of electricity in the US -8.85E+00 

(6.61) 

-5.89E+01 

(45.9) 

-2.97E+00 

(2.14) 

Ratio of Ontario R&D and farm sales 4.09E-03 5.00E-02** 1.30E-03 
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(0.0026) (0.018) (0.0008) 

NAFTA 1.58E-01*** 

(0.0297) 

1.47E+00*** 

(0.207) 

5.18E-02*** 

(0.0096) 

BSE 9.36E-03 

(0.0273) 

1.25E-01 

(0.190) 

-7.41E-03 

(0.0089) 

COOL -3.39E-01*** 

(0.0358) 

-2.05E+00*** 

(0.248) 

-3.50E-02** 

(0.0116) 

PEDV -7.54E-02* 

(0.0348) 

-6.19E-01* 

(0.214) 

1.90E-02 

(0.0113) 

Swine Flu 1.18E-01 

(0.0349) 

6.93E-01 

(0.242) 

-6.04E-03 

(0.0113) 

No. of Observations 266 266 266 

Adjusted R-square 0.4983 0.4624 0.3592 

F-Statistics 10.25 9.009 6.22 

Anderson-Darling Normality test 1.132 0.5906 0.5146 

DW test 0.5189 0.4971 0.4906 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 6.6 Comparisons of Main Variables in Estimations of Fresh & Chilled Pork Exported 

from Different Sources to Different Destinations at Red Meat Level 

Variables CAN-US ON-US CAN-JAPAN ON-JAPAN 

Constant -6.558*** 

(0.336)  

1.12E-02*** 

(0.0018) 

1.27E-01*** 

(0.0212) 

5.10E-02*** 

(0.012) 

Exchange rate between Canada 

and the US/Japan 

0.589*** 

(0.116)  

1.80E-02 

(0.035) 

-1.27E+00 

(4.90) 

3.72E-01 

(2.32) 

Exchange rate between 

Denmark and the US 

-0.443  

(0.407) 

3.332e-04 

(0.0004) 

  

Exchange rate between Japan 

and the US 

  -6.90E+00*** 

(1.56) 

-3.19E+00** 

(1.02) 

Price of feed in Canada -0.461. 

(0.277)  

-2.19E-03*** 

(0.0003) 

1.98E-03 

(0.0095) 

-2.24E-03 

(0.0019) 

Price of feed in the US/Japan 0.248.  

(0.146) 

1.38E-03 

(0.0011) 

-9.15E-04 

(0.0039) 

1.57E-03. 

(0.0008) 

Wage rate in Canada/Ontario 1.468* 

(0.734)  

6.95E-04 

(0.0004) 

-4.23E-03 

(0.0052) 

-4.24E-05 

(0.0006) 

Wage rate in US/Japan -1.740** 

(0.575)  

-3.27E-03 

(0.002) 

5.83E-03 

(0.042) 

1.18E-02 

(0.0189) 

Use of Energy in Canada -0.098  

(0.241) 

-3.79E-05 

(0.0001) 

2.03E-04 

(0.0003) 

2.57E-07 

(0.0000) 

Use of Energy in the US/Japan 0.507*** 

(0.054)  

2.60E-04*** 

(0.0000) 

4.07E-06 

(0.0000) 

-2.67E-06 

(0.0000) 

RND Ratio 0.053*** 

(0.009)  

-2.06E-04*** 

(0.0001) 

5.90E-04 

(0.0009) 

-9.04E-04*** 

(0.0002) 

Tariff -0.271.  

(0.163) 

-1.55E-02*** 

(0.0033) 

-5.27E-06 

(0.0001) 

8.02E-05 

(0.0000) 

COOL 0.380*** 

(0.033)  

8.20E-03*** 

(0.0007) 

-4.05E-03 

(0.0040) 

-5.12E-03** 

(0.0019) 

BSE 0.085* 

(0.038)  

5.82E-03*** 

(0.0009) 

-6.34E-03 

(0.0064) 

8.10E-03** 

(0.0031) 

PEDV 0.089  

(0.043) 

-6.81E-03*** 

(0.0009) 

-6.38E-03. 

(0.0037) 

-1.22E-02*** 

(0.0019) 

Swine Flu -0.218*** 

(0.047)  

-5.46E-04 

(0.0011) 

-4.77E-04 

(0.0048) 

1.42E-03 

(0.0025) 

No. of Observations 270 269 271 271 

Adjusted R-square 0.625 0.8337 0.915 0.5415 

F-Statistics 22.52 52.51 119.9 12.56 

Anderson-Darling Normality 

test 

0.1657 0.5216 1.444 2.8994 

DW test 0.5249 0.6541 1.3022 0.9062 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 6.7 Comparisons of Main Variables in Estimations of Frozen Pork Exported from 

Different Sources to Different Destinations at Red Meat Level 

Variables CAN-US ON-US CAN-JAPAN ON-JAPAN 

Constant -1.94E-03 

(0.0050) 

3.67E-02*** 

(0.0057) 

1.44E-01*** 

(0.026) 

6.43E-01*** 

(0.027) 
Exchange rate between Canada 

and the US/Japan 
1.57E-03 

(0.0023) 

-1.14E-01 

(0.115) 

-7.37E+00 

(6.12) 

-1.46E+00 

(1.35) 
Exchange rate between 

Denmark and the US 
1.85E-04 

(0.0003) 

-2.455E-04 

(0.0015) 

  

Exchange rate between Japan 

and the US 
  5.05E+00* 

(1.95) 

3.74E+00 

(2.42) 
Price of feed in Canada 1.77E-03 

(0.0013) 

5.27E-03 

(0.0037) 

-3.86E-03 

(0.0119) 

-1.85E-03. 

(0.0011) 
Price of feed in the US/Japan 2.37E-04 

(0.0003) 

2.17E-03 

(0.0047) 

2.33E-03 

(0.0048) 

1.70E-03 

(0.0020) 
Wage rate in Canada/Ontario 2.06E-04 

(0.0003) 

-2.23E-04 

(0.0014) 

1.10E-03 

(0.0027) 

-2.66E-03. 

(0.0015) 
Wage rate in US/Japan -2.75E-04 

(0.0005) 

4.84E-03 

(0.0066) 

1.79E-02 

(0.0524) 

3.02E-02 

(0.0265) 
Use of Energy in Canada -1.35E-05 

(0.0000) 

-4.20E-04* 

(0.0002) 

-2.34E-04 

(0.0003) 

-2.38E-04 

(0.0003) 
Use of Energy in the US/Japan 3.95E-05 

(0.0000) 

2.30E-04*** 

(0.0000) 

-4.69E-05 

(0.0000) 

-3.42E-05 

(0.0000) 
RND Ratio 3.19E-04* 

(0.0000) 

3.44E-04. 

(0.0002) 

9.41E-04 

(0.0012) 

2.72E-03*** 

(0.0005) 
Tariff -4.05E-03 

(0.0028) 

-1.14E-02 

(0.0111) 

-1.77E-04* 

(0.0001) 

-1.94E-04* 

(0.0001) 
COOL 4.64E-03*** 

(0.0006) 

1.19E-02*** 

(0.0023) 

1.69E-02*** 

(0.005) 

1.37E-02*** 

(0.0040) 
BSE 2.58E-03*** 

(0.0007) 

8.67E-03** 

(0.0027) 

-2.53E-02** 

(0.0080) 

-1.74E-02** 

(0.0063) 
PEDV -7.99E-04 

(0.0007) 

-5.26E-03. 

(0.0031) 

-1.67E-02*** 

(0.0047) 

-1.20E-02** 

(0.0043) 
Swine Flu 1.10E-04 

(0.0009) 

1.49E-02 

(0.0033) 

2.05E-02 

(0.0061) 

1.04E-02 

(0.0059) 
No. of Observations 270 270 271 271 
Adjusted R-square 0.3321 0.4463 0.3363 0.5334 

F-Statistics 6.291 9.283 6.592 13.62 
Anderson-Darling Normality 

test 
0.4972 0.6373 1.762 1.7382 

DW test 1.2036 0.823 1.4718 1.1934 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Chapter 7 Summary and Implications 

7.1 Summary 

Canada is a trading nation. In 2016, Canada was the fifth largest exporter of agri-food 

commodities following the EU, the United States, Brazil and China. Among all the provinces in 

Canada, Ontario is the largest exporter of agri-food commodities. Among all the export 

destinations, the United States is the most important export destination for Canadian and Ontario’s 

agri-food commodities. Japan is one of the most important markets in Asia. The red meat sectors 

play an important role in agri-food exports from Canada and Ontario. 

In an increasingly globalized market for agri-food commodities, competitiveness plays an 

important role. Previous research investigated the export competitiveness of selected commodities 

at the national level. For example, Esmaeili (2014), Fasano-Filho Ugo (1987), Trifkovic and Yu 

(2010), Canavari et al (2009), Sarker and Ratnasena (2014), measure export competitiveness of 

Iranian dates, Brazilian manufactured exports, Moroccan citrus sectors, Turkish organic products 

and Canadian wheat, pork and beef sector, respectively. To the best of my knowledge, 

(1) No research has accessed the destination-specific export competitiveness for selected agri-

food commodities at provincial level. 

(2) No research has investigated the export competitiveness of agri-food commodities along 

with value chain. 

(3) BRCA and NRCA indices have been calculated only on total agri-food aggregate export 

levels in the previous researches. 

This study aims to bridge the gaps in the literature. There are two primary purposes of this 

study. The first is to measure the extent of the destination-specific export competitiveness of 

selected commodities related to hog and cattle sectors exported from Canada and Ontario to the 

United States and to Japan. The second is to evaluate the key drivers of export competitiveness for 

selected commodities.  
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To achieve these objectives, firstly, this study measures the extent of the destination-specific 

export competitiveness of selected commodities by employing both BRCA and NRCA indices. 

Secondly, this study evaluates three categories of key drivers (including cost of production, 

relevant exchange rates, relevant policies and diseases) of export competitiveness. The empirical 

analysis is built using the H-O-V trade model as guidance. The commodities are selected on a trade 

value basis under each segment along with each value chain. This study uses three alternative 

aggregate export levels for determining the level of competitiveness: (1) total agri-food level; (2) 

total red meat level; (3) value chain level. By calculating the competitiveness at different aggregate 

levels, it would reveal different information for farmers, stakeholders and policy-makers. The 

NRCA indices have been used for empirical analysis. The NRCA indices were calculated using 

three aggregate export levels for slaughter hogs, slaughter cattle, fresh & chilled pork, and further 

processed beef in the US and Japan.  

The empirical results reveal that, in the US market, slaughter hogs, slaughter cattle, fresh and 

chilled pork exported from Canada and Ontario were competitive. However, frozen pork and 

prepared & preserved meat of bovine were not competitive in the US. In the Japanese market, 

frozen pork seems to have higher competitiveness than fresh & chilled pork and further processed 

beef. Canadian and Ontario’ fresh & chilled pork has higher competitiveness in the US market 

than in the Japanese market. While Canadian and Ontario’s frozen pork have higher 

competitiveness in the Japanese market than in the US market. 

Three groups of relevant variables are included in the empirical analysis, involving input costs, 

exchange rates, diseases and policy variables. The empirical results of this study reveal that a 

relative high input cost will lower the export competitiveness. Among all the inputs costs, energy 

use has the largest influence on the export competitiveness in the US market. The exchange rate 
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between Canada and the US is one of the key drivers of export competitiveness in the US market. 

However, due to substitute effect, the exchange rate between Japan and the US, which is the main 

competitor in Japan, is one of the key drivers of export competitiveness in the Japanese market.  

In terms of relevant diseases, PEDV and Swine flu show negative impacts on some of the 

selected commodities. The impacts of BSE vary depend on the commodities and trade directions. 

BSE shows negative impact on the competitiveness of slaughter hogs and slaughter cattle exported 

from Canada and Ontario to the US. While BSE shows positive impact on the competitiveness of 

fresh and chilled pork, and prepared and preserved meat of bovine in the US market, and frozen 

pork in both markets. 

 NAFTA, as the most important free trade agreement between Canada and the US, shows 

strong positive impacts on the competitiveness of selected commodities exported from Canada and 

Ontario to the US. Tariff rates show strong negative impacts on the export competitiveness in the 

US market. However, tariff only shows negative impacts on frozen pork exported from Canada to 

Japan. The impacts of COOL vary depending on the commodities and trade directions. COOL has 

negative impact on the slaughter hogs and slaughter cattle exported from Canada and Ontario to 

the US, as well as on the frozen pork exported from Canada and Ontario to Japan. 

 

7.2 Limitations 

 There are some limitations of this study. First one is data limitations. Farm level data of 

gasoline and electricity prices in Canada and Ontario should be used in the empirical model. Due 

to data limitation, average prices of energy were used instead. Also, we use the ratio of total R&D 

expenditure and total farm sales as a proxy. For tariff data in Japan, this study uses Japanese annual 

tariff rates, which obtained from UNCTAD-TRAINS (website see Reference). The annual 
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weighted average tariff rate is employed in the empirical analysis, which may not fully capture the 

characteristics of “snap back” tariff. (Details in Appendix Part G). 

 This study only employs the Box-Cox transformation of the dependent variable. While this 

was helpful for dealing with the empirical specification issue, the Box-Cox transformations could 

be used for both dependent and independent variables used in the empirical analysis. This issue 

can be explored in future research.  

Another issue is the scale of NRCA index. The formula of NRCA suggests that the NRCA 

indices have an upper bound of 1, and a lower bound of -1. However, after calculation, we found 

that the values of NRCA indices are bounded between 0.25 and -0.25. Based on the definition of 

NRCA, a value greater than 0 indicates that selected commodity is competitive, while a value less 

than 0 indicates it is not competitive. In this study, we didn’t include econometric analysis for the 

NRCA indices for significance test. This issue can be explored in future research. 

 

7.3 Conclusion 

In an increasingly globalized market, competitiveness plays a pivotal role. Canada, a country 

with relative smaller domestic market, relies more on export markets. Within Canada, Ontario is 

not only the largest province in terms of population, also the largest exporter of agri-food 

commodities. Among all the merchandise exports, agri-food commodities play important roles. 

The United States and Japan are two of the most important export destinations for Canadian and 

Ontario’s agri-food commodities.  

This study investigates the destination-specific export competitiveness of hog and cattle 

related commodities exported from Canada and from Ontario to the US and Japan using a value 

chains perspective. By investigating the competitiveness of hog and cattle sectors (by value chain 
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perspective) at three aggregate export levels, we are able to better position these commodities 

exported from Canada and from Ontario in the US and Japan. This study reveals that different 

commodities have different levels of competitiveness in one specific export destination. Also, one 

commodity may have different levels of competitiveness in different export destinations. This 

information will help stake holders and policy-makers reconsider the agricultural structure and 

resource allocation.  

Since we are using macro data in this study, we can only tell if the selected commodities are 

competitive or not in a specific market from a broader scope. If we are using micro data, we will 

be able to tell if a commodity, exported from a specific farm, is competitive or not. However, 

measuring the export competitiveness from a broader scope will also provide informative evidence 

for different stake holders to adjust their performance. When we found that Canadian fresh and 

chilled pork is more competitive in the US market while frozen pork is more competitive in the 

Japanese market, the stake holders will pay more attention on different commodities in different 

markets. For example, traders and policy-makers may consider export more fresh & chilled pork 

to the US, but export more frozen pork to Japan. In other words, export the commodity to the 

market, where it has higher competitiveness. For commodity, which is not competitive in either 

market, such as prepared and preserved meat of bovine, do Canadian different stake holders want 

to seek for additional export opportunities? Future research can use similar method to explore more 

trade opportunities in other countries. 

How to improve the level of export competitiveness? It is the issue that farmers, traders and 

policy-makers concern more about. Investigating the key drivers of competitiveness will provide 

answers to this question. This study includes three groups of explanatory variables, including cost 

of production, exchange rates, relevant disease and policy variables. We found that the costs of 
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production do have impacts on export competitiveness, but they are not as strong as we thought. 

Among all the input costs, energy use is the key determinant of export competitiveness. Exchange 

rate, which will affect the final price of traded commodity, is one of the important drivers of export 

competitiveness.  

Among three groups of explanatory variables, relevant disease and policy variables have 

largest impacts on export competitiveness. Relevant disease can be regarded as random shock. An 

important policy implication of these results is that adequate measures need to be put in place to 

minimize the possibility of any future disease outbreak. Traceability systems are important and 

effective tools, which can be used for protection of animal health, public health and food safety. 

Traceability indicates the ability to follow or track an item or group of items in the supply chain, 

either backwards or forwards. With effective livestock traceability system, we can reduce the 

response time and take appropriate actions to control economic and social impacts of emergency 

situations during a disease outbreak. An effective traceability system could help to contain diseases, 

which will have a positive impact on export competitiveness of Canadian hog and cattle sectors. 

With appropriate measures in place, it will be less costly to contain the outbreak domestically and 

more beneficial from the viewpoint of export competitiveness in the US and Japanese markets.  

Under the regulation of COOL, the Country-of-Origin is required to be labeled under the 

categories of meats (including beef, pork lamb), fruits, vegetables and peanuts. The 

implementation of COOL caused some trade disputes (DS 346 and DS 348 by WTO) since the 

complainants argued that COOL hurts the trade system. According to some previous literature, an 

extra cost imposed by COOL brings negative impacts on the agri-food trade between Canada and 

the US. The result of this study is consistent with previous research. Therefore, trade regulation 

like COOL, which imposes extra costs on production, will lower the export competitiveness of 
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slaughter hogs and slaughter cattle. Due to substitution effects, COOL shows positive impacts on 

meat products.  

Another important issue is tariff. NAFTA, which aims to eliminate most of tariffs between 

trading partner countries, is the most important FTA between Canada and the US. This study 

reveals that the enforcement of NAFTA increases the competitiveness of Canadian and Ontario’s 

agri-food export in the US market. However, in the Japanese market, tariff only shows negative 

impacts on the competitiveness of frozen pork, and it has no impacts on the fresh and chilled pork 

and prepared and preserved meat of bovine exported from Canada and Ontario.  

Under the Uruguay Round trade negotiations in 1995, the mechanism and trigger condition 

for the special safeguards (SSG) was built. The mechanism and trigger condition of SSG is 

quarterly base on a level of 117 percent of the quantity imported in the previous fiscal year. Once 

it exceeds the trigger level, Japan can “snap back” the tariff rate from 38.5 percent (present tariff) 

to the WTO bound rate, which is 50 percent. The aim of snapback tariff is to add extra costs to 

imported beef from Canada, which will place Canadian beef at a disadvantage compared with beef 

exported from Australia. With so many factors working against productions, Laycraft (2017) said 

that building bilateral trade agreement with countries like Japan is the best thing for the Canadian 

cattle and hog sectors.  

In addition to the Trans-Pacific Partnership (TPP), Japan has agreed to reduce tariff on many 

agri-food commodities in the negotiation with the European, Canada and China. Under this 

situation, Canadian beef and pork sectors would have more access to Japan, China and Vietnam 

through TPP. Canada should actively pursue TPP and other bilateral free trade agreements in the 

future.  
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Appendix  

Part A: Data Transformation 

Data transformations are commonly-used tools that can serve many functions in quantitative 

analysis of data. According to Osborne (2010), data transformation will improve normality of a 

distribution and equalizes variance to meet assumptions and improve effect sizes. Basically, 

transformation in data analysis is the replacement of a variable by a function of that variable, 

including adding constants, square root, converting to logarithmic scales, and applying 

trigonometric transformations.  

There are some reasons for using transformation, such as its convenience, its allowance for 

linear relationships, and it reduces skewness of data. Skewness in data is a major problem when 

modeling an average. Many of socioeconomic data are strongly skewed to the right, such as the 

income data, since most people have relatively low and modest incomes while fewer people have 

high incomes. When we look into a skewness data, we can easily find a skewed distribution has 

no clear center. In other words, the mean is differed from the median. Therefore, the mean of 

sample is no longer a good estimator of the mean of population. As we know that a classical model 

is usually built based on the normality assumption. In order to fit the normality assumption, power 

transformation is needed. After transformation, the mean will be close to its median. In addition, 

the mean of sample can be used as an attractive estimator of the mean of population. According to 

Mukherjee et al (1998), the power transformation alters the shape of data but not the order of the 

data.  

 

 

 

  

 

 



 

123 

 

Appendix Part B: Lambda Values for Data Transformation 

Table 1 Lambda Values for Selected Commodities Exported from Canada and Ontario to the US 
(For those dependent variables which are greater than zero) 

Variable Description Skewness 

(Before) 

Skewness 

(After) 

Lambda 

Value 

slaughterhogs_CAN_US NRCA index of slaughter hog exported from 

Canada to the US (Total agri-food level) 

0.541 0.046 0.425 

slaughterhogs_CAN_US_2 NRCA index of slaughter hog exported from 

Canada to the US (Total red meat level) 

0.771 0.033 -0.025 

slaughterhogs_CAN_US_3 NRCA index of slaughter hog exported from 

Canada to the US (Total hogs’ value chain 

level) 

1.39 0.018 -0.075 

slaughterhogs_ON_US NRCA index of slaughter hog exported from 

Ontario to the US (Total agri-food level) 

2.40 0.007 -0.1 

slaughterhogs_ON_US_2 NRCA index of slaughter hog exported from 

Ontario to the US (Total red meat level) 

2.455 0.004 -0.3 

frchpork_CAN_US NRCA index of fresh & chilled pork exported 

from Canada to the US (Total agri-food level) 

0.526 -0.019 -0.35 

frchpork_CAN_US_2 NRCA index of fresh & chilled pork exported 

from Canada to the US (Total red meat level) 

1.5 -0.03 -0.575 

frchpork_CAN_US_3 NRCA index of fresh & chilled pork exported 

from Canada to the US (Total hogs’ value 

chain level) 

-0.061 -0.078 0.95 
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Table 2 Lambda Values for Selected Commodities Exported from Canada and Ontario to the US 

(For those dependent variables which have smaller value than zero) 

Variable Description Skewness 

(Before) 

Skewness 

(After) 

Min 

Addition 

required 

for Box-

Cox 

Lambda 

Value 

slaughterhogs_ON_US_3 NRCA index of slaughter hog exported from 

Canada to the US (Total hogs’ value chain) 

2.98 0.18 0.009 0.1 

slaughtercattle_CAN_US NRCA index of slaughter cattle exported from 

Canada to the US (Total agri-food level) 

0.009 0.044 0.001 1.025 

slaughtercattle_CAN_US_2 NRCA index of slaughter cattle exported from 

Canada to the US (Total red meat level) 

-0.71 0.064 0.002 1.525 

slaughtercattle_CAN_US_3 NRCA index of slaughter cattle exported from 

Canada to the US (Total beef’s value chain level) 

-0.712 0.076 0.003 2.15 

slaughtercattle_ON_US NRCA index of slaughter cattle exported from 

Ontario to the US (Total agri-food level) 

0.009 0.04 0.002 0.8 

slaughtercattle_ON_US_2 NRCA index of slaughter cattle exported from 

Ontario to the US (Total red meat level) 

-0.712 0.071 0.009 0.825 

slaughtercattle_ON_US_3 NRCA index of slaughter cattle exported from 

Ontario to the US (Total beef’s value chain level) 

-1.36 0.08 0.02 0.525 

frchpork_ON_US NRCA index of fresh & chilled pork exported from 

Ontario to the US (Total agri-food level 

-0.026 -0.086 0.0003 0.925 

frchpork_ON_US_2 NRCA index of fresh & chilled pork exported from 

Ontario to the US (Total red meat level) 

-0.055 -0.088 0.003 0.95 

frchpork_ON_US_3 NRCA index of fresh & chilled pork exported from 

Ontario to the US (Total hogs’ value chain level) 

-0.465 -0.119 0.05 1.6 

frozenpork_CAN_US NRCA index of frozen pork exported from Canada 

to US the (Total agri-food level) 

0.0049 0.025 0.002 1.025 

frozenpork_CAN_US_2 NRCA index of frozen pork exported from Canada 

to US the (Total red meat level) 

-0.0018 -0.033 0.007 0.975 

frozenpork_CAN_US_3 NRCA index of frozen pork exported from Canada 

to US the (Total hogs’ value chain level) 

0.131 -0.057 0.13 0.75 
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Variable Description Skewness 

(Before) 

Skewness 

(After) 

Min 

Addition  

Lambda 

Value 

frozenpork_ON_US NRCA index of frozen pork exported from Ontario 

to the US (Total agri-food level) 

-0.03 
  

-0.03 0.0008 1 

frozenpork_ON_US_2 NRCA index of frozen pork exported from Ontario 

to the US (Total red meat level) 

0.628 -0.024 0.003 0.475 

frozenpork_ON_US_3 NRCA index of frozen pork exported from Ontario 

to the US (Total hogs’ value chain level) 

-0.05 0.066 0.05 0.85 

ppbovinemeat_CAN_US 

 

NRCA index of prepared and preserved meat of 

bovine exported from Canada to the US (Total agri-

food level) 

-0.69 -0.157 0.004 1.975 

ppbovinemeat_CAN_US_2 

 

NRCA index of prepared and preserved meat of 

bovine exported from Canada to the US (Total red 

meat level) 

-0.504 -0.149 0.03 1.575 

ppbovinemeat_CAN_US_3 

 

NRCA index of prepared and preserved meat of 

bovine exported from Canada to the US (Total 

beef’s value chain level) 

-0.697 
  

-0.077 0.07 1.9 

ppbovinemeat_ON_US 

 

NRCA index of prepared and preserved meat of 

bovine exported from Ontario to the US (Total agri-

food level) 

-0.508 -0.084 0.001 1.5 

ppbovinemeat_ON_US_2 

 

NRCA index of prepared and preserved meat of 

bovine exported from Ontario to the US (Total red 

meat level) 

-0.077 -0.039 0.005 1.05 

ppbovinemeat_ON_US_3 

 

NRCA index of prepared and preserved meat of 

bovine exported from Ontario to the US (Total 

beef’s value chain level) 

-0.079 0.046 0.007 1.1 
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Table3 Lambda Values for Selected Commodities Exported from Canada and Ontario to Japan 
 

Variable Description Skewness 

(Before) 

Skewness 

(After) 

Min 

Addition 

required 

for Box-

Cox 

Lambda 

Value 

frchpork_CAN_JAPAN NRCA index of fresh & chilled pork exported from 

Canada to JAPAN (Total agri-food level) 

0.136 -0.059 0.0009 0.775 

frchpork_CAN_JAPAN_2 NRCA index of fresh & chilled pork exported from 

Canada to JAPAN (Total red meat level) 

0.566 -0.032 0.006 0.425 

frchpork_CAN_JAPAN_3 NRCA index of fresh & chilled pork exported from 

Canada to JAPAN (Total hogs’ value chain level) 

0.081 0.166 0.07 1.075 

frchpork_ON_JAPAN NRCA index of fresh & chilled pork exported from 

Ontario to JAPAN (Total agri-food level) 

1.0 -0.056 0.0001 0.325 

frchpork_ON_JAPAN_2 NRCA index of fresh & chilled pork exported from 

Ontario to JAPAN (Total red meat level) 

0.379 -0.046 0.002 0.55 

frchpork_ON_JAPAN_3 NRCA index of fresh & chilled pork exported from 

Ontario to JAPAN (Total hogs’ value chain level) 

-0.341 -0.024 0.015 1.475 

frozenpork_CAN_JAPAN NRCA index of frozen pork exported from Canada 

to JAPAN (Total agri-food level) 

1.218 0.107 0.003 0.25 

frozenpork_CAN_JAPAN_2 NRCA index of frozen pork exported from Canada 

to JAPAN (Total red meat level) 

1.085 0.145 0.02 0.55 

frozenpork_CAN_JAPAN_3 NRCA index of frozen pork exported from Canada 

to JAPAN (Total hogs’ value chain level) 

-0.106 0.027 0.06 1.075 

frozenpork_ON_JAPAN NRCA index of frozen pork exported from Ontario 

to JAPAN (Total agri-food level) 

1.737 -0.018 0.0002 0.025 

frozenpork_ON_JAPAN_2 NRCA index of frozen pork exported from Ontario 

to JAPAN (Total red meat level) 

1.623 0.006 0.003 0.075 

frozenpork_ON_JAPAN_3 NRCA index of frozen pork exported from Ontario 

to JAPAN (Total hogs’ value chain level) 

 

0.507 0.018 0.008 0.7 
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Variable Description Skewness 

(Before) 

Skewness 

(After) 

Min 

Addition 

required 

for Box-

Cox 

Lambda 

Value 

ppbovinemeat_CAN_JAPAN NRCA index of prepared and preserved meat of 

bovine exported from Canada to JAPAN (Total 

agri-food level) 

-1.45 0.006 0.0002 2.7 

ppbovinemeat_CAN_JAPAN_2 NRCA index of prepared and preserved meat of 

bovine exported from Canada to JAPAN (Total 

red meat level) 

-1.338 -0.066 0.003 3.125 

ppbovinemeat_CAN_JAPAN_3 NRCA index of prepared and preserved meat of 

bovine exported from Canada to JAPAN (Total 

beef’s value chain level) 

1.75 -0.017 0.002 -0.4 

ppbovinemeat_ON_JAPAN NRCA index of prepared and preserved meat of 

bovine exported from Ontario to JAPAN (Total 

agri-food level) 

4.545 -0.178 0.00002 -0.75 

ppbovinemeat_ON_JAPAN_2 NRCA index of prepared and preserved meat of 

bovine exported from Ontario to JAPAN (Total 

red meat level) 

 

-1.997 0.166 0.0004 2.2 

ppbovinemeat_ON_JAPAN_3 NRCA index of prepared and preserved meat of 

bovine exported from Ontario to JAPAN (Total 

beef’s value chain level) 

3.581 0.578 0.0004 0.325 
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Appendix Part C: Statistical Summary of Data 

Table 4 Statistical Summary of NRCA indices in total agri-food level (Destination in the US) 
Variable Description Mean Standard 

Deviation 

Min Max 

slaughterhogs_CAN_US NRCA index of slaughter hog exported 

from Canada to the US (HS 010392) 

0.00309 0.00166 0.000813 0.00827 

slaughtercattle_CAN_US NRCA index of slaughter cattle exported 

from Canada to the US (HS 010290) 

0.01219 0.00649 -0.0002 0.02865 

frchpork_CAN_US NRCA index of fresh & chilled pork 

exported from Canada to the US (HS 

020319) 

0.00476 0.00124 0.00278 0.00830 

frozenpork_CAN_US NRCA index of frozen pork exported 

from Canada to US the (HS 020329) 

0.00037 0.00041 -0.00106 0.00182 

ppbovinemeat_CAN_US NRCA index of prepared and preserved 

meat of bovine exported from Canada to 

the US (HS 160250) 

-0.001 0.00062 -0.00334 1.13e-06 

slaughterhogs_ON_US NRCA index of slaughter hog exported 

from Ontario to the US (HS 01039200) 

0.00093 0.00078 7.88e-05 0.00574 

slaughtercattle_ON_US NRCA index of slaughter cattle exported 

from Ontario to the US (HS 010290) 

0.00027 0.00077 -0.00177 0.00302 

frchpork_ON_US NRCA index of fresh & chilled pork 

exported from Ontario to the US (HS 

02031900) 

0.00151 0.00088 -0.00024 0.00367 

frozenpork_ON_US NRCA index of frozen pork exported 

from Ontario to the US (HS 02032900) 

-7.8e-05 0.00025 -0.00076 0.00056 

ppbovinemeat_ON_US 

 

NRCA index of prepared and preserved 

meat of bovine exported from Ontario to 

the US (HS 160250) 

-0.00029 0.00019 -0.001 0.00019 
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Table 5 Statistical Summary of NRCA indices in total agri-food level (Destination in Japan) 
Variable Description Mean Standard 

Deviation 

Min Max 

frchpork_CAN_JAPAN NRCA index of fresh &chilled pork 

exported from Canada to Japan (HS 

020319) 

0.0020 0.0019 -0.0009 0.0066 

frozenpork_CAN_JAPAN NRCA index of frozen pork exported from 

Canada to Japan (HS 020319) 

0.0024 0.0020 -0.0023 0.0121 

ppbovinemeat_CAN_JAPAN NRCA index of prepared and preserved 

meat of bovine exported from Canada to 

Japan (HS 160250) 

-4.5e-05 2.55e-05 -0.0002 1.78e-05 

frchpork_ON_JAPAN NRCA index of fresh &chilled pork 

exported from Ontario to Japan (HS 

020319) 

0.0002 0.0002 -9.9e-05 0.0009 

frozenpork_ON_JAPAN NRCA index of frozen pork exported from 

Ontario to Japan (HS 020319) 

0.0003 0.0003 -0.0001 0.0022 

ppbovinemeat_ON_JAPAN NRCA index of prepared and preserved 

meat of bovine exported from Ontario to 

Japan (HS 160250) 

-2.3e-06 3.32e-06 -1.2e-05 2.42e-05 

 

 

 

 

Table 6 Statistical Summary of NRCA indices in total red meat level (Destination in the US) 
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Variable Description Mean Standard 

Deviation 

Min Max 

slaughterhogs_CAN_US NRCA index of slaughter hog exported from 

Canada to the US (HS 010392) 

0.0167 0.0084 0.0056 0.0458 

slaughtercattle_CAN_US NRCA index of slaughter cattle exported from 

Canada to the US (HS 010290) 

0.0635 0.0271 -0.0013 0.1208 

frchpork_CAN_US NRCA index of fresh & chilled pork exported 

from Canada to the US (HS 020319) 

0.02667 0..0072 0.0149 0.0645 

frozenpork_CAN_US NRCA index of frozen pork exported from 

Canada to US the (HS 020329) 

-0.0006 0.0026 -0.0068 0.0073 

ppbovinemeat_CAN_US 

 

NRCA index of prepared and preserved meat of 

bovine exported from Canada to the US (HS 

160250) 

-0.0091 0.0051 -0.027 -0.0001 

slaughterhogs_ON_US NRCA index of slaughter hog exported from 

Ontario to the US (HS 01039200) 

0.0064 0.0054 0.0010 0.0389 

slaughtercattle_ON_US NRCA index of slaughter cattle exported from 

Ontario to the US (HS 010290) 

0.0027 0.0044 -0.0085 0.0177 

frchpork_ON_US NRCA index of fresh & chilled pork exported 

from Ontario to the US (HS 02031900) 

0.0109 0.0066 -0.0026 0.0274 

frozenpork_ON_US NRCA index of frozen pork exported from 

Ontario to the US (HS 02032900) 

0.0001 0.0014 -0.0028 0.0044 

ppbovinemeat_ON_US 

 

NRCA index of prepared and preserved meat of 

bovine exported from Ontario to the US (HS 

160250) 

-0.0015 0.0010 -0.0042 0.0013 
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Table 7 Statistical Summary of NRCA indices in red meat level (Destination in Japan) 

Variable Description Mean Standard 

Deviation 

Min Max 

frchpork_CAN_JAPAN NRCA index of fresh &chilled pork exported 

from Canada to Japan (HS 020319) 

0.0122 0.0122 -0.0057 0.0449 

frozenpork_CAN_JAPAN NRCA index of frozen pork exported from 

Canada to Japan (HS 020319) 

0.0102 0.0092 -0.0176 0.0564 

ppbovinemeat_CAN_JAPAN NRCA index of prepared and preserved meat 

of bovine exported from Canada to Japan (HS 

160250) 

-0.0006 0.0005 -0.0027 0.0004 

frchpork_ON_JAPAN NRCA index of fresh &chilled pork exported 

from Ontario to Japan (HS 020319) 

0.0010 0.0013 -0.0017 0.0047 

frozenpork_ON_JAPAN NRCA index of frozen pork exported from 

Ontario to Japan (HS 020319) 

0.0009 0.0021 -0.0026 0.0121 

ppbovinemeat_ON_JAPAN NRCA index of prepared and preserved meat 

of bovine exported from Ontario to Japan 

(HS 160250) 

-5.9e-05 4.45e-05 -0.0003 0.0001 
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Table 8 Statistical Summary of NRCA indices in hogs’ value chain level (Destination in the US) 

Variable Description Mean Standard 

Deviation 

Min Max 

slaughterhogs_CAN_US NRCA index of slaughter hog exported from Canada 

to the US (HS 010392) 

0.0478 0.0257 0.0149 0.1584 

frchpork_CAN_US NRCA index of fresh & chilled pork exported from 

Canada to the US (HS 020319) 

0.0725 0.0127 0.0392 0.1013 

frozenpork_CAN_US NRCA index of frozen pork exported from Canada 

to US the (HS 020329) 

-0.0624 0.0004 -0.1204 -0.0144 

slaughterhogs_ON_US NRCA index of slaughter hog exported from Ontario 

to the US (HS 01039200) 

0.0159 0..0004 -0.0085 0.1430 

frchpork_ON_US NRCA index of fresh & chilled pork exported from 

Ontario to the US (HS 02031900) 

0.0304 0.0226 -0.0412 0.0779 

frozenpork_ON_US NRCA index of frozen pork exported from Ontario 

to the US (HS 02032900) 

-0.0234 0.0084 -0.0432 -0.00027 
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Table 9 Statistical Summary of NRCA indices in hogs’ value chain level (Destination in Japan) 

Variable Description Mean Standard 

Deviation 

Min Max 

frchpork_CAN_JAPAN NRCA index of fresh &chilled pork exported 

from Canada to Japan (HS 020319) 

0.0099 0.0189 -0.063 0.0613 

frozenpork_CAN_JAPAN NRCA index of frozen pork exported from 

Canada to Japan (HS 020319) 

-0.0042 0.0157 -0.0528 0.0674 

ppbovinemeat_CAN_JAPAN NRCA index of prepared and preserved meat of 

bovine exported from Canada to Japan (HS 

160250) 

-0.0001 0.0004 -0.0012 0.00186 

frchpork_ON_JAPAN NRCA index of fresh &chilled pork exported 

from Ontario to Japan (HS 020319) 

0.0009 0.0030 -0.0107 0.0079 
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Table 10 Statistical Summary of NRCA indices in beef’s value chain level 

Variable Description Mean Standard 

Deviation 

Min Max 

slaughtercattle_CAN_US NRCA index of slaughter cattle exported from 

Canada to the US (HS 010290) 

0.1018 0.0386 -0.0027 0.1811 

ppbovinemeat_CAN_US 

 

NRCA index of prepared and preserved meat 

of bovine exported from Canada to the US (HS 

160250) 

-0.0201 0.0107 -0.0622 0 

slaughtercattle_ON_US NRCA index of slaughter cattle exported from 

Ontario to the US (HS 010290) 

0.0072 0.0065 -0.0101 0.0307 

ppbovinemeat_ON_US 

 

NRCA index of prepared and preserved meat 

of bovine exported from Ontario to the US (HS 

160250) 

-0.0022 0.0014 -0.0067 0.0023 

ppbovinemeat_CAN_JAPAN NRCA index of prepared and preserved meat 

of bovine exported from Canada to Japan (HS 

160250) 

-0.0006 0.0005 -0.0027 0.0004 

ppbovinemeat_ON_JAPAN NRCA index of prepared and preserved meat 

of bovine exported from Ontario to Japan (HS 

160250) 

-4.1e-05 8.11e-05 -0.0004 0.0006 
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Table 11 Statistical Summary of Feed Prices 

Variable Description Mean Standard 

Deviation 

Min Max 

Price_barley_CAN Price of barley in Canada ($cad/bu) 3.078 0.9365 1.7 5.764 

Price_barley_US Price of barley in US ($cad/bu) 3.056 1.0595 1.636 6.032 

Price_corn_ON Price of corn in Ontario ($cad/bu) 3.908 1.1189 2.401 7.58 

Price_corn_US Price of corn in US ($cad/bu) 3.613 1.326 2.049 7.647 

Price_soybean_ON Price of soybean in Ontario ($cad/bu) 9.157 2.5713 5.679 15.77 

Price_soybean_US Price of soybean in US ($cad/bu) 8.813 2.5263 5.568 14.92 

Price_feederhog_CAN Price of feeder hog in Canada ($cad/head) 43.3 8.6584 19.98 70.35 

Price_feederhog_ON Price of feeder hog in Ontario($cad/head) 47.25 8.843 35.57 73.28 

Price_feederhog_US Price of feeder hog in US ($cad/head) 65.38 15.9315 19.31 127.2 

Price_corn_JAPAN Price of corn in JAPAN ($cad/bu) 4.489 1.5510 2.724 8.759 
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Table 12 Statistical Summary of Exchange rates 

Variable Description Mean Standard 

Deviation 

Min Max 

Exchangerate_DEN_US Exchange rate between Denmark and US  6.077 0.7878 4.842 8.488 

Exchangerate_CAN_US Exchange rate between Canada and US 1.203 0.1656 0.961 1.552 

Exchangerate_Mexico_US Exchange rate between Mexico and US 12.75 1.4137 10.69 20.12 

Exchangerate_Aus_US Exchange rate between Australia and US 1.394 0.280 0.931 2.098 

Exchangerate_JAPAN_CAN Exchange rate between Canada and JAPAN 0.012 0.0017 0.0074 0.016 

Exchangerate_JAPAN_US Exchange rate between US and JAPAN  0.0093 0.0015 0.006 0.013 

Exchangerate_JAPAN_AUS Exchange rate between Japan and Australia 0.0123 0.0020 0.0083 0.0177 
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Table 13 Statistical Summary of Wage rates 

Variable Description Mean Standard 

Deviation 

Min Max 

Wage_farmer_CAN Average wage rate for primary workers in 

Canada ($cad/hr) 

16.0 3.319 11.84 24.65 

Wage_manufactory_CAN Average wage rate for manufactory workers in 

Canada ($cad/hr) 

16.23 2.682 12.34 21.51 

Wage_farmer_ON Average wage rate for primary workers in 

Ontario ($cad/hr) 

14.5 2.028 10.94 20.01 

Wage_manufactory_ON Average wage rate for manufactory workers in 

Ontario ($cad/hr) 

16.5 2.635 12.34 21.48 

Wage_JAPAN Average wage rate for workers in agriculture, 

production and transportation in JAPAN 

($cad/hr) 

1.2170 0.2087 0.7316 1.8160 

Wage_US Average wage rate for workers in agriculture, 

production and transportation in US ($cad/hr) 

18.02 3.4978 10.38 23.69 
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Table 14 Statistical Summary of Cost of Fuel 

Variable Description Mean Standard 

Deviation 

Min Max 

Gasoline_Canada Price of gasoline in Canada ($cad/liter) 82.97 27.103 50.98 139.66 

Gasoline_US Price of gasoline in the US ($cad/liter) 62.08 23.28 29.77 112.43 

Electricyuse_Canada Farm operation electricity expense in Canada (in 

1000 cad) 

723648 131384.4 434258 923451 

Electricyuse_Ontario Farm operation electricity expense in Ontario (in 

1000 cad) 

203714 36696 135973 285147 

Electricyprice_US Price of electricity in the US ($cad) 0.104 0.018 0.081 0.143 

Fuel cost_JAPAN Farm fuel cost in Japan ($cad) 1444.6 598.96 568.48 2790.2 
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Table 15 Statistical Summary of R&D Ratio 

(The ratio of research & development expenditure and the total farm sales) 

Variable Description Mean Standard 

Deviation 

Min Max 

Canada_RND ratio The ratio of Canadian R&D expenditure and 

total farm sales 

13.624 2.094 9.899 19.406 

Ontario_RND ratio The ratio of Ontario R&D expenditure and total 

farm sales 

19.028 3.878 12.55 27.21 
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Table 16 Statistical Summary of Tariff 

Variable Description Mean Standard 

Deviation 

Min Max 

Tariff_livecattle_CAN_US Tariff of live cattle exported from Canada to the 

US (in percentage) 

0.038 0.101 0 0.39 

Tariff_fhchpork_CAN_US Tariff of fresh & chilled pork exported from 

Canada to the US (in percentage) 

0.024 0.0635 0 0.265 

Tariff_fzpork_CAN_US Tariff of frozen pork exported from Canada to 

the US(in percentage) 

0.0217 0.0567 0 0.231 

Tariff_ppbovine_CAN_US Tariff of prepared and preserved meat of bovine 

exported from Canada to Japan (in percentage) 

0.381 0.706 0 3.15 

Tariff_fhchpork_CAN_JAPAN Tariff of fresh & chilled pork exported from 

Canada to Japan (in percentage) 

0.399 0.228 0.002 0.816 

Tariff_fzpork_CAN_JAPAN Tariff of frozen pork exported from Canada to 

Japan (in percentage) 

0.364 0.208 0.002 0.735 

Tariff_ppbovine_CAN_JAPAN Tariff of prepared and preserved meat of bovine 

exported from Canada to Japan (in percentage) 

0.25 0.013 0.236 0.348 
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Appendix Part D: Expected Sign of Explanatory Variables 

Table 17 Expected Sign of Each Independent Variable 
1.  Cost of feed 

Variables Expected sign 

Price of barley in Canada  - 

Price of barley in the US + 

Price of corn in Ontario  - 

Price of corn in the US + 

Price of corn in JAPAN + 

Price of soybean in Ontario  - 

Price of soybean in the US  + 

2. Exchange rates (The exchange rate is defined as the amount of other currencies in terms 

of one US dollar or one Japanese Yen). 

Exchange rate between Canada and the US + 

Exchange rate between Denmark and the US  - 

Exchange rate between Mexico and the US - 

Exchange rate between Australia and the US - 

Exchange rate between Canada and JAPAN + 

Exchange rate between the US and JAPAN  - 

Exchange rate between Japan and Australia - 

3. Wage rates 

Average wage rate in Canada  - 

Average wage rate in Ontario  - 

Average wage rate for workers in agriculture, production and 

transportation in JAPAN 

+ 

Average wage rate for workers in agriculture, production and 

transportation in the US 

+ 

4. Cost of fuel 

Price of gasoline in Canada  - 

Price of gasoline in the US  + 

Farm operation electricity expense in Canada  - 

Price of electricity in the US + 

Farm fuel cost in Japan + 

5. R&D ratio (the ratio of research & development expenditure and the total farm sales) 

Canadian R&D ratio  + 

Ontario’s R&D ratio + 

6. Tariff  

Tariff of live cattle exported from Canada to the US - 

Tariff of fresh & chilled pork exported from Canada to the US - 

Tariff of frozen pork exported from Canada to the US - 

Tariff of prepared and preserved meat of bovine exported 

from Canada to Japan 

- 

Tariff of fresh & chilled pork exported from Canada to Japan - 
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Variables Expected sign 

Tariff of frozen pork exported from Canada to Japan  - 

Tariff of prepared and preserved meat of bovine exported 

from Canada to Japan 

- 

7. Policy/Disease 

NAFTA + 

BSE - 

COOL - 

Swine flu - 

PEDV - 
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Appendix Part E: BRCA & NRCA Figures 

Figure 1 Comparison of BRCA and NRCA for Slaughter Hogs Exported from Canada to the US at Total Agri-food Export Level 
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Figure 2 Comparison of BRCA and NRCA for Slaughter Cattle Exported from Canada to the US at Total Agri-food Export 

Level 
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Figure 3 Comparison of BRCA and NRCA for Frozen Pork Exported from Canada to the US at Total Agri-food Export Level 
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Figure 4 Comparison of BRCA and NRCA for Prepared and Preserved Meat of Bovine Exported from Canada to the US at 

Total Agri-food Export Level 

 
 

 

 



 

147 

 

Figure 5 Comparison of NRCA for Ontario’s Slaughter Hogs in the US market at Three Alternative Aggregate Export Levels 
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Figure 6 Comparison of NRCA for Ontario’s Slaughter Cattle in the US market at Three Alternative Aggregate Export Levels 
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Figure 7 Comparison of NRCA for Ontario’s Fresh & Chilled Pork in the US market at Three Alternative Aggregate Export 

Levels 
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Figure 8 Comparison of NRCA for Ontario’s Frozen Pork in the US market at Three Alternative Aggregate Export Levels 
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Figure 9 Comparison of NRCA for Ontario’s Prepared and Preserved Meat of Bovine in the US market at Three Alternative 

Aggregate Export Levels 
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Figure 10 Comparison of NRCA for Canadian Fresh & Chilled Pork in Japanese Market at Three Alternative Aggregate Export 

Levels 
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Figure 11 Comparison of NRCA for Ontario’s Fresh & Chilled Pork in Japanese market at Three Alternative Aggregate Export 

Levels 
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Figure 12 Comparison of NRCA for Canadian Frozen Pork in Japanese market at Three Alternative Aggregate Export Levels 
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Figure 13 Comparison of NRCA for Ontario’s Frozen Pork in Japanese market at Three Alternative Aggregate Export Levels 
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Appendix Part F: Empirical Result Tables 

Table 19 Estimation of Prepared and Preserved Meat of Bovine Exported from Canada to 

the US  

Variables Total Agri-food 

Level 
Total Red Meat 

Level 
 Hog’s Value 

Chain Level 

Constant 1.60E-05*** 

(0.0000) 

2.56E-03*** 

(0.0004) 

2.24E-03** 

(0.0008) 

Exchange rate between Canada and the 

US 

-2.70E-05 

(0.0000) 

-4.96E-03 

(0.0057) 

-5.98E-03 

(0.010) 

Exchange rate between Australia and the 

US 

3.71E-06 

(0.0000) 

-3.21E-04 

(0.001) 

-6.30E-04 

(0.0018) 

Price of barley in Canada -8.99E-08 

(0.0000) 

-1.98E-04** 

(0.0001) 

-2.99E-04** 

(0.0001) 

Price of barley in the US 1.05E-06. 

(0.0000) 

1.55E-04 

(0.0002) 

2.74E-04 

(0.0003) 

Wage rate of manufactory in Canada -5.10E-07 

(0.0000) 

-1.62E-04 

(0.0002) 

-1.90E-04 

(0.0003) 

Wage rate in the US 8.49E-07 

(0.0000) 

1.85E-04 

(0.0003) 

2.76E-04 

(0.0006) 

Price of gasoline in Canada 2.70E-08 

(0.0000) 

9.78E-06 

(0.0000) 

9.13E-06 

(0.0001) 

Price of gasoline in the US 5.67E-08*** 

(0.0000) 

1.43E-05*** 

(0.0000) 

1.53E-05** 

(0.0000) 

Use of electricity in Canada 1.29E-12 

(0.0000) 

6.45E-09 

(0.0000) 

1.82E-08 

(0.0000) 

Use of electricity in the US -1.36E-04 

(0.0001) 

-2.23E-02 

(0.0328) 

-4.29E-02 

(0.057) 

Ratio of Canada R&D and farm sales -6.37E-07*** 

(0.0000) 

-4.22E-05* 

(0.0000) 

6.28E-05. 

(0.0004) 

Tariff 3.46E-08 

(0.0000) 

-1.16E-04* 

(0.0000) 

-2.06E-04* 

(0.0001) 

BSE 8.70E-07* 

(0.0000) 

5.60E-04*** 

(0.0001) 

1.23E-03*** 

(0.0002) 

COOL 3.16E-06*** 

(0.0000) 

8.77E-04*** 

(0.0002) 

1.56E-03*** 

(0.0003) 

PEDV 9.82E-07. 

(0.0000) 

2.92E-04. 

(0.0002) 

8.12E-04** 

(0.0003) 

Swine Flu 1.33E-06* 

(0.0000) 

-1.67E-04 

(0.0002) 

-7.05E-04* 

(0.0003) 

No. of Observations 271 271 271 

Adjusted R-square 0.7598 0.5945 0.4885 

Anderson-Darling Normality test 0.3651 0.1979 0.4011 

DW test 0.8422 0.6383 0.5953 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 20 Coefficients of Estimation of Prepared and Preserved Meat of Bovine Exported 

from Ontario to the US  

Variables Total Agri-food 

Level 

Total Red Meat 

Level 

Hog’s Value 

Chain Level 

Constant 3.35E-05*** 

(0.0000) 

4.40E-03*** 

(0.0004) 

3.59E-03*** 

(0.0004) 

Exchange rate between Canada and the US -7.62E-05 

(0.0000) 

-8.26E-03 

(0.0068) 

-9.78E-03 

(0.0087) 

Exchange rate between Australia and the 

US 

1.02E-05 

(0.0000) 

2.79E-04 

(0.0013) 

9.89E-04 

(0.0016) 

Price of corn in Ontario 6.39E-07 

(0.0000) 

1.89E-04 

(0.0002) 

3.28E-04 

(0.0003) 

Price of corn in the US 5.19E-07 

(0.0000) 

2.97E-05 

(0.0003) 

1.51E-04 

(0.0003) 

Price of soybean in Ontario 9.62E-07 

(0.0000) 

1.36E-04 

(0.0001) 

5.19E-05 

(0.0001) 

Price of soybean in the US 7.27E-07 

(0.0000) 

2.24E-05 

(0.0000) 

-9.23E-06 

(0.0001) 

Wage rate of manufactory in Ontario -5.12E-07 

(0.0000) 

-2.21E-04 

(0.0002) 

-2.41E-04 

(0.0002) 

Wage rate in the US 2.57E-06 

(0.0000) 

3.27E-04 

(0.0004) 

4.15E-04 

(0.0005) 

Price of gasoline in Canada 1.20E-07 

(0.0000) 

1.65E-05 

(0.0000) 

1.19E-05 

(0.0000) 

Price of gasoline in the US 1.26E-07** 

(0.0000) 

1.87E-05** 

(0.0000) 

1.84E-05* 

(0.0000) 

Use of electricity in Ontario -3.30E-11 

(0.0000) 

7.10E-09 

(0.0000) 

4.72E-09 

(0.0000) 

Use of electricity in the US -1.73E-04 

(0.0003) 

-1.48E-02 

(0.0389) 

-9.52E-03 

(0.0492) 

Ratio of Ontario R&D and farm sales -9.94E-07*** -1.05E-04*** -6.91E-05*** 
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(0.0000) (0.0000) (0.0000) 

Tariff 2.97E-07 

(0.0000) 

-7.82E-05 

(0.0001) 

-1.61E-04. 

(0.0001) 

BSE -3.09E-06** 

(0.0000) 

-5.77E-05 

(0.0001) 

3.04E-04 

(0.0002) 

COOL 7.66E-06*** 

(0.0000) 

7.72E-04*** 

(0.0002) 

6.83E-04** 

(0.0002) 

PEDV 9.44E-07 

(0.0000) 

3.66E-04* 

(0.0002) 

5.98E-04** 

(0.0002) 

Swine Flu 9.70E-07 

(0.0000) 

1.12E-05 

(0.0002) 

-1.39E-04 

(0.0002) 

No. of Observations 268 268 268 

Adjusted R-square 0.6031 0.3279 0.2344 

Anderson-Darling Normality test 1.3178 0.4061 0.5920 

DW test 1.0331 0.7792 0.8980 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 21 Coefficients of Estimation of Prepared and Preserve Meat of Bovine Exported from 

Canada to Japan  

Variables Total Agri-food 

Level 
Total Red 

Meat Level 
Total Hog’s 

Value Chain 

Level 

Constant 7.37E-11* 

(0.0000) 

1.59E-08*** 

(0.0000) 

-1.02E+01*** 

(1.28) 

Exchange rate between Japan and Canada 5.24E-09*** 

(0.0000) 

4.24E-07** 

(0.0000) 

-1.67E+02** 

(51.0) 

Exchange rate between Japan and the US -8.48E-09*** 

(0.0000) 

-6.52E-07** 

(0.0000) 

9.32E+01 

(78.1) 

Price of barley in Canada 1.76E-11. 

(0.0000) 

9.37E-10 

(0.0000) 

3.77E-01 

(0.368) 

Price of corn in Japan 2.61E-12. 

(0.0000) 

2.43E-10 

(0.0000) 

5.00E-03 

(0.0613) 

Wage rate of farmer in Canada -7.99E-12 

(0.0000) 

-1.12E-09. 

(0.0000) 

-3.06E-01 

(0.213) 

Wage rate in Japan 5.91E-12 

(0.0000) 

5.24E-10 

(0.0000) 

-2.72E-01 

(1.00) 

Use of electricity in Canada -1.97E-16 

(0.0000) 

-1.37E-14 

(0.0000) 

-2.74E-06 

(0.0000) 

Price of gasoline in Canada 1.27E-13 

(0.0000) 

4.57E-11 

(0.0000) 

2.73E-05 

(0.0108) 

Cost of fuel in Japan 3.82E-14 

(0.0000) 

4.84E-12 

(0.0000) 

1.32E-03 

(0.0012) 

Ratio of Canada R&D and farm sales -6.96E-13 

(0.0000) 

-1.99E-10 

(0.0000) 

2.58E-02 

(0.046) 

Tariff 1.62E-13 

(0.0000) 

9.89E-12 

(0.0000) 

-2.08E-02 

(0.0303) 

BSE -9.37E-12* 

(0.0000) 

-5.86E-10 

(0.0000) 

7.08E-01*** 

(0.158) 

COOL 2.56E-11*** 

(0.0000) 

4.70E-09*** 

(0.0000) 

2.83E-01 

(0.236) 

PEDV 5.85E-12 

(0.0000) 

1.71E-09*** 

(0.0000) 

4.14E-01** 

(0.152) 

Swine Flu -2.37E-12 

(0.0000) 

-3.12E-09*** 

(0.0000) 

-7.48E-01*** 

(0.209) 

No. of Observations 271 271 271 

Adjusted R-square 0.2942 0.6632 0.433 

Anderson-Darling Normality test 2.5337 0.9616 4.9763 

DW test 1.1547 0.9560 1.2216 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Table 22 Coefficients of Estimation of Prepared and Preserved Meat of Bovine Exported 

from Ontario to Japan  

Variables Total Agri-food 

Level 
Total Red Meat 

Level 
Total Hog’s 

Value Chain 

Level 

Constant -3.30E+03*** 

(544.5) 

1.13E-08 

(0.0000) 

7.83E-02*** 

(0.0068) 

Exchange rate between Japan and 

Canada 

3.40E+04 

(31230) 

4.59E-07 

(0.0000) 

4.00E-01 

(0.388) 

Exchange rate between Japan and the US -2.21E+04 

(50580) 

2.38E-07 

(0.0000) 

-3.52E-01 

(0.629) 

Price of corn in Ontario -1.33E+01 

(68.5) 

-1.66E-09 

(0.0000) 

-7.32E-04 

(0.0009) 

Price of corn in Japan 4.82E+01 

(62.1) 

9.85E-10 

(0.0000) 

7.66E-05 

(0.0007) 

Wage rate of farmer in Ontario 1.78E+00 

(92.2) 

-1.75E-10 

(0.0000) 

3.35E-04 

(0.0012) 

Wage rate in Japan 5.28E+01 

(562) 

-1.07E-09 

(0.0000) 

-1.07E-04 

(0.0000) 

Use of electricity in Ontario 2.12E-03 

(0.0046) 

5.75E-14 

(0.0000) 

1.01E-07. 

(0.0001) 

Price of gasoline in Canada 1.64E+00 

(5.87) 

4.07E-11 

(0.0000) 

1.21E-04. 

(0.00001) 

Cost of fuel in Japan 1.02E+00 

(0.645) 

1.91E-11. 

(0.0000) 

1.64E-05* 

((0.0000) 

Ratio of Ontario R&D and farm sales -7.00E+00 

(13.2) 

8.80E-11 

(0.0000) 

5.58E-04*** 

(0.0001) 

Tariff -1.50E+01 

(16.6) 

1.51E-10 

(0.0000) 

-4.89E-04* 

(0.0002) 

BSE -2.43E+02** 

(80.8) 

-3.73E-10 

(0.0000) 

4.53E-03*** 

(0.001) 

COOL 2.19E+02. 

(118) 

6.45E-10 

(0.0000) 

2.22E-03 

(0.0015) 

PEDV 1.00E+00 

(83.5) 

1.64E-09 

(0.0000) 

-2.91E-04 

(0.0010) 

Swine Flu -5.68E+01 

(116) 

-3.74E-09* 

(0.0000) 

-2.25E-03 

(0.0014) 

No. of Observations 271 271 271 

Adjusted R-square 0.112 0.126 0.2208 

Anderson-Darling Normality test 9.7778 5.4557 9.6485 

DW test 1.6575 1.4144 1.8332 

Note: The figures in the parentheses are standard errors; *** denotes 1% significant level, ** 

denotes 5% significant level, * denotes 10% significant level. 
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Appendix Part G: “Snapback” tariff in Japan 

Under the Uruguay Round trade negotiations in 1995, the mechanism and trigger condition 

for the special safeguards (SSG) was built. According to the WTO (2004), “safeguards are 

contingency restrictions on imports taken temporarily to deal with special circumstances such as 

sudden surge in imports.” 

Japan has five so-called “sensitive sectors”, including rice, wheat and barley, beef and pork, 

dairy products, and sugar. Under the Uruguay Round, the government of Japan asserted that a 12.5 

percent reduction (from 50 percent to 38.5 percent) of the import duties on beef would come into 

force in a six-year time period. However, Japan can protect domestic producers through the global 

safeguard.  

The mechanism and trigger condition of SSG is quarterly base on a level of 117 percent of the 

quantity imported in the previous fiscal year. Once it exceeds the trigger level, Japan can “snap 

back” the tariff rate from 38.5 percent to the WTO bound rate, which is 50 percent, and it will 

remain until end of the fiscal year in Japan. Note, commodities have different trigger level based 

on the previous year’s import volume. There have been three times when the SSG was 

implemented by Japan in the past 23 years.  

In 1995, the SSG was triggered for frozen beef in the first quarter. At that time, the tariff for 

the frozen beef had been increased from 48.1 percent to 50 percent. In 1996, the SSG for frozen 

beef was triggered in the first quarter increasing the tariff from 46.2 percent to 50 percent. In 2003, 

the SSG was triggered for fresh & chilled beef increasing the tariff from 38.5 percent to 50 percent. 

In August 2017, Japan imposed its SSG on frozen beef exported from Canada and other countries, 

including the United States. Until next March, the tariff imposed on frozen beef has been increased 

from 38.5 percent to 50 percent. The amount of frozen Canadian beef headed to Japan is about to 

drop, due to this snapback tariff. 
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Japan is the United States’ top export market for beef and pork products. The snapback tariff 

has directly impacts on the US beef prices, which would affect the Canadian prices. Dennis 

Laycraft (2017), executive vice president of the Canadian Cattlemen’s Association, said that: “The 

snapback tariff is going to impact the US prices, which impact us directly because our prices are 

essentially set off the U.S. market. So, if they get a lower price, we get a lower price”. The aim of 

snapback tariff is to add extra costs to imported beef from Canada, which will place Canadian beef 

at a disadvantage compared with beef exported from Australia. With so many factors working 

against productions, Laycraft (2017) said that building bilateral trade agreement with countries 

like Japan is the best thing the Canadian cattle industry can do. 

Recently, Japan has negotiated some free trade agreements. Only the agreements with 

Australia, Chile and Mexico cover beef products. These countries are exempt from the snapback 

tariff. Japan is also negotiating an Economic Partnership Agreement (EPA) with Canada. Since 

Japan is an important export market for Canadian beef, the market access for Canadian beef could 

be an important issue in this EPA. In addition to the Trans-Pacific Partnership (TPP), Japan has 

agreed to reduce tariff on many agri-food commodities in the negotiation with the European, 

Canada and China. Under this situation, Canadian beef and pork sectors would get more certainty 

through TPP. Under the TPP, most agricultural tariffs in Japan will be phased out over a period of 

years. TPP delivers benefits for beef and pork sectors in Canada. More opportunities in Japan will 

be provided to Canada agriculture. 

 

 

 


