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ABSTRACT 

THE EFFECT OF MULTIPLE COMPONENT PRICING SYSTEM  

ON PRODUCTIVITY AND TECHNICAL EFFICIENCY OF ONTARIO DAIRY FARMS 

Kaiyuan Deng            Advisors: 

University of Guelph, 2021                           Dr. Getu Hailu 

                   Dr. Brady J.Deaton 

The purpose of this study is to examine the effect of milk compositional pricing policy 

reforms (i.e., component pricing change, solids-non-fat to butterfat ratio standard, and 

Class 6/7 milk class pricing policy) on the technical efficiency and milk and milk 

components productivity of Ontario dairy farms using the Ontario Dairy Farm Accounting 

Project (ODFAP) data. 

In this study, a stochastic input distance function is estimated to assess the technical 

inefficiency of the sample farms. Results indicate that the component pricing change had 

a positive effect on the technical inefficiency of dairy farms.  

A fixed-effect panel regression model estimated the effect of the change in policies 

towards dairy farm productivity (i.e., milk yield per cow, protein yield per cow, and 

butterfat yield per cow). Therefore, the results indicate that the SNF: BF ratio standard had 

a positive effect on milk yield, protein yield, and butterfat yield per cow. However, the 

Class 6/7 milk class pricing policy had negative effects on milk and butterfat productivity.  
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Chapter 1. Introduction 

1.1 Motivation 

The Canadian dairy industry has gone through considerable structural supply and 

demand changes over decades – e.g., decreasing number of farms, increasing farm size, 

changing consumer demand for certain dairy products (Pierre, 2017). For example, the 

annual patterns of dairy product demands have been changing, with an increase in 

consumer dietary health concerns (Pierre, 2017). There has been a shift in the direction 

away from milk products with higher-fat content (e.g., whole milk) to milk products with 

high protein content. Depicted in Figures 1.1 and 1.2 are the changes in consumer 

consumption for the demand for products with higher protein than butterfat content. The 

overall trend for this butterfat product (e.g., ice cream) has been plummeting, while the 

demand for certain higher protein products (e.g., cheese) and those perceived as healthier 

(e.g., yogurt) has been increasing. There has been an apparent change in the preference for 

low-fat milk products over whole milk in Canada since the 1970s (Peng, West, and Wang, 

2006).  
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Figure 1.1. Cheese Consumption per capita, Canada, from 1979 to 2019  

(Data Source: Statistics Canada. Table 32-10-0054-01 Food available in Canada) 

 

Figure 1.2. Yogurt and Ice Cream Consumption per capita, Canada, from 1979 to 
2019  

(Data Source: Statistics Canada. Table 32-10-0054-01 Food available in Canada) 

The change in consumer preferences is expected to lead to a supply response by dairy 

producers through changes in production practices and resource reallocation (Ratnasena, 

2010). The changing in consumers’ preferences has also led many countries to implement 
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Multiple Component Pricing (MCP) systems. For example, New Zealand, the Netherlands, 

Australia, Norway, Iceland, and Canada have adopted the MCP system (Atsbeha et al., 

2015). Under MCP systems, milk price depends on its composition (butterfat, protein, and 

lactose). One of MCP's purposes is to provide an economic incentive to dairy farmers to 

increase their milk production component in relation to market demand.  

Farmers respond to the MCP system through breeding and feeding practices to change 

the composition of raw milk content (Cropp and Wasserman, 1993). For example, dairy 

producers may overproduce butterfat, and under-produce protein or other solids-non-fats, 

if the pricing system favours the production of butterfat (Gillmeister, Yonkers and Dunn, 

1996). Recently, there has been broad public criticism towards palm oil supplements to 

generate increased butterfat content in the Canadian dairy industry. Due to the Covid-19 

pandemic, butter consumption has gone up 12% in the last year (Schwarcz, 2021). Some 

food experts doubted that dairy farmers have attempted to change feed supplements, like 

adding more palm oil, to help increase the amount of butterfat a cow produces to generate 

more revenue, which resulted in butter staying hard at room temperature (Schwarcz, 2021). 

It shows that dairy farmers respond to the MCP system to increase the production of milk 

components defined by the market by changing their feeding management.  

The MCP system is designed to incentivize producers to allocate their resources 

efficiently to anticipate consumer demands on milk components. On the one hand, the 

system may reduce market uncertainty and increase market demand predictability for 
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producers, which provides farmers with an incentive to invest in productivity-enhancing 

activities. When the market for milk products becomes less opaque and more predictable, 

dairy producers can make more efficient investments regarding feed and breeding and 

sustainable resource allocation decisions. By reducing market uncertainty ultimately 

improves the economic performance of the dairy farmer. However, dairy producers may 

face a short-term cost adjustment related to resource reallocation.     

Further, the potential benefits and costs of the MCP system may vary across farms 

throughout Canada. Not all farmers adjust to the policy reform simultaneously for several 

reasons. For example, larger farms are more likely to respond to policy change more rapidly 

than small and medium-size farms because of accessibility to advanced technology and 

lesser financial constraints. Meghir et al. (1996) noted that technological advances might 

affect the adjustment costs that farms face. Therefore, the influence of the MCP system on 

the technical inefficiency and productivity of dairy farms is unclear.  

After implementing the MCP system, the increased pricing of protein and other solids-

non-fat led to excess production of certain components, which has been stored as Skim 

Milk Powder (SMP) (Ratnasena, 2010). Thus, the MCP system has caused a structural 

surplus of SMP issues (Ratnasena, 2010). To summarize, all significant milk compositional 

pricing policies address this issue in Canada from 2000 to 2019, as shown in Table 1.1.   
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Policies Year  

Established 

Actions Purposes 

Component Pricing 

Change 

2004 A pricing shift from protein to 

butterfat (Ratnasena, 2010) 

An incentive for dairy farmers 

to maintain high butterfat 

content (Ratnasena, 2010) 

An SNF: BF ratio1 

cap at 2.35 

2006 According to the ratio limit, 

dairy farmers producing over 

2.35 received zero payment for 

any SNF production shipped 

over their target ratio 

(Ratnasena, 2010) 

Eliminate the motivation for  

dairy farmers to attempt for 

higher SNF production level 

(Ratnasena, 2010) 

Class 6/7 milk class 

pricing policy 

2016 Allow the skim components 

priced at the world prices 

(Mussell,2016) 

To encourage Canadian 

processors to choose domestic 

ingredients at a lower price 

(Mussell,2016) 

Table 1.1 Summary of milk compositional pricing policies 

1.2 Objective  

This study contributes to the literature on dairy farm productivity and technical 

efficiency on milk compositional pricing policy. One of the unique characteristics of the 

 
1 SNF:BF Ratio= (kg of Protein +kg of Lactose and other solids)/kg of Butterfat 
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dairy sector is that production decisions are based on the value of dairy components rather 

than dairy volume. Few studies have investigated the productivity and efficiency based on 

the milk produced related to milk composition. Because the dairy price system involves a 

separate price for butterfat, solids-non-fat, and water, it is important to understand the dairy 

supply's responsiveness. Atsbeha et al. (2016) examined the responsiveness of component 

supply to price changes under the MCP system in Iceland to understand how this system 

responds to consumer demands and processor needs changes. Ratnasesna (2010) analyzed 

the effect of the SNF: BF ratio standard and the change in component pricing on dairy 

farms’ profitability in Ontario. Many studies have examined the production efficiency of 

the dairy industry in Canada (e.g., Weersink et al. 1990, Hailu et al. 2005, Slade and Hailu 

2016, Hailu and Deaton 2016, Elskamp and Hailu 2017), but none of these aforementioned 

studies examined the effect of the change in component pricing, the SNF: BF ratio standard, 

and Class 6/7 milk class pricing on the milk and milk components productivity and 

technical efficiency of dairy farms. This thesis aims to examine these policy reforms and 

understand the influence of the MCP system on Canadian dairy farmers.  

1.3 Research Question  

The purpose of the study is to assess the impact of the component pricing change, 

solids-non-fat to butterfat (SNF: BF) ratio standard, and Class 6/7 milk class pricing policy 

on the technical efficiency and productivity in Ontario. The following two research 

questions drive this study:  
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1) Do the milk component pricing change, SNF: BF ratio standard, and Class 6/7 milk 

class pricing policy influence the technical efficiency of Ontario dairy farms? 

2) Do the milk component pricing change, SNF: BF ratio standard, and Class 6/7 milk 

class pricing policy influence the milk and milk components yield per cow 

(productivity) of Ontario dairy farms? 

1.4 Thesis Structure 

The remainder of the thesis is organized into six chapters. Chapter 2 provides an 

overview of the Canadian dairy industry. Chapter 3 provides a review of the literature on 

multiple component pricing and identifies the literature gaps. Chapter 4 provides the 

theoretical framework for the following empirical models. Chapter 5 outlines the 

econometric methods. Chapter 6 provides the data and variables description. Chapter 7 

provide empirical results and discussions. Chapter 8 provides a summary and conclusion. 
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Chapter 2. Overview of Dairy Industry in Canada and MCP System 

This chapter provides an overview of the MCP system and the Canadian Dairy industry. 

First, I give a summary of the structure of the Candian dairy industry and supply 

management system. Second, I provide background on the MCP system and related milk 

compositional pricing policies. 

2.1 Canadian and Ontario Dairy Industry  

The dairy industry plays an important role in Canadian agriculture and the agri-food 

economy. The dairy industry ranks second based on farm cash receipts in the Canadian 

agricultural sector (Canadian Dairy Information Centre, 2019). Canadian farm cash 

receipts from dairy products have increased from $4.102 billion in 2000 to $6.991 billion 

in 2018, as shown in Figure 2.1 (Statistics Canada, 2020). The dairy processing industry 

employs approximately 25,000 Canadians. In 2019, the dairy industry also ranked second 

behind meats in exports, which amounted to $14.8 billion (Canadian Dairy Commission, 

2020). About 81% of Canadian dairy farms are in Ontario and Quebec, and only 13.7% are 

located in the Western provinces, and 5.5% are located in the Atlantic Provinces (The 

Canadian Dairy Industry, 2020). 
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Figure 2.1. Canadian Farm Cash Receipts from Diary industry, during the period 
2000 to 2019 

(Data Source: Statistics Canada, 2020) 

The Canadian dairy industry has been experiencing an increase in the total production 

of milk over several decades. Total dairy production reached 92.3 million hectoliters2in 

2019, increasing 20% compared to the milk production in 2000, as shown in Figure 2.2 

(Canadian Dairy Information Center, 2020). However, the total number of dairy cows in 

Canada has decreased from an estimated 1.1 million cows to 0.97 million cows, as shown 

in Figure 2.3 (Canadian Dairy Information Center, 2020). At the same time, the Canadian 

dairy industry has experienced an increase in dairy production per cow from 2000 to 2019, 

as shown in Figure 2.4.  

 
2 1 hectoliter (hl) = 100 liter (l). 
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Figure 2.2. Milk Production in Canada from 2000 to 2019 

(Data Source: Canadian Dairy Information Center, 2020) 

 

Figure 2.3. Number of Dairy Cows in Canada from 2000 to 2019 

(Data Source: Canadian Dairy Information Center, 2020) 
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Figure 2.4. Milk Production per cow in Canada from 2000 to 2019 

(Data Source: Author’s Calculation based on Figure 2.2&2.3) 

In the Canadian agriculture economy, Ontario is the second-largest dairy province in 

relation to production, and therefore plays an important role in the Canadian Dairy industry. 

Milk production in Ontario increased steadily from 2,481 million hectolitres in 2000 to 

3,011 million hectolitres in 2019 (Canadian Dairy Information Center, 2020). Also, in 2019, 

there were 3,410 farms with approximately 322,000 cows owned in Ontario (Dairy Farmers 

of Ontario, 2019). Moreover, the total milk quota was 123.68 million kilograms of butterfat 

in Ontario, which equated to 32% of total butterfat in Canada (Canadian Dairy Information 

Center, 2020). 

2.2 Review of Canadian Dairy Policies  

In Canada, supply management is a national agricultural policy framework used to 

control the supply of commercial milk, chicken, and eggs production. To produce and sell 

their products, dairy farmers have an authorized permit to sell their products to a 
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manufacturing facility, generally called “Quota” (Heminthavong, 2018). In 1966, a Crown 

corporation was created, chaired by the Canadian Dairy Council, and led by the Canadian 

Milk Supply Committee to manage the milk supply management system. Under the supply 

management system, there are three primary rules: 1) Production Control, 2) Pricing 

Control, and 3) Import Control (Crane, 2020). 

2.2.1 Production Control Policy  

The Farm Products Agencies Act allows each national agency to limit production and 

set quotas for each province. A quota is a license that enables farmers to produce a known 

quantity of milk. Provincial milk marketing boards distribute production quotas to their 

dairy farmers. This quota is calculated and expressed in a kilogram of butterfat. There are 

two significant categories of milk: fluid milk and industrial milk. Fluid milk quota is 

determined by the amount of output set by regional marketing boards and equivalent 

demand. For industrial milk, the aggregate output amount is established at the national 

level by the Canadian Milk Supply Management Committee (CMSMC). CMSMC 

determines how much Canadian milk processors would need based on demand from 

Canadian customers, which is called the marketing sharing quota. Provinces determine how 

to assign production quotas to dairy farmers based on both historical demand and 

demographic development.  
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2.2.2 Pricing Control Policy 

A dairy farm’ s primary output is raw milk, which comprises 40 % fluid milk and 60% 

industrial milk (Lippert, 2001). Fluid milk is used as table milk, while industrial milk is 

further processed into butter, cheese, ice cream, yogurt, and powdered milk (Lippert, 2001). 

The CMSMC determines the amount of industrial milk produced by provinces. Industrial 

milk is then classified and priced according to its end-use. The quantity of fluid milk 

produced in each province is established by milk marketing pools, which pool the revenues 

from industrial and fluid milk sales to generate a combined price for producers. In Canada, 

there are three milk pools: Newfoundland’s, the Eastern Canadian Milk Pooling P5 

Agreement (Prince Edward Island, Nova Scotia, New Brunswick, Quebec, and Ontario), 

and the Western Milk Pooling (Manitoba, Saskatchewan, Alberta and British Columbia). 

These pools allow dairy farmers to share all revenues in the province, and the milk price at 

the farm level is a weighted average of the different milk class prices (Larue and Lambert, 

2012). Milk is priced based on the content of butterfat, protein, and lactose and other solids 

(Weersink et al., 1990). Provincial marketing boards regularly modify dairy component 

prices based on the cost estimates, and the boards purchase the milk from dairy producers 

then sell it to the various processors (Haghiri, 2003). 

Moreover, milk is sold based on its end-use according to the harmonized classification 

system. The harmonized milk classification system describes which class of milk 

components are used to produce finished dairy products, as shown in Table 2.1 (Canadian 

Dairy Commission, 2020). 
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Class 1 Milk or milk beverages, cream and other fluid products 

Class 2 Ice cream, sour cream, other frozen dairy products 

Class 3 Cheese 

Class 4 Butter, milk components, concentrated milk 

Class 5 Cheese and other dairy products used as ingredients 

Table 2.1. Summary of Harmonized Milk Classification System 

(Source: Canadian Dairy Commission, 2020) 

However, not all classes of milk in this system follow the same processes for updating 

milk prices. The milk prices used in Class 5 are determined by the special milk class 

component prices calculated per month based on U.S. dairy component prices announced 

by the U.S. Department of Agriculture. For class 4(a) milk, the price of solids-non-fat is 

adjusted monthly using a mathematical formula specified by the Canada-U.S.-Mexico 

Agreement (Canadian Dairy Commission, 2020). Furthermore, Table 2.2 presents the milk 

component price across Canada at which milk components are delivered to processors 

based on their end use (Canadian Dairy Information Centre, 2020). 
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 WMP Class Prices (2020) 

Class BF 

 ($/kg) 

Protein 

($/kg) 

OS 

 ($/kg) 

SNF 

 ($/hl) 

1A $7.7030 

 

$77.52 

1B $7.7030 

 

$63.29 

1C Established as per the WMP 1(c)/4(c) Program (MILKingredients.ca) 

1D $7.7030 

 

$65.11 

2A $9.3101 $5.1448 $5.1448 

 

2B $9.3101 $5.3616 $5.3616 

 

3A $9.3101 $12.5860 $0.9183 

 

3B $9.3101 $12.3545 $0.9183 

 

3C $9.3101      $12.6953 $0.9183 

 

3D Established as per the CMSMC 3(d) program, please refer 

to CDC website (MILKingredients.ca) 

4A $9.3101 As per CMSMC’s decision, please refer to the 

CDC website for monthly price details. 

(MILKingredients.ca) 

4B $9.3101 $3.6857 $3.6857 

 

4C Established as per the WMP 1(c)/4(c) Program (MILKingredients.ca) 

http://www.milkingredients.ca/
http://www.milkingredients.ca/
http://www.milkingredients.ca/
http://www.milkingredients.ca/
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4D $9.3101 $5.7039 $5.7039 

 

4M As per CDC-issued permit details (MILKingredients.ca) 

5A As per CMSMC decision, please refer to the CDC website for monthly 

price details. (MILKingredients.ca) 

5B As per CMSMC decision, please refer to the CDC website for monthly 

price details. (MILKingredients.ca) 

5C As per CMSMC decision, please refer to the CDC website for monthly 

price details. (MILKingredients.ca) 

5D As per CDC-issued permit details 

Table 2.2. Milk Components Price Based on their End Use 

(Source: Canadian Dairy Commission, 2020)  

2.2.3 Import Control  

The supply management system restricts imports by setting tariff rate quotas. Import 

control allows Canadian trade allies to have a “minimum level of access” to imports 

(Heminthavong, 2018). It imposes a high tariff on imports above a specific amount to avoid 

foreign products overflowing the Canadian market. Imports must be regulated to maintain 

a domestic farm milk price is above the international price(Heminthavong, 2018). 

Therefore, Canada's dairy sector is strongly based on domestic production, meaning that a 

small number of imported dairy products from other countries find their way into Canadian 

dairy products (Heminthavong, 2018).  

http://www.milkingredients.ca/
http://www.milkingredients.ca/
http://www.milkingredients.ca/
http://www.milkingredients.ca/
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2.3 Background on the MCP System in Canada 

To better understand the implications of the dairy pricing system (e.g., single vs 

multiple component pricing systems), one must have a thorough insight into raw milk 

composition. A dairy farm’s major output is raw milk, which is used on the fluid milk 

market as table milk and fresh cream (40%), or industrial milk market that is further 

processed into dairy products (60%) (Lippert, 2001). The significant components of fluid 

milk are water, fatty solids, protein, lactose, and minerals (Whitaker, 1978).  

Historically, milk pricing is based on fat content (e.g., the butterfat differential price 

system in the United States) or on milk volume and fat percentage, such as Canada 

(Whitaker, 1978; Ratnasea, 2010). Before 1992, in Canada, the change in quota distribution 

based on kilograms of butterfat from milk encouraged dairy farmers to constantly increase 

butterfat content in milk (Sargeanet et al., 1998). However, a decrease in the demand for 

milkfat and increased consumption of products with higher protein content, such as cheese 

and yogurt (Pierre, 2017), as shown in Figure 2.5. The declining consumer preferences for 

fat and the excess fat production caused a surplus of butterfat (Figure 2.6). 
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Figure 2.5. Per capita dairy product per capita consumption, Canada, from 1960 
to 2019 

(Data Source: Statistics Canada. Table 32-10-0054-01 Food available in Canada) 

 

Figure 2.6. The change in the demand for Butterfat before the MCP system  
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In response to address this issue, in August 1992, the Canadian dairy industry 

introduced the MCP system, where prices are determined by considering the value of 

butterfat, protein, and other solids in marketed milk3.  

2.4 Unintended Consequence of the MCP system  

One challenge with the MCP system is that it encourages the overproduction of 

individual dairy products, such as solids-non-fat (protein and other solids), depending on 

the pricing formula. After Canada implemented the MCP system in 1992, the protein price 

was higher than butterfat (Figure 2.7), incentivizing producers to increase protein 

production to generate more revenue.  

 

Figure 2.7. Price comparison between butterfat and protein per kilogram, 
Ontario, from 1992 to 2003 

(Data Source: Producer Milk Prices, Dairy Farmers of Ontario) 

 
3   In both Canada and the US, the pricing system for milk is based on the end-use classification- 
i.e., five classes in the US and seven classes in Canada, with the highest price for Class 1 and the 

lowest price for Class 7 milk in Canada. 
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Therefore, the price of solids-non-fat and protein has been consistently raised, 

resulting in an incentive to dairy farmers to produce on specific components (Ratnasena, 

2010). Moreover, the excess production of solids-non-fat and protein has been stored as 

skim milk powder (SMP), as shown in Figure 2.8.  

 

Figure 2.8. Supply of solids-non-fat after the MCP system 

In 2002, the World Trade Organization (WTO) placed strict export restrictions on 

Canadian SMP. These restrictions have exacerbated the excess stock of SMP. Therefore, 

MCP has caused a structural surplus of SMP issues (Ratnasena, 2010). To address this, 

many provinces in Canada, including Ontario, shifted the price between protein and 

butterfat to encourage producers to produce more butterfat than protein in 2004, as shown 

in Figure 2.9. After that, the Canadian Milk Supply Management Committee (CMSMC) 

established a national solids-non-fat to butterfat (SNF: BF) ratio standard. In 2006, the SNF: 

BF ratio limit of 2.35 at the producer level was imposed in Ontario, which means any 
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individual producers above their limitation receive zero payment for any SNF production 

shipped above their target (Ratnasena, 2010). 

 

Figure 2.9. Price comparison between butterfat and protein per kilogram, 
Ontario, from 1992 to 2019  

(Data Source: Producer Milk Prices, Dairy Farmers of Ontario. ) 

To further address the issue of structure surplus of SMP issue, in 2016, the province of 

Ontario adopted a pricing program for Class 6 milk to allow the skim components to be 

priced at world prices to encourage Canadian processors to choose domestic ingredients at 

a lower price (Mussell, 2016). In 2017, Class 7 expanded Class 6 on a national basis 

(Mussell, 2016). Class 7 dairy ingredients, such as protein concentrates and skim milk 

powder, were decreased in price to allow Canadian processors to choose domestic skim 

milk components that generate dairy products (e.g., cheese and yogurt). However, Class 7 

has resulted in U.S dairy producers losing out exporting high protein ultra-filtered dairy to 

Canadian processors (Cook, 2017). Thus, the United States, Canada, and Mexico leaders 
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signed the U.S-Mexico-Canada Agreement (USMCA) to revise the North American Free 

Trade Agreement (NAFTA) on November 30, 2018. Under USMCA, Canada decides to 

eliminate the Class 7 milk pricing policy for six months (Greene, 2019).  

In addition, according to the DFO (2018) report, the P5 committee stated there was a 

1.5% quota cut in all provinces, including Ontario, which resulted in decreased production 

of butterfat and milk. In 2019, to further remove the incentive of dairy producers on SNF 

production, a P5 decided to decline the SNF: BF ratio limit for the P5 provinces from 2.35 

to 2.3 (Suzanne, 2019).  

 To summarize, all significant milk compositional pricing policies address the 

structural surplus of SMP in Canada from 1990 to 2019, as shown in Figure 2.10.  

 

Figure 2.10 Structural surplus of skim milk powder in Canada, from 1990 to 
2019 

(Data Source: Statistics Canada. Table 32-10-0247-01 Production of concentrated 

milk products) 
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From the dairy farmers' perspectives, it is important to manage their SNF: BF ratio by 

adjusting several farm management practices. Since the proportion of other solids (e.g., 

lactose and minerals) produced by a cow is always the same (Whitaker, 1978), the farms 

with SNF: BF ratio above the target of 2.35 need to either decrease protein production 

and/or increase butterfat production given the quota restrictions. Allan (2019) determined 

that farmers can adjust their SNF: BF ratio’s by changing any components, such as butterfat, 

protein, lactose, and other solids. Adjusting butterfat is easier than protein, lactose, and 

other solids, which are very stable (Allan, 2019). During annual dairy production, the 

butterfat content can change by 1%, but the protein, lactose, and other solids contents may 

only vary by 0.1 to 0.4 percentage points due to management practices (Allan, 2019). This 

may suggest that butterfat can be more responsive to SNF: BF ratio standard than protein 

or lactose and other solids do. One management practice to reduce the magnitude of the 

SNF: BF ratio is to increase the relative butterfat content through feeding practices (Sutton, 

1989; Allan, 2019). Table 2.3 summarizes the changes in feeding management practice that 

led to increases in butterfat production.  

 

 

 

 

 



 

24 
 

Increase butterfat production 
through feeding practices:   

Findings found by different studies 

   
1. Increase Fiber 

  Ensure sufficient long fibre is available 

(Cushnahan, 2003). 

  Replace grains with high fibre, such as 

brewer grains or soy hulls (Rodenburg and 

MacNaughton, 2005). 

   
2. Increase  
forage: concentration ratio 

  To concentrate supplements, add digestible 

fibre sources such as sugar beet pulp, citrus 

pulp and soya hulls and ensure high levels of 

concentrate feeding (Cushnahan, 2003). 

     
3. Increase  
concentrate feed frequency 

  Frequent feeding in large quantities of 

concentrates (Cushnahan, 2003). 

    
4. Reduce starch levels 

  Avoid concentrates that contain large 

amounts of cereals (Cushnahan, 2003). 

  
5. Feeding silage  

  Formic acid treatment or a range of 

inoculants, grass silage buffering  

(Cushnahan, 2003). 

  
6. Buffer feeding straw 

  Relatively little impact on increased 

production of butterfat (Cushnahan, 2003). 
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  Including sodium bicarbonate buffers 

(Rodenburg and MacNaughton, 2005).  

Table 2.3 Summary of Feeding Management to Increase Butterfat Production   

In responding to the policy reforms (component pricing change, SNF: BF ratio 

standards, and the Class 6/7 milk class pricing policy), dairy producers face adjustment 

costs to help reallocate resources. Resource reallocation can be slower than the Pareto 

optimal (e.g., switching from grains to higher fibre) and may lead to a short-term 

production inefficiency and change dairy productivity. Therefore, component pricing 

change, SNF: BF ratio standard, and Class 6/7 milk class pricing policy may affect dairy 

production inefficiency and milk and milk components productivity. 

 

 

 

 

  



 

26 
 

Chapter 3. Literature Review 

This chapter aims to provide an overview of the literature related to the MCP system 

and estimate dairy farm efficiency and productivity. This section focuses on the 

background on the MCP system, the scientific studies on milk components, and the existing 

literature on estimated dairy farm efficiency and productivity. I aim to identify various gaps 

in the literature related to the above points. 

3.1 Multiple Component Pricing  

3.1.1 Objectives  

  In recent years, there has been an increasing amount of literature (Kirkland and 

Mittelhammer,1986; Emmons et al., 1990; Cropp and Wasserman,1993; Buccola and 

Iizuka,1997; Lenz et al.,1994; Zeng et al., 2006; Roibas and Alvarez,2012) on identifying 

the MCP system of milk. Emmons et al. (1990) identify the MCP of milk as the pricing of 

milk-based milk ingredients, such as fat, protein, lactose, and minerals. The MCP system 

indicates changing consumer preferences to producers by providing dairy products with 

desired attributes. Since differentially milk components, such as fat and protein, can also 

encourage dairy producers to increase their milk component production more efficiently to 

meet the demands for dairy products (Lenz et al.,1994). In 2006, Zeng et al. conducted the 

value of important components in dairy products to reveal the minimum milk value under 

the U.S milk pricing systems. In other words, the substance of multiple components 

determines the value of milk in dairy processing. To determine the effects of the MCP 
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system of milk, Whitaker (1978) compared the MCP system and butterfat differential prices 

to determine which one can provide equitable payments to farmers. Since the butterfat and 

nonfat components are not produced in fixed proportions, the multiple component pricing 

of milk to farmers is more equitable than butterfat differential pricing.   

3.1.2 History of Multiple Component Pricing in Ontario  

Before the MCP system, producers were paid based on the volume of milk they 

produced to a processor, with a differential based on its butterfat content. In 1992, Ontario 

implemented the MCP system. The primary purpose of the MCP system is producers were 

paid based on the amount of three different components (butterfat, protein, and other 

solids-non-fat) they produced in milk (Bakkland,1997). From the perspective of dairy 

producers and processors, it is beneficial to modify the pricing of milk products from 

butterfat content to the MCP system. It allows them to adapt their production by changing 

feed practices to respond to consumer demand for dairy producers. It makes them paid 

the same for the components they used to produce a dairy product for processors 

(Scullion,2006). 

3.1.3 Scientific Aspects on Milk Component  

Several factors influence the composition of milk components, such as the breed of 

cattle, seasonality, and cattle selection (Atsbeha et al., 2016), and other management 

practices. Additionally, Sutton (1988) mentions that nutrition is an example of altering 

milk composition. There is no effect on milk protein by increasing dietary protein. 
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However, the milk fat concentration can be increased by adding fats to diets. For example, 

the fat concentration can be changed by approximately 3% in response to dietary shifts, 

compare to protein only can be altered by 0.6% (Sutton, 1998). Other milk solid 

components' lactose and mineral concentrations do not reliably react to dietary adjustment 

(Stokes et al., 2000). Moreover, genetic progress has been identified as a significant 

contributing factor for increasing the quality of each milk component (Roibas and Alverez, 

2012).  

3.1.4 Issues for using the Multiple Component Pricing system  

In August 1995, all nine provinces except Newfoundland signed the Comprehensive 

Agreement on Special Class Pooling. Under the special class pool, revenue from products 

in the special classes was equally distributed among all provinces. Since milk is sold to 

processors based on the end-use classes and components (butterfat and skim), producers 

are paid for their milk based on the pooled price across classes, adjusted for the 

component content of their milk shipments (Mussell, 2016). Therefore, the MCP system 

informs producers about the market value of the ingredients, and producers can change 

the way their manage farms, which increases the production of components in higher 

demand (Cropp and Wasserman, 1993). Since health and nutrition trends have increased 

consumer dietary concerns, the need for low-fat and nonfat milk products has been 

increased. As a result, the MCP system allowed producers to increase the production of 

solids-non-fat by changing feeding and cow selection methods to increase their revenue, 
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which has caused a structural surplus of skim milk powder (SMP). In 2006, the Canadian 

Committee for the Management of Milk supply established a national ratio of the solids-

non-fat (SNF) to butterfat to reduce SNF production (Ratnasena, 2010). In 2016, the 

province of Ontario adopted a particular pricing program, Class 6, to replace skim in 

Class 4 to solve the surplus of high-priced skim milk powder. This plan allows the skim 

components to be priced at the world price and the same price on skim in Class for 

domestic or export markets. Therefore, the effect of this change is to encourage Canadian 

processors to choose domestic ingredients (Mussell, 2016). In March 2017, the Canadian 

dairy industry established a lower-priced class of industrial milk, Class 7, to promote the 

production of protein ingredients in Canada using Canadian milk and benefit the domestic 

cheese-manufacturing sector. Moreover, this Class 7 will disrupt imports of certain U.S 

milk product exports to Canada and help export surplus Canadian skim milk products to 

the international markets (McMinimy and Greene, 2017). On November 30, 2018, 

Canada decided to eliminate the Class 7 milk pricing policy for six months after signed 

the U.S.-Mexico-Canada Agreement (Greene, 2019).   

3.2 Estimation of a Dairy Farm’s Technical Efficiency and Productivity 

Numerous studies have attempted to estimate the technical efficiency of milk 

production. In 1990, Weersink et al. measured the total technological productivity by 

comparing the individual output of each farm and disaggregated the efficiency level into 

three aspects: purely technical, congestion, and scale production. Based on their results, 
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this study demonstrated that pure technical allocation and non-optimal scale of production 

have led to inefficiency for Ontario dairy farms. Besides, analysis of the level of technical 

efficiency of Quebec dairy farms was accomplished by Mbaga et al. (2013). Their result 

suggests that the homogeneity of Quebec dairy farms on technical efficiency is because 

of the stability in Canadian dairy sector policy. 

Moreover, some studies investigate the technical efficiency within the framework of 

multiple components. Zeng et al. (2016) used hedonic aggregation functions to generate 

output indices with specific integration into the production of multiple components and 

to estimate the technical efficiency of US dairy farms. Cho and Tauer (2007) also studied 

how each input in milk production affects four milk outputs (i.e., aggregate milk, butterfat, 

protein, and other solids) by using four separate production functions and a stochastic 

output distance function.  

3.3 Gaps and Contributions  

The research gaps are as follows. First, Buccola and Iizuka (1997) introduced a new 

hedonic econometric framework to estimate milk component production cost and 

technology on U.S dairy farms. They found that marginal and unit feed costs decline 

relatively as a cow’s overall milk output rises. Second, Atsbeha et al. (2016) examined 

the responsiveness of component supply to price changes under the MCP system in 

Iceland to understand how the MCP system responds to changes in consumers’ demand 

and processors’ needs. Studies examining dairy farm production efficiency used the 
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attributes of milk as the milk output measure is very limited, and no such research has 

been done in Ontario. Third, one of the limitations in Ratnasena’s (2010) thesis is that it 

does not examine the effect of the component pricing change and SNF: BF ratio standard 

on the production efficiency of Ontario dairy farms. In order to respond to the milk 

composition pricing policy reforms (component pricing change, SNF: BF ratio standard, 

and Class 6/7 milk class pricing policy), the producers need to change their farm 

management practices. Thus, it is necessary to analyze how these interventions impact 

the production efficiency of the producers. Therefore, this study uses a stochastic input-

distance method and regression models to determine the influence of the component 

pricing change, SNF: BF ratio standard, and Class 6/7 milk class pricing policy on 

Ontario dairy farms ' technical efficiency and milk and milk components productivity.  
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Chapter 4. Theoretical Framework  

4.1 Introduction  

The purpose of this chapter is to describe the concept of production efficiency and 

input distance. It begins with discussing production efficiency and component pricing 

change and then introduces the input distance function to estimate technical inefficiency.  

4.2 Production Efficiency and Component Pricing  

The milk component pricing reform causes the imbalance trends in milk component 

production in Canada. After implementing the MCP system in 1990, the protein price was 

higher than the price of butterfat, which led to increased protein production than butterfat. 

However, after switched component prices from protein to butterfat and implemented SNF: 

BF ratio standard, butterfat production is higher than protein in response to price increases 

in butterfat (Ratnasena, 2010).  

The Production Possibility Curve (PPC) shows that technically efficient producers 

operate on the curve in Figure 4.1. The slope of a line tangent to the PPC represents the 

quantity of protein that must be given up to produce another unit of butterfat. Since the 

slope becomes steeper as more and more butterfat is produced (as when moving production 

from MCP to SNF: BF), more protein must be given up to produce one more butterfat unit. 

To respond to the SNF: BF ratio standard, producers incur adjustment costs related to 

changes in feeding practices. However, not all producers adjust to policy changes 

immediately and efficiently. For example, those dairy farmers with advanced technology 
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can adapt to the policy more quickly than others. Yet, some producers operate with 

production inefficiency due to the SNF: BF ratio standard, such as point A and point B, 

which are inside the curve in Figure 4.1. Therefore, it is necessary to analyze the impact of 

the SNF: BF ratio on production efficiency.  

 

Figure 4.1 Production Possibility Curve 

4.3 The Theory of Input Distance Function  

Measuring technical inefficiency involves a comparison of a firm’s performance with 

the most efficient frontier. Technical inefficiency can be measured in several ways.  

I use an input distance function to estimate the technical inefficiency of dairy producers. 

Distance functions accommodate multiple output and multiple-input technologies.  

Shephard (1970) was the first to describe an input distance function in a production 

structure, which determines the largest radial reduction of an input vector consistent with 

remaining technically sufficient. That is, an input distance function rescales all inputs 

toward the frontier technology. 
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The distance functions are dual to cost functions. The duality between distance 

functions, cost, revenue and profit functions can also be exploited to measure technical 

inefficiency. Luenberger (1992), Färe and Primont (1995), and Chambers et al. (1996) 

introduced the duality between distance functions and cost functions. They show that, 

under weak input disposability, the cost function can be derived from the input distance 

function.  

The choice of a specific approach depends on several conditions: data availability, 

the objective function of the producers, the exogeneity assumption of inputs and outputs, 

and the complexity of the estimation methods. For example, if the objective of the 

producer is to minimize the cost of milk production that involves choosing the optimal 

quantities of inputs to produce a given output vector, the input distance function is 

appropriate to estimate technical inefficiency (Esheba, 2018).  

 In this study, I use the radial input distance function to estimate technical inefficiency. 

This process involves comparing observed input to the minimum potential input required 

to produce the given level of output. The main reason to use the input distance function is 

that the input distance function treats the output as fixed, which represents dairy farming 

in Canada as a quota restricts the production under the supply management system. Most 

dairy producers intend to minimize the cost of production by choosing the optimal 

quantities of inputs for a given level of output (Doyon, 2011). Since the input distance 



 

35 
 

function describes the percentage contraction of inputs holding the outputs constant, it is a 

basic tool for measuring technical efficiency (Fare and Primont, 1995). 

The input distance function indicates how far of an input vector is from the boundary 

of the input requirements set, V(y), given a fixed output. To estimate the technical 

inefficiency, the input distance function is defined as: 

       D
I 
(y, x) = max {λ | (𝑋𝑋

λ
) ∈ V(y)}                  (1) 

where DI (y, x) is the input distance function that is non-decreasing, linear homogeneous 

and concave in inputs, and non-increasing and quasi-concave in outputs. (Kumbhakar and 

Lovell, 2000). 1
λ
 represents the proportional contraction of inputs that are required to 

reach the inner boundary of the input requirement set or the production frontier, holding 

the outputs constant. D
I 
(y, x) is given by the ratio of the observed input to the minimum 

input required to produce the given output. Thus, for any x, 𝑥𝑥
DI 

(y,x)
 is the minimum input 

vector on the ray from the origin through x that can produce y. Therefore, efficient dairy 

producers, who produce on the boundary of the input requirement set have D
I 
(y, x) =λ=1, 

i.e., the input vector lies on the boundary of the input requirement set. And, for 

technically inefficient producers, D
I 
(y, x) =λ>1(Kumbhakar, Wang &Horncastel, 2015). 

x= (x1, x2, …, xN) ∈  𝑅𝑅+𝑁𝑁 is a vector of inputs. y= (y1, y2, …, ym) ∈  𝑅𝑅+𝑀𝑀  is a vector of 

outputs. V(y) = {x: x can produce y} is the input requirement set. Technical inefficiency 

is defined by:  

      TI (y, x) = 1- TE (y, x) =1- 1
DI 

(y,x)
            (2) 
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where 0 ≤ TE (y, x) ≤ 1 

 In Figure 4.2, the observed input combination is point A. If the production is 

technically efficient, the input combination at point A should produce at the X1a and X2a. 

Because of the technical inefficiency, inputs at point A only produce observed output 

level y. The input-oriented technical inefficiency can be measured by moving radially 

downward from point A to point B can be shown in the isoquant. Therefore, technical 

inefficiency is the ratio of the distance between 𝐴𝐴𝐴𝐴���� and 𝑂𝑂𝐴𝐴����. 

 

Figure 4.2 Isoquant with Input Oriented Technical Inefficiency 
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Chapter 5. Empirical Framework  

5.1 Introduction  

The purpose of this chapter is to provide the empirical framework with stochastic input 

distance for estimating the technical inefficiency of Ontario dairy farming. In addition, this 

section explains the empirical approach to assessing the impact of component pricing 

changes, SNF: BF ratio standard, and Class 6/7 milk class pricing policy on technical 

inefficiency. Lastly, this section describes the empirical approach to estimating the 

influence of component pricing changes, SNF: BF ratio standard, and Class 6/7 milk class 

pricing policy on milk productivity   

5.2 Stochastic Input Distance Function  

To estimate technical inefficiency, I use stochastic frontier analysis. The stochastic 

frontier analysis provides techniques to model the concept of frontiers in a regress to 

determine inefficiency. Unlike deterministic frontiers, such as data envelopment analysis, 

which assumes that all deviations from the frontier are because of inefficiency, the 

stochastic frontier analysis decomposes the deviation from the frontier into random error 

(noise) and inefficiency (signal). The stochastic production frontier is first proposed 

independently by Aigner et al. (1977) and Meeusen and Van den Broeck (1977), while the 

first application is introduced by Battese and Cora (1977).   

The stochastic frontier can be represented by: 

                    yit = f (xit; β) ∙  exp{vit − uit}            (1) 
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where yit is the observed scalar output of the producer i, i=1…, I at time t (t=1..., T), 

xit is a vector of N inputs used by the producer i, f (xit; β) is the production frontier, and 

β is a vector of technology parameters to be estimated. vi is a two-sided error term 

distributed as N (0, 𝜎𝜎𝑣𝑣2), ui is the technical inefficiency effect, which is a one-sided non-

negative of a normal random variable distributed as 𝑁𝑁+(𝑢𝑢𝑖𝑖,𝜎𝜎𝑖𝑖2), and 𝑣𝑣𝑖𝑖  𝑎𝑎𝑎𝑎𝑎𝑎 𝑢𝑢𝑖𝑖 are 

distributed independently of each other and the regressors. 

Since the input distance function is a function of x and y, the only way to separate them is 

through the homogeneity restrictions. I can rewrite the input distance function by 

imposing homogeneity restrictions and then take the logarithm of both sides:  

               −𝑙𝑙𝑎𝑎𝑋𝑋1 = 𝑙𝑙𝑎𝑎𝑙𝑙�𝑋𝑋�  , 𝑌𝑌� − ln𝐷𝐷𝐼𝐼                      (2) 

where 𝑋𝑋�  = (𝑋𝑋2
𝑋𝑋1

,...., 𝑋𝑋𝑋𝑋
𝑥𝑥1

). 

Denoting ln𝐷𝐷𝐼𝐼 = u ≥ 0, and adding a random error term, v into equation (2). 

Despite its well-known limitations compared to other flexible functional forms such 

as the translog and quadratic forms, the Cobb-Douglas functional form is used to identify 

the stochastic production frontier (Tenaye, 2020). First, these flexible functional forms 

might be considered to be susceptible to multicollinearity problems (Lyu et al. 1984; 

Pavelescu 2011). Second, the production function involves many input variables that 

could have convergence issues (Tenaye, 2020). Third, the Cobb-Douglas production 

function provides better assessments when most fundamental assumptions are violated 
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(Miller 2008). The logarithmic form of Cobb-Douglas stochastic input distance function 

with N inputs and M output is:  

−𝑙𝑙𝑎𝑎(𝑥𝑥𝑁𝑁𝑖𝑖) = 𝛽𝛽0 +∑ 𝛽𝛽𝑋𝑋𝑙𝑙𝑎𝑎 �
𝑥𝑥𝑛𝑛𝑛𝑛
𝑥𝑥𝑁𝑁𝑛𝑛
� +∑ 𝛾𝛾𝑚𝑚𝑙𝑙𝑎𝑎𝑦𝑦𝑚𝑚𝑖𝑖 +𝑀𝑀

𝑚𝑚=2
𝑁𝑁
𝑋𝑋=3 𝑣𝑣𝑖𝑖  −  𝑢𝑢𝑖𝑖        (3) 

where i represents dairy farmers, −𝑙𝑙𝑎𝑎𝐷𝐷𝑖𝑖𝐼𝐼 ≡ 𝜀𝜀𝑖𝑖 = 𝑣𝑣𝑖𝑖  −  𝑢𝑢𝑖𝑖  can be interpreted as a 

traditional stochastic frontier disturbance term, and 𝑢𝑢𝑖𝑖= −𝑙𝑙𝑎𝑎(𝑇𝑇𝑇𝑇𝑖𝑖). Milk output and 

livestock output are denoted by 𝑦𝑦𝑚𝑚𝑖𝑖(i=1,...I), m=1,2,  𝑥𝑥𝑖𝑖 is a (1 x n) vector of inputs, 

𝛽𝛽,𝛾𝛾, are unknown parameters to be estimated, 𝑣𝑣𝑖𝑖𝑖𝑖 is a two-sided error term distributed as 

N (0, 𝜎𝜎𝑣𝑣2), 𝑢𝑢𝑖𝑖 is the technical inefficiency effect, which is non-negative random 

variables and is assumed to be independent and identically distributed ~𝑁𝑁(𝑢𝑢𝑖𝑖,𝜎𝜎𝑢𝑢2) 

truncations at zero, with the mean function of: 

 𝑢𝑢𝑖𝑖 = 𝜑𝜑0 + 𝜑𝜑1𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎𝑐𝑐 𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑝𝑝𝑎𝑎𝑖𝑖 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖+𝜑𝜑2𝑆𝑆𝑁𝑁𝑁𝑁:𝐴𝐴𝑁𝑁 𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐  𝑠𝑠𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑖𝑖  +

𝜑𝜑3𝐶𝐶𝑙𝑙𝑎𝑎𝑠𝑠𝑠𝑠 6&7𝑖𝑖 + 𝜑𝜑4𝑐𝑐𝑐𝑐ℎ𝑐𝑐𝑝𝑝 𝑐𝑐𝑥𝑥𝑐𝑐𝑙𝑙𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑝𝑝𝑦𝑦 𝑣𝑣𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑣𝑣𝑙𝑙𝑐𝑐𝑠𝑠𝑖𝑖          (4) 

where 𝜑𝜑 is a vector of parameters to be estimated, and 𝑣𝑣𝑖𝑖  𝑎𝑎𝑎𝑎𝑎𝑎 𝑢𝑢𝑖𝑖  are distributed 

independently of each other and the regressors.  

5.3 Milk and Milk Components Productivity  

Since dairy farmers need to respond to different milk composition pricing policies by 

changing herd management practices, it is difficult to maintain their milk production. 

Now we consider assessing the impact of a component pricing change, SNF: BF ratio 

standard, and Class 6/7 milk class pricing policy on milk and milk components (e.g., 

protein and butterfat) productivity. This section provides three different empirical models 
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to estimate the effect of policy reform on milk and milk component productivity, which 

are pooled ordinary least squares (POLS), fixed-effects (FE) model, and random-effects 

(RE) model. In this study, the FE and RE models are the main regression models. I use 

the Hausman Test to test whether FE or RE is a preferred model.  

5.3.1 Pooled OLS  

The Pooled OLS estimation is simply an OLS technique run on the panel data. 

Therefore, all individually specific effects are completely ignored. In the pooled OLS 

model (Wooldridge, 2010): 

     𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛽𝛽 𝑥𝑥𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖, i=1,…, N; t=1,…, T, 

where 𝑦𝑦𝑖𝑖𝑖𝑖 denotes the dependent variable for farm i in year t; 𝑥𝑥𝑖𝑖𝑖𝑖 is a vector of 

independent variables; 𝜀𝜀𝑖𝑖𝑖𝑖 is the error term is normally distributed; 𝛽𝛽 is parameter 

estimates. According to Wooldridge (2010), the Pooled OLS classical assumptions are the 

following:  

1. Regression is linear in parameters; 

2. Error term has a zero population mean (The expected value of the mean of the error 

terms should be zero given the values of independent variables); 

3. No corelation between the error term and independent variables; 

4. No serial correlations (Observations of the error term are uncorrelated with each 

other); 
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5. No heteroscedasticity (The errors terms in the regression should all have the same 

variance); 

6. No perfect multicollinearity (There are no linear relationship between the independent 

variables); 

7. The error term is normally distributed. 

In my study, the pooled OLS regression model to be estimated is as follows: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎𝑐𝑐 𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑝𝑝𝑎𝑎𝑖𝑖 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽2 ∗ 𝑆𝑆𝑁𝑁𝑁𝑁:𝐴𝐴𝑁𝑁 𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐  𝑠𝑠𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎 𝑖𝑖𝑖𝑖+𝛽𝛽3

∗ 𝐶𝐶𝑙𝑙𝑎𝑎𝑠𝑠𝑠𝑠 6/7𝑖𝑖𝑖𝑖 + 𝛽𝛽4 ∗ 𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽5 ∗ 𝑐𝑐𝑎𝑎𝑢𝑢𝑖𝑖𝑖𝑖 + 𝛽𝛽6 ∗ 𝑐𝑐𝑥𝑥𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽7

∗ 𝑠𝑠𝑝𝑝𝑠𝑠𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽8 ∗ 𝑣𝑣𝑢𝑢𝑠𝑠𝑝𝑝𝑎𝑎𝑐𝑐𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖

+ 𝛽𝛽9 ∗ 𝐷𝐷𝑐𝑐𝑣𝑣𝑐𝑐 − 𝑐𝑐𝑐𝑐 − 𝑎𝑎𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐 𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽10 ∗ 𝑙𝑙𝑐𝑐𝑐𝑐𝑎𝑎𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽11

∗ 𝐴𝐴𝑝𝑝𝑐𝑐𝑐𝑐𝑎𝑎  𝑐𝑐𝑦𝑦𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽12 ∗ 𝑅𝑅𝑐𝑐𝑖𝑖𝑝𝑝𝑐𝑐𝑎𝑎𝑖𝑖𝑖𝑖 + 𝛽𝛽13 ∗ 𝑐𝑐𝑝𝑝𝑙𝑙𝑚𝑚𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑝𝑝𝑐𝑐𝑐𝑐 𝑁𝑁𝑝𝑝𝑥𝑥𝑐𝑐𝑎𝑎  𝑇𝑇𝑙𝑙𝑙𝑙𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 + 𝜀𝜀𝑖𝑖𝑖𝑖 

where  

i indexes 𝑝𝑝𝑖𝑖ℎ farm, i=1, 2,…,𝑁𝑁𝑖𝑖; 

t indexes 𝑐𝑐𝑖𝑖ℎ years, t=1, 2,…,𝑇𝑇𝑖𝑖; 

𝑌𝑌𝑖𝑖𝑖𝑖 is milk or milk components yield per cow farm i at year t;  

𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎𝑐𝑐 𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑝𝑝𝑎𝑎𝑖𝑖 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖  is a dummy variable to capture the price changing from 

protein to butterfat after 2004 by farm i at year t; 

𝑆𝑆𝑁𝑁𝑁𝑁:𝐴𝐴𝑁𝑁 𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐  𝑠𝑠𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎 𝑖𝑖𝑖𝑖  is a dummy variable to measure the SNF: BF ratio standard 

at 2.35 after 2006 by farm i at year t; 
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𝐶𝐶𝑙𝑙𝑎𝑎𝑠𝑠𝑠𝑠 6/7𝑖𝑖𝑖𝑖  is a dummy variable to capture the industry response implemented after 

20016 by farm i at year t; 

𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖  is the age of the operator of the farm i at year t;  

𝑐𝑐𝑎𝑎𝑢𝑢𝑖𝑖𝑖𝑖 is the education level of the operator of farm i in year t; 

𝑐𝑐𝑥𝑥𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 is the years of farming experience of the operator of farm i in year t; 

𝑠𝑠𝑝𝑝𝑠𝑠𝑐𝑐𝑖𝑖𝑖𝑖 is the herd size of farm i in year t;  

𝑣𝑣𝑢𝑢𝑠𝑠𝑝𝑝𝑎𝑎𝑐𝑐𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 is the business type of farm i in year t;  

𝑙𝑙𝑐𝑐𝑐𝑐𝑎𝑎𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 is the use of feeding system at farm i in year t; 

𝐴𝐴𝑝𝑝𝑐𝑐𝑐𝑐𝑎𝑎  𝑐𝑐𝑦𝑦𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖  is the type of cow breed at farm i in year t;  

𝐷𝐷𝑐𝑐𝑣𝑣𝑐𝑐 − 𝑐𝑐𝑐𝑐 − 𝑎𝑎𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐  𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐 is used to measure of farm finanical performance 

𝑅𝑅𝑐𝑐𝑖𝑖𝑝𝑝𝑐𝑐𝑎𝑎𝑖𝑖𝑖𝑖 is the location of farmers in year t; 

𝑐𝑐𝑝𝑝𝑙𝑙𝑚𝑚𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 is the milking system used at farm i in year t;  

𝛽𝛽0 is the intercept term;  

𝛽𝛽𝑘𝑘 is a vector of parameters to be estimated, k=1, 2,…,13; and 𝜀𝜀𝑖𝑖𝑖𝑖 is the error term. 

5.3.2 Fixed Effects Model  

In this study, rotating panel data is used for estimating the regression models. A panel 

data is a type of data in which observations are made on the same set of individuals over 

several periods (Wooldrige, 2010). Since the pooled OLS assumes that the error in each 

time is uncorrelated with the explanatory variables in the same period, this assumption is 
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too strong for certain panel data. Because of the omitted variable issue, such an 

assumption does not always hold in panel data. If any aspects of the independent 

variables correspond to the omitted variables, then the estimation results of pooled OLS 

will be biased and inconsistent (Wooldrige,2010). Therefore, I introduce fixed-effects 

(FE) regression, which is used to obtain consistent estimates when time-invariant omitted 

variables are present. In the fixed-effects model:  

       𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽𝑥𝑥𝑖𝑖𝑖𝑖 + 𝑐𝑐𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖, i=1,…, N; t=1,…, T, 

where 𝑦𝑦𝑖𝑖𝑖𝑖 denotes the dependent variable for farm i in year t; 𝑥𝑥𝑖𝑖𝑖𝑖 is a vector of 

independent variables; 𝜀𝜀𝑖𝑖𝑖𝑖 is the error term is normally distributed; 𝛽𝛽 is parameter 

estimates; 𝑐𝑐𝑖𝑖𝑖𝑖 is a vector of unobserved time-invariant individual effect; and 𝜀𝜀𝑖𝑖𝑖𝑖 is the 

error term that is normally distributed. The assumptions on the FE model are the 

following (Wooldridge, 2010):  

1. The unobserved time-invariant individual effect must be uncorrelated with the time-

varying error term; 

2. The unobserved time-invariant individual effect is correlated with other observed 

explanatory variables; 

3. Homoscedasticity;  

4. No multicollinearity; 

5. The error term is normally distributed;  

In my study, the fixed effects regression model to be estimated is as follows: 
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𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎𝑐𝑐 𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽2 ∗ 𝑆𝑆𝑁𝑁𝑁𝑁: 𝐴𝐴𝑁𝑁 𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐 𝑠𝑠𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎 𝑖𝑖𝑖𝑖+𝛽𝛽3

∗ 𝐶𝐶𝑙𝑙𝑎𝑎𝑠𝑠𝑠𝑠  6/7𝑖𝑖𝑖𝑖 + 𝛽𝛽4 ∗ 𝑎𝑎𝑖𝑖𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽5 ∗ 𝑐𝑐𝑎𝑎𝑢𝑢𝑖𝑖𝑖𝑖 + 𝛽𝛽6 ∗ 𝑐𝑐𝑥𝑥𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽7

∗ 𝑠𝑠𝑝𝑝𝑠𝑠𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽8 ∗ 𝑣𝑣𝑢𝑢𝑠𝑠𝑝𝑝𝑎𝑎𝑐𝑐𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖

+ 𝛽𝛽9 ∗ 𝐷𝐷𝑐𝑐𝑣𝑣𝑐𝑐 − 𝑐𝑐𝑐𝑐 − 𝑎𝑎𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐  𝑝𝑝𝑎𝑎𝑐𝑐𝑝𝑝𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽10 ∗ 𝑙𝑙𝑐𝑐𝑐𝑐𝑎𝑎𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽11

∗ 𝐴𝐴𝑝𝑝𝑐𝑐𝑐𝑐𝑎𝑎  𝑐𝑐𝑦𝑦𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽12 ∗ 𝑅𝑅𝑐𝑐𝑖𝑖𝑝𝑝𝑐𝑐𝑎𝑎𝑖𝑖𝑖𝑖 + 𝛽𝛽13 ∗ 𝑐𝑐𝑝𝑝𝑙𝑙𝑚𝑚𝑝𝑝𝑎𝑎𝑖𝑖 𝑠𝑠𝑦𝑦𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑝𝑝𝑐𝑐𝑐𝑐 𝑁𝑁𝑝𝑝𝑥𝑥𝑐𝑐𝑎𝑎 𝑇𝑇𝑙𝑙𝑙𝑙𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 + 𝑐𝑐𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

where, all the variables except for 𝑐𝑐𝑖𝑖𝑖𝑖 is a vector of parameters which that capture 

unobserved time-invariant individual effect, are defined in the previous section 

5.3.3 Random Effects model  

Besides, I also included the random effect (RE) model. In the panel data, either the 

FE model or the RE model can be used to analyze. I determine which model to use based 

on the correlation between 𝑐𝑐𝑖𝑖 and other observable explanatory variables. In a FE model, 

𝑐𝑐𝑖𝑖 is assumed to be correlated with other observed explanatory variables. In a RE model, 

however, it assumes no correlation between 𝑐𝑐𝑖𝑖 and other observed explanatory variables 

(Wooldridge, 2010). 

5.3.4 Hausman Test  

In this study, panel data is used for estimating the regression models. A panel data is 

a type of data in which observations are made on the same set of individuals over several 

periods. It results in autocorrelation and heteroscedasticity problems. Since the 

occurrence of unique characteristics in panel data, pooled ordinary least squares (POLS) 
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estimator is inconsistent (Garba et al., 2013). Therefore, this study focuses on the fixed 

effects (FE) and random effects (RE) models. In order to determine which model is 

preferred between those two models, I applied a Hasumant test to estimate a correlation 

between the unobserved time-invariant individual effect and other observable 

independent variables. Hausman (1978) proposed a test to assess whether 𝑐𝑐𝑖𝑖 and 𝑥𝑥𝑖𝑖𝑖𝑖 are 

correlated to decide which model should be used. The null hypothesis of the Hausman 

specification test is that there is no correlation between the 𝑐𝑐𝑖𝑖 and 𝑥𝑥𝑖𝑖𝑖𝑖, which means that 

the RE model is preferred (Wooldridge,2010). The Hausman test is created as follows: 

𝐻𝐻 =  (𝜎𝜎�𝐹𝐹𝐹𝐹  −  𝜎𝜎�𝑅𝑅𝐹𝐹)′[𝑉𝑉𝑎𝑎𝑝𝑝(𝜎𝜎�𝐹𝐹𝐹𝐹) −  𝑉𝑉𝑎𝑎𝑝𝑝(𝜎𝜎�𝑅𝑅𝐹𝐹)]−1(𝜎𝜎�𝐹𝐹𝐹𝐹 −  𝜎𝜎�𝑅𝑅𝐹𝐹) 

where 𝜎𝜎�𝐹𝐹𝐹𝐹 denotes the vector of fixed effects estimates without the coefficients on the 

time-constant variable;  𝜎𝜎�𝑅𝑅𝐹𝐹 denotes the vector of random effects estimates without the 

coefficients on the time-constant variable; 𝑉𝑉𝑎𝑎𝑝𝑝(𝜎𝜎�𝐹𝐹𝐹𝐹)  denotes the variance of the FE 

estimates that are time-varying; 𝑉𝑉𝑎𝑎𝑝𝑝(𝜎𝜎�𝑅𝑅𝐹𝐹) denotes the variance of the RE estimate that are 

time-varying. When the p-value of the statistic of the Hausman specification test computed 

is less than 0.05, there is a correlation between the unobserved effect and the observed 

explanatory variables, indicating that the FE model is preferred over the RE model 

(Wooldridge, 2002). 
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Chapter 6. Data and Variables 

6.1 Data  

The data used in this study contains farm-level rotating panel data collected under the 

Ontario Dairy Accounting Project (ODFAP). The ODFAP dataset provides extensive 

breakdown information on more than 1,200 variables, including the physical, financial, and 

technical aspects for randomly selected farms. The dataset contains a sample of 58 to 107 

farm observations each year. The total number of observations used in the study consists 

of 1,483 observations over the period 2000-2019. In this study, I defined two aggregate 

outputs of milk quantity (i.e., butterfat, protein, and other solids quantity) and livestock. In 

addition, I used four inputs measurements (feed, labour, capital, other intermediate) to 

estimate the technical inefficiency in the stochastic input distance function.  

The fisher price index technique was used to aggregate the data into the livestock, feed, 

capital, and other intermediate variables. The fisher price index calculates an implicit 

quantity by dividing the total revenue of the output or expense of the input by the individual 

price index for the specific aggregate category. A quantity measure is obtained by dividing 

the respective value of the output or input variables by the fisher price index.  

6.2 Variable Description   

 The key variables in this study are: 1) the component pricing change, which shifts milk 

components' values from butterfat to protein; 2) SNF: BF ratio standard at 2.35, which 

restricts the composition of protein and fat in milk production; 3) Class 6/7 milk class 
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pricing policy allows the pricing of the skim components is lower. The technical efficiency 

of farms is measured residually from estimating the input distance function described in 

Chapter 4. To estimate the production inefficiency, we developed the quantity of the inputs 

used and the quantity of outputs produced during dairy production. This section describes 

variables used to estimate the production efficiency and the effect of these policy reforms 

on milk yield per cow, butterfat yield per cow, and protein yield per cow.  

Milk Output: The ODFAP dataset includes the quantity and revenue of sales for  

fluid milk (3.6% fat content milk). The quantity of milk output is measured in litres of 3.6% 

fat content milk. Table 6.1 provides a summary of the milk quantity. 

 Livestock Output: Livestock is an essential measurable output on dairy farms because 

of the constant replacement of the dairy herd. The ODFAP dataset contains the revenue and 

quantities for four categories of livestock products: 1) the dairy herd (i.e., dairy cows, heifer 

calves, open heifer, and breed); 2) cull cows; 3) beef and replacement calves, and 4) all 

other livestock, including beef cattle, piglet, feeder piglet, boar, sow, gilt, dressed pork, 

sheep, and horse. Table 6.1 shows summary statistics of an implicit output quantity of 

livestock. The implicit output quantity of livestock is calculated by dividing the total 

revenue from livestock by the Fisher price index for livestock sales.  

 Feed Input: The ODFAP dataset provides information on the value and quantity of 

purchased feeds, rations, and home-grown feed. The purchased feed includes supplements, 

salt, and minerals is aggregated together across all livestock types. Rations for both dairy 
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and calf are aggregated together. The home-grown feed includes feed grown by the farm. 

Fisher feed input price index is used to calculate an implicit quantity for this input category, 

as shown in Table 6.1. 

 Labour Input: The ODFAP dataset provides total labour hours. Labour data for the 

project is compiled using daily time sheets. Producers are asked to complete the project 

time sheets for their first year. Sheets are completed by all people who work on the farm 

(Dairy Farmers of Ontario, 2019). Table 6.1 provides the total labour hours.  

 Capital Input: There are three major categories of capital: livestock, machinery, and 

real estate. I measure the cost of capital inputs by the user cost of capital. I use a weighted 

average cost of capital. The user cost of capital for the kth asset is given by: 

       𝑞𝑞𝑘𝑘 = 𝑝𝑝𝑘𝑘 + 𝛿𝛿𝑘𝑘 + 𝜏𝜏𝑘𝑘  

where 𝑝𝑝𝑘𝑘   is the interest rate, 𝛿𝛿𝑘𝑘  is depreciation rate for machinery and buildings are 

calculated by dividing by the value of the real estate, and 𝜏𝜏 is property tax rate paid for 

real estate divided by the value of the real estate. The interest rate, 𝑝𝑝𝑘𝑘  is calculated based 

on the weighted average cost of capital:  

       𝑝𝑝𝑘𝑘 = [(1− 𝑖𝑖) ∗ 𝑝𝑝𝑒𝑒] + [𝑖𝑖 ∗ 𝑝𝑝𝑑𝑑 ] 

where g is a measure of leverage (debt/physical asset), 𝑝𝑝𝑒𝑒 is the cost of equity- based on a 

ten-year real average corporate bond yields, and 𝑝𝑝𝑑𝑑 is the cost of debt defined by the ten-

year average prime business rate as reported by the Bank of Canada. In addition, rental 

expenses for land, livestock, machinery, and maintenance and repairs of capital stock, are 
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added to the cost of capital. The Fisher price index for capital is used to establish an implicit 

quantity for capital. 

 Intermediate Inputs: The ODFAP dataset includes inputs such as electricity, gasoline, 

diesel, fertilizer, herbicides, seeds and others. All intermediate input categories are 

identified and aggregated together through specific farm input price indices from Statistics 

Canada (Table:18-10-0258-01, Table:18-10-0023-01). The price index allows us to 

calculate an implicit input quantity for the intermediate inputs. The fisher price index for 

intermediate input is calculated for the group. 

Table 6.1 Descriptive Statistics for variables in Stochastic Distance Function 

(Source: ODFAP Data Sample Dairy Farms, from 2000 to 2019)  

Variable Name Units Variable Description  Mean SD 

Milk Liters Total Milk Shipped  629,954 581,408 

Livestock C$ Implicit Quantity of 

Livestock 

 31,224 20,175 

Feed C$ Implicit Quantity of 

Feed 

 99,388 64,447 

Labor Hours Total Labor Hours  6,651 2,913 

Capital C$ Implicit Quantity of 

Capital 

 3,921,125 4,200,889 

 Other    

Intermediate 

C$ Implicit Quantity of 

other Input 

 120,493 97,368 
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Furthermore, the dependent variables that to measure the milk and milk components 

yield per cow (productivity) are as following:  

Milk per cow: Milk per cow (Y) is defined as milk shipped per cow(l/head) per 

year to measure milk productivity.  

 Protein per cow: Protein per cow (Y) is defined as protein yield per cow(tonnes/head) 

per year to measure protein productivity.  

Butterfat per cow: Butterfat per cow (Y) is defined as butterfat yield per 

cow(tonnes/head) per year to measure butterfat productivity. 

The independent variables are used to estimate the effect of an Ontario dairy farm’s 

technical inefficiency, and productivity include the following four areas: (a) policies, (b) 

farm characteristics, (c) farm operator characteristics, and (d) technology. The independent 

variables are defined in Table 6.2, and a description of each variable is provided below. 

And Table 6.3 is provided with the summary of expected signs of independent variables 

used in this study.  

Component pricing change: A dummy variable is included to assess the effect of the 

milk component pricing change from protein to butterfat on-farm productivity and 

technical efficiency. The dummy variable equals one representing the price change in 2004 

and after, and zero otherwise. The primary objective of the price shift from protein to 

butterfat is to encourage dairy farmers to reduce the production of protein in order to reduce 

the stock of milk powder. Protein and butterfat production are positively correlated with 
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milk production (Heinrichs, 1997). Besides, the average production of protein in milk is 

between 1.57% to 4.66%, with an average of 3.05%, and butterfat production in milk is 

varied from 1.77% to 5.98%, with an average of 3.76% (Stokes et al., 2000). The price 

shift from protein to butterfat will increase milk production because the magnitude of 

increased butterfat production is larger than the decreased protein production. Therefore, 

the component pricing change may have a positive relationship with milk productivity for 

dairy farmers. Additional factors such as heat stress, feeding diets with high starch levels, 

and increased forages can increase butterfat production (Santos, 2002). However, the 

changes in feeding practice may lead to adjustment costs, which also cause a short-term 

production inefficiency. Thus, this price shift may have a negative effect on technical 

efficiency. In the meantime, a clear policy direction may encourage producers to invest in 

productivity-enhancing practices, leading to a long-term improvement in productivity and 

efficiency. Hence, the effect of the change in the policy is an open empirical question.  

 SNF: BF ratio standard: A dummy variable is included to indicate the SNF: BF ratio 

standard on-farm productivity and technical efficiency. The dummy variable equals one if 

the farm is observed in 2006 and after, and zero otherwise. I assume that the relationship 

between the SNF: BF ratio standard and milk productivity is positive. Producers with SNF: 

BF ratio greater than 2.35 need to decrease their ratio by producing more butterfat or less 

protein to avoid penalties. Likewise, producers with SNF: BF ratio is less than 2.35 want 

to increase their ratio by producing more solids-non-fat or both SNF and butterfat to 
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generate more revenue. Effectively, the standard may create a binding constraint to 

producers with a ratio higher than 2.35. Therefore, either increase in the production of 

butterfat or the production of protein leads to an increase in milk production. For technical 

inefficiency, as discussed in Chapter 1, the SNF: BF ratio regulation may cause dairy 

farmers to make changes to their feeding and breeding programs, which may shift the ration 

toward more fibre, reducing grain, increasing forage feeding, and substituting some fat 

supplements. (Murray, 2005). Producers may face adjustment costs to reallocate resources 

lead to production inefficiency. However, the SNF: BF ratio standard may reduce market 

uncertainty for producers and incentivize investment in productivity-enhancing activities. 

Therefore, the SNF: BF ratio standard is hypothesized to have an undetermined impact on 

technical efficiency.   

Class 6/7 milk class pricing policy: To capture the effect of Class 6/7 on-farm  

productivity and technical efficiency, a dummy variable is included. The dummy variable 

equals one for the farms observed between 2016 and 2018 and zero otherwise. In 2016, 

dairy farmers of Ontario adopted a Class 6, creating a new competitively priced ingredient 

class. It encourages Canadian processors to choose domestic ingredients at a lower price 

by allowing the skim components priced at world prices (Cook, 2017). In 2017, Class 7 

expanded Class 6 on a national basis. Under Class 6/7, several intermediate products used 

in manufacturing cheese and other dairy products will be available at the world price of 

skim components, which creates an incentive to use domestic skim as an ingredient in dairy 
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manufacturing (Mussell, 2016). Class 7 allows farmers to sell the skim to Canadian 

processors at a competitive price for making cheese and yogurt. Before implementing Class 

7, Canadian processors imported from U.S processors greater quantities of a similar 

product. Although Class 7 helped Canada export skim milk powder to the global market at 

low prices, it could distort and depress global prices (Cook, 2017). Under USMCA, Canada 

decides to eliminate the Class 7 milk pricing policy for six months (Greene, 2019). Many 

producers have received a declining blend price for their milk and have been unable to 

expand their herds in response to the additional milk quota introduced into the system 

(Mussell, 2019). Therefore, this Class 6/7 is hypothesized to have a negative relationship 

with technical efficiency and productivity.   

Age: A dairy farm’s age may influence the performance of farm operations. Most of 

the studies show a negative relationship between farmer’s age and production efficiency. 

For example, Spicka and Smutka (2014) found a negative correlation between the age of 

livestock farmers and productivity and efficiency. Tauer and Mishra (2006) and Lawson et 

al. (2004) found that younger dairy operators are more efficient than older farmers. Slade 

and Hailu (2016) found a positive correlation between the age of operators and inefficiency 

for Ontario dairy farms. Therefore, the operator’s age could have a negative relationship 

with productivity and efficiency.  

Education: Education is included as a dummy variable to capture the effect of 
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farmer’s abilities. I define education as a dummy variable, where 0 denotes education level 

of or below high school, and 1 denotes education level above high school. Education is one 

of the individual characteristics most often important in assessing dairy farmers' 

productivity and efficiency. Studies by Wubeneh and Ehui (2006) and Kumbhakar et al. 

(1989) found a positive relationship between education and technical efficiency and 

productivity. A large number of studies have found that an operator’s education level 

positively influences the financial success in the U.S dairy farm (Mishra and 

Morehart,2001; Goly et al., 2002). Hailu and Deaton (2016) found a negative correlation 

between education and inefficiency for Ontario dairy farmers. Education is hypothesized 

to have a positive impact on technical efficiency and productivity.  

Herd size: Herd size is measured by the number of lactating cows, heifer calves  

and open heifers per farm in this study. Herd size has been shown to positively correlate with 

technical efficiency and productivity (Dong et al., 2016; MacDonald et al., 2007; Mosheim 

and Lovell,2009; Weersink and Tauer, 1991). In both studies, Hailu and Deaton (2016) and 

Slade and Hailu (2016) found that herd size is positively correlated with technical efficiency 

for Ontario dairy farms. Thus, I expect a positive relationship between herd size and 

technical efficiency and productivity.  

Business type: There are three types of dairy farm structure in the dataset: sole 

proprietor, partnership, and corporation. In this study, a dummy variable is set to equal 1 if 

a farm is a sole proprietor and 0 if a farm is a partnership or corporation.  



 

55 
 

Years of Operating: This variable captures the effect on technical efficiency and 

productivity of experience. In my study, the average year of farming is 27 years with a 

standard deviation of 14 years. Gelan and Muriithi (2021) found that the farming experience 

has a positive effect on-farm efficiency. However, Demircan et al. (2010) found that a 

relationship between farming age and technical efficiency is positive but not statistically 

significant. In this study, I expected that the dairy farming experience might increase the 

technical efficiency of the farm.  

Debt-to-asset ratio: The debt-to-asset ratio is the most used measure of farm 

financial performance. This ratio indicates the amount of the farm’s debt load compared with 

the total value of the asset value. Haden et al. (1989) and Weersink et al. (1990) found that 

debt to asset ratio is negatively correlated with technical efficiency. However, Ma et al. (2020) 

found that the debt-to-asset ratio is positively related to farm productivity. Thus, it is 

hypothesized that the debt-to-asset ratio may negatively influence technical efficiency and 

productivity.  

Region: The ODFAP includes three main regions in Southern Ontario: South- 

western, South-central, and South-eastern. Dummy variables are created to represent the 

different regions for location.  

Breed type of herd: The quality of the cows on a farm is reflected in technologically 

advanced breeds that produce more milk yield. In this study, there are nine types of cow 

breed in the dataset, Holstein, Ayrshire, Guernsey, Jersey, Brown Swiss, Canadienne, 
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Holstein and Ayrshire breed, Holstein and Jersey breed, and Holstein and Brown Swiss 

breed. Holstein cows can produce 20lb per day more milk than Jersey, however, it has 

lower efficiency than Jersey cows (Areias,2013; Kristensen et al., 2015). The data shows 

that approximately 93% of cows are Holstein in our sample. Thus, a breed dummy variable 

is set to equal 1 if the breed is Holstein and 0 otherwise. The breed of cows is assumed to 

have a positive relationship with dairy farm productivity. 

Milking system: There are four different milking systems in this study: bucket, 

transfer station, pipeline and parlour. Due to the existence of an automated milking system, 

milk production can be increased by up to 12%, while labor may be decreased by up to 18% 

(Jacobs and Siegford, 2012). Moreover, Slade and Hailu (2011) found that dairy farmers 

with a pipeline were more efficient than a parlour milking system for Ontario dairy farms. 

A dummy variable is created to equal 1 if a farm uses a parlour milking system and zero 

otherwise. Thus, the coefficient of the parlour milking system is hypothesized to be positive 

on technical inefficiency and productivity.  

Feeding system: Automated feeding system enables to improve the milk quality, 

increase frequent feeding and reduce the labour requirements compare to manual feeding 

system (Pezzuolo et al., 2016). In this study, a dummy variable is set to equal 1 if a farm 

uses a semi/fully automated feeding system and 0 if a farm uses a manual feeding system. 

Thus, an automated feeding system is expected to have a positive effect on milk 

productivity and efficiency.  
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 Time Trend: The time period used in this study is from 2000 to 2019. Time trend 

variables consider any time-variant factors that are not captured in the stochastic input 

distance function.  

Variable Name Units Variable Description Mean SD 

Milk yield per cow Litres/cows Milk yield per cow 8637 1718 

Protein yield per cow Tonnes/cows  Protein yield per cow  0.27 0.55 

Butterfat yield per cow Tonnes/cows Butterfat yield per cow  0.33 0.066 

Component Pricing 

Change  

0-1 Price shift=1 if year >=2004 

0=otherwise 

0.75 0.43 

SNF:BF  

ratio standard  

0-1 SNF:BF ratio standard=1 if 

year >=2006 

0=otherwise 

0.64 0.48 

Class 6/7 0-1 Industry policy responses=1 if 

year >=2016&<2019 

0=otherwise 

0.14 0.35 

Age years Operator’s age 49 10.3 

Education 0-1 Operator’s education level 0.59 0.49 

Herd Size cows Number of cows 116 87.05 

Business type 0-1 sole proprietorship=1, 

otherwise=0 

0.17 0.38 
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Table 6.2 Descriptive Statistics for technical inefficiency and productivity  

(Source: ODFAP Data Sample Dairy Farms, from 2000 to 2019)   

 

 

 

Years of Operating years Farming experience  27 14 

Debt-to-asset ratio  ratio Total liabilities divided by total 

assets 

0.48 0.37 

South-eastern region 0-1 South-eastern region=1,  

otherwise=0 

0.44 0.50 

South-western region  0-1 South-western region=1, 

otherwise=0 

0.29 0.46 

Breed type of herd 0-1 Type of cow breed on farm, 

Holstein=1, otherwise=0 

0.94 0.24 

Milking system  0-1 Parlour milking system=1, 

otherwise=0 

0.55 0.50 

Feeding system 0-1 Fully/semi-automatic feeding 

system=1, otherwise=0 

0.84 0.37 

Time trend 1 to 20 Numbers from 1 to 20 9.79 5.94 
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Variables Expected 

Sign on technical 

inefficiency 

Expected 

Sign on 

productivity 

Past 

studies/Sources 

of Sign 

Policies Component 

pricing change 

+ + Intuition 

SNF: BF ratio 

standard 

+ + Intuition 

Class 6/7  + + Intution 

Farm 

Characteristics 

Herd Size + + Dong et al. 

(2016); Mosheim 

and Lovell 

(2009); Weersink 

and Tauer (1991) 

Business Type + + Intuition 

Operating Years - + Gelan and 

Muriithi (2021); 

Debt-to-asset ratio  + + Haden et al. 

(1989); Weersink 

et al. (1990); 

Ma et al. (2020) 
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Region + + Intuition 

Farm operator 

characteristics 

Age + - Spicka and 

Smutka (2014); 

Lawson et al. 

(2004); 

Slade and Hailu 

(2016) 

Education  - + Mishra and 

Morehart (2001);  

Goly et al. 

(2002); 

Hailu and Deaton 

(2016) 

Technology Milking System + + Jacobs and 

Siegford (2012); 

Slade and Hailu 

(2011) 

Feeding System - + Pezzuolo et al. 

(2016) 
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Breed type of 

herd 

- + Areias (2013);  

Time Trend + + Intuition 

Table 6.3 Expected signs of independent variables used in this study  
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Chapter 7. Empirical Results  

7.1 Introduction  

In this chapter, I provided estimation results assessing the relationship between policy 

variables (i.e., component pricing shift, SNF: BF ratio standard, and Class 6/7 policies) and 

productivity and production efficiency. First, I provide the link between the policy variables 

and yield per cow in terms of milk and two milk components (protein and butterfat). Second, 

I report an estimate of production efficiency using a stochastic input distance function. 

Third, I examine the link between policy variables and production efficiency.  

7.2 Productivity  

 

Figure 7.1 Milk and Milk components (protein and butterfat) Yield per cow, 
Ontario dairy farms, from 2000 to 2019 

(Source: Author’s Calculations Based on ODFAP Data) 
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Figure 7.1 illustrates the milk, protein, and butterfat yield per cow among the sample 

farms from 2000 to 2019. It shows the same trend that milk, protein, and butterfat yield per 

cow has been increased from 2000 to 2017. Since there was a 1.5% quota decreased in 

2018, butterfat and milk production has been reduced from 2017 to 2018 (DFO annual 

report, 2018).  

Furthermore, to identify the effect of the component pricing change, the SNF: BF ratio 

standard and Class 6/7 milk class pricing policy on milk and two milk components (i.e., 

protein and butterfat) productivity, I use (1) pooled ordinary least squared model (POLS) 

with time-fixed effects, (2) fixed-effects (FE) model, and (3) random-effects (RE) model.  

 As I discussed before, I applied the Hausman test to determine an appropriate model 

for this study – fixed effects vs. random effects. The estimated chi-squared (χ2) test statistic 

for the Hausman test computed are 132.11, 168.04, and 183.49, respectively, milk 

productivity, protein productivity, and butterfat productivity, with p-values of 0.000 (<0.05). 

Therefore, based on the Hausman test, the fixed-effects model is preferred to estimate the 

parameters of the three productivity measures (i.e., milk, protein, and butterfat).  

In the following section, I discuss the coefficient estimates for the fixed effects models. 

I included the estimation of the component pricing change, SNF: BF ratio standard, Class 

6/7 milk class pricing policy, and other factors that affect farms’ milk and milk components 

productivity results using POLS, FE, and RE models in Appendix.  
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7.2.1 Milk Component Policies and Milk Productivity  

Table 7.1 presents the parameter estimates of the component pricing change, SNF: BF 

ratio standard, Class 6/7 milk class pricing policy, and other factors that affect farms’ milk 

productivity in the FE model. The FE estimation results show that the coefficient estimates 

of SNF: BF ratio standard, breed type of Holstein, and milking system are positive and 

statistically significant. And it also shows that the coefficient estimates of class 6/7 milk 

pricing policy, dairy herd size and sole proprietor are negative and significant on milk yield 

per cow. 

The results show that milk yield per cow is higher by 11.74 percent 4  after 

implementing the SNF: BF ratio standard in 2006. This effect is statistically significant at 

the 5 percent significance level. The FE results show that the coefficient estimate of 

component pricing change is positive and statistically insignificant; thus, we fail to reject 

the null hypothesis that the component pricing change does not affect milk yield per cow. 

The Class 6/7 milk pricing policy is negative and statistically significant at a 1 percent 

significance level associated with milk yield per cow. This result implies that milk yield 

per cow is reduced by 3.4% after introduced Class 6/7.  

 

4 According to Halvorsen and Palmquist study indicates that the interpretation of the coefficient of a 

dummy variable with a log dependent variable is related to the relative effect on the dependent variable. Thus, 

the percentage effect is equal to 100 * {exp (coefficients of a dummy variable)-1}.    
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For the fixed effect model, farms with Holstein breed are approximately 16.65% more 

productive than other breeds. And dairy farms with automatic feeding systems are 

approximately 8.10% more productive than manual feeding systems. However, dairy farms 

with larger herd sizes have a 1% lower productivity than smaller-sized farms. 
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Table 7.1 Fixed-Effects model for Milk Productivity  

Log Milk yield per cow 

 (1)  (2)  (3)  (4)  

 Fixed Effects 

(SNF: BF ratio 

standard 

variable) 

 Fixed Effects 

(Policies 

variables) 

 Fixed Effects 

(Policies and 

Farm operator 

characteristics 

variables) 

 Fixed Effects 

(All independent 

varaibles) 

 

 

 

 Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio  

SNF:BF ratio standard 0.0520 (1.15) 0.0679* (1.74) 0.0745* (1.72) 0.111** (2.41) 

Component pricing 

change  

  -0.0159 (-0.67) -0.0128 (-0.50) 0.0136 (0.55) 

Class_6/7   -0.0278** (-2.29) -0.0283** (-2.31) -0.0345*** (-3.06) 

Operator Age     -0.000533 (-0.34) 0.0000907 (0.05) 

Education     -0.0370 (-1.11) -0.0354 (-1.21) 

Operating Years     -0.000919 (-0.42) -0.00118 (-0.53) 

South East     0.0260* (1.80) 0.00938 (0.71) 
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Size       -0.00148*** (-5.73) 

Sole       -0.0513* (-1.87)  

Debt-to-Asset       -0.0276 (-1.44) 

Holstein Breed       0.154*** (3.38) 

Milking System        0.0132 (1.18) 

Feeding System       0.0778*** (2.96) 

Time-Fixed Effects Yes  Yes  Yes  Yes  

Constant 9.043*** (370.70) 9.043*** (370.70) 9.100*** (106.16) 9.024*** (86.59) 

R^2 0.09  0.09  0.09  0.15  

Observations 1483  1483  1483  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 

1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 

The estimations all use robust standard errors 
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7.2.2 Milk Component Policies and Protein Productivity  

Table 7.2 presents the parameter estimates of the component pricing change, SNF: BF 

ratio standard, Class 6/7 milk class pricing policy, and other factors that affect farms’ 

protein productivity using the FE model. The FE estimation results show that the 

coefficient estimates of SNF: BF ratio standard, breed type of Holstein, and milking system 

are positive and statistically significant. The FE estimation results also show that the 

coefficient estimates of dairy herd size and farmers with higher education are negative and 

significant for the protein yield per cow. 

The FE model results show that the SNF: BF ratio standard has a positive and 

statistically significant impact on protein productivity. The results show that protein yield 

per cow is higher by 14.4 percent after implementing the SNF: BF ratio standard in 2006. 

This effect is statistically significant at the 1 percent significance level. The FE model 

results show that the component price change has a positive and statistically insignificant 

impact on protein yield per cow. And Class6/7 milk class pricing policy has a negative and 

statistically insignificant effect on protein yield per cow. Thus, we fail to reject the null 

hypothesis that the component pricing change and Class 6/7 do not affect protein yield per 

cow. 

For the fixed effect model, farms with Holstein breed are approximately 16.4% more 

protein yield per cow than other breeds. Dairy farms with automatic feeding systems are 

approximately 8.2% more productive than manual feeding systems. However, dairy 



 

69 
 

farmers with larger herd sizes and higher education levels may have 2% and 4.8% less 

productive than smaller and lower education farmers.  
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Table 7.2 Fixed-Effects Model for Protein Productivity 

Log Protein yield per cow 

 (1)  (2)  (3)  (4)  

 Fixed Effects 

(SNF: BF ratio 

standard 

variable) 

 Fixed 

Effects 

(Policies 

variables) 

 Fixed Effects 

(Policies and 

Farm operator 

characteristics 

variables) 

 Fixed Effects 

(All Independent 

Variables) 

 

 Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio  

SNF:BF ratio standard 0.0479  (1.10)  0.0694*  (1.85)  0.0868**  (2.02)  0.135***  (3.01)  

Component pricing 

change  

  -0.0215  (-0.92)  -0.0150  (-0.58)  0.0132  (0.54)  

Class_6/7   0.00194  (0.16)  0.000699  (0.06)  -0.00486  (-0.42)  

Operator Age     -0.00143  (-0.80)  -0.000876  (-0.47)  

Education     -0.0542**  (-2.12)  -0.0487**  (-2.06)  

Operating Years     -0.000391  (-0.29)  -0.000588  (-0.44)  

South East     0.0356**  (2.33)  0.0189  (1.37)  

Size       -0.00169***  (-6.89)  
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Sole       -0.0200  (-0.89)  

Debt-to-Asset       -0.00851  (-0.40)  

Holstein Breed       0.152**  (2.56)  

Milking System        0.0112  (1.05)  

Feeding System       0.0786**  (2.20)  

Time-Fixed Effects Yes  Yes  Yes  Yes  

Constant -1.345*** (-57.51) -1.345*** (-57.51) -1.259*** 15.79) -1.329*** (-12.75) 

R^2 0.1  0.1  0.1  0.17  

Observations 1483  1483  1483  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 

1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 

The estimations all use robust standard errors 
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7.2.3 Milk Component Policies and Butterfat Productivity  

Table 7.3 presents the parameter estimates of the component pricing change, SNF: 

BF ratio standard, Class 6/7 milk class pricing policy, and other factors that affect farms’ 

butterfat productivity using the FE model. The FE estimation results show that the 

coefficient estimates of SNF: BF ratio standard, breed type of Holstein, and milking 

system are positive and statistically significant. The FE estimation results show that the 

coefficient estimates of Class 6/7, dairy herd size and farmers with higher education are 

negative and significant on butterfat yield per cow.  

The results show that butterfat yield per cow is higher by 23 percent after 

implementing the SNF: BF ratio standard in 2006. This effect is statistically significant 

at the 1 percent significance level. Note that the impact of SNF: BF standard is more 

significant for butterfat yield per cow than protein yield per cow. This is consistent with 

the fact that butterfat is more responsive to changes in feeding practices than protein, 

lactose, and other solids do (Allan, 2019). The fixed-effect model results show that the 

coefficient estimate of component pricing change is positive and statistically 

insignificant. Thus, we fail to reject the null hypothesis that the component pricing 

change does not affect butterfat yield per cow. The FE estimation results also show that 

butterfat yield per cow is reduced by 5 percent after introducing the Class 6/7 milk class 

pricing policy. This effect is statistically significant at the 1 percent significance level.  

Farms with Holstein breed are approximately 17.12% more productive than other 

breeds for the fixed effect model. And dairy farms with automatic feeding systems are 

approximately 7.49% more productive than manual feeding systems. However, dairy 
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farmers with larger herd sizes and higher education levels may have 2% and 4.8% less 

productive than smaller and lower education farmers. 
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Table 7.3 Fixed-Effects Model for Butterfat Productivity 

Log Butterfat yield per cow 

 (1)  (2)  (3)  (4)  

 Fixed Effects 

(SNF: BF ratio 

standard 

variable) 

 Fixed Effects 

(Policies 

variables) 

 Fixed Effects 

(Policies and 

Farm operator 

characteristics 

variables) 

 Fixed Effects  

(All independent 

Variables) 

 Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio Coeff. t-ratio  

SNF:BF ratio standard 0.124 (2.96) 0.139*** (3.82) 0.160*** (3.88) 0.207*** (4.84) 

Component pricing 

change  

  -0.0156  (-0.75)  -0.00865  (-0.38)  0.0212  (1.00)  

Class_6/7   -0.0413***  (-3.33)  -0.0428***  (-3.42)  -0.0500***  (-4.29)  

Operator Age     -0.00174  (-1.07)  -0.00114  (-0.67)  

Education     -0.0506*  (-1.71)  -0.0468**  (-2.03)  

Operating Years     -0.000882  (-0.61)  -0.00113  (-0.79)  

South East     0.0442***  (3.40)  0.0261**  (2.30)  



 

75 
 

Size       -0.00170***  (-6.98)  

Sole       -0.0400  (-1.65)  

Debt-to-Asset       -0.0221  (-1.03)  

Holstein Breed       0.158**  (2.49)  

Milking System        0.0145  (1.41)  

Feeding System       0.0722**  (2.25)  

Time-Fixed Effects Yes  Yes  Yes  Yes  

Constant -1.168*** (-54.11) -1.168*** (-54.11) -1.061*** (-13.97) -1.122*** (-11.01) 

R^2 0.12  0.12  0.12  0.20  

Observations 1483  1483  1483  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 

1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 

The estimations all use robust standard errors 
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7.3 Results of Stochastic Input Distance Function  

Table 7.4 provides the maximum likelihood parameter estimates of the Cobb-

Douglas stochastic input distance function and the pre-truncation mean function of the 

mean of the inefficiency effects. In our model, the coefficients for inputs (labour, capital, 

and other intermediate) are positive and statistically significant, and coefficients for the 

two outputs (milk and livestock) are negative and statistically significant at the 1% level 

significance level. A positive sign for inputs indicates that an increase in inputs would 

increase the value of the distance function. A negative sign for outputs suggests that an 

increase in outputs would decrease the value of the distance function (Hailu and Deaton, 

2016). In terms of specific coefficients, the coefficient for milk output is negative and 

statistically significant at the 1% significance level, meaning that a 10% increase in 

milk production leads to a 5.8% increase in the total cost of production. 

Similarly, the coefficient for livestock is negative and statistically significant at the 

1% significance level, meaning that the 10% increase in livestock decreases the value 

of the distance function by 0.78%, or a 10% increase in livestock production may lead 

to a 0.78% increase in the total cost of production. The estimates also suggest that the 

output elasticity with respect to milk is more significant than that for livestock 

production. The sum of milk and livestock outputs coefficients is less than one in 

absolute value, indicating that the dairy industry exhibits increasing returns to scale. 

 The coefficient of capital input is positive and statistically significant at the 1% 

significance level, meaning that a 10% increase in capital input leads to an increase in 

the value of distance function by 0.7% or 0.7% increase in the cost of production. 
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Likewise, the coefficients of labour and other intermediate inputs have positive signs 

of 0.25 and 0.44, respectively, which means that a unit increase in labour and other 

intermediate inputs may lead to an increase in the value of distance function or cost of 

production by 2.5% and 4.4%, respectively.  

Table 7.4 also describes the estimates of the parameters of the pre-truncated 

distribution of the inefficiency effect term, 𝜇𝜇𝑖𝑖𝑖𝑖, that is the mean function. The results 

indicated that the estimated coefficient for the SNF: BF ratio standard is statistically 

insignificant. Thus, we fail to reject the null hypothesis that SNF: BF ratio standard 

does not affect technical inefficiency. It is concluded that the SNF: BF ratio standard 

does not affect the technical inefficiency of the sample farms.  

The component pricing change is found to have a statistically significant positive 

relationship with technical inefficiency, which implies that after implementation of 

component pricing change caused a lower production efficiency to producers.  

The coefficient of Class6/7 milk class pricing policy indicates that the estimated 

coefficient for Class 6/7 is statistically insignificant. Thus, we fail to reject the null 

hypothesis that the Class 6/7 milk class pricing policy does not affect technical 

inefficiency. 
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Table 7.4. Maximum Likelihood Parameter Estimates for the Stochastic Input 
Distance and the Determinants of Inefficiency for policy reforms  

 Inefficiency  

Stochastic Distance Function    

Log of milk  -0.583*** (-26.94) 

Log of livestock  -0.0782*** (-3.88) 

Log of labour  0.254*** (9.91) 

Log of capital  0.0698*** (4.15) 

Log of others  0.438*** (16.11) 

Holstein Breed  0.0832** (2.20) 

Feeding System  -0.00942 (-0.34) 

Milking System  -0.0222 (-1.35) 

Time trend -0.00392 (-1.29) 

Constant  -2.283*** (-8.72) 

Pre-truncation mean function, 𝜇𝜇𝑖𝑖𝑖𝑖   

SNF:BF ratio standard  0.0170 (0.73) 

Component pricing change 0.0818*** (2.69) 

Class6/7 -0.0268 (-1.46) 

Size -0.0781*** (-3.31) 

Operator Age 0.00223** (2.56) 

Education -0.0104 (-0.54) 

Sole -0.0266 (-1.03) 

Debt-to-asset -0.0514* (-1.68) 

South East 0.0202 (0.94) 

South West -0.0480* (-1.92) 

Constant 0.182** (2.19) 

Observations 1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 
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7.4 Impact of milk compositional pricing policies on dairy farm productivity 
and technical inefficiency.  

This section presents the effects of the component pricing change, SNF: BF ratio  

standard, and Class 6/7 milk class pricing policy on dairy farm productivity and 

technical inefficiency. Given the results of estimated regression models (Table 7.1 to 

Table 7.3), and stochastic input distance (Table 7.4), I will further discuss and interpret 

factors that influence the productivity and technical inefficiency of Ontario dairy farms 

in this section. Generally, the component price change does not affect milk and milk 

components' productivity. However, it is a positive and statistically significant effect 

on technical inefficiency. In contrast, the SNF: BF ratio standard has a positive and 

statistically significant influence on milk and milk component productivity but does not 

affect technical inefficiency. Similarly, Class 6/7 does not affect technical inefficiency, 

but it negatively affects milk and butterfat productivity. These policy reforms on milk 

productivity and technical inefficiency are consistent with previous studies (Moon, 

2015; Asbeha et al., 2016; Cho et al., 2009). These studies justify the impact of some 

similar milk composition policies on milk productivity and technical inefficiency. 

Moon (2015) finds that the dairy producer could generate more profit after the MCP 

system is implemented by increasing each component’s production because the 

concentration of milk components pricing determines milk pricing. Asbeha et al. (2016) 

show that the MCP system that incentivizes protein production may adversely affect 

butterfat production due to the different dairy farmers' feeding practices. Cho et al. 

(2009) used a multiple output distance function to estimate how much each input affects 

fluid milk and other milk components' yield. Their results show that farmers may have 
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a limited ability to change milk component productions because the differences 

between each input's impacts on each output are relatively small.  

7.4.1 Component pricing change  

The estimated coefficient of the dummy variable for component pricing change 

indicates that the price shift from protein to butterfat in Ontario has a statistically 

insignificant positive relationship with milk and milk components productivity. This 

implies that the component pricing change has no impact on the productivity of the 

sample farms. However, the stochastic input distance function results show that 

component pricing change has a statistically significant positive relationship with 

technical inefficiency. This might be because of the adjustment costs resulting from the 

change in feeding and other practices to fine-tune the composition of butterfat and 

protein production, which may also cause a short-term production inefficiency. Figure 

7.2 shows an increasing trend in total production cost per cow after introducing a 

component pricing change in 2004. Since dairy producers may increase their production 

of butterfat content by increasing the quantity of concentrate ratio and the frequency 

(Cushnahan, 2003), it might cause an increase in the feed costs.  



 

81 
 

 

Figure 7.2 Total Dairy Cost per cow from 2000 to 2019 

(Source: Author’s Calculation Based on ODFAP Data) 

Figure 7.3 shows that the total feed cost of dairy farms has increased dramatically 

after 2004. During the same period, the trend of total dairy revenue per cow and total 

profit per cow are still growing steadily, as shown in Figure 7.4 and 7.5.  

 

Figure 7.3 Total Dairy Feed Cost per cow from 2000 to 2019 

(Source: Author’s Calculation Based on ODFAP Data) 
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Figure 7.4 Total Dairy Revenue per cow from 2000 to 2019 

(Source: Author’s Calculation Based on ODFAP Data) 

 

Figure 7.5 Total Dairy Profit per cow from 2000 to 2019 

(Source: Author’s Calculation Based on ODFAP Data) 

7.4.2 SNF: BF ratio standard 

 The estimated coefficient of the dummy variable for the SNF: BF ratio standard 

has a positive influence on milk, protein, and butterfat yield. For producers operating 
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above the target ratio at 2.35 can reduce their ratio by either decreasing protein 

production or increasing butterfat production without exceeding their quota limits 

(Rodenbur and MacNaughton, 2005). Ratnasena’s study (2010) shows that decreased 

protein production may cause farmers to lose their revenue. However, they can increase 

their revenue from an increase in butterfat production within their quota limits. 

Therefore, an increase in butterfat production is a better alternative for the producers 

operating above the target ratio to decrease their SNF: BF ratios. It supports the results 

of a positive relationship between SNF: BF ratio standard and butterfat productivity. 

Table 7.5 indicates that after introducing the SNF: BF ratio standard, the percentage of 

sample farmers operating above the target ratio declined from 2004 to 2016. It is also 

apparent that the percentage of sample farmers operating with the SNF: BF ratio 

between 2.25 to 2.35, which is closer to the target ratio, has increased. 

Furthermore, Ratnasena (2010) suggests that those producers who do not meet the 

target ratio may maintain to increase their protein production until they achieve the 

target ratio, as revenue generated through increased production of protein exceeds feed 

costs to increase production of proteins. On the other hand, producers operating below 

the target may experience losses if production is decreased as revenue losses resulting 

from reduced butterfat production exceed the savings on the cost of feeding. Therefore, 

this reveals that the SNF: BF ratio standard positively influences protein yields.   

Generally, the production of protein and butterfat are positively correlated with 

milk production (Heinrichs et al., 1997). The introduction of the SNF: BF ratio standard 

might result in dairy producers changing their feeding management practices to adjust 
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the production of butterfat and protein content of milk. Heinrichs et al. (1997) show 

that nutrition and feeding practices most strongly impact the production of fat and 

protein, particularly the level of fat content in the milk. Thus, it suggests that the 

magnitude of change in butterfat to milk is more significant than that of protein on the 

effect of SNF: BF ratio. Therefore, milk production may have been increased because 

of the increased production of protein and butterfat.  

 
 
 
SNF: BF 
Ratio 

  Categories 

Year 
 2004 2007 2010 2013 2016 
<2.20 11% 10% 18% 21% 17% 
2.20-2.24 13% 10% 8% 14% 22% 
2.25-2.29 27% 18% 23% 29% 32% 
2.30-2.35 18% 40% 37% 31% 26% 
<=2.35 69% 78% 86% 95% 97% 
>2.35 31% 22% 14% 5% 3% 

Table 7.5 SNF: BF ratios of the Sample of Ontario dairy farms over the period 
from 2004 to 2016  

(Source: Author’s Calculation Based on ODFAP Data) 

However, SNF: BF ratio standard does not affect the technical inefficiency of the 

sample producers. The null hypothesis that the SNF: BF ratio standard does not 

influence the technical inefficiency of sample farms is not rejected. This indicates that 

the SNF: BF ratio standard may not significantly affect the technical inefficiency of the 

sample farms. A possible explanation for this might be that the majority of the sample 

farms are operating below the target ratio, as I discussed before. This allows producers 

to operate below the target ratio to continue their protein production and increase their 

ratio without changing their feeding and breeding programs. Therefore, the SNF: BF 
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ratio standard does not affect producers to face adjustments costs to reallocate resources 

lead to production inefficiency.  

 Since the SNF: BF ratio standard may not perform as a preventive policy in 

controlling protein and other solids non-fat production, the production of milk and 

milk components can be considerably increased without increasing the level of inputs 

for dairy farmers.  

7.4.3 Class 6/7 milk class pricing policy 

 The estimated coefficient of the dummy variable for Class 6/7 milk class pricing 

policy indicates that the introduction of Class 6/7 in Ontario has a statistically 

significant negative relationship with milk and butterfat productivity, but it does not 

affect protein productivity. Since many Canadian dairy producers have received their 

milk blend pricing declined, which resulted in their inability to expand their herd 

sizes, leading to decreased milk production (Mussell, 2019). According to the DFO 

annual report (2018), the quota committee approved a 1.5% quota cut in all provinces, 

including Ontario, which decreased butterfat and milk production. Therefore, dairy 

producers decreased their milk and butterfat productivity after established Class 6/7, 

as shown in Figure 7.1. However, the stochastic input distance function results show 

that Class 6/7 does not affect the technical inefficiency of the sample producers. The 

null hypothesis that the Class 6/7 milk class pricing policy does not influence the 

technical inefficiency of sample farms is not rejected. It might be because that Class 

6/7 milk class pricing policy only has been implemented for a short time. It only 

charged a lower price of skim milk components to processors instead of producers, so 
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it would not influence dairy farmers to change their feeding management practice to 

respond to it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

87 
 

Chapter 8. Summary and Conclusion  

8.1 Introduction  

The composition of raw milk has been a significant focus in formulating dairy 

policies and dairy compositional standards. For example, in 1990, the Canadian dairy 

industry introduced the MCP system (i.e., milk pricing considers the value of butterfat, 

protein, and other solids) to respond to changing consumer preferences and the excess 

fat inventory. In 2004, Diary Farmers of Ontario (DFO) introduced a component pricing 

change from protein to butterfat to incentivize dairy producers to increase butterfat 

production. Later in 2006, the Canadian Milk Supply Management Committee 

(CMCMC) established a national solids-non-fat to butterfat (SNF: BF) ratio standard. 

In 2006, a target ratio of SNF: BF at 2.35 was established to reduce the structural surplus 

of Skim Milk Powder (SMP). After 2006, a number of policies have been implemented 

in the Canadian dairy industry to reduce SMP's structural surplus. In 2016, for example, 

the province of Ontario adopted a pricing program for Class 6 milk to allow the skim 

components priced at world prices to encourage Canadian processors to choose 

domestic ingredients at a lower price. In 2017, Class 7 expanded Class 6 to a national 

basis to help Canada export skim milk powder to the global market at low prices. Thus, 

the component pricing change, the SNF: BF ratio standard and Class6/7 milk class 

pricing policy may require dairy farmers to change their management practices (e.g., 

feeding management practice), affecting their milk composition production.  

 This study aims to examine the impact of the component pricing change, solids-

non-fat to butterfat (SNF: BF) ratio standard, and the Class6/7 milk class pricing policy 
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on the technical efficiency and productivity of Ontario dairy farms. The sample of dairy 

farms used in this study was obtained from the Ontario Dairy Farm Accounting Project 

(ODFAP), from 2000 to 2019, with a total of 1,482 observations. A stochastic input 

distance function was estimated to assess the technical inefficiency of the sample farms 

in the panel, and a fixed-effect panel regression model was estimated to assess the effect 

of the change in policies on the productivity (i.e., milk yield per cow, protein yield per 

cow and butterfat yield per cow).  

 The stochastic input distance function results indicated that the estimated 

coefficient for the SNF: BF ratio standard is statistically insignificant on technical 

inefficiency. Thus, it is concluded that the SNF: BF ratio standard has no impact on the 

technical inefficiency of the sample farms. The component pricing change is found to 

have a statistically significant positive correlation with technical inefficiency. The 

coefficient of Class6/7 milk class pricing policy indicates that the production 

inefficiency of producers can not be affected by the introduction of Class 6/7.  

 The results on productivity suggested that the estimated coefficient of the dummy 

variable for component pricing change is positive and statistically insignificant for the 

fixed-effect regression, which means the component pricing change does not have a 

statistically significant impact on milk and milk component’s productivity of the 

sample farms. The estimated coefficient of the dummy variable for the SNF: BF ratio 

standard positively influences milk and milk components yield per cow (i.e., protein 

and butterfat). The estimated coefficient of the dummy variable for the Class 6/7 milk 
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class pricing policy negatively influences milk and butterfat yield per cow, and it does 

not affect protein yield per cow.  

8.2 Research Contribution   

The study contributes to the literature by addressing some important dairy policy 

issues. In particular, this study empirically tested the effect of a component pricing 

change, SNF: BF ratio standard, and a milk class pricing policy on production 

efficiency in the Ontario dairy industry. Furthermore, this study estimates the impact of 

a component pricing change, SNF: BF ratio standard, and milk class pricing policy on 

milk and milk components productivity. The findings of this study further contributed 

to the literature on the potential policies that can be used to reduce production 

inefficiency and increase productivity among Ontario dairy farms.  

Policy Implications  

The analysis of the effect of the component pricing change, SNF: BF ratio standard, 

and Class 6/7 milk class pricing policy on the production inefficiency and milk and 

milk components productivity of sample dairy farms in Ontario has a number of policy 

implications to help control the structural surplus of skim milk powder.  

In 2004, the Dairy Famers of Ontario introduced a component pricing change from 

protein to butterfat. Although the objective of component pricing change was to give 

producers the incentive to reduce milk protein production by lowering the price of 

protein, the component prices charged to processors did not change and encouraged 

processors to import skim milk powder (Mussell, 2005). To further incentivize 
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producers to reduce solids-non-fat production, the Dairy Farmers of Ontario imposed a 

payment cap on SNF milk components by implemented an SNF: BF ratio standard in 

2006. However, the ratio standard is non-constraining for most producers operating 

below the target ratio and are constantly increasing protein production to increase their 

revenue. On the other hand, a small percentage of producers operating above the target 

ratio may choose to control their protein production and increase the production of 

butterfat to achieve the target ratio level. Therefore, the success of the SNF: BF ratio 

standard in solving the problem of the structural surplus of skim milk powder is 

uncertain. Moreover, the prosperous Class 6/7 milk class pricing policy in address the 

issue is unclear because it was eliminated in 2018 under the terms of the USMCA. 

8.4 Business Management Implications  

For many dairy producers, it is necessary to understand how to adjust to their SNF: 

BF ratio standard in order to help increase their milk production. Since there are three 

components (e.g., butterfat, protein, lactose and other solids) to formulating the SNF: 

BF ratio, altering any components can change the ratio. Butterfat is the most adjustable 

component. Numerous aspects may impact butterfat, such as heat stress, forages, and 

may be altered in a short period through changing nutritional management. On the other 

hand, protein is more stable and can only be changed by 0.1 to 0.4% over a year (Allan, 

2019). Despite the SNF: BF ratio standard limits the production of other components 

than butterfat, producers can make advances on being perfectly on ratio at 2.35 to obtain 

the most value for the milk. Therefore, dairy farmers should investigate the opportunity 
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to optimize milk components by changing nutritional and management practices to get 

closer to SNF: BF ratio standard to increase their profit.  

8.5 Limitations and Suggestions for Future Research  

A number of important limitations and some suggestions for future research need 

to be noted in this study. First, in this study, the effect of the SNF: BF ratio standard is 

determined by a dummy variable. However, it is obvious that the standard is classified 

as the ratio at 2.35 on a kilogram of solids-non-fat to butterfat produced. It would be 

worth defining the standard as a numerical variable to estimate how much technical 

efficiency can be affected by the standard among each producer.  

Second, in this study, I evaluated dairy farm technical inefficiency using the 

volume of raw milk as the output measure instead of its components. Since one of the 

characteristics of dairy milk is that it contains different attributes such as protein, 

butterfat, lactose, and other solids no-fat, these components individually and jointly 

affect the quality and value of milk and milk products. Many studies (e.g., Das and 

Kumbhakar 2012, Zeng et al. 2016, and Cho et al. 2009) introduced the hedonic 

aggregation function to generate output indices with specific integration into the 

multiple components in milk. A future study could explore the hedonic aggregate output 

function corporate with input distance function to estimate technical efficiency by using 

component amounts as output measures.  

 Last, in this study, the estimates of the parameters of the per-truncated distribution 

of the inefficiency effect term do not provide sufficient information about the influence 

of the policy reform variables and explanatory variables. Future research could compute 
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the marginal effects to quantify the impact of these policy reform variables on the mean 

distribution of the production inefficiency effect for each producer.  
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Chapter A  Appendix 

Table A.1. Pooled OLS, Fixed-Effects, Random-Effects Models for Milk Productivity 

Log of Milk yield per cow 
 (1)  (2)  (3)  
 Pooled OLS 

With Time Effects 
 Fixed Effects  Random 

Effects 
 

 Coeff.  t-ratio Coeff. t-ratio Coeff. t-ratio 

Component pricing change -0.00501 (-0.29) 0.0136 (0.55) -0.0164 (-1.59) 
SNF:BF ratio standard 0.129*** (5.21) 0.111** (2.41) 0.0494*** (3.89) 
Class_6/7 -0.0334** (-2.24) -0.0345*** (-3.06) 0.0361*** (4.48) 
Operator Age -0.000993 (-1.41) 0.0000907 (0.05) -0.000582  (-0.68) 
Education 0.0244 (1.50) -0.0354 (-1.21) 0.0225  (1.28) 
Size 0.000149 (1.63) -0.00148*** (-5.73) 0.000190**  (2.19) 
Sole  -0.0678*** (-3.42) -0.0513* (-1.87) -0.0677***  (-2.96) 
Operating -0.000147 (-0.22) -0.00118 (-0.53) -0.000777  (-0.99) 
Debt-to-Asset 0.0205 (1.28) -0.0276 (-1.44) 0.0200  (0.99) 
South East 0.000703 (0.03) 0.00938 (0.71) 0.0243  (1.11) 
South West 0.0149 (0.65) 0 (.) 0.0182  (0.87) 
Holstein Breed  0.279*** (10.30) 0.154*** (3.38) 0.283***  (7.75) 
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Milking System 0.00427 (0.40) 0.0132 (1.18) -0.00195  (-0.19) 
Feeding System 0.0471*** (2.59) 0.0778*** (2.96) 0.0366*  (1.91) 
Time-fixed effects Yes  Yes  Yes  
Constant 8.724*** (181.29) 9.024*** (86.59) 8.721*** (146.80) 

R^2 0.09  0.15  0.03  
Observations 1482  1482  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 
 
 
1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 
2. The estimations all use robust standard errors. 
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Table A.2. Pooled OLS, Fixed-Effects, Random-Effects Models for Protein Productivity 

Log of Protein yield per cow 
 (1)  (2)  (3)  
 Pooled OLS 

With Time Effects 
 Fixed Effects  Random 

Effects 
 

 Coeff.  t-ratio Coeff. t-ratio Coeff. t-ratio 
Component pricing change -0.0219 (-1.27) 0.0132 (0.54) -0.0251** (-2.47) 
SNF:BF ratio standard 0.125*** (4.91) 0.135*** (3.01) 0.0496*** (3.91) 
Class_6/7 -0.00190 (-0.13) -0.00486 (-0.42) 0.0561*** (7.05) 
Operator Age -0.00103 (-1.43) -0.000876 (-0.47) -0.000520 (-0.52) 
Education 0.0295* (1.73) -0.0487** (-2.06) 0.0289 (1.54) 
Size 0.000137 (1.42) -0.00169*** (-6.89) 0.000191** (2.08) 
Sole  -0.0747*** (-3.59) -0.0200 (-0.89) -0.0741*** (-3.02) 
Operating 0.00000186 (0.00) -0.000588 (-0.44) -0.000652 (-0.82) 
Debt-to-Asset 0.0381** (2.33) -0.00851 (-0.40) 0.0358* (1.68) 
South East 0.000293 (0.01) 0.0189 (1.37) 0.0232 (0.99) 
South West 0.0263 (1.08) 0 (.) 0.0297 (1.31) 
Holstein Breed  0.210*** (7.45) 0.152** (2.56) 0.215*** (5.70) 
Milking System 0.00348 (0.32) 0.0112 (1.05) -0.00860 (-0.80) 
Feeding System 0.0610*** (3.23) 0.0786** (2.20) 0.0474** (2.14) 
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Time-fixed effects Yes  Yes   Yes   
Constant -1.612*** (-32.17) -1.329*** (-12.75) -1.606*** (-24.49) 

R^2 0.1  0.17  0.04  
Observations 1482  1482  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 
 
 
1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 
2. The estimations all use robust standard errors. 
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Table A.3. Pooled OLS, Fixed-Effects, Random-Effects Models for Butterfat Productivity 

Log of Butterfat yield per cow 

 (1)  (2)  (3)  
 Pooled OLS 

With Time Effects 
 Fixed Effects  Random 

Effects 
 

 Coeff.  t-ratio Coeff. t-ratio Coeff. t-ratio 

Component pricing change -0.00926 (-0.57) 0.0212 (1.00) -0.0217** (-2.27) 
SNF:BF ratio standard 0.203*** (8.44) 0.207*** (4.84) 0.0564*** (4.93) 
Class_6/7 -0.0466*** (-3.34) -0.0500*** (-4.29) 0.0404*** (4.90) 
Operator Age -0.00125* (-1.82) -0.00114 (-0.67) -0.000338 (-0.34) 
Education 0.0288* (1.75) -0.0468** (-2.03) 0.0280 (1.52) 
Size 0.0000782 (0.85) -0.00170*** (-6.98) 0.000172* (1.87) 
Sole  -0.0787*** (-3.93) -0.0400 (-1.65) -0.0798*** (-3.54) 
Operating -0.000145 (-0.21) -0.00113 (-0.79) -0.00136* (-1.67) 
Debt-to-Asset 0.0229 (1.48) -0.0221 (-1.03) 0.0215 (0.96) 
South East 0.00792 (0.35) 0.0261** (2.30) 0.0462** (1.99) 
South West 0.0261 (1.10) 0 (.) 0.0300 (1.38) 
Holstein Breed  0.177*** (6.60) 0.158** (2.49) 0.184*** (4.66) 
Milking System 0.00687 (0.67) 0.0145 (1.41) -0.0114 (-1.08) 
Feeding System 0.0680*** (3.78) 0.0722** (2.25) 0.0567*** (2.84) 
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Time-fixed effects Yes  Yes  Yes  
Constant -1.396*** (-29.16) -1.122*** (-11.01) -1.392*** (-21.00) 

R^2 0.13  0.21  0.03  
Observations 1482  1482  1482  

Note: t statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01 
 
 
1. The dependent variable is the natural logarithm of litres of milk yield per cow per year 
2. The estimations all use robust standard errors 
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