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ABSTRACT 

 

 

DO EFFICIENT DAIRY PRODUCERS PURCHASE QUOTA? 
 

 

 

Rebecca Elskamp                 Advisor: 

University of Guelph, 2012                 Professor Getu Hailu 

 

 
This thesis examines the impact of farm level cost efficiency on quota trading in a supply 

regulated industry.  Comparative statics illustrate the role of cost efficiency in quota transfers. 

For estimation purposes, the dependent variable; net quota purchases is specified both 

quantitatively and qualitatively and modelled by a linear regression model and multinomial logit 

model, respectively.  Empirical results indicate that variation in cost efficiency does not have a 

significant effect on the sample producers’ decision to purchase quota.  Meanwhile, quota 

purchasers are younger producers, with large herds, underutilized barn space, and had purchase 

quota in the previous year.  
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Chapter 1 

Introduction 

1.1. Introduction 

Supply managed industries have been subject to controversy over the years due to restricting 

production below competitive equilibrium levels. One of the major criticisms brought forth by 

the Conference Board of Canada is that: “high [milk] prices, profits, and quota values discourage 

inefficient producers from leaving the market” (Goldfarb 2009, 9).  Other recent critics of the 

dairy industry point to the appreciation of quota values exceeding $30,000 per kilogram of 

quota.
1
 High quota values may present significant entry and expansion barriers; severely limiting 

growth of the dairy industry.  

 An additional source of tension in the literature surrounds the appropriate theory to 

explain transfers of quota within supply regulated industries. The importance of firm entry and 

exit as a determinant of competitiveness has been discussed in a wide array of industries:  

manufacturing (Dunne, Roberts and Samuelson, 1988); agriculture (Boehlj, 1992; Bragg and 

Dalton, 2004); finance, insurance and real estate (Troske, 1996).  The majority of the literature 

focuses on the dynamics of firm entry and exit, with less attention on distributional trends of 

production as well as and movement of production among producers within an industry.  

 Examples of distributional trends in the Ontario dairy industry are evident from the 

ongoing decline in the number of farms, and increased herd size, shown in Figure 1.1. Paralleling 

this distributional trend with an active quota market, of which approximately 10% of provincial 

                                                           
1
 One kilogram of quota allows a dairy producer to deliver one kilogram of butterfat per day to provincially licenced 

milk processors.  This is roughly equivalent to the annual milk (butterfat) production of an average dairy cow. 
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quota is transferred annually, suggests continual changes in the composition of the industry 

(DFO 2011).  An added dimension of the Canadian dairy industry is the rigid system of supply 

management. Supply restrictions, administered prices and import controls, shelter dairy 

producers from competitive forces in non-supply managed countries. The stability of the dairy 

industry, in conjunction with the notion that the importance of productive efficiency diminishes 

as competitive pressure of an industry subside, identifies a source of tension in the efficiency 

literature (Fried, Lovell and Schmidt 2008).  This study identifies factors affecting producers’ 

decision to purchase quota.  In particular, cost efficiency is estimated and its influence on quota 

purchases is examined.  

1.2. Economic Problem 

In light of evidence suggesting structural change in the dairy industry, it is not clear if quota is 

moving away from inefficient producers to relatively more efficiency producers.  From a 

competitive perspective, it is desirable for the Ontario Milk Marketing Board, also known as the 

Dairy Farmers of Ontario (DFO), to use a quota exchange that facilitates the movement of quota 

towards relatively more efficient producers.  An industry consisting of inefficient producers is 

worrisome from an industrial viability and consumers’ standpoints.  Continual talks of Canada’s 

involvement in the Trans-Pacific Partnership (TPP) may result in lower tariff levels of dairy 

imports.  Consequences of the multilateral free trade agreement may be detrimental to supply 

management, as the Canadian dairy producers may not be able to compete with cheap imports.    

From a consumer standpoint, inefficient producers are concerning, as the price of milk 

consumers pay will be affected through the cost of production formula used to set the 

administrated price of milk.  
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Figure 1.1  Structural Trends in the Ontario Dairy Industry (1994-2009) 

 

Source: Dairy Farmers of Ontario Statistical Handbook (1994-2010)
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 The literature has been silent on an empirical application of the efficiency theory to 

explain quota transfers (e.g., purchases and sales).  The economic problem that this thesis will 

answer is: does cost efficiency affect producers’ decision to purchase quota through the Ontario 

quota exchange?  The results from this study will be used in two ways: first, illustration of intra-

provincial movement of quota will aid policymakers in better explaining structural changes in 

the industry. Secondly, characterization producers participating in the quota market will help 

policymakers forecast distributional trends of production in the dairy industry in the years to 

come.   

1.3. Research Problem 

The thesis examines the relationship between farm level cost efficiency and quota transfers (e.g., 

buy and sell) through the Ontario quota exchange. Previous literature has alluded to three 

theories to explain the quota purchase decision: capital asset theory; producer lifecycle theory; 

and efficiency theory.  This field of literature primarily concentrates around theoretical 

frameworks, with less focus on empirical applications.  Two empirical examples relevant to this 

thesis, apply quota transfer theories to the European and U.S. dairy industries.  Burrell (1989) 

identifies factors affecting producers’ decision to purchase or lease quota of Welsh and English 

dairy farms.  Similarly, Bragg and Dalton (2002) analyze the exit decision of U.S. dairy farms; to 

identify factors affecting the likelihood that a producer will exit the industry. Results of these 

empirical models are not entirely consistent with theoretical models, motivating further analysis 

in this area to understand intra-provincial movement of production quota within a supply 

regulated industry.   
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 Thus far, the literature has not arrived to a consensus on an appropriate model to explain 

quota transfers within a supply regulated industry. The literature lacks an empirical analysis of 

the efficiency theory:  e.g., whether cost efficiency is a significant factor in determining 

movement of quota among producers.  The majority of literature pertaining to the Ontario dairy 

industry has focused on measuring efficiency and explaining factors that affect efficiency (e.g., 

Weersink, Turvey and Godah (1990); and Hailu, Jeffrey and Unterschultz (2005)).  Missing from 

this field of literature is an empircal analysis of factors affecting quota purchases in the Ontario 

dairy industry. 

 Building upon literature identifying factors that affect firm’s entry, exit and structural 

changes, this thesis fills the research gap with an empirical analysis of the factors affecting 

Ontario producers’ decision to transfer quota. To examine the effects of cost efficiency on the 

decision to trade quota, this study uses farm level data provided by the Ontario Dairy Farmers 

Accounting Project (ODFAP) for the years 2003-2005.  Annual quota sales are subtracted from 

annual quota purchases to calculate the dependent variable of net quota purchases. We measure 

relative cost efficiency of individual farms using DEA benchmarking techniques in a two 

outputs, four input framework. To estimate the relationship between cost efficiency and quota 

transfers (e.g., purchases and sales), two empirical models are estimated; each specifying the 

dependent variable quantitatively and qualitatively. 

1.4. Purpose and Objectives 

The purpose of this thesis is to test whether cost efficiency is a significant factor in 

characterizing net purchasers of quota.  If a significant relationship is identified, the direction of 
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cost efficiency on quota purchases will be further evaluated.  The specific objectives of the thesis 

are: 

 To identify gaps in the literature relating to quota purchases and cost efficiency in the 

dairy industry by conducting a literature review. 

 

 To theoretically examine the effect of heterogonous cost efficiency on quota purchases by 

constructing a conceptual framework to model profit maximization behaviour in a supply 

regulated framework. 

 

 To estimate cost efficiency levels for Ontario dairy producers by applying a non-

parametric programing approach to a rotating panel, consisting of farm level data. 

 

 To empirically examine the effect of cost efficiency on the level and probability of quota 

purchases by regressing cost efficiency on quota purchases of individual producers. 

 

1.5. Hypothesis 

The null hypothesis of the study is that cost efficiency has no effect on producers’ decision to 

buy dairy quota. This null hypothesis is tested against the alternative hypothesis that cost 

efficiency will positively affect producer’s decision to participate in the quota market as a buyer.  

More specifically, as producers increase efficiency levels, the likelihood the producer will 

purchase quota increases.  Alternatively, as a producer becomes exceedingly inefficient, the 

producer will be more likely to sell quota.  
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 The intuition driving the null hypothesis is the characteristics of the supply managed 

dairy industry.  Supply control, administered milk prices and import control contribute to the 

stable environment that Ontario producers operate in.  Supply management provides an 

environment in which producers are not in competition with their peers, removing the 

competitive threat prevalent in non-supply managed industries.   Coupling the stability of supply 

management with the lack of competitive pressure creates an environment that enables producers 

with varying levels of inefficiency to make a profit.   

 The intuition motivating the alternative hypothesis is the theoretical relationship between 

efficiency and producers’ willingness to pay for quota.  An efficient producer will place a higher 

value on an additional unit of quota compared to a relatively less efficient producer.  This higher 

value placed on quota is apparent in the quota market, as producer’s willingness to pay for quota 

dictates the fulfillment of individual bid(s).   

1.6. Outline of Thesis 

The thesis is organized into six chapters.  Following the background and purpose outlined in this 

introduction, Chapter 2 provides a review of supply management and highlights current trends in 

the Ontario dairy industry. Chapter 3 develops a theoretical framework, followed by Chapter 4 

consisting of data sources and descriptive statistics of the variables specified in the empirical 

model.  Chapter 5 reports regression results, diagnostics test for econometric issues and results 

from multiple sensitivity analyses.  Finally, Chapter 6 summarizes the findings, presents 

discussions of policy implications, identifies research contributions and provides suggestions for 

future research.  
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Chapter 2 

Review of the Dairy Industry 

2.1. Introduction 

This chapter provides a brief introduction of the Canadian dairy supply managed system.  The 

three pillars of the system are described in detail to gain an understanding of how supply 

management aligns milk supply with domestic consumption. An introduction of the Ontario 

dairy industry is provided to highlight current trend in the industry.  The focus of the industry 

analysis is on quota movement and recent policy changes affecting quota acquisitions. 

2.2. Review of Supply Management  

Canada’s supply management system provides dairy producers with a fair return and producers 

with high quality milk products at a stable price.  Supply management is based on three pillars: 

producer support prices; border protection; and production quota ( Canadian Dairy Commission, 

The Industry 2010).  Each of these three pillars is critical to ensure that the system operates 

effectively.  To ensure the Canadian dairy industry operates accordingly, the Canadian Dairy 

Commission (CDC) is in charge of two of the three pillars; ensuring fair prices to producers and 

consumers; and to restrict domestic production with domestic demand. The remaining pillar of 

import control is under direct control of the Canadian Federal Government. The next section 

outlines the three pillars of supply management: border control; producer pricing; and production 

quota.   
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2.2.1. Border Protection 

Prior to 1994, while still under General Agreements on Tariffs and Trades (GATT) ruling, the 

Canadian dairy industry was using non-tariff barriers to prevent dairy imports from entering the 

Canadian market.  However, after the implementation of the Uruguay Round Agriculture 

Agreement (URAA) agreement in 1994, Canada replaced all non-tariff barriers with their tariff 

rate quota (TRQ) equivalents.  These TRQ’s were set at prohibitive levels, effectively preventing 

any additional imports above the minimum access amount; e.g., a 299% tariff placed on butter 

imports over and above the allowable minimum access amount.  It is imperative to the supply 

managed system that the TRQ remain high enough to act as a deterrent for prospective importers 

looking to gain access to the Canadian milk market.    

2.2.2. Producer Pricing 

In order to provide producers with a fair, stable market price for their milk, the CDC determines 

support prices for butter and skim milk powder annually. The CDC formulates these support 

prices on a few key elements: national cost of production study; positions of various industry 

stakeholders; dairy processors’ margin; and macroeconomic indicators such as the consumer 

price index (Canadian Dairy Commission, Support Prices 2010).  The CDC weights the major 

components of the formula by the respective weights: 30 percent for consumer price index (CPI); 

40 per cent for producer cost of production; and 30 per cent for personal disposable income 

(PDI).  Provincial milk marketing boards apply support prices to fluid milk within province in 

accordance with provincial pooling requirements.
2
 

                                                           
2
 Milk pools were introduced into the Canadian dairy industry to assist provinces in managing risk.  In addition to 

protecting individual provinces from risk such as changes in domestic milk policy, milk pools also synchronize 
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 In addition to producers gaining from the CDC’s administered milk price scheme, 

consumers also reap benefits.  Canadian dairy consumers are insulated from price fluctuations 

that consumers in non-supply managed countries may be subjected to.  Advantages of this 

pricing scheme also reach Canadian milk processors, in the form of a constant supply of high 

quality, raw milk.  The predictable supply of milk allows processors to schedule appropriate 

equipment and employees to meet processing requirements.  Additionally, the introduction of the 

multiple components pricing scheme in 1992, allowed processors to pay in accordance to the 

composition of the raw milk components: butterfat, protein and other solids.
3
  This pricing 

scheme, in conjunction with the stable price for milk components set by the CDC, allows 

processors to predict prices they will face. 

2.2.3. Production Quotas 

Farm level production quotas are used to control domestic milk supply. Production quotas are 

considered to last indefinitely.  Quotas are transferable among producers through a variety of 

mechanisms and are described in detail in section 2.4.  Production quotas are held by producers 

and provide the right to ship milk to provincially licenced processing plants.  There are two 

broad categories of milk; industrial and fluid. Industrial milk is processed milk, used in the 

production of different products, such as butter and yogurt.  Fluid milk, also known as table milk, 

                                                                                                                                                                                           
regulations across provinces.  In 1996, the six eastern provinces (Prince Edward Island, Nova Scotia, New 

Brunswick, Québec, Ontario and Manitoba) agreed to collaborate together to harmonize several components, 

including multiple component pricing, daily quota system, exchange and pricing schemes.  However, in 1997, 

Manitoba left the P6 and joined the Western Milk Pool (WMP), consisting of British Columbia, Alberta, and 

Saskatchewan (Canadian Dairy Commission, Support Prices 2010).   
3
 Multiple Components pricing (MCP) was implemented in the Ontario dairy industry on January 1, 1992.  All other 

Canadian provinces have adopted the MCP as their method of invoicing processors with the exception of 

Newfoundland.  The long term rational for the MCP is to provide a mechanism for the dairy industry to be more 

market responsive as the demand for various components continues to evolve in the future (Dairy Farmers of 

Ontario 1994-2010).  
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is consumed in an unprocessed form.  During the initial stages of the quota market, dairy 

producers were able to bid on three different types of quota: fluid milk, unused MSQ and used 

MSQ.  Fluid milk quota has historically been the highest valued, due to its perishability.  MSQ 

quota provides producers with a lower price for industrial milk, reflecting the lower demand for 

secondary milk products.  However, since August 1, 1994, the introduction of the pooled price 

came into effect, and producers began to receive a weighted average price for the milk produced. 

The average milk price is based on the end product; ranging from: fluid milk; butter and; cheese, 

etc.   

 The responsibility lies at the national level to efficiently allocate production quotas to fill 

the expected domestic consumption of industrial milk products.  During the original stages of 

supply management, each province was allocated a portion of national industrial milk 

requirements, reflecting historical production patterns.  Each province is then responsible for 

allocating its respective share of the industrial milk requirements to producers, in accordance to 

its own policies.  Alternatively, the responsibility lies at the provincial marketing board level to 

allocate fluid milk production to producers, reflecting changes in provincial demand for fluid 

milk.    

2.2.4. Stability of the Canadian Dairy Industry 

A brief explanation of the perceived political stability of the Canadian dairy industry is valuable 

to understand recent policy changes.  Before the completion of the URAA in 1994, the 

perception of the Canadian dairy industry was highly variable and risky.  In the 1980’s, financial 

institutions only offered loans for quota financing at high interest rates to ensure little or no risk 

to the lending institution.  Loan repayment schedules were strict, and limited to four years.  
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Restricted access to finance reduced the ability for many farmers to increase operation size 

(Barichello 1996). 

 However, following the completion of the URAA, financial institutions began adjusting 

their perceived stability of the Canadian dairy industry.  The change in risk perception has been 

attributed to the implementation of TRQ at prohibitively high levels, solidifying supply 

management within Canada for many years to come.  Barichello (1999) notes that policy risk fell 

from 30 percent to 10 percent within the time period of mid 1980’s to 1990’s (Barichell 1999).
4
 

In response to risk reduction, financial institutions such as Farm Credit Canada (FCC) became 

more relaxed on their issuance of loans for the purpose of quota purchasing.
5
  In addition to the 

increased availability of credit to dairy producers, the introduction of Letters of Directions 

encouraged financial institution to recognize quota as an asset that could be assigned as 

collateral.  The Letters of Directions greatly reduced the default risk of dairy producers, as they 

allowed the DFO to freeze all incoming revenue of the producer(s).  In the presence of financial 

difficulties, this meant financial institutions would be ensured of full payment (Cairnes, Meilke 

and Bennet 2011). 

2.3. Ontario Dairy Industry 

The Ontario dairy industry is an integral part of the Canadian dairy sector, holding over 30% of 

the national market share quota (MSQ), surpassed only by Quebec, with holdings nearing 45% of 

                                                           
4
 Barichello (1999) analysed data from 1980 to estimate the discount rate implied by industrial milk quotas.  

Estimation methods were duplicated to include recent data from Ontario, Quebec, Alberta, and British Columbia.  

Discounts rates for Ontario fell from 30 percent in the 1980’s to 10 percent in 1997.  Similar results occurred in 

Alberta; 36 percent observed during 1985-90 fell to 9.95 percent during the time period of 1996-99. 
5
 FCC is a crown corporation operating at arm’s length of the Government of Canada. The introduction of FCC to 

the Canadian Agriculture Industry was to provide an institution that supplied financial credit to farmers.    
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national MSQ. Ontario is currently one of five eastern provinces that make up P5 provinces.
6
  

Ontario’s milk marketing board, The Dairy Farmers of Ontario (DFO), is responsible for 

regulating the marketing and production of milk produced by Ontario producers.  The DFO is 

owned, operated and markets milk on behalf of all Ontario dairy producers (Dairy Farmers of 

Ontario: About Us 2011) 

2.4. Obtaining Quota in  the Ontario Dairy Industry 

The DFO permits producers to acquire quota through three avenues: monthly quota exchange; 

in-family transfers; and purchase of an on-going operation.  The three mechanisms are inherently 

different, but are closely monitored by DFO. Table2.1 illustrates the proportion of quota 

transferred through the three mechanisms.  Historically, the quota exchange was responsible for 

allocating approximately half of annual quota transfers, followed by within family transfers and 

on-going operations.   

2.4.1. In-Family Quota Transfers 

Transfers of quota may be eligible to bypass the quota exchange, if the quota is transferred to 

immediate family members.  Restrictions imposed upon in-family transfers prevent the 

consolidation of quota between the donor and successor.  A donation of quota from a parent to a 

child is also permitted, however, the family member receiving the quota must produce milk on a 

continuous basis for two years, prior to being able to transfer the quota acquired through the 

donation.  Likewise, the donor of the quota cannot become the successor of the quota licence or 

be legally added to the licence at any time.  

 In 2010, revisions to in-family transfers extended the minimum number of years of 

production prior to transferring the quota to another facility or person from two to five years.  In 

                                                           
6
 P5 Provinces consists of Prince Edward Island, Nova Scotia, New Brunswick, Québec, and Ontario. 
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addition, recipients of quota through in-family transfers were no longer eligible for such transfers 

given any record of past acquisitions of quota through either the quota exchange or ongoing 

purchases.  The DFO implemented these additional restrictions to ensure as many quota sales as 

possible take place over the quota exchange (Dairy Farmers of Ontario, Announcment of Quota 

Policy Revisions 2010). 

2.4.2. Acquiring Ongoing Operations 

The DFO permits the purchase (sale) of quota through a private sale between two registered 

producers, if the fixed assets including barn, milking facilities, land base, and milking herd, etc. 

are purchased in conjunction with the quota.  Prior to transferring quota to a new site, purchasers 

of ongoing operations agreed to ship milk on the newly purchased operation for a minimum of 

two consecutive years.   Recent changes in 2010 imposed further restrictions on quota transferred 

through on-going operations to encourage the use of quota exchange.  More specifically, the 

DFO restricted producers eligible to sell the farm as an ongoing operation to those who have 

produced milk continuously for a period of five years.  Additionally, the time period for which 

the quota obtained through an ongoing purchase must remain on the dairy facilities, increased 

from two to five years, before the owner is allowed to relocate, update the ownership or transfer 

the quota to a new facility (Dairy Farmers of Ontario, Announcment of Quota Policy Revisions 

2010).    

2.4.3. Ontario Dairy Exchange 

Introduced in 1980, the monthly quota exchange is a market administered by the DFO. The 

monthly quota exchange facilitates the transfer of dairy quota between active participants. 
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Historically, the monthly clearing price was freely determined by producers’ supply of and 

demand for quota in that given month.
7
   

Table 2.1 Summary of Ontario Quota Transfers from 1994-2010 

Production 

Year 

Within 

Family 

(kg) 

On-Going 

Operation 

(kg) 

Quota 

Exchange 

(kg) 

Total 

Transferred 

(kg) 

Percentage 

Transferred 

on 

Exchange 

1994/95 10768 746 6439 17953 36% 

1995/96 10484 531 6715 17731 38% 

1996/97 12896 1010 10560 24467 43% 

1997/988 11313 851 14151 26315 54% 

1998/99 10241 1217 9248 20706 45% 

1999/00 15242 1662 13753 30657 45% 

2000/01 11673 1115 10385 23173 45% 

2001/02 12354 587 11826 24767 48% 

2002/03 12747 363 13196 26307 50% 

2003/04 14197 399 12672 27269 46% 

2004/05 15431 244 11200 26875 42% 

2005/06 12721 148 12474 25342 49% 

2006/07 17679 755 7202 25636 28% 

2007/08 14163 799 6007 20970 29% 

2008/09 12138 792 4661 17591 26% 

2009/10 12839 1092 4144 18075 23% 

Source: Dairy Farmers of Ontario Statistical Handbook (1994-2010) 

                                                           
7
 Implementation of the progressive transfer tax in 2006 altered the price discovery nature of the exchange. 

Subsequent policy changes occurring in 2009 further altered the payment structure of the quota exchange.  These 

policy changes are discussed in the upcoming section. 
8
 Amount of quota transferred through quota exchange  prior to 1997/98 have been converted to “daily quota 

equivalent” 
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 Two notable market interventions in the quota market occurring in the recent years have 

been: progressive transfer tax; and price cap, implemented in 2006 and 2009, respectively.  

These two interventions have had major implications for the Ontario quota exchange.  As will be 

discussed in greater detail in the upcoming section, these two interventions severely hindered the 

accurate transmission of the price signals to buyers and sellers. 

2.5. Rising Quota Values 

The purpose of production quotas in the Canadian dairy industry has been to control the amount 

of domestic milk production.  However, since its inception, quota has morphed into a high 

valued capital asset.
9
  In the initial stages of supply management, quota ownership was only 

transferable, with no underlying value. The enforcement of this zero valuation ceased after the 

introduction of the monthly quota exchange in 1980.  The quota exchange facilitated the sale and 

purchase of quota in a market environment.   The value of quota is now able to reflect the stream 

of monthly returns from producing milk within supply management.  

 A common criticism of supply management is the high cost consumers and restaurants 

must bear in response to high prices dairy producers receive (Goldfarb 2009). Figure 2.1 

provides a graphical representation of the net price per hectolitre received by Ontario producers.  

Barichello (1996) has shown that the price for milk, destined for cheese production, was 25% 

higher in Canada than the average prices in the U.S (Barichello 1996).
10

 This high milk price, 

has allowed Canadian producers to generate high rents from milk production under the supply 

management.  It is the high rents, that support producers’ substantial valuation of the “right to 

                                                           
9
 The quota asset has recently been criticized as becoming a capital asset.  As seen by investors, the quota asset 

provides an opportunity for a profitable resale, suggesting that the quota market has been driven up by investor’s 

demand.  This concept will be expanded upon in following sections.  
10

 Barichello compared Ontario and New York prices for milk that was destined for cheese production during the 

1996-1998 time period.  He completed the analysis using an exchange rate of US$.06 = CDN$1 



  

17 

 

produce” milk within Canada (Barichello, Cranfield and Meilke 2009). It is this high valued 

asset that has received considerable attention in previous literature, and has been closely studied 

by numerous studies in the recent years.  

 Figure 2.2 illustrates that, during the 1990’s, the nominal value of one kilogram of 

Ontario dairy quota was stable at approximately $10,000 to $15,000.
11

  Considerable 

appreciation in the value of quota in the years following has resulted in quota being valued at 

over $30,000. The DFO saw this appreciation in quota values as impairment to the viability of 

the Ontario dairy industry. In fear of continual appreciation in value, the DFO intervened in the 

quota market on two separate occasions.  

 One of the first concerns of the rapid appreciation of quota values was the large barrier to 

entry it presented for new entrants as well as hindering the expansion of existing herds.  A 

second concern for the DFO, triggered by the escalating quota values, was the concern of 

producer speculation.  It was feared that producers’ actions of purchasing quota as a capital asset, 

was responsible for driving up the price of quota.  The third concern noted by the DFO, was the 

unfavourable situation in which consumers must bear higher costs for milk products.   Increases 

in milk prices would arise from the need to compensate producers for the increase in production 

costs, resulting from purchasing quota at higher values.  This is a cause for concern, as Canadian 

consumers already pay relatively more for milk products compared to consumers residing in the 

U.S. (Goldfarb 2009). 

                                                           
11

 Prior to September 1994, Ontario quota prices are calculated using a weighted average consisting of the price for 

unused MSQ and used MSQ, weighted by 75% and 25% respectively. 



  

18 

 

Figure 2.1:  Ontario Producers’ Monthly, Nominal Net Returns (1995-2008) 

 

Source: Dairy Famers of Ontario Statistical Handbook (1995-2008)
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2.6. Overview of Policy Changes in the Ontario Dairy Industry 

A plethora of provincial and national policies impact Ontario dairy producers directly: multiple 

components pricing (MCP); as well as indirectly: import tariffs.  Figure 2.3 provides a timeline 

of major policies affecting Ontario dairy producers.  Of these numerous policies, the focus of this 

analysis is on policy changes affecting producers’ decision to purchase quota on the Ontario 

quota exchange. 

2.6.1. Progressives Transfer Tax 

In response to the appreciation of quota value, the DFO intervened into the quota market on two 

separate occasions to prevent further appreciation of quota values. The DFO first implemented a 

progressive transfer tax in 2006 and a price cap of $25,000 in 2009. Under the progressive 

transfer tax (also known as pay-what-you-bid), the resale value of quota was capped at $25,500, 

while bids to purchase quota remained uncapped.   

 To achieve a cap on the resale value of the quota, a tax was imposed on the amount of 

kilograms sold on the exchange.  The implementation of the tax was assumed to provide a 

disincentive for producers purchasing quota for its recent appreciating characteristics.  This tax 

system was not successful in preventing further appreciation of the value of quota.  Quota values 

continued to appreciate; suggesting producer speculation was not the sole contributor to the 

rising value.  The continual rise in quota values triggered a DFO intervention for a second time 

in the quota market in 2009. 
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Figure 2.2 Ontario Nominal Monthly Quota Price 1989- 2010 

 
 

Source: Dairy Farmers of Ontario Statistical Handbook (1989-2010)
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2.6.2. Quota Price Cap 

The current structure in the Ontario quota exchange is a firm cap for both the resale and purchase 

price of quota at $25,000.
12

  Under this market structure, producers are unable to outbid 

competing producers for quota, as the price cap prevents producers from expressing their 

maximum willingness to pay.  The inability of the quota market to accurately transmit price 

signals to buyers and sellers has created a large divergence between supply of and demand for 

quota.  Additional restriction of bid size has been introduced in conjunction with the cap, 

preventing producers from bidding for more than 10% of their existing quota holdings each 

month.   The number of bids and offers per producer had also been restricted to only one per 

monthly quota exchange.   

 Producers’ responses to the added restrictions introduced through the price cap have been 

to flood the monthly quota exchange with hundreds of bids to purchase quota.  On the supply 

side, paralleling the increase in demand is a sharp reduction in offers to sell.  As a result, the 

DFO allocates quota to producers on a pro-rated basis, in attempts to address the large separation 

in the amount of quota up for sale and the amount of quota bid for.  When demand for quota 

exceeds the supply of quota on the quota exchange, the first 50% of the kilograms up for sale is 

allotted equally to each individual producer with a successful bid in 0.1 kilogram increments.  

The remaining 50% of quota is then proportionally allotted to those producers whose bids were 

not completely filled; according to bid size (Dairy Farmers of Ontario: Corporate News 2009). 

 

                                                           
12

 When first introduced on August 1, 2009, the price cap was set at $25,500.  The cap was subject to reduce in value 

by $100 increments for each subsequent month until the value of the cap was reduced to $25,000 on January 1, 

2010. 
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Figure 2.3 Percentage of Quota Transferred Through Quota Exchange (1990-2010) 

 
Source: Dairy Farmers of Ontario Statistical Handbook (1990-2010)
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2.7. Chapter Summary 

This chapter provided a brief review of the components of the Canadian supply managed dairy 

sector.  The three methods available to producers for acquiring quota were described, in addition 

to summary statistics of total quota transfers within the Ontario dairy industry.  A review of 

policies affecting quota transfers was provided, focusing on the progressive transfer tax and the 

price cap. 
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Chapter 3 

Microeconomics Theory of Quota Transfers 

3.1. Introduction 

The objective of this chapter is to provide a theoretical framework to model quota transfers 

among producers.  To begin, three standard theories of quota transfers are explained, followed by 

empirical applications of the theories to European and U.S. dairy industries. Following this brief 

literature review, quota transfers are presented in a profit maximization framework. The concept 

of cost efficiency is introduced, to identify the direction of quota transfers among producers with 

heterogeneous cost efficiency.  Suppliers of and demanders for quota are then classified by 

varying levels of inefficiency.  The conceptual framework will then be applied to quota transfers 

among Ontario dairy producers in Chapter 4, to characterize the buyers and sellers of quota. 

3.2. Standard Theory of Quota Transfers 

The standard theory of quota rental values has been thoroughly analyzed in literature examining 

dairy production under supply management or similar production constraining regulations 

(Coleman  (2000); Guyomard et al. (1996); and Barichello (1996)).  Factors affecting the price of 

quota have been identified by Alvarez, Arais and Orea (2006); however, less attention has 

focused on characterizing producers who are buying and selling quota.  

 There are three basic theories to explain transfers of quota: lifecycle; capital asset; and 

efficiency theory. This thesis empirically tests the latter theory; however, all three theories are 

briefly discussed.  To begin this section, a brief outline of all three theories is provided, followed 

by two empirical examples of literature applying these theories to the dairy industry. 
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3.2.1. Efficiency Theory 

Bureau et al. (1997); Guyomard et al. (1996); Higashida and Managi (2010) describe the effect 

that varying levels of inefficiency will result in mutually beneficial quota transfers between 

producers.  The efficiency theory has been presented through a wide variety of theoretical 

frameworks: profit maximization; cost minimization; and game theory.  The efficiency theory is 

rooted in the availability of a positive value to producers owning quota.  Referred to as the rental 

value of quota, this value consists of the difference in the price of milk and the marginal cost of 

milk production.  Producers with low (high) production costs will have larger (smaller) 

willingness to pay for quota.  Differences in quota willingness to pay, provide producers with an 

incentive to sell to (buy from) producers with higher (lower) willingness to pay for quota, 

generating a mutually beneficial transfer between the two producers.  

 Burrell (1989) examined factors influencing producers’ decisions to purchase and lease 

quota for English and Welsh dairy farms.  Long run and short run marginal costs are used to 

proxy efficiency levels of producers purchasing and leasing quota, respectively.  Through the use 

of a probit model, Burrell identified that quota purchasers are characterized by: lower cost; larger 

herd size; rapid expansion in the previous four years; location; and large portion of family 

labour.  Similarly, leasers of quota were characterized by: lower cost; rapid expansion in 

previous four years; and larger herd size. Results suggest that quota is indeed moving from high 

cost to low cost producers, supporting the “cost efficiency” argument.   

3.2.2. Capital Asset Theory 

An alternative to the efficiency framework builds upon the capital asset theory. Under this 

theory, dairy producers view quota as a financial asset that is characterized by a rapid 
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appreciation value (Boehlje 1992; Burrell 1989). Meanwhile, many financial institutions 

recognize quota as an asset that producers can put up for collateral, to acquire additional 

financial liquidity.
13

  The stream of financial returns from milk production and the financial 

collateral provide an incentive for producers to purchase quota. These attributes of quota provide 

an incentive for producers to purchase quota; not for the underlying right to produce and market 

milk, but for its characterization as an appreciable, financial asset. 

 Applications of the capital asset theory to farm level data in the dairy industry are limited 

in previous literature.  Burrell (1989) touches on the capital asset theory in the discussion of 

regression results.  Results indicated that quota prices were reasonable in the time frame of the 

analysis, given producers’ estimated marginal net return. Coupling this result with the regression 

results indicates producer speculation was not a significant factor in the decision to purchase 

quota. Boehlje (1992) discusses the financial asset theory, in addition to four other theories, in an 

effort to explain structural changes in agricultural industries.  The financial model describes 

producers’ behaviour to maximize revenue, which is a function of annual income and capital 

gains from assets.  Boehlje notes that capital gains on a particular input may offset a portion of 

the cost of acquiring the input.  Consistent with the maximization assumption, producers will 

substitute finances towards the input with capital gains and away from inputs with less or zero 

capital gain.   

 

 

                                                           
13

 In 1996, Farm Credit Canada (FCC);a crown corporation that operates at arms lengths to the Government of 

Canada, relaxed policies on issuance of loans for the purpose of quota purchasing to farmers.  The result of the 

changes policy was that In addition to the increased availability of credit to producers, financial institution began 

recognizing quota as an asset that could be assigned as collateral for additional loans. 
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3.2.3. Producer Lifecycle Theory 

The second alternative theory explaining quota purchases is the producer lifecycle theory.  The 

producer lifecycle theory is rooted in the dynamics of family farms and the intergenerational 

transfer of the farm family business.  During the expansion phase of the owner’s lifecycle, the 

financial requirements of the family and the supply of family labour are increasing.  To meet 

these needs, quota is purchased to expand production, increase family income and provide work 

for family labour.  Near the end of the productive lifecycle, the family unit is less dependent on 

the farm to finance expenditures and to provide employment opportunities.  At this point, the 

producer enters the disinvestment stage of the lifecycle, and begins to reduce investments into 

the dairy operation, as retirement is approaching.    

 An example of literature demonstrating the factors affecting producers’ decision to exit 

the dairy industry has been analyzed by Bragg and Dalton (2004).  A two stage regression 

analysis, modelling the binary choice of producers to exit or remain in the industry is used to 

identify factors increasing the likelihood a producer will exit.  Results of the model confirm the 

inverse relationship of age and quota purchases.  Results from the empirical estimation indicate 

for each year a producer ages, the probability the producer exits the industry increases by 1.14%.  

3.3. Theoretical Model of Quota Transfers  

This section provides the discussion of the model to theoretically represent the efficiency theory. 

This framework theoretically identifies producers’ willingness to pay for quota to be a function 

of the underlying efficiency level.  Efficient producers are shown to be operating at the optimal 

profit maximizing production level, and will not participate in the quota market. Alternatively, 

inefficient producers will want to adjust quota holdings (buy or sell) to achieve a profit 
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maximizing production level.  The degree of inefficiency dictates the producers’ position in the 

quota market as contributing to the demand for or the supply of quota.  This approach closely 

follows similar conceptual frameworks, constructed by Bureau, et al. (1997); Alvarez, Arais and 

Orea (2006); and Guyomard et al. (1996).  This model demonstrates the potential for mutually 

beneficial transfers of quota among producers with heterogeneous efficiency levels through a 

profit maximization framework.   

 The model is first derived under the assumption that all producers in the industry have 

homogenous technology, and all producers are cost efficient.  This model is then relaxed, to 

allow firm level inefficiency.  This extension allows the relationship between firm level 

efficiency and producer’s willingness to pay for quota to be determined. Once established, the 

theoretical relationship between efficiency and willingness to pay will be extended to identify the 

producers composing the demand for and supply of quota in the quota market.  

 Consider a simplified illustration of an industry, consisting of N dairy farm, where 

subscript ( ) represents an individual producer.  Each producer is a price-taker in both the 

variable input and output markets.  Under the regulation of supply management, producers are 

allocated initial quantities of production quota, without reference to efficiency levels.  An 

additional characteristic of supply management is the milk price received by producers is 

assumed to be above the competitive price that would prevail in the absence of supply 

management.  The introduction of the quota market provides producers with the opportunity to 

alter initial quota allocations.  The profit maximizing equation for an individual producer( ) is 

given by equation 3.1: 
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 (        ̅)     
 

,         (     ̅)-                                                              (   )  

         ̅ 

where        output quantity,  ( ) is a well behaved variable cost function,
14   ̅ is a vector of 

fixed input quantities,   is a vector of input prices,   is a vector of output price and  ̅   is the 

initial producer allocations of quota. This constrained profit maximization problem can be 

optimized using the following Lagrangean equation:  

   
   

         (      ̅)    (  ̅    )                                                  (   ) 

 The constrained optimization problem in equation 3.2 models producers’ output decision 

under supply constraints. To remain consistent with the profit maximization framework, 

producers have an incentive to fully utilize quota holdings, to generate maximum rents from 

quota holdings. Therefore, the assumption of binding production constraints is appropriate in the 

context of the supply management, such that      ̅   and    .  Taking the first order 

condition of equation 3.2, it follows: 

  (  
     ̅)

   
   

  (  
     ̅)

   
                                           (    ) 

  (      ̅)

   
   ̅                                                          (    ) 

 Rearranging the first order condition in equation 3.3A, in terms of the Lagrangean 

multiplier (  ), yields equation 3.4.  Equation 3.4 expressed the Lagrangean multiplier as the 

difference between the output price and the marginal cost of milk production.   

                                                           
14

 The assumptions of a well behaved cost function are as follows: non-decreasing in input prices, homogenous of 

degree one in input prices, concave in input prices, and is a continuous as a function of inputs prices (Varian 1992). 
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  (      ̅)

   
                                                                  (   ) 

 Relating this microeconomics term to the dairy industry; (  ) is analogous to the 

additional value a producer can receive for increasing production by one unit. This additional 

value available to the producer is measured in profit, reflecting the profit maximization nature of 

the objective function. Further extension of this additional profit available to the producer can be 

related to output quantity. A characteristic of supply management is the measurement of output 

in kilograms of quota. Relaxing the production constraint by one unit of production is equivalent 

to increasing production by one unit of quota. This extension allows us to interpret (  ) as the 

value a producer will be willing to pay to increase production by one kilogram of quota. 

Intuitively, this interpretation is attractive as a producer who can gain a lot from increasing 

production by one unit, will be willing to pay a high value for that right to increase production.   

 Equation 3.4 is derived under the assumption that all producers are efficient and have 

optimally selected production levels to maximize profits.  Previous literature in the Ontario dairy 

industry has identified inefficiencies among producers, motivating the introduction of an 

efficiency parameter into the constrained profit maximization problem (Hailu, Jeffrey and 

Unterschultz, 2005; Weersink, Turvey and Godah 1990). The next section introduces an 

efficiency parameter to illustrate how efficiency affects producer’s willingness to pay for quota.  

3.4. Heterogeneity in Efficiency 

In this section I relax the theoretical model, allowing for heterogeneity in efficiency.  Koopmans 

(1951) defines efficiency as: “a producer is technically efficiency if an increase in any output 

requires a reduction in at least one other output or an increase in at least one input, and if a 

reduction in any input requires an increase in at least another input or a reduction in at least one 
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output” (Koopmans 1951, 60).  The introduction of an efficiency term will demonstrate the 

theoretical relationship between efficiency levels and quota purchases.  The theoretical results 

will show efficient producers, operating on the frontier will have no incentive to adjust quota 

holdings. Alternatively, inefficient producers, operating on the inside of the frontier will have an 

incentive to alter cost levels; through the adjustment of input or output levels.   

3.4.1. The Concept of Efficiency: A Digression 

Let the feasible production set be represented by ( ), and  (   ) represent a vector of n-inputs 

and m-outputs of the production function, respectively. The following condition states that the 

feasible production possibility set includes the inputs that can produce the given outputs, where 

  is set of real numbers: 

   *(   )       +                                                                 (   ) 

 Under the assumption that producers are exhibiting cost minimization behaviour, we can 

produce a measure of cost efficiency.  Following the distance function approach specified by 

Farrell (1957), cost efficiency can be measured by the ratio of minimum feasible costs 

  (     ̅) to actual costs  (     ̅):  

  
  (     ̅)

 (     ̅) 
                                                                     (   ) 

 where the measurement of cost efficiency is represented by( )and is restricted by (  

   ) . If a producer is operating on the production possibility frontier, with cost line tangent to 

the frontier; the producer will be cost efficient with    .  Alternatively, if a producer is not 

operating on the production possibility frontier, the producer will be inefficient with a value of 



  

32 

 

   .  Rearranging equation 3.6, and taking the partial derivative with respect to output levels, 

it follows: 

  (     ̅)

   
  

   (     ̅)

   
  

                                                                (   ) 

 where, the theoretical minimum and the actual marginal costs are represented by 

   (     ̅)

   
 and 

  (     ̅)

   
 , respectively.  Equation 3.7 illustrates the effects of cost efficiency on 

marginal costs of production. As cost efficiency increase, actual marginal cost will align with 

minimum theoretical marginal cost. At the point that actual marginal cost equals minimum 

marginal costs, efficiency levels are maximized at    . For all other values where    , 

actual marginal costs are larger than minimum marginal costs 

 Recall the first order condition of the Lagrange in equation 3.4.  If we substitute equation 

3.7 into equation 3.4, the first order condition of the Lagrange can be represented by 3.8: 

     
   (     ̅)

   
  

                                                               (   ) 

And 

   

  
 

   (      ̅)

   
  

                                                                 (   )  

 Equation 3.8 illustrates the relationship between cost efficiency and producers’ 

willingness to pay for quota.  The partial derivative in equation 3.9 illustrates the relationship 

between shadow value and cost efficiency.  As a producer becomes more cost efficient, their 

willingness to pay for quota increases. This relationship is consistent with Alvarez, Arais and 
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Orea (2006) and highlights the importance of incorporating cost efficiency along with the rents 

generated from producing milk in an analysis of supply managed industries.   

 Equation 3.8 is ambiguous in determining which levels of efficiency will induce a 

producer to buy or sell quota.  To further analyze this relationship, the next section will extend 

equation 3.8 and model efficient and inefficient producers separately.  Following the 

identification of inefficient producers as the only active participants in the quota market, 

equation 3.8 is further extended to demonstrate the mutually beneficial transfer of quota between 

two inefficient producers.  Two specific cases of efficiency levels are extended, to illustrate the 

direction of quota transfers among producers with varying levels of inefficiency.  

3.5. Direction of Quota Transfers 

This section first introduces two types of producers: efficient; and inefficient.  The first order 

conditions of the efficient and inefficient producers are evaluated separately to identify the 

demand for and supply of quota.  Efficient producers are shown to remain inactive and not 

participate in the quota market, whereas inefficient producers are shown to have an incentive to 

adjust quota holdings through participation in the quota market. This result is then extended to 

include varying levels of inefficiency to evaluate the effect of inefficiency on the likelihood of 

quota transfers (e.g., buy and sell).  This result is further analyzed within the quota market, to 

distinguish the buyers and sellers of quota in terms of varying levels of cost inefficiency. 

3.5.1. Efficient producers 

Modelling an efficient producer’s first order condition, and setting(   ), equation 3.10 

illustrates that efficient producer’s profit maximizing condition:  
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   (     ̅)

   
                                                              (    ) 

 At this optimal level of production, the producer is maximizing profit.  From equation 

3.10, it is clear that the efficient producer has optimally selected the level of production that 

equates actual marginal costs to the minimum theoretical marginal costs. The efficient producer 

has no incentive to adjust (e.g., increase or decrease) quota holdings as their profits will no 

longer be maximized, indicating non-participation of efficient producers in the quota market. 

3.5.2. Inefficient producers 

The first order condition for an inefficient producer, where (   ) is represented in equation 

3.11: 

               
   (     ̅)

   
  

                                                               (    ) 

 The inefficient producers’ actual marginal cost is not equal to minimum theoretical costs. 

This first order condition is unable to clearly define the direction of quota transfers between 

inefficient producers. It is clear that the inefficient producer will want to adjust production 

levels; however the direction of adjustment is ambiguous. Depending on the magnitude of 

inefficiency, the producer may have an incentive to either buy/sell quota, but it is not clear 

through this first order condition.   

 This ambiguous theoretical result motivates further examination into the movement of 

quota between two inefficient producers. I introduce two types of inefficient producers to 

illustrate the potential effects of varying levels of inefficiency on demand for and supply of 

quota. The level of inefficiency will determine if the producers’ willingness to pay for quota is 
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below or above the market clearing price, distinguishing between suppliers and demanders of 

quota. 

 Consider two types of producers; producer L and H with efficiency levels: (  ) and (  ), 

respectively.  Let producer L be near efficient, alternatively, let producer H be very inefficient, 

such that:        . Extending equation 3.7, to include two inefficient producers, it follows: 

  (      ̅)

   
  

   (     ̅)

   
  

                                                         (    )  

  (      ̅)

   
  

   (     ̅)

   
  

                                                          (    )  

 Under the assumptions that the producers are operating on the same frontier, it follows 

that the minimum theoretical costs for both producers are the same, such that: 

   (     ̅)

   
   

   (     ̅)

   
                                                    (    ) 

  Rearranging equation 3.12 and 3.13, and incorporating the relationship of equation 3.14, 

it follow that the relatively more efficient producer (L) has lower marginal costs of production, 

compared to the relatively less efficient producer (H): 

  (      ̅)

   
 

  (      ̅)

   
                                                              (    ) 

 I now extend equation 3.11 to characterize the direction of quota transfers among 

producers with varying levels of inefficiency. Using the relationship in equation 3.15, I extend 

this analysis to examine the effect of extreme levels of inefficiency on producer’s valuation for 

quota. 



  

36 

 

3.5.3. Less Efficient Producer (H) 

Referring back to equation 3.11, the first order condition of inefficient producer H is represented 

by equation 3.16: 

     
   (      ̅)

   
  

                                                               (    ) 

 As the producer H becomes excessively inefficient, the inefficiency parameter will 

approach zero.  The limit of the producer’s marginal costs approaches infinity, as shown in 

equation 3.17: 

   
   

(  
  (  

     ̅)

  
  

  )                                                                (    ) 

 As the producer becomes excessively inefficient, the limit of equation 3.17 becomes 

negative. This represents that as the producer becomes exceedingly inefficient; the marginal cost 

of production greatly increases above minimum feasible marginal cost. Under this scenario, the 

producer’s willingness to pay for an additional unit of quota will become zero or negative, 

indicating the producer is better off to adjust production, than continue at current levels. 

Incorporating this limit into the first order condition, equation 3.18 reveals that any market 

clearing price for quota (    ) will induce producer H to sell quota.  

       *   
  (  

     ̅)

   
+   

                                                                (    ) 

3.5.4. Relatively More Efficient Producer (L) 

The first order condition for the relatively more efficient producer L is represented by equation 

3.19: 
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     ̅)

   
  

                                                               (    ) 

 As this relatively more efficient producer nears full efficiency, the efficiency term 

approaches unity, represented by equation 3.20  

   
   

(  
   (  

     ̅)

   
  

  )                                                          (     ) 

 Equation 3.20 illustrates that as the inefficiency term nears full efficiency, the producer’s 

marginal costs will equal minimum theoretical marginal costs. The producer’s willingness to pay 

for an additional unit of quota becomes positive. Equation 3.21 combines this results with the 

first order condition and depicts a market price for quota (     ) that will induce producer L 

to purchase quota. 

       *   
  (  

     ̅)

   
+   

                                                       (    ) 

 Referring back to equation 3.18 and 3.21, the demand for and supply of quota was shown 

to originate from producer L and producer H, respectively.  In this simplified model, the market 

clearing price will be determined solely by the bids of producer L and H for quota.  Given 

equation 3.15, it follows that the relatively more efficient producer places a greater value on 

quota, compared to the relatively less efficient producer such that: 

                                                                                (    ) 

 Equation 3.22 illustrates that heterogeneity in efficiency levels results in producer valuing 

quota differently.  Under this condition, there will exist a market price for quota that will satisfy 
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both producers and provide the opportunity for mutually beneficial transfer of quota.
15

  Equation 

3.23 represents the market equilibrium price for quota  (  ) that will provide an incentive for 

inefficient producers to adjust quota holdings.   Equation 3.23 confirms the efficiency theory as it 

models the movement of quota away from severely inefficient producers, towards the relatively 

more efficient producers.  

                                                                                   (    ) 

3.6. Chapter Summary 

There appears to be a theoretical gap in the literature linking cost efficiency with quota transfers 

among producers.  This theoretical section derived the relationship between cost efficiency and 

producer’s willingness to pay for quota.  Extension of this relationship to account for varying 

levels of efficiency identified suppliers of and demanders for quota to be inefficient producers.  

Efficient producers were identified as remaining inactive in the quota market, as they have no 

incentive to alter quota holdings.  Depending upon the degree of inefficiency, quota was shown 

to move from inefficient producers to relatively more efficient producers.   

 

 

 

 

 

                                                           
15

 See Appendix A for a detailed derivation of the market price of quota that will satisfy this condition 
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Chapter 4 

Empirical Model and Data 

4.1. Introduction  

This chapter introduces the empirical model to estimate the factors affecting quota transfers.  

Given the nature of the data set, the interpretation of zero valued dependent variables is critical 

to the selection of the empirical model.   Appropriate treatment of zero valued dependent 

variables is described, to provide justification for the selection of a non-censored model.  This 

chapter concludes with an introduction to the two data sets, followed by a detailed description of 

explanatory variables specified in the empirical model.  

4.2. Empirical Model 

To explore the relationship between quota transfers and cost efficiency, the analysis begins with 

ordinary least squares estimation (OLS).  Assuming the error terms follow a normal distribution, 

the OLS model is estimated as follows: 

                    

                                             

                                                           

                                           

where   is a (   ) matrix of estimated coefficients, (k is the number of explanatory variables 

including a constant intercept term),   is a(   ) vector of residuals, and individual producers 

are indexed by (i).  In the linear model, the coefficients are directly interpreted as marginal 

effects of the explanatory variables on the dependent variable.  
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4.3. Treatment of Zeros 

The latent nature of producers’ underlying willingness to pay for quota raises concerns for 

empirical estimation. The DFO data set reports producers’ purchases (sales) of quota in quantity 

and expense (revenue).  However, the data set does not capture all relevant market information, 

as it lacks producers’ bids to purchase (sell) quota.  This data shortcoming concerns estimation as 

the producers’ willingness to pay encompasses rich information, and would have provided an 

explicit source to model the underlying demand (supply of) for quota.   

 According to Heckman (1976), zeros observations appearing in the dependent variable 

may represent variables that are not fully observable.   Concerns surrounding this estimation are 

centered on the interpretation of zeros reported in this dataset.  Zeros in the dataset may indicate 

producers who placed a bid on the Ontario quota exchange, but were unsuccessful.  

Alternatively, the zeros may represent producers’ lack of demand for additional quota, and 

therefore not considered latent. 

 Dow and Norton (2003) present an interesting and relevant discussion on the selection 

criteria to determine appropriate uses of the Heckman selection model.  Their discussion 

highlights the inappropriate use of selection models in the absence of selection bias.  They argue 

that that the sample selection bias only becomes an issue if the research question is concerned 

with the determinants of possible quota purchases.  However, possible quota purchases are of no 

interest to this analysis, as this analysis seeks to characterize actual transfers of quota. 

Establishing the uncensored nature of the dependent variable, allows the use of an uncensored 

estimator. The remainder of this chapter focuses on data description. 
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4.4. Data  

The data used in the study comes from two sources: the Ontario Dairy Farm Accounting Project 

(ODFAP) and Dairy Farmers of Ontario (DFO).  The ODFAP is a joint undertaking of the 

Ontario Milk Marketing Board, Agriculture Canada, the Canadian Dairy Commission, 

University of Guelph, and the Ontario Ministry of Agriculture, Food and Rural Affairs. 

Accompanying the ODFAP data set is a comprehensive data set inclusive of all quota 

transactions in the Ontario dairy industry, compiled by DFO.   

 The DFO data set provides detailed description of all quota activity among Ontario dairy 

producers.  For the purposes of this thesis, the data is condensed to include only details of quota 

transferred among producer via the monthly quota exchange. Transactions are detailed in the 

dataset by quantity and price at which quota was traded.  To maintain the anonymity of the quota 

exchange, are identified through a DFO and ODFAP producer identification number, consistent 

with both data sets.   

 Table 4.1 illustrates the annual kilograms of quota transferred among producers through 

the Ontario quota exchange from 2000 to 2010. The total monthly bids have remained relatively 

constant up until 2009, in which the annual kilograms bid to purchase rose by 77% from 

21,739.24 kilograms in 2009 to 97,106.73 kilograms in 2010.  This significant increase in quota 

bids coincided with a less drastic, but significant reduction in the amount of quota put up for sale 

by producers.  Annual quota sale size reduced from 5,414 kilograms in 2009 to 2,588 kilograms 

in 2010; a 52% reduction in annual offer size. An additional descriptive illustration of quota 

transfers during 2000- 2010 is shown in Figure 4.1. This graph aggregates the three methods of 

quota transfers to illustrate the sharp decline in annual quota transferred after the implementation 

of the progressive transfer tax in 2006.   
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Table 4.1 Annual Quota Transfers through Ontario Quota Exchange (2000-2010).
 16

  

Year Kg Bid For Kg Sold Kg Purchased 

2000 21,529.70 13,182.80 13,076.10 

2001 17,665.70 11,023.70 10,996.80 

2002 24,597.50 11,898.40 11,952.10 

2003 19,649.90 12,946.30 12,887.30 

2004 17,556.40 12,003.80 12,108.10 

2005 16,894.60 11,407.70 11,308.00 

2006 19,036.20 11,756.93 11,575.03 

2007 15,426.39 6,893.64 6,898.79 

2008 14,655.34 5,563.22 5,565.04 

2009 21,739.24 5,414.21 5,380.04 

2010 97,106.73 2,588.14 2,589.92 

Source: Dairy Farmers of Ontario 

  The data collected through ODFAP consists of disaggregated, farm level data, classified 

in over 1,500 variables including sources of cost and revenue.  In addition, the physical structure 

of each farm is described including herd size, milking and feeding technology; providing a brief 

synopsis of each farm in the survey.  The panel of farms surveyed in the ODFAP data set are 

systematically changed annually. Each farm remains in the sample for a maximum of five years; 

however some of the farms enter the sample for a shorter period.  The unbalanced panel of farms 

is regionally stratified to closely represent the industry.  Producers within a region are randomly 

chosen to avoid biasedness of farms voluntarily entering into the sample.  

                                                           
16

 It should be noted that the inequality between the quantity of quota sold and purchased reflects the market clearing 

price process. At the disposal of the DFO is a quota fund that provides the necessary liquidity to equalize the 

kilograms sold and purchased.  On any given monthly exchange, the clearing price may fall on a price where 

kilograms sold are less than kilograms purchased or vice versa.  To ensure that all successful offers to sell and 

purchase are completely filled, the fund is able to make up the difference; where a successful offers to sell 

(purchase) have placed their bid below (above) the clearing price.   This fund provides the DFO with the necessary 

liquidity to purchase (sell) quota when the quantity of quota sold is larger (smaller) than the quantity of quota 

purchased in order to balance the quota exchange.  Also note the November 2006 quota exchange was cancelled. 
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Figure 4.1 Aggregate Quota Transfers in the Ontario Dairy Industry (2000-2010) 

 

Source: Dairy Farmers of Ontario Statistical Handbook (2000-2010)
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  The majority of farms surveyed by ODFAP are quite specialized in milk production; 

however it is common place for farms to include feedlot operations and or speciality crop 

production.   Similar to other studies, this thesis focuses upon farms receiving a significant 

portion of their total revenue from milk production.  Revenue thresholds that have been used in 

previous literature include Alvarez, Arais and Orea (2006); Moschini (1988); Weersink, Turvey 

and Godah (1990); and Boots, Lansink and Peerling (1997), restricting samples to producers 

with a minimum of 90, 70, and 50 percent of total farm income from dairy revenue, respectively. 

This thesis follows past studies by Moschini (1988) and Alvarez, Arais and Orea (2006) and 

restricts the sample of farms to include only producers receiving no more than 10% of their 

revenue from sources other than milk production.   

 Table 4.2 provides a brief overview of characteristics of sample farms included in the 

data set. In 2010, the average age of producer was 49.5, increasing from 47 in 2005. An 

interesting trend is the gradual increase of the quantity of milk sold per cow and herd size during 

the same time period.  Herd size has substantially increased from 54.6 in 2000 to 75.5 in 2010; 

whereas milk sold per cow increased from 7425 annual litres in 2000 to 7853 annual litres in 

2010. Interpreting these two trends simultaneously provides evidence of structural changes in the 

industry. Inferences into this trend may provide evidence of improved genetics, and nutritional 

technologies available to producers.  In addition, these trends are consistent with structural trends 

identified in U.S. dairy farms in which considerable economies of size were identified (Mosheim 

and Lovell 2009).  
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Table 4.2  Descriptive Statistics of ODFAP Sample Farms (2000-2010) 

Year Total Farm 

Revenue 

Total Farm 

Expenses 

Net Income Average 

Producer 

Age  

Milk 

Sold/Cow 

(Litres) 

Average 

Herd 

Size 

2000 $   303,485 $   235,043 $        68,442 45.5 7425 54.3 

2001 $   306,386 $   243,689 $        62,697 46.8 7365 53.8 

2002 $   310,387 $   249,263 $        61,124 47.3 7459 54.8 

2003 $   346,413 $   274,283 $        72,130 46.5 7469 60.1 

2004 $   364,740 $   296,227 $        68,513 46.8 7492 63.1 

2005 $   454,442 $   355,048 $        99,394 47 7842 68 

2006 $   495,852 $   389,512 $     106,340 46.9 7975 69.3 

2007 $   564,019 $   444,374 $     119,645 47 8252 77.4 

2008 $   554,315 $   436,455 $     117,860 47.4 7971 74.6 

2009 $   556,497 $   429,725 $     126,772 49.5 8054 75.5 

2010 $   573,047 $   422,724 $     150,323 49.5 7853 75.5 

Note: Values are the averages of producers within the respective year 

Source: ODFAP Annual Reports (2000-2010) 

 

4.5. Variable Definitions 

This next section describes the variables specified in the empirical model.  These variables are 

motivated by previous literature identifying factors affecting producers’ decision to exit, enter or 

adjust production levels in supply regulated industries.   

4.5.1. Net Quota Purchases (Dependent Variable) 

This study focuses on quota sales and purchases through the Ontario quota exchange. The 

dependent variable of the empirical model is net quota purchases.
17

 To obtain annual net quota 

purchases, purchases and sales from the monthly quota market are aggregated annually, and total 

                                                           
17

 Due to data limitations, the willingness to pay of individual producers is not available. To circumvent this 

limitation, actual quantity of quota purchases and sold are used. Although the theoretical model derives the 

relationship between producer's willingness to pay for quota and cost efficiency, quantity of quota transferred is a 

good proxy to model producer's willingness to pay. 
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sales are subtracted from total purchases.
18

 Table 4.3 provides a brief summary of quota 

transfers.  Quota transfers are categorized into five groups, representing varying sizes of quota 

transfers.  The majority of producers are not participating in the market, indicated by 140 

producers reported in the inactive category.  The largest quantity of quota transferred was 

through purchases ranging in quantity of 1.5 to 10 kilograms, reported for 59 producers.  

Significantly less quota was transferred through quota sales. Only two producers sold quantities 

of quota larger than 10 kilograms, compared to 9 producers selling between 1.5 to 10 kilograms 

of quota.   

Table 4.3 Summary Statistics of Net Quota Purchase Variable 

Net Quota Transfers Number 

of 

Producers 

Average 

Quota 

Transfer 

Minimum 

Quota 

Transfer 

Maximum 

Quota 

Transfer 

Total 

Quota 

Transfer 

Inactive 140 0 0 0 0 

(-1.5) to 1.5 kilograms 18 0.028 -1 1.5 0.5 

1.5 to 10 kilograms 59 4.61 1.8 10 288.11 

>10 kilograms 12 21.74 10.4 39 260.9 

(-1.5) to (-10) kilograms 9 -4.11 -9 -2 -37 

>(-10) kilograms 2 -25 -30 -20 -50 

Total 240 
    

 

4.5.2. Cost Efficiency 

Cost efficiency is estimated using data envelopment analysis (DEA) within a two-output, four-

input production process. Appendix B provides a brief description of DEA method and the 

outlier detection process, respectively.
19

  Emphasis on the importance of incorporating 

producers’ ability to efficiently produce milk is evident in the study by Burrell (1989), whom 

estimates marginal cost into the analysis of quota lease and purchase decision of English and 

                                                           
18

 There was only one producer who reported buying and selling quota in the same year. 
19

 Cost efficiency is measured for the three year time period (2003-2005).  I restrict the analysis to a three year time 

period to ensure the realistic nature of the constant technology assumption of the efficiency estimation. 
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Welsh dairy farms.  Referring back to Koopmans’ definition of efficiency in Chapter 3; an 

efficient producer cannot increase output without increasing the use of one or more inputs.  

Therefore, in terms of inefficiency, inefficient producers have sub optimally selected the correct 

input bundle, give the output level and has an opportunity to increase revenue.  The cost 

efficiency variable will capture the size of the margin the producer attains from maximizing 

profits by optimally selecting correct output and input levels.  Table 4.4 reports summary 

statistics of the cost efficiency variable.  Interestingly, the largest portion of quota transfers came 

from the 55% of producers with efficiency levels ranging from 70-89%.   

Table 4.4 Summary Statistics of Cost Efficiency 

 

Cost Efficiency Number of Producers Aggregate Net Quota 

Purchases 

Percentage of Total 

Net Quota Purchases 

 100% 8 21.3 5% 

90-99% 13 40.7 9% 

80-89% 24 87.1 20% 

70-79% 47 145.3 33% 

60-69% 55 4.7 1% 

50-59% 60 120.7 27% 

<50% 33 26.3 6% 

Total 240 446.1 1 
 

 

4.5.3. Past purchasing behaviour 

Produces are faced with substantial financial concerns during the quota purchase decision.    The 

high cost of quota and additional cost of increasing milk production (e.g., purchasing additional 

lactating cows, and increasing nutritional requirements) contributes to the large financial burden.  

As a result of these high costs, the majority of producers are heavily leveraged through financial 

institutions.  To lessen the financial burden of production expansions, producers may opt to 

incrementally increase production over a few years, rather than acquire large debt levels at once.   
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 This long term approach to production expansion may be further embedded in the 

purchasing decision due to the positive reinforcement producers receive.  A producer who has 

successfully increased production in the past may strive for additional expansion due to positive 

feedback received. Successful integration of new management practices (e.g., hires an additional 

employee, integrate new feeding and or breeding practices into larger herd) will enforce positive 

performance to producers.  

 Following previous literature (e.g., Burrell 1989), expansion dummies are created to 

capture previous purchasing behaviour.  Implicit quantities of quota bought (sold) in the previous 

year are calculated by dividing expense (revenue) reported from the previous year by quota 

prices. Further transformation of the implicit net quota purchases into a percentage of ending 

quota holding from the previous year is shown below: 

                                  (
                     

           
) (                 )

   

 Thresholds of: less than -15%;-15 to-2.5%; -2.5 to 2.5%; 2.5-15%; and greater than15% 

are used to categorize past quota adjustments into rapid exit, exit, maintain, growth and rapid 

growth categories modeled through dummy variables respectively.
20

  A detailed description of 

previous growth dummy variables and additional control variables are provided in Table 4.5. The 

previous growth variables are specified in Table 4.5 as an interaction term of the binary dummy 

variable and the calculated growth rate from the previous year to increase the economic 

interpretation of the summary statistics.  

 

                                                           
20 According to Veeman and Gray (2010), structural and productivity increases have resulted in significant increases 

to milk production per cow.  An increase in 43% of milk productivity per cow was cited between 1991 and 2007.  

Assuming a constant growth rate over this time period, a 2.5% an annual increase in milk productivity per cow was 

calculated.  This annual increase in milk production per cow is used to construct categories to evaluate past quota 

purchases and sales (Veeman and Gray 2010).   
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4.5.4. Price of Quota 

The price of quota is specified in the model to control for price variability.  When price data was 

available, an implicit price for the quota was calculated by dividing the quota revenue (expense) 

by the quantity of quota sold (bought). However, for producers that did not purchase or sell 

quota, price information was not available from the ODFAP dataset. To overcome this data 

limitation, the average quota price is taken from the DFO data set and used as a proxy for the 

price of quota these producers would have faced in the quota market.
21

  

 In addition to modelling market signals, the price of quota may also encompasses 

provincial and national dairy policies affecting producers.  Examples of such policies may be: 

national increases in MSQ, national political stability of supply management, and provincial 

allocation of “quota days,” during periods of reduced production.  

Table 4.5  Summary Statistics of Explanatory Variables 

Variable Units Minimum Mean Maximum 

Cost Efficiency Percentage 0.26 0.66 1.03 

Producer Age Years 24 46.48 72 

Underutilization Percentage 0 0.22 0.68 

Quota Price Canadian Dollars $23,950 $27,064 $29,600 

Herd Size Number of head 19 61.6 290 

Exit Rate Interaction Term -0.14 -0.07 -0.004 

Rapid Exit Rate Interaction Term -0.70 -0.34 -0.004 

Growth Rate Interaction Term 0.03 0.07 0.15 

Rapid Growth Rate Interaction Term 0.15 0.23 0.86 

Maintain Rate Interaction Term -0.02 0 0.02 

 

 

                                                           
21

 Despite the loss in variability that occurs during the averaging process, the general trend of price appreciation is 

still maintained and provides the necessary information to incorporate the price of quota into the decision to 

purchase additional quota. This approach was deemed not too distorting as the alternative was omitting the price of 

quota altogether for producers. 
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4.5.5. Producers’ Age 

Producers’ age is used to control for years remaining in the producers’ planning horizon. 

Referring back to the producer lifecycle introduced in Chapter 3, producers’ decision to purchase 

quota will coincide with growth of the family business. As producer age increases, the producer 

enters the disinvestment stage of the lifecycle (Bragg and Dalton 2004).  Quota purchases in this 

stage will be sparse, as the time available to repay the debt and earn sufficient returns from the 

quota investments is limited. This theory is confirmed by the statistics in Table 4.6.  The 

majority of quota purchases occur in the range of producers aged 40-49 years.  A significant 

decline in quota purchases occur as age increase, with zero purchases reported for producers over 

the age of 70. 

Table 4.6 Summary Statistics of Producers’ Age 

Age 

 

Number of 

Producers 

Total Net Quota 

Purchases 

Percentage of Total Net 

Quota Purchases 

>70 3 0 0 

60-69 16 19 4% 

50-59 63  93.2  21% 

40-49 110 265.2 59% 

30-39 37 46.6 10% 

<30 11 22.1 5% 

Total 240 446.1 1 

 

4.5.6. Herd size 

Herd size is specified at the beginning of the current year.  Herd size may capture improved 

access to finance.  With the recognition of financial institutions accepting quota as collateral, 

dairy operations with larger quota holdings may have greater opportunity to borrow funds.  Herd 

size may also be capturing the ongoing structural trends in the Ontario dairy industry. During the 

time period 2000- 2010, average herd size increased from 54.6 to 74.5, while the number of 
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producers declined from 6395 to 4189; an annual decline of 4.13% (DFO Statistical 

Handbook).
22

  Interpreting these two trends simultaneously depicts an interesting consolidation 

in the industry.  

 Table 4.7 reports summary statistics of the herd size variable used in this analysis.  The 

largest portion of quota transferred was reported for producers with herd size above 150. The 

largest number of producers are characterized in the 25-49 herd size category; containing 119 out 

of 240 producers.  However, this group only purchased 19% of total quota transferred during 

over the course of this analysis. 

Table 4.7 Summary Statistics of Herd Size 

Herd Size 

 

Number of 

Producers 

Total Net Quota 

Purchases 

Percentage of Total Net 

Quota Purchases 

>150 12 175.2 39% 

125-150 2 15 3% 

100-124 12 69.3 16% 

75-99 24 17.2 4% 

50-74 63 72.1 16% 

25-49 119 85.1 19% 

<25 8 12.2 3% 

Total 240 446.1 1 

 

4.5.7. Barn Utilization 

 A dairy facility represents a significant sunk (fixed) cost in dairy production.  To minimize 

production cost per cow, milk producers have an incentive to reduce fixed costs per head by 

increasing production to full capacity.
23

  The barn underutilization variable is expected to capture 

the high opportunity costs of underutilized dairy facilities. This variable is constructed as a ratio 

                                                           
22

 Growth rate is calculated under the assumption of a constant rate over the ten year time period. 
23

 This logical connection does however require the assumption that producers will want to fill quota 100%.  This 

assumption can be argued not to be consistent with actual producer behaviour as the implementation of quota credits 

allowing producers to bank unused quota for a maximum of 30 days.  However, the rational for the use of 

underproduction credits are to assist producers during short term fluctuations in production, due to weather, etc., not 

for long term production decisions.  Therefore, producers can be assumed to strive to fill quota holdings fully.  



  

52 

 

of beginning quota holdings to the maximum barn capacity.   In the empirical analysis, barn 

underutilization variable is specified as one minus the underutilized ratio. This specification 

increases the economic interpretation of the variable and suggests producers with 

underutilization barns will have an incentive to purchase quota. The calculation of this variable is 

as follows: 

                          
               

                     
 

4.6. Chapter Summary 

This chapter introduced and described the variables to be used in the empirical model.  Nine 

explanatory variables were identified as factors affecting quota transfers. The variables included 

in the model are selected based on previous literature as well as availability of data. The 

summary statistics of the explanatory variables provides some indication of the magnitude and 

range of each variable.   
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Chapter 5 

Results 

5.1. Introduction 

This chapter presents the results of the regression analysis.  Findings suggest cost efficiency is 

not a significant factor in the quota purchasing decision.  Diagnostic tests are performed to 

address econometric issues of: endogeneity; heteroskedasticity; multicollinearity; and error 

distribution.  Following the appropriate corrections to the empirical model, a sensitivity analysis 

of variable specifications is presented.  The sensitivity analysis suggests the results are robust to 

alternative variable specification.  

5.2. Parameter Estimates of the Regression Model 

Table 5.1 provides ordinary least squares (OLS) parameter estimates. The results from the OLS 

model indicate that cost efficiency is negative and statistically insignificant at the 10% 

significance level, indicating producers’ efficiency levels do not influence the likelihood of net 

quota purchases. The additional control variables specified in the model have the expected signs, 

with mixed levels of significance.  Barn underutilization rate, previous growth and herd size are 

statistically significant at the 5% significance level, whereas the producer’s age is statistically 

significant at the 10% significance level.  Producer age has a negative effect on producers’ 

decisions to purchase quota, indicating that young producers are more likely to purchase quota 

and expand milk production. Herd size, previous quota purchase and barn underutilization have 

positive effects on quota purchases.  Dummy variables for previous exiting and previous rapid 
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exiting, in addition to quota price are statistically insignificant.  The next section provides detail 

of the econometric tests and corrections made to the empirical model.   

Table 5.1 OLS Estimation Results on Net Quota Purchase 

Model 1 (Base OLS) 

 Coefficients 

Intercept -2.41 (-0.32) 

Cost Efficiency -3.52 (-1.42) 

Price of Quota 1.52E-04 (0.58) 

Age -0.07 (-1.66)* 

Capacity 4.69 (2.32)*** 

Exit Dummy -1.89 (-1.19) 

Grow Dummy 1.83 (2.10)** 

Rapid Grow 7.29 (4.95)*** 

Rapid Exit -0.93 (-0.30) 

Herd Size 0.06 (7.25)*** 

    0.30 

Sample Size 240 
*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively. 

Figures in parenthesis are test statistics 

 

5.2.1. Endogeneity 

One of the assumptions of the OLS estimator is zero correlation between explanatory variables 

and residuals. Violations of this assumption will bias the OLS estimations asymptotically 

(Kennedy 2008).
24

  The explanatory variable that is correlated with the error term is termed 

endogenous; when no such correlation exists, the explanatory variables is said to be exogenous. 

There are four traditional situations in which endogeneity may arise: 1) measurement error in 

explanatory variables, 2) simultaneous equation models, 3) omitted variables that are correlated 

with explanatory variables, and 4) inclusion of a lagged, dependent variable as an explanatory 

variable. 

                                                           
24

 For a full derivation of the biased OLS estimation process, see Appendix C 
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 Regardless of the cause of endogeneity, correlation of the regressors and error terms 

results in a biased OLS estimator. The bias occurs because the OLS estimator incorrectly assigns 

“credit” to the explanatory variables in the presence of endogeneity.  Bias is not confined only to 

the endogenous variable, but will occur in all other explanatory variables.  

 Apprehensions surrounding the modelling of cost efficiency arise due to the uncertain 

relationship between cost efficiency and quota transfers. Cost efficiency is an annual measure, 

calculated in the same time period as producers’ decisions to transfer quota.  For this reason, it is 

hard to determine the causality between these two variables. For example, a producer who makes 

significant adjustments to quota holdings will require a transition period to integrate the quota 

adjustments into the existing operation. This transition period will result in a reduction (increase) 

in cost efficiency levels, in response to significant purchases (sales) of quota. Due to the annual 

nature of both cost efficiency and quota transfers, it is difficult to identify the causality, 

warranting investigation into the possible simultaneous relationship between these two variables. 

5.2.2. Instrumental Variable (IV) Estimation 

The instrumental variable estimation (IV) procedure is one of the most common solutions 

employed to correct for endogeneity.  The IV estimator exploits the relationship between the 

classical linear regression model through the inclusion of an additional variable(s) (Kennedy 

2008).  One of the characteristics of this additional “instrument,” is that it is correlated with the 

explanatory variable of interest.  But the instrumental variable itself does not belong in the 

matrix of explanatory variables (Hausman 1978).  

 Previous literature has alluded to the over capitalization and high debt levels of Canadian 

farms (Brinkman 2002). Weersink, Turvey and Godah (1990) estimated a negative and 

significant effect of debt to asset ratio on technical efficiency, indicating the inverse relationship 
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may result from constrained allocation decisions in the presence of higher debt. To reflect 

potential overcapitalization in milk production, mean asset per cow is used as an instrument for 

cost efficiency.  This variable is calculated as the beginning asset levels of each farm, divided by 

beginning herd size: 

                            
                      ( )

                    (    )
 

 Asset level per cow is highly correlated with cost efficiency and only slightly correlated with net 

quota purchases, measured through a simple correlation matrix with values of -38% and 2% 

respectively.  

 Success of the IV estimation process depends upon the appropriate selection of the 

instruments.  An F-test of the joint significance of the instrument in the first stage regression is 

computed to test for the strength of the instrument. For a single endogenous variable, a common 

rule of thumb to identify a weak instrument presented by Stock , Wright and Yogo (2002) is an 

F-test statistic below 10. The calculated F-test statistic is 38 and the null hypothesis is rejected 

with a p-value <0.001 and degrees of freedom (1 and 230); alleviating any concern in the 

strength of the selected instrument.  

 The Hausman test uses both OLS and IV models and statistically compares the 

coefficients (Hausman 1978). Under the null hypothesis, the two estimators are both consistent; 

however the OLS variance is more efficient.  If the two estimators are significantly different, the 

null hypothesis will be rejected in favour of the alternative, stating that the errors are 

contemporaneously correlated with the explanatory variables.  The Hausman test statistic is as 

follows: 

(        ) , -  (         ) 

         ̂   
  ((     )    (   )  ) 
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 The Hausman test statistic is distributed chi-squares with degrees of freedom equal to the 

number of variables that are suspicious of being endogenous.  At the 5% level of significance, 

we fail to reject the null of statistically significant correlation between regressors and the errors, 

in favour of using the OLS estimator. IV estimation results are still reported for completeness in 

Table 5.2. 

Table 5.2 Instrumental Variable and Robust OLS Estimation 

  Model 2 

IV Estimation 

Model 3 

OLS Robust 

 Coefficient Coefficient 

Intercept -2.53 (-0.26) -2.41 (-0.25) 

Cost Efficiency -3.37 (-1.21) -3.52 (-1.62) 

Price of Quota 1.53E-04 (0.42) 1.52E-04 (0.41) 

Age -0.078 (-1.73) * -0.07 (-1.73) * 

Capacity 4.67 (2.21) ** 4.69 (2.27) ** 

Exit Dummy -1.89 (-1.51) -1.89 (-1.49) 

Grow Dummy 1.82 (1.83) * 1.83 (1.89) * 

Rapid Grow 7.27 (3.06) *** 7.29 (3.03) *** 

Rapid Exit -0.92 (-1.03) -0.93 (-1.04) 

Herd Size 0.06 (3.63) *** 0.06 (3.65) *** 

    0.30 0.30 

Sample Size 240 240 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively. 

Figures in parenthesis are test statistics 

 

5.2.3. Additional Econometric Tests 

The residuals from the OLS model are plotted to visually detect any systematic variation in the 

distribution of the errors (See Appendix D).  This visual inspection is an elementary test, but 

provides a good indication of any patterns exhibited in the errors.  The plot reveals no strong 

pattern in the distribution of the errors; however, we subject the error distribution to a stronger 

test, to ensure the variance of the errors is constant across observations.  A Bresuch Pagan (BP) 



  

58 

 

test is performed to determine the presence of systematic movement in the error terms.  The BP 

test failed to reject the null hypothesis that the error terms are homoscedastic at the 5% level.   

 To be confident that we are not committing a type 2 error, a complimentary Goldfeld-

Quandt (GQ) test is performed on the residuals to determine the presence of proportional 

variation of the error distribution.  The data is first ordered by the absolute value of the 

dependent variable and plotted (See Appendix D.2.).  At the 5% significance level, the null 

hypothesis of homoscedastic errors is rejected in favour of proportional heteroskedasticity.  

White’s heteroskedastic-consistent covariance matrix is applied to correct for the 

heteroskedasticity problem and results are reported in Model 3 of Table 5.2 (White 1980). 

 To check for multicollinearity among the explanatory variables, a simple correlation 

matrix of the explanatory variables is constructed.  A high correlation of 0.8 is used as a rule of 

thumb to suggest the presence of harmful correlation between the two respective variables 

(Kennedy 2008).
25

  A more formal test to detect multicollinearity is the variance inflation factor 

(VIF) test. The VIF test statistic is computed as:  

     
 

(    
 )

 

A high VIF value indicates an explanatory variable can be explained well by all the other 

explanatory variables. Table 5.3 reports the calculated VIF values for the explanatory variables.  

A rule of thumb suggested by Belsley, Kuh and Welsh (1980) for harmful collinearity is a 

VIF>10, and indicates the presence of linear dependencies among explanatory variables.  

Adhering to this benchmark, the presence of multicollinearity is no longer a concern.  

 Concerns surrounding the distribution of the error terms are warranted as a large number 

                                                           
25

 See Appendix E.1 for a complete correlation matrix. 
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of producers are clustered at zero and multiple observations are located in the outer tails of the 

distribution.  A statistical test for normality of the error terms is conducted using the Jarque-Bera 

Test.  The Jarque-Bera test is based upon two measures: skewness and kurtosis, measuring the 

symmetry of the residuals around zero and the peakedness of the distribution respectively.  The 

null hypothesis of normal errors is rejected, in favour of the alternative with a p-value <0.001. 

Table 5.3  Variance Inflation Factor Test Statistics 

Variable Variance Inflation Factor 

Cost Efficiency 1.26 

Price of Quota 1.05 

Age 1.17 

Capacity 1.16 

Exit Dummy 1.04 

Grow Dummy 1.16 

Rapid Grow 1.11 

Rapid Exit 1.03 

Herd Size 1.25 

 

 Kennedy (2008) highlights the drawbacks of OLS estimation in the presence of fat tails.   

The squared errors terms in the OLS estimator become very large, and result in wide swings of 

parameter estimates.  To address this issue surrounding the error distribution, Kennedy first 

suggest identifying influential observations.  The reason to identify influential outliers is to 

ensure measurement error is not to blame. If influential observations remain after this 

examination, the selection of an alternative estimator should be pursued.
26

  A thorough analysis 

of dependent variable distribution highlights the categorical nature of the data.  The underlying 

decision of the producer to participate in the quota market is three tiered; remain inactive, buy or 

                                                           
26

 An outlier detection test was performed on the OLS residuals.  Five outliers exceeding absolute value of 20 were 

specified with dummy variables.  A Jarque–Bera test was re-calculated with the new residuals from the regression 

including the outlier dummy variables.  The null hypothesis of normal error was again rejected, with a p-value of 

zero.   
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sell. In light of this categorical nature of net quota purchases, we focus the remainder of the 

analysis on the multinomial logit model.  

5.3. Multinomial Logit Model 

In this section, quota transfers are specified as a qualitative dependent variable.  The dependent 

variable is classified as: 1 for net purchasers; 2 for net sellers; and 0 for non-participants.  Of the 

240 observations, 80 are net purchasers, 20 are net sellers, and the remaining 140 are categorized 

as inactive. Table 5.4 provides a brief summary of the categorical dependent variable in terms of 

the continuous independent variables. Net purchasers of quota are shown to have an average cost 

efficiency score of 69%, compared to net sellers with average cost efficiency levels of 64%.  

This difference in efficiency levels between buyers and sellers motivates the specification of the 

MNL, to test whether this difference is statistically significant. 

Table 5.4 Summary Statistics of Net Quota Purchase Variable 

 Number of 

Producers 

Cost 

Efficiency 

Barn Under 

Utilization 

Herd 

Size 

Age Net Quota 

Purchases 

Sample 240 65.7% 21.7% 61.63 46.51 1.83 

Net Buyers 80 69.2% 21.8% 75.18 44.68 6.76 

Inactive 140 63.9% 21.5% 54.29 47.74 0.00 

Net Sellers 20 64.1% 22.0% 58.50 44.95 -4.75 

  

 The selection of alternatives is driven by the valuation each individual places on quota. A 

producers’ valuation for additional quota may be derived from increased revenues (quota 

purchase), or from a reduction in costs (quota sale).   The valuation a producer places on quota is 

a continuous variable that is not observed (  
 ).   However, the producers’ behaviour that is 
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observable is the producer’s participation in the quota market; indicated by the following discrete 

variable (  ) :   

    {

        
 
 

  

        
 
 

  

        
 
 

  

 

 The introduction of explanatory variables varying among alternative outcomes is 

represented by (  ) to explain the individual’s selection of alternatives.  The vector of    varies 

across individuals, and remains constant among alternatives; however the parameter   varies 

across alternatives. Assuming that (  ) follows a standard logistic distribution, we can estimate 

coefficients through a cumulative probability function to calculate the probability that an 

individual will choose a specific outcome.  Let   represent the outcome where:(       ) 

 (    |  )   
      

        
 

The maximum likelihood function for the MNL model in which the subscripts (i, j, k) represent 

the individuals who select alternative 1, 2 and 0 respectively; where category 0 is specified as the 

reference group is represented by:
27
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 The MNL model is estimated using maximum likelihood in the [R] statistical package. 

Marginal effects were calculated at the sample mean, and are reported in Table 5.5.  White’s 

correction for heteroskedasticity was applied to the MNL model estimation and robust marginal 

                                                           
27

 MNL estimation requires one of the categories to be set as the reference group.  This reference group will not be 

directly computed but the estimated coefficient can be recovered with the use of algebra.  Therefore, we set      

and the remaining coefficients will be measured relative to inactively on the quota exchange (when j=3).  
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effects are reported.   The signs of coefficients in the MNL model are consistent with that of the 

OLS model; however significance levels vary across the two models.   The coefficient on cost 

efficiency remains negative and statistically insignificant. All other explanatory variables 

maintain their sign and significance level with exception of age and previous growth dummy.  

Estimations from Model 3 report a positive sign on previous growth and a negative sign on age, 

both significant at the 10% level.  Estimation under the MNL model, reported significance levels 

of 5% and 1% for age and previous growth coefficients respectively. 

Table 5.5 Marginal Effects of the Multinomial Logit Model 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities 0.583 0.333 0.083 

Cost Efficiency 0.1 (0.49) -0.07 (-0.38) -0.03 (-0.25) 

Price of Quota 1.15E-06 (0.05) 1.28E-05 (0.59) -1.39E-05 (-0.89) 

Age 0.01 (2.79) *** -0.01 (-2.33) *** -0.002 (-1.14) 

Capacity -0.23 (-1.35) 0.33 (2.08) ** -0.1 (-1.08) 

Exit Dummy -0.14 (-0.94) -0.20 (-1.95) ** 0.33 (2.33) *** 

Grow Dummy -0.25 (-3.26) *** 0.28 (3.69) *** -0.03 (-0.74) 

Rapid Grow -0.45 (-4.18) *** 0.54 (5.05) *** -0.09 (-4.84) *** 

Rapid Exit 0.01 (0.04) 0.08 (0.35) -0.08 (-4.87) *** 

Herd Size -0.002 (-2.49) *** 0.002 (2.63) *** 0.0002 (0.83) 

Pseudo    0.1524 

Sample Size 240 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Figures in parenthesis are test statistics 

 

5.4. Interpretation of Marginal Effects 

The coefficients of the MNL model have little interpretative ability.  Rather, qualitative models 

are commonly interpreted by their marginal effects. The marginal effect of a coefficient reports 

the relative change of the dependent variable, given a one percent increase in the explanatory 

variable and are reported in Table 5.5 at the means of the data. 
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 Inconsistent with the theory and previous literature is the insignificant sign on cost 

efficiency.  Although Burrell (1989) has alternative specifications of efficiency, her results 

support the efficiency argument.  Burrell specified long run marginal cost to model quota 

transfers and empirical results of the probit model indicated quota was moving away from high 

cost producers and towards relatively lower costs producers.  In light of this alterative 

specification, results of this thesis do not support the efficiency theory as cost efficiency was not 

a statistically significant factor in determining quota transfers.  Inconsistent results of these two 

empirical models may be explained by the variables specified to model the efficiency theory.  

Long run marginal cost of production (specified by Burrell, 1989) may encompass: technology; 

scale of operation; environmental factors; and efficiency, whereas this thesis only modelled the 

latter component. 

 As the age of the producer increases by one percent, the probability the producer will 

purchase quota declines 1%. This inverse relationship is consistent with literature, supporting the 

lifecycle theory.  A logit analysis of factors affecting producers’ decision to exit U.S. dairy 

industry, suggest producers were 1.14% more likely to exit given a 1% increase in age (Bragg 

and Dalton 2004).  Results of herd size are consistent with Burrell (1989), suggesting a positive 

relationship between herd size and quota purchases.  A one percent increase in herd size will 

increase the likelihood of quota purchases by 0.2%.  Additional factors found to increase quota 

purchase were barn underutilization and previous quota purchasing behaviour. A one percent 

increase in barn capacity underutilization increases the likelihood of quota purchases by 33%.  

 The interpretation of the statistically significant dummy variables is slightly different 

from that of continuous variables.  A producer changing from maintenance (base category) to 

growth behaviour in the previous year will have a 28% increase in the probability of purchasing 
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quota.  Similarly, if a producer altered previous purchasing behaviour from maintenance to rapid 

growth, the likelihood of quota purchases increases by 54%.  This identified momentum in quota 

purchases are consistent with Burrell (1989), who reported positive effects of rapid expansion 

during the four previous years on the likelihood of quota purchases in an analysis of Welsh and 

English dairy farms. 

5.5. Sensitivity Analysis 

To determine the impact of different thresholds used in calculating previous purchasing 

behaviour, a sensitivity analysis is performed.  Six different scenarios are specified with lower 

thresholds of 1.5%, 2.5%, 3.5% and upper threshold values of 10%, 15%, and 25% in Table 5.5. 

Table 5.6 reports the marginal effects of the sensitivity analysis on net purchasers of 

quota. The majority of the coefficients are not affected by the adjustments made to the threshold 

values. Cost efficiency, age quota price, herd size, growth, rapid growth and barn 

underutilization all retain their sign and significance level in explaining net quota purchases, in 

all different scenarios. However, under the specification of 10% and 35% for the upper 

threshold, significance levels change for exit and rapid exit dummies, respectively.  Under the 

base model specification of 2.5% and 15%, the exit coefficient was negative and insignificant, 

however as the threshold changed from 15% to 10% (scenario 2), the coefficient became 

statistically significant at the 5% level.  For all alternative scenarios, the exit coefficient 

remained insignificant. Similarly, the rapid exit coefficient changed significance levels under 

different specifications of the upper threshold.  For the base model, the coefficient on rapid exit 

is negative and statistically insignificant.  Under the two scenarios, given values of the upper 

threshold as 25% (Scenario 3&5), the coefficient remains negative and becomes statistically 

significant at the 1% level. 
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      Table 5.6  Sensitivity Analysis of Lower and Upper Threshold on Past Purchasing Behaviour Dummy Variables 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            *, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

            Figures in parenthesis are test statistics

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Lower 

Threshold 

1.50% 2.50% 2.50% 3.50% 3.50% 1.50% 

Upper 

Threshold 

15% 10% 25% 15% 25% 10% 

Marginal Effects 

Cost 

Efficiency 

-0.06 (-0.31) -0.05 (-0.24) -0.10 (-0.49) -0.03 (-0.14) -0.05 (-0.24) -0.03 (-0.16) 

Producer 

Age 

-0.01 (-2.30) ** -0.01 (-2.53) *** -0.01 (-2.34) *** -0.01 (-2.12) ** -0.01 (-2.12) ** -0.01 (-2.52) *** 

Barn 

Utilization 

0.31 (1.90) * 0.34 (2.21) 0.34 (2.22) ** 0.34 (2.16) ** 0.35 (2.29) ** 0.33 (2.09) ** 

Quota Price 1.0E-05 (0.47) 1.2E-05 (0.57) 1.4E-05 (0.64) 8.2E-06 (0.37) 8.6E-06 (0.40) 9.0E-06 (0.42) 

Exit Rate -0.12 (-1.04) -0.34 (-12.1) *** -0.14 (-1.35) -0.17 (-1.50) -0.10 (-0.90) -0.17 (-1.14) 

Growth 

Rate 

0.28 (3.76) *** 0.33 (4.08) *** 0.32 (4.37) *** 0.30 (4.04) *** 0.35 (4.77) *** 0.33 (4.05) *** 

Rapid 

Growth 

Rate 

0.55 (5.29) *** 0.32 (3.77) *** 0.68 (24.28) *** 0.54 (5.08) *** 0.68 (24.4) *** 0.33 (3.78) *** 

Rapid Exit 

Rate 

0.09 (0.43) -0.02 (-0.14) -0.32 (-11.68) *** 0.10 (0.43) -0.32 (-11.7) *** -0.01 (-0.10) 

Herd Size 1.8E-03(2.64) *** 1.8E-03(2.67) *** 1.9E-03(2.78) *** 2.E-03(2.98) *** 2.2E-03(3.17) *** 1.8E-03(2.69) *** 

Pseudo    0.1585 0.1426 0.1444 0.1643 0.1558 0.1432 
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An explanation of the sensitivity of the rapid exit coefficient arises from the reduced 

number of observations specified in this category.  Under the 25% threshold value, only one out 

of the possible 240 observations was classified as rapidly exiting, greatly reducing the “richness” 

of information captured through this variable.  Similarly, the change in the level of significance 

of the exit coefficient may be a result of a one third reduction in the number of observations 

relative to the base model’s specifications in Scenario 2.  

An additional sensitivity test is performed on the specification of the two past exiting 

behaviour variables.  The lack of observations specified by these two variables is concerning and 

motivates further analysis into variable specification.  The rapid exit dummy variable captures 

only 1.25% of the sample population, whereas the exiting dummy variable captures 5% of the 

sample.  Due to the ODFAP data collection procedure, producers who sell the entirety of quota 

holdings during the study year are not in the sample. To partially overcome this data limitation, 

rapid exit and exit dummies are combined together in an alternative model specification.  Results 

are provided in Table 5.7 and suggest the newly specified exit variable is negative and 

statistically significant at the 5% level.  However, the coefficients of the other control variables 

are not sensitive to this model specification.  

An additional sensitivity analysis is conducted on the specification of cost efficiency.  

The sample size is reduced in two scenarios, to exclude producers with efficiency levels above 

90% and 95%.  The rational for this sensitivity analysis is to increase the validity of the results. 

Referring back to the conceptual framework, quota transfers were derived for inefficient 

producers, but not for efficient producers.  Efficient producers are already operating at 

production levels that maximize profits, therefore have no incentive to alter quota holdings. 

Table 5.7 and 5.8 report the sensitivity results from restricting the sample to include only 
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producers with cost efficiency levels below 90% and 95%, respectively.  Both specification of 

the sensitivity analysis return insignificant signs on the marginal effects of cost efficiency.   In 

addition, both specifications of cost efficiency do not change signs of the other control variables.   

The final sensitivity analysis examines the effect of cost efficiency in two subsamples.  

The two subsamples are constructed to capture producers above and below the sample average of 

herd size.  Table 5.10 and Table 5.11 report the estimation results, under a restricted subsample 

including only producers above and below the mean, respectively.  Cost efficiency is 

insignificant under both model specifications; however significance levels of the remaining 

explanatory variables vary among model specification.  For the smaller subsample, producers 

buying quota are characterized as younger, and had bought quota in the previous year.  

Additionally, producers who had sold quota in the previous year were less likely to purchase 

quota for this subsample of smaller herds.  For the larger herd subsample, producers buying 

quota were characterized as having underutilized barn capacity, had purchased quota in the 

previous year and had larger herds.   

Table 5.7  Sensitivity Analysis of Exit Dummy Variables 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities 0.583 0.333 0.083 

 Marginal Effects 

Cost Efficiency 0.10 (0.47) -0.08 (-0.42) -0.02 (-0.13) 

Price of Quota 2.96E-06 (0.13) 1.57E-05 (0.72) -1.87E-05 (-1.22) 

Age 0.01 (2.79) *** -0.01 (-2.29) *** -0.002 (-1.15) 

Capacity -0.23 (-1.33) 0.32 (2.04) ** -0.09 (-1.00) 

Exit Dummy -0.12 (-0.99) -0.14 (-1.46) 0.26 (2.17) ** 

Grow Dummy -0.25 (-3.26) *** 0.28 (3.67) *** -0.03 (-0.75) 

Rapid Grow -0.45 (-4.25) *** 0.54 (5.13) *** -0.09 (-4.81) *** 

Herd Size -0.002 (-2.48) *** 0.002 (2.64) *** 2.35E-04 (0.77) 

Pseudo    0.1467 

Sample Size 240 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Figures in parenthesis are test statistics 
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Table 5.8  Restricting Cost Efficiency to less than 90% efficiency 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities 0.586 0.323 0.091 

 Marginal Effects 

Cost Efficiency 0.01 (0.03) -0.09 (-0.35) 0.08 (0.49) 

Price of Quota 4.04E-06 (0.16) 8.85E-06 (0.39) -1.29E-05 (-0.76) 

Age 0.01 (2.13) ** -0.01 (-1.71) * -0.002 (-0.97) 

Capacity -0.21 (-1.24) 0.32 (2.01)*** -0.11 (-1.10) 

Exit Dummy -0.14 (-1.00) -0.20 (-1.95) * 0.34 (2.36) *** 

Grow Dummy -0.26 (-3.18) *** 0.29 (3.65) *** -0.03 (-0.82) 

Rapid Grow -0.38 (-2.77) *** 0.48 (3.50) *** -0.10 (-4.87) *** 

Rapid Exit 0.01 (0.05) 0.08 (0.35) -0.09 (-4.90) *** 

Herd Size -0.003 (-2.86) *** 0.003 (3.03) *** 4.90E-04 (1.20) 

Pseudo    0.152 

Sample Size 220 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Figures in parenthesis are test statistics 

 

Table 5.9 Restricting Cost Efficiency to less than 95% efficiency 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities 0.592 0.32 0.088 

 Marginal Effects 

Cost Efficiency 0.18 (0.78) -0.21 (-0.98) 0.03 (0.22) 

Price of Quota 4.71E-06 (0.19) 8.68E-06 (0.40) -1.34E-05 (-0.82) 

Age 0.01 (2.29) ** -0.01 (-1.84) * -0.002 (-1.05) 

Capacity -0.24 (-1.41) 0.34 (2.15) ** -0.10 (-1.06) 

Exit Dummy -0.15 (-1.06) -0.19 (-1.90) * 0.33 (2.36) *** 

Grow Dummy -0.25 (-3.24) *** 0.28 (3.72) *** -0.03 (-0.83) 

Rapid Grow -0.41 (-3.26) *** 0.51 (4.03) *** -0.09 (-4.86) *** 

Rapid Exit 0.01 (0.06) 0.07 (0.33) -0.09 (-4.89) *** 

Herd Size -0.003 (-3.15) *** 0.003 (3.32) *** 5.30E-04 (1.35) 

Pseudo    0.1592 

Sample Size 228 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Figures in parenthesis are test statistics 
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Table 5.10 Subsample of Producers with Herd Size Greater than Mean 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities 0.419 0.473 0.108 

 Marginal Effects 

Cost Efficiency 0.24 (0.66)  -0.33 (-0.93) 0.08 (0.43) 

Price of Quota 3.3E-08 (8.7E-04) 4.96E-05 (1.27) -4.96E-05 (-1.47) 

Age 0.01 (0.94) -1.65E-03 (-0.30) -0.004 (-1.08) 

Capacity -0.61 (-1.59) 0.93 (2.81) *** -0.32 (-1.97) ** 

Exit Dummy -0.43 (-7.84) *** 0.20 (1.30) 0.23 (1.57) 

Grow Dummy -0.21 (-1.95) * 0.30 (2.84) *** -0.09 (-1.55) 

Rapid Grow -0.32 (-2.75) *** 0.44 (3.79) *** -0.12 (-3.57) *** 

Rapid Exit 0.56 (10.38) *** -0.47 (-8.51) *** -0.09 (-2.64) *** 

Herd Size 0.001 (0.75) 0.003 (2.15) ** -0.004 (-1.62) 

Pseudo    0.2014 

Sample Size 74 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Figures in parenthesis are test statistics 

 

Table 5.11 Subsample of Producers with Herd Size Less than Mean 

 1=Inactive 2= Net Purchaser 3= Net Seller 

Predicted Probabilities .657 .271 .072 

 Marginal Effects 

Cost Efficiency -0.18 (-0.76) 0.14 (0.62) 0.05 (0.36) 

Price of Quota -3.19E-06 (-0.12) 1.71E-06 (0.07) 0.000 (0.12) 

Age 0.01 (2.44) *** -0.01 (-2.00) ** -0.003 (-1.35) 

Capacity -0.20 (-1.00) 0.20 (1.01) 0.01 (0.06) 

Exit Dummy -0.02 (-0.10) -0.29 (-8.81) *** 0.30 (2.14) ** 

Grow Dummy -0.22 (-2.29) ** 0.22 (2.48) *** -0.005 (-0.10) 

Rapid Grow -0.49 (-3.76) *** 0.56 (4.38) *** -0.08 (-3.76) *** 

Rapid Exit -0.17 (-0.73) 0.25 (1.04) -0.07 (-3.80) *** 

Herd Size -0.01 (-2.46) *** 0.01 (1.53) 0.003 (2.27) ** 

Pseudo    0.2002 

Sample Size 166 

*, **, **** represent significance differences between regions at the .1, .05 and .01 levels, respectively.  

Test statistics are reported in the brackets. 
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5.6. Chapter Summary 

This section introduced two empirical models and described appropriate diagnostic tests given 

the cross-sectional nature of the dataset.  Justification for the preference surrounding the MNL 

model was discussed followed by a discussion of the estimated marginal effects of the MNL 

model.  The chapter concluded with a sensitivity analysis on variable specification, to increase 

the confidence in the reported results.  
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Chapter 6 

Summary and Conclusion 

6.1. Introduction 

This chapter provides a summary and discussion of the empirical results.  Policy implications of 

the results are presented to relate results back to the current state of the Ontario dairy industry.  

Recommendations for future research are briefly discussed to highlight additional research 

required in this area and limitations of this research. This chapter concludes with identification of 

the research contribution, to place the results of this thesis in the context of existing literature. 

6.2. Summary 

The purpose of this study is to analyze the effect of cost efficiency on quota trade (e.g., buy and 

sell) in the Ontario dairy industry.  The results of the empirical model suggest that the decision to 

sell or buy quota may be more complex than first anticipated.  For example, contrary to 

expectation, results suggest that variation in cost efficiency may not have influence on quota 

purchases or sales; indicating that the efficiency framework has limited value in explaining the 

sample producers’ decision to purchase quota.  Factors that explain quota purchases include: age, 

past purchasing behaviour, herd size and underutilized barn capacity.    

Older producers tend to sell quota, indicating an inverse relationship between age and 

quota purchases.  This result is consistent with the producer lifecycle theory and previous 

literature suggesting that older producers enter a disinvestment stage of their lifecycle near 

retirement age, reducing the likelihood of production expansion (Burrell, 1989; Bragg and 

Dalton, 2004).  
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It is also clear that large farms are purchasing more quotas.  The positive and significant 

coefficient on herd size is consistent with literature identifying herd size as a factor in producers’ 

decision to purchase and lease quota (Burrell 1989).  The positive effect of larger herd size on 

quota purchases may reflect the increased availability of finances associated with larger 

operations.  The recent shift of financial institutions accepting quota as collateral, may explain 

why larger dairy operations have access to a larger capital base to finance quota purchases.  

 Producers operating in dairy facilities that are not maximized to full capacity will be 

more likely to purchase quota.  Underutilized dairy facilities may reflect producer’s risk adverse 

behaviour as producers appear to prefer incremental production expansion, rather than expand 

production within a short time period.  Although this variable has not been included in previous 

literature characterizing quota transfers, this incremental purchasing behaviour is consistent with 

industrial trends.  Producers will first begin production expansion with the construction of a 

milking facility larger than existing herd size, followed by incremental quota purchases to 

gradually fill the barn. This approach breaks down production increases into manageable 

segments and provides producers with adjustment periods to incorporate new management skills, 

feeding system, etc. associated with large production increases.  

 Empirical results indicate momentum in producers’ decision to purchase quota, such that 

producers who bought last year will be more likely to purchase this year. The previous rapid 

growth effect approximately doubles the effect from previous growth, indicating the momentum 

of the purchasing momentum strengthens as the intensity of purchasing behaviour increases. The 

inertia identified in this analysis is consistent with previous literature, indicating that producers 

will continue to buy quota over consecutive years (Burrell 1989). Results suggest that producers 

are not exiting from the industry in consecutive years, indicated by the insignificant sign on both 
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previous rapid exit and previous exit coefficient.  A possible explanation for this result is that 

producers may be fully exit from the industry within one year, and this movement is not captured 

by the annual nature of the data set.   

Finally, it is clear from the insignificant sign on quota price that producers are not 

considering policy risk in their quota purchase decision.  The quota price has been shown in by 

previous literature to embody policy risk associated with the probability that quota rents under 

supply management may terminate (Barichello 1996). The insignificant effect of the quota price 

on quota transfers may also reflect the continual appreciation of quota values during the study 

period.  The rapid appreciation of quota values to levels nearing $30,000 per kilogram of quota, 

may suggest the presence of a speculative behaviour, identified by the capital asset theory model 

(Boehlje 1992).  

6.3. Review of Efficiency Theory 

A review of the three theories to model quota transfers suggests that the theory explaining quota 

transfers may be multi-dimensional.  The insignificant sign on cost efficiency suggests the 

efficiency framework has minimal explanatory power in the decision to purchase quota for this 

sample of producers. Meanwhile, results from the empirical model suggest that producer 

lifecycle and capital asset theory may provide partial explanation as to why producers are 

purchasing quota.   

 The insignificant sign on cost efficiency may be partially explained by the complex 

production decision of the producer. The decision of the producer to alter production levels can 

be classified into three distinct timeframes: short; medium; and long term. Producer making 

production decisions within these three timeframes may incorporate different variables and place 
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varying levels of importance on their efficiency levels in their decision making process.  For 

example, the producer making short term production decisions will be motivated to meet annual 

production goals.  Nearing the end of the production year, producers will have an incentive to 

alter quota levels to avoid penalties of over/under production. These types of short term quota 

transfers place less importance on efficiency levels, and more by factors affecting milk 

production (e.g., adverse weather conditions, poor conception rates). 

 Alternatively, producers may make production decisions based upon long term 

perspectives.  At the beginning of the career, producers may make long term growth objectives 

based on the income expectations of the family.  The producer will alter quota holdings over the 

entirety of his career to achieve the optimal production levels to sustain the family unit. These 

types of purchases will place a heavier weight on the importance of efficiency, as the ability to 

continually expand production will depend upon the ability of the producer to have the necessary 

capital to finance quota purchases.  

 Therefore, a possible explanation of the ambiguous effect of cost efficiency on quota 

purchases may be this heterogeneous effect of cost efficiency on production decisions under 

varying timeframes.  A limitation of this analysis is the inability of the empirical model to 

distinguish these different types of transfers of quota.   The result is the estimated coefficient on 

cost efficiency combines all of these effects together.  This dilution effect may explain the 

insignificant effect of cost efficiency in the presence of producers placing varying levels of 

importance on efficiency levels in the decision making process. 

 Characteristics of the Ontario dairy industry may also provide additional intuition for the 

lack of influence of cost efficiency on quota transfers.  The system of supply management 

ensures producers receive a fair return for milk (Goldfarb 2009). These fair profits are partly 
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ensured through the incorporation of the costs of production component into the formulation of 

the administered milk price.  Additionally, producers within supply management are sheltered 

from competitive pressures associated with free markets. The combination of these 

characteristics may provide some insights into the insignificance of cost efficiency and motivates 

further empirical studies to test alternative theories explaining quota transfers.  

6.4. Policy Implications 

Evidence of continual structural change in the industry is apparent from this study.   The current 

trend in growth of herd size and reduction in the number of farms will continue as suggested by 

positive sign on herd size and underutilized barn capacity.  Previous literature in the Ontario 

dairy industry has alluded to the positive effect of herd size on efficiency levels, adding support 

to the continuation of rising herd size (Weersink, Turvey and Godah 1990).  Furthermore, the 

positive underutilized barn capacity coefficient suggests high opportunity costs associated with 

underutilized barn space, suggesting further expansion in herd size.  Producers will be motivated 

to: fully utilize barn capacity; minimize fixed costs per head; and increase profits. 

 The results of this study are introduced at a timely point, as policy changes in the Ontario 

quota market are frequent, with widespread effects.  As discussed, the presence of significant 

momentum and incremental expansion in quota purchases is apparent from the positive signs on 

past growth behaviour and underutilized barn capacity, respectively. These trends in quota 

purchases may be jeopardized by the recent policy changes in the quota market.  Restrictions that 

limit producers to one bid per exchange with a maximum bid size of 10% of existing quota 

holdings, severely reduces the ability for producers to maintain previous purchasing momentum.  
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 Additional impediments to quota mobility have indirectly occurred from the price cap of 

$25,000 on quota values.  In response to the excess demand on the quota market and reduced 

number of producers selling quota, the DFO implemented a policy to pro-rate quota sales (Dairy 

Farmers of Ontario 2010).  Furthermore, the restricted bid size severely deteriorates a producers’ 

ability to purchase large quantities of quota. This is worrisome as producers in the expansion 

phase of their career may be unable to achieve higher production levels. More specifically, 

producers with underutilized barns may be unable to reach full capacity and achieve optimal 

scale.   

 Consequences of these policies are already apparent in the quantity of quota being 

transferred through the quota market.  A 40% reduction in quota transferred through the quota 

market from 2006 to 2009 raises concerns surrounding the effects of these policies on quota 

mobility.  Producers may not be able to sustain the purchasing momentum identified in this 

analysis, as reductions in total quantities of quota transferred limits the ability of producers to 

acquire optimal adjustments of quota. This result reinforces the uncertain ability of the current 

quota market to facilitate the amount of quota required to sustain previous purchasing 

momentum under the current quota mobility policies.  

 The long term effects of the recent policy changes in quota mobility are unknown.  Such 

policies may stifle producers’ ability to move along cost curves and spread fixed costs over 

optimal animal units.  Restricting the ability of producers to acquire quota, may reduce potential 

gains in improved efficiency that would have occurred if quota was readily available. Indirectly, 

policies restricting quota mobility may discourage producers from increasing herd size.  

Producers have no incentive to finance the construction of a new dairy facility, under the 

perception that the quota required to fill the larger facility may be unattainable.  This indirect 
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implication of the current policy structure, together with the initial decline in producers’ ability 

to acquire quota may result in a stagnant industry. 

6.5. Further Research 

The first suggestion for additional research is to accurately model the producer lifecycle theory.  

As detailed as the ODFAP data set is in sources of expense and revenues, the data set 

characterized all relevant variables of producers incompletely.  The availability of data on the 

presence of family successors would have allowed this analysis to explicitly model the producer 

lifecycle theory.  This variable would have captured and explained quota purchases occurring 

during the disinvestment phase of the producers’ lifecycle.  Quota may have been purchased for 

future generations, coinciding with the new generation’s expansion phase of the lifecycle. 

However, the absence of potential successor variable, limits the inferences of the results, as the 

effect of a potential successor was unaccounted for. 

 An additional suggestion for future research would be to extend the theoretical 

framework to include alternative avenues of acquiring quota.  Producers may also acquire quota 

through on-going operation purchase and within family purchases.  The DFO data set does not 

have detailed information on quota transactions through alternative methods, limiting the scope 

of this thesis to quota transferred through the quota exchange.  An extension of this framework to 

include quota purchases and sales through within-family transfers and on-going purchases would 

partially address the recent shift away from quota transfers facilitated by the exchange.  In 

addition, this extension would characterize producers who may be more likely to use one method 

over another, and provide rational for their preferences. 

 

 



  

78 

 

6.6. Research Contribution 

The objective of this thesis was to empirically test the hypothesis that producers with higher 

relative costs efficiency levels are more likely to purchase quota. To test this hypothesis, the 

relationship between cost efficiency and quota purchases is first derived through a profit 

maximization framework.  Using comparative statics, cost efficiency was shown to be a factor in 

determining producers’ underlying willingness to pay for quota, and as such, effects quota 

transfers through the quota market. To test the relationship empirically, the efficiency theory is 

applied to quota transfers through the Ontario quota market. Cost efficiency is first estimated 

using data envelopment analysis (DEA) with a two-output, four-input production process.  Next, 

a linear regression was employed to empirically test the effect of cost efficiency on net 

purchasers of quota.   

 Empirical results do not support previous literature and the null hypothesis that cost 

efficiency is not a factor in determining quota purchases cannot be rejected.  Results indicate that 

efficiency has an insignificant effect on the extent and likelihood of quota purchases.  Factors 

that do explain quota purchases include: age, past purchasing behaviour, herd size and 

underutilized barn capacity.  Multiple sensitivity tests were performed, to ensure accurateness of 

the reported results.  Consistent results between estimators and alternative specification of the 

control variables, confirms the robustness of the main conclusion that cost efficiency does not 

affect producers’ decision to purchase quota.   
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Appendix A   

This section theoretically derives the market clearing price for quota.  Consider two types of 

producers: producer L; and H with inefficiency levels (  ) and (  ), respectively.  Let producer 

L be near efficient, and let producer H be relatively more inefficient, such that: (       ). 

Equation 1 equates the quantities of quota that producer H will trade to be indifferent between 

the current quota holdings and adjusted quota holdings (after participation in the quota 

exchange):  

(     )    
  (     )  (  

    )                                            ( ) 

where    is the administrative price of milk, (  ) 
is the high cost producers’ willingness to pay 

for quota,   
  is the initial quota holdings allocated to the high cost producers,   is the amount of 

quota transferred, and   is the market clearing price of quota.  Solving equation1 for  , we can 

represent the quantity of quota transferred from this producer in terms of         
    .   

    
  (

(     )  (     ) 

(     )
)                                               ( ) 

The underlying assumption of this theoretical quota market is the zero sum nature of quantities 

of quota transferred between the two producers.  To model this assumption we insert equation 2 

into producer L’s analogous equation.   Equation 3 represents the analogous market condition 

that makes producer L indifferent between existing quota levels and adjusted quota holdings 

(after participation in the quota market): 

(     )    
  (     )  (  

    )                                      ( ) 
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Inserting equation 2 into equation 3 yields the following:  

(     )    
  (     )  (  

    
  (

(     )  (     ) 

(     )
) )               ( ) 

By rearranging equation 4, we can solve for the market clearing price of quota (  ).  

   
  

 

  
    

     
  

 

  
    

                                                    ( ) 

Equation 5 represents the market clearing price for quota     that equates the quantity of quota 

sold to the quantity of quota bought. This market price for quota is a weighted average of the 

quantities and the individual willingness to pay for quota for Producer L and H.  Evaluating 

equation 5, it is clear that the larger the initial share of quota holdings of producer L relative to 

producer H, will result in a larger weight being placed on (  ).  Additionally, equation 5 ensures 

the presence for mutually beneficial transfers of quota between these two inefficient producers, 

as    is shown to lie between the two producers’ valuations.   

 

 

 

 

 

 



  

85 

 

Appendix B 

This section describes the DEA efficiency estimation procedure.  To begin, the identification of 

the production technology, inputs and outputs are described. Following this description, 

aggregation of the inputs and outputs is provided. 

Multi-Output Framework 

A simplified illustration of the production process for a typical dairy farm is expanded from Fare 

and Whittaker (1995) and is shown by Figure B.1. To capture this extensive process, a multi-

output framework, specifying two outputs (milk and livestock) is used.  Advantages of a multi-

output framework are inherently obvious from the producers’ perspective.  Hannson and Öhlmér 

(2008) reinforce the advantages of a whole farm analysis through an analysis of managerial 

practices in a farm level efficiency framework.  This study highlights the disadvantages of an 

incomplete analysis that may suggest actions to producers that will increase milk productivity, 

while actually reducing whole farm efficiency (Hannson and Öhlmér 2008). 

Defining Inputs and Outputs 

For the purpose of this thesis, two aggregate outputs (milk and livestock) and four inputs (feed, 

labour, intermediate inputs and capital) are specified.  Guidelines for the aggregation process 

closely follow previous literatures employing the same dataset for efficiency estimation (Hailu, 

Jeffrey and Unterschultz, 2005; Moschini, 1988).  This thesis uses the Fisher Price Indexation 

technique to aggregate across inputs and outputs.  The Fisher Price Index calculates an implicit 

quantity by dividing total revenue (expense) of the output (input) by the respective price index 

for the specific aggregate category.   
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Figure B.1: Simplified Milk Production Cycle 
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.Milk (Output) 

At the processing level, milk is separated into two categories: fluid and industrial milk.  Despite 

this separation, producers receive the same price for milk regardless of the end use of the 

product. Therefore, an implicit quantity of annual litres shipped during production year was 

calculated by dividing total milk revenue by its respective implicit price index. 

Livestock (Output) 

Livestock is a major measurable output on dairy farms, as a result of continual replacement of 

the dairy herd.  Revenue and quantities of sales information are available for a wide range of 

detailed livestock varieties.  Livestock is aggregated into four major categories based upon 

similarities in price movements.  First, the dairy herd category consists of dairy cows, 

replacement heifers, and open heifers.  Secondly, cull cows comprise a specific category, 

followed by a third category consisting of beef and replacement calves; ranging from birth 

weight to finisher weight.  The final category consists of all other livestock inclusive of: beef 

cattle; boar; sow; gilt; piglet; feeder piglet; dressed pork; sheep; and horse. This final category is 

converted into producer specific cow equivalents based upon the proportion of cull and dairy 

cows sold.  Price information for these four livestock commodities from the dataset is available 

and constructed into a price index. An implicit livestock quantity is calculated for this group by 

dividing total livestock revenues by the constructed price index. 

Feed (Input) 

Information on feed used within each dairy enterprise is available at the disaggregated level, 

allowing for aggregation into three feed categories.  Purchased feeds including: supplements; 

salt; and minerals are aggregated together across all livestock types.  Secondly, rations for each 

individual stage of livestock production (e.g., calves to finishing weight) are identified and 
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aggregated together. Included within this ration category is milk and milk replacement.
28

  Due to 

the lack of price information for milk fed to calves, a mean price for milk replacer was calculated 

and used to proxy this input price.  

 The third category is home-grown crops for on farm consumption.  This classification 

embodies a wide variety of crops including: small grain; large grain; oilseed; and the by-products 

of crop production. In a similar fashion, a price index is constructed to calculate an implicit 

quantity for this input category.  To account for spill over between crop production and 

livestock/milk production, a negative inventory change of home grown fed crops is incorporated 

into feed purchases.  This calculation treats home grown feed as an intermediate input into the 

livestock and milk production process.
29

   In addition to home-grown feed, this last category also 

includes expenses resulting from additional crop purchases.  

Labour (Input) 

The literature on measuring labour diverges on the treatment of family labour.  For example 

Tauer (1993) defined hired labour as a variable input and operator’s hours of labour are defined 

as a quasi-fixed input.   Alternatively, Hailu, Jeffrey and Unterschultz (2005) aggregates hired 

and family labour together and prices the labour through a single wage rate. This thesis follows 

the latter approach to measure labour.  Available from the data both total expenses for labour and 

total hours of work, allowing for an implicit wage rate to be calculated.  However, this implicit 

calculation approach is very susceptible to measurement errors.  Due to the large presence of 

                                                           
28

 In addition to the feed ration fed to heifer and bulls calves is milk.  Maximum age of calves requiring milk in their 

diet is specific to each producer; however, most calves remain on milk diet for 2 to 3 months. The majority of 

producers will utilize excess or treated milk form the dairy herd to feed these calves.  Alternatively, producers may 

purchase milk replacer powder.   
29

 The reasoning behind this separation of crops is the inability to feed a portion of crops to livestock in an 

unprocessed form.  For example: canola would not be fed to animals in the unprocessed form, but may be fed to 

livestock as a by-product of the oil extraction process and thus would be fed in a canola meal form.  The canola meal 

would be transported from a canola processing plant and therefore would not be acquired through on farm 

production.   
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inconsistent implicit prices, an annual average hourly wage for all Ontario agricultural 

employees is available from CANISM (2011).  The reasoning for pricing both family and hired 

labour at the same wage rate is to reflect the high degree of substitutability each worker’s skills 

in the job market.  

Capital (Input) 

Capital presents a challenge because unlike other inputs that are purchased and utilized in the 

same period, the lifespan of capital inputs usually extends past a single production year.  To 

address the challenge of measuring  the individual  user cost of capital for each capital group, we 

follow Coelli et al. (2003) and use a weighted average formula that considers interest rates and 

depreciation rates, to accurately measure the cost incurred by producers within a given 

production year.  The interest rate includes both the cost of debt and opportunity cost of potential 

interest on equity that was forgone by purchasing such capital.    

 First, assets are determined by summing all: livestock; machinery related equipment; 

infrastructure; and real estate (e.g., buildings, land and improvements made to the land).  

Depreciation rates for machinery and buildings are calculated by dividing the depreciation costs 

for real estate and equipment by the total quantity of each respective asset.
30

   Application of the 

calculated interest and depreciation rates are applied to the capital assets to calculate total cost. 

Additional rental expenses resulting from land, machinery, livestock, and expenses generated 

from maintenance and repairs of capital stock are added to fully specify cost of capital.   

Other (Intermediate Input) 

Finally, other input category is composed of: seed; fertilizer; herbicide; fuel (e.g., gas, propane, 

and diesel); veterinarian services (e.g., breeding, semen, and drug related expenses); bedding; 

                                                           
30

 Following Mosheim and Lovell (2009) input specification, land is not depreciated. 
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milk transportation; utilities; and insurance (e.g., crop, livestock, crop, fire, accident, liability and 

machine).   Eleven intermediate categories are specified and are aggregated together through a 

“total farm” indexation, provided through CANISM (2011) allowing for calculation of an 

implicit quantity. 

Outlier Detection  

The DEA model used in this thesis, calculates producers’ efficiency levels relative to a 

deterministic frontier.  DEA incorporates information regarding quantity of inputs (outputs) used 

(produced) in the production process to determine the firms to comprise the frontier.  Efficient 

decision making units (DMU) compose the deterministic frontier, and all other DMUs are 

benchmarked relative to the efficient DMUs on the frontier.  Characteristics of the input bundles 

and output bundles of these firms constituting the frontier directly influence the location and size 

of frontier. This characteristic of DEA motivates a procedure to test the reliability of the DMUs 

composing the frontier. This section outlines the outlier detection procedure, closely following 

the discussion presented by Fried, Lovell and Schmidt (2008).   

Zeros in the Data 

The presence of zero data observations in the output and input categories is cause for concern. 

Zero data in the former category is not problematic for DEA estimation; however, zero data 

observations within the input category require further examination.  Producers who are able to 

produce the same outputs as peers, without requiring the same inputs raises severe concerns 

about the specification of the technology.  Zero values imply that DMU reporting zero quantity 

of an input may be operating with different technology.  This is troublesome to our analysis 

because it invalidates the assumptions that producers can be combined on the same frontier.  
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Fortunately, all producers reported positive values for all four inputs, alleviating any concerns of 

biased efficiency estimates.    

Outlier Detection Procedure 

The concept of super efficiency is widely used to detect outliers. Figure B.2 illustrates the 

concept of super-efficiency in a two input space.  Suppose we wish to evaluate the super 

efficiency level of DMU B for potential outlier status.  The left graph illustrates the unrestricted 

frontier estimation (all n DMUs are included in the estimation), in which the frontier is 

composed of: DMU A, B and D.  To measure super efficiency level of DMU B, it is first 

restricted from the frontier estimation.  The graph on the right illustrates the restricted frontier 

estimation that isolates B from influencing the location of the frontier.  The new frontier is now 

composed of DMU A, E, F, C, D and super-efficiency of B is measured by the ratio: OE/OB.    

Figure B.2: Concept of Super Efficiency  

 

   

 We use the concept of super efficiency to construct a systematic procedure to detect 

potential outliers in this efficiency analysis.  Literature on outlier detection is subjective, with 
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minimal statistical tests to identify outliers.  The procedure used here follows and builds upon 

(Wilson, 1995; Fried, Lovell and Schmidt, 2008) and is outlined as follows: 

 Isolate the ith DMU, and construct the frontier in the absence of the isolated DMU (with 

n-1 remaining DMUs).  

 Calculate the efficiency of all n DMU’s relative to the new restricted frontier.  

(Removing the ith DMU from frontier construction permits its efficiency score to be 

unrestricted from achieving values larger than unity.) 

 This procedure is intuitive because it not only provides super efficiency measurements 

for the ith firm, it also allows for analysis of the effect of the removal of the DMU on all other 

(n-1) DMU’s efficiency levels.  To do so, a comparison is made with the mean efficiency scores 

from the restricted (n-1) estimation and the unrestricted (n) frontier estimation to see if removal 

of the ith DMU resulted in peer DMU’s efficiency scores changing.   The rational for this 

procedure is that if the ith DMU composes the frontier in the unrestricted estimation, then its 

removal will alter the frontier in the restricted model such that the efficiency scores of the n-1 

remaining DMU’s will be altered.  Furthermore, a count of the number of n-1 remaining DMU’s 

that do indeed see a change in efficiency levels will provide a measurement of the level of 

influence of the ith DMU on its peers.   

Application of Treatment to Outliers 

Evaluation of potential outlier firms is very subjective and concerns surrounding the special 

treatment of outliers are warranted.  Deletion of efficient DMUs composing the frontier has the 

potential to drastically change the efficiency scores of peer DMUs. However, the ignorance of 

outliers composing the frontier poses challenges for accurate estimation of efficiency scores for 

peer DMUs.   
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 The rotating nature of the ODFAP data provides the opportunity ability to track 

producers throughout the time period covered by this analysis.  Suspicious firms identified 

through the super efficiency analysis were further investigated to identify the potential for data 

entry inconsistencies.  Data inconsistencies were identified through significant changes in super 

efficiency scores over the time period, that were not consistent with large changes in input 

(output) bundles used (produced) by the individual producer. 

 Thirteen producers were identified as super efficient and were further investigated.  The 

input and output bundles for each producer were compared to the sample mean, minimum and 

maximum value to identify suspicious observations.  Furthermore, when the data permitted (e.g., 

producers participated in the dataset for multiple years), super efficiency was tracked over the 

time period.  Producers with larger than 50% changes in efficiency levels over a two year time 

period were flagged for further investigation.   

 Only one of the super-efficient producers was found to be inconsistent.  This producer 

reported super efficiency score that were not supported by individual input and output bundles.  

This producer participated in the study from 2003-2005 and reported suspicious feed input 

quantities in 2004.  Special treatment was applied to this producers’ input usage in the form of 

calculating the average feed input used in 2003 and 2005 and substituting this value in for the 

feed usage for 2004.  This treatment was favoured to the alternative of deletion of the producer in 

its entirety, as the quantities reported in 2003 and 2005 were consistent with the estimated 

efficiency levels. 
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Appendix C:  Presence of Endogeneity 

This section derives the biased OLS estimator in the presence of an endogenous explanatory 

variable(s).   

     (   )      

 [(   )    (  ̂   )]  

 [(   )      ̂  (   )     ]  

  [ ̂  (   )     ]  

  ̂   ,(   )     -       

The second term represents the source of the bias from the OLS estimator under endogeneity.  

The bias is a result from the correlation between the X matrix and the residuals not being zero. 

The inconsistency reveals itself through the probability limit of the second term 
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Appendix D.1  Visual Detection of Unordered Residual Distribution 

 

Appendix D.2  Visual Detection of Ordered Residual Distribution 
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Appendix E: Correlation Matrix of Explanatory Variables 

 

Net 

Quota 

Purchase 

Cost 

Efficiency 

 

Quota 

Price 

Barn 

Under-

utilization 

Age 
Exit 

Dummy 

Growth 

Dummy 

Rapid 

Growth 

Dummy 

Rapid 

Exit 

Dummy 

Herd 

Size 

Net Quota 

Purchase 1 

         
Cost Efficiency 

 0.1324 1 

        
Quota Price 

0.0543 -0.012 1 

       
Barn Under-

utilization 
-0.0045 0.0263 -0.1433 1 

      
Age 

-0.0351 -0.2755 0.0385 -0.0179 1 

     
Exit Dummy 

-0.0973 -0.0498 -0.0423 0.1626 

-

0.0038 1 

    Growth 

Dummy 0.1348 0.1506 0.0389 -0.2395 

-

0.0045 -0.1236 1 

   Rapid Growth 

Dummy 0.3271 0.2103 -0.0324 0.0168 

-

0.1246 -0.0592 -0.1391 1 

  Rapid Exit 

Dummy -0.0218 -0.0756 0.1225 0.0218 0.0148 -0.0258 -0.0606 -0.029 1 

 
Herd Size 

0.4445 0.2388 0.1076 -0.225 0.1723 -0.0541 0.1922 0.131 -0.0066 1 
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