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ABSTRACT 

Aulie, P.W., M.Sc., University of Saskatchewan, Saskatoon, August, 1995. 

Genetically Engineered Herbicide Tolerant Rapeseed: A Multiple Account Evaluation. 
Supervisor: W.H. Furtan 

This study assesses the affect of genetically engineered herbicide tolerant rapeseed 

through the use of a multiple account evaluation. In 1995, rapeseed tolerant to the non-

selective weed control product Roundup was licensed for use in Canada. Applying 

Roundup in crop as a weed control method is expected to be far superior to the current 

herbicide products, including dinitroaniline (trifluralin and Edge), which is used on over 

70% of rapeseed acres. The herbicide tolerant rapeseed is expected to reduce the costs of 

weed control by $10 per acre for the average farmer. In addition, the adoption of this new 

technology will reduce the need for tillage operations, reducing erosion, and fossil fuel 

consumption. As well, there will be less chance of herbicide tolerant weeds developing. 

A partial equilibrium model of the rapeseed industry is constructed to estimate economic 

value of this new technology. Producer and consumer surplus are estimated using the 

theory of welfare economics. Regional economic impact is also estimated using 

multipliers provided through input output analysis. The benefits to the environment are 

estimated using an integrated economic-environmental model. 

The study estimates the adoption of herbicide tolerant Canola will produce consumer and 

producer benefits valued at $187 million during the first five years of licensing. The 

economic impacts during this same time period are estimated to generate $248 million of 

additional output, $135 million of additional income, and $83 million of additional value 

added. The environment also benefits, with 2 million tonnes of soil conserved, valued at 

$2.5 million dollars. In addition, 12 million fewer litres of diesel fuel are used within the 

first five years after the adoption of the technology, and 6.8 million ha of land benefit 

from reduced potential of herbicide tolerant weeds. 
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Sensitivity analysis on the critical factors in the model was performed. It was found that 

all parameters affecting the area of herbicide tolerant Canola being adopted or the price of 

Canola, had a significant impact on benefits. This included the acreage devoted to 

Canola, as well as the adoption pattern of the new technology. In all of these examples, 

the upper range of the sensitivity analysis produced cost benefits of 22 to 1 while the 

lower range of the sensitivity analysis produced a cost benefit of 9 to 1. Assuming more 

elastic demand and supply curves dramatically increased the economic impact of the 

technology. As well, changes in the demand and supply changed the percent of benefit 

for the producers and consumers, with increases in the demand elasticity increasing the 

percentage of the total research benefits to producers to between 83% and 85%. 

Similarly, adjusting the supply elasticity to a more elastic estimate resulted in between 

70% and 80% of the total research benefits accruing to consumers 
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CHAPTER I 

INTRODUCTION AND OBJECTIVES 

1.1 INTRODUCTION 

In Saskatchewan, as in the rest of the world, the Brundtland report (W.C.E.D. 1987) had a 

profound impact on the public's view of the earth's resources. This impact manifested 

itself in many forms, one of which was the genesis of the green movement which 

popularized everything from composting to recycled paper. At the same time, 

developments such as the Rafferty Alameda dam project, and the Environmental Impact 

Assessment of the NorSask forest management plan became focal points for the public's 

expression of discontent regarding the manner in which public resources were being 

managed. Observers of these events soon discovered that while the specific issues in 

each of the conflicts varied, all of the debates tended to be very emotional and highly 

polarized. Furthermore, to the chagrin of decision makers, it was also clear that without a 

clear systematic method for evaluating alternative resource management strategies, 

reconciliation of the conflicts would not be possible. 

It is within this context that economists began searching for new socio-economic 

assessment frameworks that could be used to evaluate industrial developments while 

considering the intangible effects on society as well as the environment (Redclift 1990). 

This search for a new evaluation framework occurred simultaneously in many areas of the 

world, however the outcomes of the studies were consistent. It was generally agreed that 

the traditional evaluation tools which measured only economic efficiency were no longer 

adequate for evaluating resource management issues, unless they could be extended to 

include the socio-economic, the environmental as well as other impacts considered 

important by society. Furthermore, it was also determined that the evaluation would only 

be useful if the impacts were measured in consistent, quantifiable terms (Gunton 1992). 

Using these criteria, the multiple objective analysis was developed which incorporated 

the advantages of several evaluation techniques into a common integrated framework 

which mitigated the negative elements of the techniques without diluting the positive 
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elements. As this assessment framework developed, its advantages and disadvantages 

became clear. Its advantages included flexibility and ability to deal explicitly with 

intangible costs and benefits, while displaying assumptions clearly and in a systematic 

form. However, the comprehensive nature of this approach also resulted in its major 

disadvantage, which was the time consuming and expensive nature of the analysis 

(Gunton 1992). 

Although applications of the multiple objective analysis can be found in forestry, 

wildlife, and water management, none have yet been completed in agriculture. However, 

emerging biotechnology products including genetically engineered plants for food 

production offer an excellent opportunity for such an application. 

1.2 PROBLEM STATEMENT 

In the past, Western Canadian agriculture escaped all but casual examination for 

environmental sustainability. As of yet, few agricultural developments have been 

evaluated as rigorously as is required by the environmental assessment process. 

(Saskatchewan Round Table on the Environment and the Economy, 1990). However, in 

1992, federal legislation was amended to require that all new federal programs be 

examined through an environmental assessment. With the upcoming introduction of 

genetically engineered Canola, some might also suggest that an environmental review is 

required on this private industry initiative. Four factors which support this hypothesis are 

listed below: 

i) the debate has become highly polarized, fueled by a high degree of 

uncertainty surrounding the potential impacts, 

ii) the development is expected to have a large impact on the prairie 

economy, 
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iii) some activists view governments and universities as biased judges on this 

issue, due to their active participation in the development of genetically 

engineered plants along with their continued reliance on private industry 

support for research (Kneen, 1992), and, 

iv) full environmental reviews are required if the development involves a 

significant impact such as setting a precedent on the treatment of a new 

technology likely to have a significant present or future environmental 

effect. 

In addition to the environmental reasons, the growing economic importance of Canola to 

the prairie economy is yet another reason for studying this crop. For example, since its 

domestication in the 1940's, Canola has grown from a little used, non-edible oilseed to 

become the third largest oilseed crop in the world (Oil World Annual Review, 1992). 

Furthermore, the research which supported this growth was based exclusively in 

Canadian public institutions. However, a dramatic change in the research climate has 

occurred over the past ten years, with the private sector now responsible for 60% of the 

total research effort (Kneen, 1992). 

The movement of Canola from public institutions to private laboratories creates a fear 

that society's preferences will no longer be reflected. In the recently published book, The 

Rape of Canola, the author expresses fear that the private involvement in the Canola 

industry will not be sustainable and that, furthermore, the costs and benefits of this 

private sector participation will be biased towards the large multinational companies 

(Kneen, 1992). Unfortunately, without a comprehensive analysis of the industry, this fear 

cannot be proven or refuted. 

1.3 PURPOSE, OBJECTIVES AND HYPOTHESIS 

The main purpose of this study is to develop and apply an evaluation framework for 

assessing the impact of registering Canola which has been genetically engineered for 

herbicide tolerance. In recognition of the many dimensions of the analysis, a multiple 
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account cost benefit evaluation was adapted based upon the framework used by the Water 

Resources Council (U.S. Water Resources Council 1983). In this way, economic 

efficiency, economic impact, and environmental impact can be analyzed within a 

systematic, integrated analytical framework. 

The main hypothesis to be tested is that herbicide tolerant Canola will benefit consumers 

and producers as well as the environment. The second hypothesis tested whether the 

distribution of benefits favours producers rather than consumers. As a corollary to these 

first two hypotheses, an investigation to identify the impact of delaying the licensing will 

be completed. More specifically, the objectives of the study are: 

i) to develop a multiple accounts assessment framework for evaluating 

resource management decisions in agriculture, 

ii) to use the assessment framework to evaluate the socio-economic, the 

environmental and the other intangible impacts of adopting Canola 

genetically engineered for herbicide tolerance, and 

iii) to determine the cost, benefits and distribution of gains and losses to 

industry and society from regulation which delays the commercial 

adoption of the Canola. 

1.4 ORGANIZATION OF THE STUDY 

In this study, Chapter 2 provides a literature review on socio-economic evaluation 

frameworks for measuring impacts of alternative developments. This includes a review 

of the methods for valuing non-market goods as well as a review of estimation techniques 

used to determine returns to research. The theoretical multiple accounts model used to 

evaluate the adoption of herbicide tolerant Canola is described in Chapter 3. The data 

collection procedure is described in Chapter 4 along with the estimation and the empirical 

results. Chapter 5 summarizes the results, presents the conclusions and provides an 

interpretation of their importance. 
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1.5 BACKGROUND 

1.5.1 SUSTAINABILITY 

The world economy has grown 40 fold in the past 50 years (W.C.E.D. 1987). This 

industrial growth provides for a human population which itself has tripled since the turn 

of the century and now totals over 5.5 billion people. With population expected to reach 

10 billion over the next 50 years, and economic output expected to increase another 5 to 

10 times, the need for effective management of the worlds resources has become 

imperative (USDA 1995). 

The concept of sustainable development is built on the premise that the productive 

capacity of the earth's resources are limited by the existing technology. As a result, the 

production possibilities are constrained and subsequently development must take place 

within a structured decision making environment which ensures optimal resource 

allocations. Unfortunately, the information necessary to complete this resource allocation 

is not readily available. Although price is the universal indicator of value, many of the 

resources affected by economic activities are not traded in a market which permits the 

observation of market prices. Therefore, economists have derived other analytical 

methods for estimating value. Using these tools, the value of all goods and services can 

be theoretically determined and optimal resource allocations made. The difficulty, 

however, is that many intangible effects are very difficult to estimate with certainty 

(Brookshire et al, 1983). Further to this concern, the established methodologies for 

estimating the value of public goods contain both practical and theoretical problems 

(Gunton 1992). These realities result in a decision making environment that relies on 

incomplete data sources, and therefore low levels of confidence in the result. 

1.5.2 RESEARCH 

Research expenditure is a resource allocation decision based on an expected future 

payoff. In the narrowest sense, parameters for considering a research project include the 

expected cost, the expected return and a risk factor. Established tools such as benefit cost 

analysis are then used to determine if the expected stream of returns, weighted by the 
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risk, factor are sufficient to justify the research expenditure. Public resource allocations 

to research are more complicated and include other dimensions beyond those described 

above. The distribution of benefits, the impact on the environment and the effect on 

community stability are but a few of the criteria often used by decision makers allocating 

public resources. It is due to this complex decision making process that more 

comprehensive tools for evaluating resource allocations are necessary. 

1.5.3 BIOTECHNOLOGY: AN OPTIMAL RESOURCE ALLOCATION? 

The highest profile research over the past several years has been in the area of 

biotechnology. In fact, within the last decade, over 600 new biotechnology companies 

have been formed worldwide. In addition, federal governments have contributed 

millions of dollars towards biotechnology research carried out in private industry and in 

publicly funded research institutions. 

This investment into biotechnology research has created great expectations for the 

development of biotechnology products. However, with the development of these new 

products, fears for environmental and human safety also appear. 

Because biotechnology involves the manipulation of life forms which are then 

reintroduced to the environment, the public is very cautious. This caution is based on the 

fear of the unknown. How will the new life form interact with our existing ecosystem? 

Can it be contained if necessary? Will it enter the human food chain? It is often difficult 

to answer these questions definitively. For this reason, two camps of onlookers may be 

found. Those that justify the risk based on the expected benefits of the new product; and 

those that believe the potential for environmental damage and risk to human health are 

too great to chance. 

This uncertainty surrounding both safety and public acceptance of biotechnology is 

evident in genetically engineered plants. The suspension of Frost Ban research is a case 

in point. In this instance, the Environmental Protection Agency's fear that a product 
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which increased frost tolerance in strawberries might also disrupt the formation of clouds 

and ultimately rainfall in California. This resulted in the project being terminated. 

To understand the concerns as well as the potential for biotechnology, it is important to 

be familiar with the science itself. Biotechnology is the manipulation of living organisms 

using knowledge gained through molecular biology. These nontraditional techniques are 

used to replicate, mutate or genetically modify plants and animals. The resulting 

products range from cloned flowers used in the greenhouse industry, to plant cell extracts 

fermented for the pharmaceutical industry. The power of this new tool is illustrated in a 

recent article from Genetic Engineering News describing efforts to introduce specific 

DNA into a forage plant, which would then result in the production of high quality 

plastic'. Although this work sounds science fictional and highly speculative in nature, in 

fact the project was successful, and the plastic was sold commercially in 1991. 

In a Western Canadian context, the potential benefits of biotechnology in Agriculture 

Canada's Canola breeding program was investigated by Ulrich et. al. (1985). They 

reported that research to develop biotechnology techniques for Canola could be justified 

even if it required the annual Canadian research budget for Canola to be increased by 

900%. 

However, as these genetically engineered plants are developed, the concern for product 

safety rises. Therefore each new product undergoes rigorous tests for both consumptive 

and environmental safety, a requirement which often costs several times more than the 

original research. 

'Genetic Engineering News, p. 22 July 1991 
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CHAPTER II 

LITERATURE REVIEW 

This literature review has been divided into three sections: 

i) a review of assessment frameworks for evaluating alternative resource 

management decisions; 

ii) a review of procedures for estimating research benefits, and, 

iii) a review of estimation techniques for valuing non-market goods. 

2.1 REVIEW OF ASSESSMENT FRAMEWORKS 

2.1.1 BENEFIT COST ANALYSIS 

Benefit Cost analysis (BCA) has been widely used in policy and project evaluation for 

several decades and its methodology has been outlined in many publications (Dasupta 

and Pearce 1972; Pearce and Nash 1981). The principal advantage of BCA lies in its 

simple consistent analytical framework (Gunton 1992). This characteristic has led to 

BCA becoming the most common tool for evaluating alternative management decisions. 

The steps in completing a BCA analysis are as follows: 

i) all quantifiable goods and services affected by the development are 

identified, 

ii) the total flow of benefits from the development are estimated using 

common units of measure (constant dollars), 

iii) the total cost of providing the benefits are determined using common units 

of measure (constant dollars), and, 

v) a benefit cost ratio using the net present value of benefits and costs is 

produced as a comparison of the relative economic efficiencies of 

alternative strategies. 
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This simple approach is easily critiqued by readers and as stated by Pearse and Nash 

(1981) forces the identification of all of the gains and losses to society as well as the 

relative values of each of the products or services. 

The key limitations of BCA are as follows (Gunton 1992): 

i) valuation of non-market goods and services is difficult and produces 

uncertainty in the model 

ii) estimating the future values for market and non-market goods and services 

often involves estimations with high degrees of uncertainty 

iii) distributional impacts of gains and losses may not be differentiated within 

the benefit cost analysis, either within a single period, or between multi-

temporal periods 

2.1.2 MULTIPLE ACCOUNT ANALYSIS 

The limitations of the traditional BCA led to the development of alternative evaluation 

frameworks. One approach used a goals achievement matrix which listed options on one 

axis and objectives on the other axis. The alternative resource options were then 

evaluated systematically against the stated criteria. This approach was commonly used 

for the evaluation of multiple objective projects, but was replaced by the more 

comprehensive multiple accounts cost benefit analysis (Hill and Werczeberger 1978; 

McAllister 1980) The multiple accounts BCA method was adopted by the U.S. Water 

Resources Council in 1973, and although modifications have since been made, the 

approach continues to be used today (U.S. Water Resources Council 1983). The principle 

difference in the multiple accounts framework from previous approaches was the 

delineation of multiple criteria along with suitable indicators which could be used to 

evaluate projects and aid in the decision making process. The framework involved four 

evaluation criteria; 
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i) national economic development, 

ii) environmental quality, 

iii) regional economic development, and, 

iv) other social effects. 

The national economic development account measures the net benefits of the project from 

a national perspective. It incorporates all effects that can be reasonably quantified in 

dollar terms. The environmental quality account assesses the severity of the 

environmental impacts which are not incorporated into the net benefits of the national 

economic development account. This includes impacts on soil or air quality, as well as 

other environmental attributes. The regional economic development account measures 

the impact of the development on regional income and employment, while the other 

social effects account captures any additional changes to the distribution of gains and 

losses not captured in the first three accounts. These other effects could include impacts 

on specific communities, demographic groups, or safety in general. 

In Canada, a multiple account benefit cost framework was developed by the federal 

department of Fisheries and Oceans in 1986 for evaluation of its salmonid enhancement 

program. Similar to the Water Resources Council, the DFO framework included five 

accounts: i) national income, ii)environmental preservation, iii)regional development, iv) 

employment, and, v) native people. Within this framework, the first three accounts are 

similar to the accounts used by the Water Resources Council, while the employment 

account documented the total employment generated in Canada, and the native people 

account documented the net benefits accruing to aboriginal communities. 

Over the past several years, interest in creating models which incorporate economic and 

environmental linkages for evaluating the sustainability of projects has been growing 

(Smith and Theberge 1987). However, the practical application of these models has been 

limited due to the comprehensive data requirements which are both costly and time 

consuming (Whitney J.B. 1985). 
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2.2 REVIEW OF TECHNIQUES FOR VALUING NON-MARKET GOODS 

Non-market valuation involves elicitation of perceived preferences. This challenging 

task is inherently problematic because of the difficulty associated with eliciting the 

results in a systematic and reliable fashion. For example, if the issue is habitat 

protection, then the benefits should reflect willingness to pay for habitat and not just the 

value of any one species in the habitat. However, economists have developed several 

methods for estimating monetary values for non-market goods and services. For 

example, methods have been developed for estimating the value of a day of canoeing 

(USDA 1990), or the effect of changes to water quality on the value of outdoor recreation 

(Ecologistics 1990). 

Researchers use both direct and indirect approaches for the valuation of unpriced goods. 

Direct approaches use surveys designed to obtain estimates of an individuals value for 

non-market goods. Survey questionnaires often require the person being interviewed to 

place a value on the effect of a hypothetical change in the supply of a non-market good. 

This estimate of value is based on the individuals willingness to pay for the non-market 

good, or conversely, their willingness to accept compensation in place of the non-market 

good. Direct surveys such as this are referred to as contingent valuation surveys, and can 

be used when the respondents are thought to have a good understanding of the non-

market goods being discussed, as well as the impact of the proposed change on the 

quantity and quality of the good being supplied (Mitchell and Carson 1989; Smith 1990). 

Indirect approaches to the valuation of non-market goods rely on the use of market 

information to reflect economic value. The most popular indirect approaches are the 

travel cost and the hedonic price methods. These methodologies all use the assumption 

of product complementarity between market and non-market goods as a basis for the 

estimation of economic value (Adomowicz 1991). This assumption implies that the 

purchase of market goods such as lifejackets, viewing glasses, canoes etc. reveal the 

individuals willingness to pay for participation in non-market activities; in this case, 
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canoeing. Therefore, by observing the market behaviour associated with a non-market 

activity, the value of the non-market good is revealed. 

2.2.1 CONTINGENT VALUATION 

Contingent valuation analysis (CV) is the most popular direct technique for estimating 

willingness to pay (WTP) for non-market goods or alternatively, willingness to accept 

(WTA). Some researchers consider CV analysis a virtual panacea to the valuation of 

non-market goods and services because it captures both use and non-use values, as well 

as any changes in quality that are perceived (Adamowicz 1991). Others suggest that CV 

analysis suffers from several methodological problems which result in measurement 

errors. These problems include interviewer effects, implied value cues, situation mis-

specification, and sampling problems (Mitchell and Carson, 1989). For example, it has 

been found that valuation questions asked in different sequence produce different results, 

and furthermore, that the cumulative value of subsets of goods does not always equal the 

estimated value of the entire set (Kahneman and Knetsch, 1991). 

However, these studies have limitations as they are only estimating use values, while 

non-use values have been excluded. This fact leaves the most important element of the 

technique in question; its ability to measure non-use values such as wilderness, 

endangered species or other existence values. Despite these shortcomings, CV is the 

most easily understood and popular of the direct techniques of non-market valuation. 

2.2.2 INDIRECT METHODS 

Indirect methods rely on complementarity between the non-market good and associated 

market goods to obtain estimates of market value. The most popular indirect approaches 

are the travel cost method and the hedonic price method. Of these two approaches, the 

travel cost method (TCM) is the most popular and straightforward. 
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Travel Cost Method 

The TCM was developed in an operational form by Clawson (1959), Knetsch (1964), and 
Clawson and Knetsch (1964). The basic TCM requires a number of stringent 

assumptions. First, it assumes weak separability between demand for recreation and 

demand for market goods, which suggests that there is no substitution that takes place 

between the two commodities. To explain further, the demand for a canoe trip is not 

affected by the purchase of a market good such as new clothes, unless the proportion of 

total income available for the canoe trip changes. The second assumption is that all 

recreation choices are made simultaneously at the beginning of the season. Thirdly, the 

model assumes that all factors about the site are known with certainty, and that different 

products can be consumed from a single site. Finally, all prices, costs, income and site 

qualities are assumed to be exogenous to the choices of individual visitors. 

A number of theoretical and statistical problems exist within the travel cost 

methodologies (Smith 1990). The general weaknesses of the approach are listed below: 

i) the behavioral model specified by an analyst may not reflect the actual 

decision process of a recreationist, 

ii) the measurement of the value of time and its use in demand modeling still 

plague the travel cost models with no resolved solution in the literature , 

iii) travel cost models ignore demand uncertainty, and, 

iv) travel cost models can not be used to measure non-use values of natural 

resources or other non-use non-market commodities. 

Despite these limitation, the travel cost is commonly used due to its simplicity and 

reliance on observed market behavior (Smith and Kaoru 1990). 

Redonic Travel Cost Method. 

Hedonic price models use observable information on prices of goods and services as an 

indicator of the influence of non-market attributes. For example, residential housing 

includes market goods such as square footage, air conditioners etc. along with non-market 
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attributes such as a river view, or air quality. By observing the difference in prices of 
traded houses with similar market goods, but divergent non-market attributes, estimations 
of the value of non-market attributes can be made. In fact, by modeling the observed 
price as a function of the market and non-market goods, the implicit price of each of the 
attributes can be estimated. 

The hedonic price model has often been used to estimate the influence of air quality on 

urban property values. However other applications have included the valuation of river 

view, noise levels, and cottages ( Kulthreshtha and Wilman 1984). 

The principle advantage of this approach is the reliance on expenditure data which is 

easily accessible and generally reliable. The disadvantage of the model is that, like the 

other models discussed, it does not capture non-use benefits from non-market goods. In 

addition, like the other models, perfect information about the market and non-market 

goods is assumed but considered an implausible assumption. 

2.3 REVIEW OF PROCEDURES FOR ESTIMATING RESEARCH BENEFITS 

Estimating the returns to agriculture research may be done either ex-ante or ex-post by 

using two distinct approaches. The first approach uses the concept of Marshallian 

economic surplus, while the second, approach uses a time trend incorporated into the 

production function to account for the autonomous increase in output due to technical 

change. 

Ex-post analysis is completed after the research and commercialization is complete. This 

allows actual data on costs and benefits to be incorporated. In 1953, T. W. Schultz 

estimated the benefits of aggregate agricultural research using the concept of consumer 

and producer surplus (Schultz 1953). In his study, Schultz calculated the value of 

resources necessary to produce the United States agriculture output of 1950, 
while

employing the technology of 1920. By subtracting the actual value of inputs used in 

producing this output in 1950, from the estimated value required if using 1920 

technology, Schultz was able to approximate the benefits that have accrued due to 
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research over this period. Schultz pointed out that a downward bias existed in the results 
because all research and extension expenditures are designed to increase agriculture 
output. Conversely, the studies assumptions created an upward bias due to the exclusion 
of the private research expenditures used to develop new technologies, as well as the 
implied perfectly inelastic demand curve. 

This approach by Schultz has since been used by other economists. For example, 

Peterson (1971) extended Schultz's analysis of the United States agriculture output to 

cover the period to 1920 to 1967. Prentice and Brinkman (1982) used a similar approach 

when estimating the value of agriculture research in Ontario, Canada. 

Lindner and Jarrett 1978) demonstrated that the correct modeling of three factors is 

critical for an accurate estimation of aggregate research benefits and their distribution 

using the economic surplus approach. These factors were identified as the following: 

i) the magnitude of the supply curve shift, 

ii) the nature of the supply curve shift (divergent, convergent, parallel or 

some combination), and, 

iii) the elasticity of the supply and demand curves. 

On an individual commodity basis, the first noteworthy ex-post analysis was completed 

by Griliches (1958) on the benefits of hybrid corn. Griliches argued that the new hybrid 

corn varieties increased production at every level of output. This assumption was 

represented in his model by shifting the entire aggregate supply curve for corn to the 

right. Griliches also assumed that the corn market was in equilibrium before and after the 

new corn varieties were introduced; an assumption which appears valid based on the low 

corn inventories immediately following this period. By determining these new supply 

and demand curves, changes in consumer and producer surplus could be used as a 

measure of the total benefits to society due to the development of the new hybrids. In 

this study, Griliches assumed the polar cases of perfectly elastic and perfectly inelastic 

supply curves, and implicitly assumed a unitary demand elasticity. 
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In the hybrid corn study, Griliches also showed that supply and demand elasticity did not 

significantly affect the total benefits to the hybrid corn. At the same time however, he 

also showed that the relative elasticity of supply and demand did have a big impact on the 

distribution of benefits between producers and consumers. 

Many additional studies have been completed which follow the basic economic surplus 

model employed by Schultz (Ruttan 1982). The assumptions which differentiate the 

many studies lie in the specification of the demand and supply curves and in the nature of 

the supply curve shift due to technology. An alternative to the economic surplus 

approach is the production function approach. This method requires that the output be 

presented in mathematical form as an equation with research expenditures as a variable. 

When using the production function approach, it is critical to specify correctly the nature 

of technical change with respect to particular inputs or outputs. Research may result in a 

technology which is input intensive, requiring a higher use level of an input. This bias 

must be correctly modeled in the analysis. 

Peterson(1967) used a production function approach to calculate the returns to poultry 

research in the United States. In this paper, Peterson includes research as a separate 

variable in a Cobb-Douglas production function. The value of the research was thus 

represented by the marginal product associated with the variable for research. He further 

calculated a return of $18.52 to the marginal dollar spent on poultry research. Peterson 

also showed that the major difference between this result, and the result obtained using 

consumer and producer surplus was that the former value is the marginal return to 

research, while the latter value is the average return. 

The production function approach is useful for separating the production effects of 

research from those of other conventional inputs such as education or labour. However 

the difficulty in obtaining data on production inputs limits the effectiveness of this 

method. Another limitation is the uncertainty of predicting future returns based on results 

in the past. The final limitation of the production function approach is the assumption 
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that research is an exogenous variable in the equation. As Norton and Davies(1981) 

suggest, this assumption is questionable. 

However, the criticism of both of these approaches lies in the fact that they are completed 
ex-post. The usefulness of this information is limited as it only provides information on 

previous decisions. It does little to add information for choosing between future research 

programs. On the other hand, ex-ante analysis is completed prior to the event taking 

place. There are four classifications of ex-ante analysis: (i) those using scoring models to 

rank research activities, (ii) those employing benefit-cost analysis to establish rates of 

return to research, (iii) those using simulation models, and, (iv) those using mathematical 

programming to select an optimal mix of research activities. 

2.3.1 COMBINED PUBLIC AND PRIVATE RESEARCH 

Combined public and private research has become very common in recent years. 

Grossfield and Heath (1966) conducted one of the first studies which estimated the 

benefits and their distribution between producer, consumer and the private firm. In this 

study, it was determined that R and D grants provided to a private firm were justified in 

encouraging the development of a potato harvester. This justification was based on the 

social benefits due to royalty payments to the government by the private firm and lower 

harvest costs for the farmers. 

The development of the mechanical tomato harvester led to several studies on the rate of 

return to research. A further analysis which combined the development of technology 

using both private and public funds, with models of monopsony and oligopsony markets. 

This enabled them to develop an empirical test for the presence of private market power. 

The authors concluded that the private industry did hold a degree of market power and 

was subsequently able to capture additional benefits from this new technology which 

were largely ignored by Schmitz and Steckler (1970) in their original analysis. 

Ulrich (1983) analyzed the impact of combined public/private research on the Western 

Canadian barley breeding program. In this study, he stated that the benefits to the barley 
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breeding program in Western Canada were amplified due to the contribution of private 

research funds. Ulrich also concluded that the private investment skewed the distribution 

of benefits away from the feed barley/livestock sector, and towards the malting 

barley/beer sector. 

One of the most comprehensive studies of combined public and private research was 

completed by Mansfield et al. (1977). This study considered seventeen examples of 

industrial processes and product innovations which were commercialized in the 

marketplace. They assumed that each innovation led to a private cost saving, which in 

turn led to higher private profits and a higher consumer surplus. (All product supply 

curves were assumed to be elastic) The net social benefits were calculated after adjusting 

for displaced products and non commercialized R and D expenses. Private benefits were 

based on increased cash flow due to the new products after accounting for the investment 

and foregone revenues from existing products. Mansfield et al concluded that the average 

social rate of return was about double the average private rate of return. As well, 30% of 

the innovations produced very low private rates of return, even though social rates of 

returns were high. The ability to prevent product imitation was felt to be one of the most 

important factors in enabling a private firm to capture benefits. 

Tewksbury et al. (1980) conducted a survey similar to that completed by Mansfield et al 

(1977) and concurred that social rates of return are generally much higher than private 

rates of return. In addition, they concluded that two factors; market structure and 

government policy2 had the greatest impact on the distribution of benefits. At the same 

time, there was no correlation found between patent coverage and the benefits accruing to 

the private industry. 

2 Government policy on items such as import policy, pollution, and regulation. 

18 



2.4 SUMMARY AND CONCLUSIONS OF LITERATURE REVIEW 

Sound management of the earth's resources depends upon the incorporation of 

environmental, social and economic values into a comprehensible evaluation framework. 

This literature review has examined evaluation frameworks which have evolved from 

simple BCA, to comprehensive multiple accounts analysis. The evolution has placed 

new demands on practitioners as data requirements have increased. For example, the 

valuation of non-market goods is now necessary for most analysis. As such, a second 

element of this literature review has focused on non-market valuation techniques, along 

with their shortcomings and strengths. Finally, the review of tools for measuring the 

gains to research provides the background necessary to undertake welfare analysis as 

outlined in the study objectives. 
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CHAPTER III 

A THEORETICAL FRAMEWORK 

Herbicide tolerant Canola will reduce the cost of producing Canola as well as the 

externalities associated with Canola production. To evaluate these impacts, a multiple 
account analysis is implemented similar to that employed by the U.S. Water Resources 

Council (1983). This analysis contains three separate accounts which together provide 

quantitative and/or qualitative descriptions of the impacts on the economy and the 

environment. The accounts used in this multiple accounts analysis are: 

1. Economic Value Account (EV), 

2. Regional Economic Impact Account (REI), and, 

3. Environmental Quality Account (EQ). 

The theoretical framework for these three accounts are described in sections 3.1, 3.2, and 

3.3 respectively. 

3.1 ECONOMIC VALUE ACCOUNT 

3.1.1 THE BENEFITS 

Welfare economics provides the theoretical framework for measuring the economic 

benefits resulting from the adoption of herbicide tolerant Canola. Using welfare theory, 

consumer and producer surplus are the measures used to estimate the benefit accruing to 

the consumers and the producers respectively. Currie, Murphy and Schmitz (1971) 

provide a thorough theoretical description of this concept. In order to measure consumer 

and producer surplus, the demand and supply curves must be known. The demand 

function defines the pure relationship between price and quantity, holding other factors 

constant. Represented as an algebraic function, the dependent variable, quantity demand, 

can be defined as a function of independent variables, such as a commodity's own price, 

as well as other factors, such as population, income, prices of substitutes and consumer 

tastes and preferences. Regression analysis provides a method of estimating these 

relationships between quantity demanded and other explanatory variables such as the 
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factors mentioned above. The coefficients describe the relationship between the 
variables. 

y= bixi+b2x2+b3x3+114 x4+b5 x5 (3.1) 

where 

y is a vector representing quantity of a commodity demanded 

x1 is a vector allowing for an intercept term 

x2 is a vector of commodity price 

x3 is a vector of population size 

x4 is a vector of substitutes 

x5 is a vector of consumer income 

and 1)1 through b5 are parameters indicating the relationship between variables. 

In the case of a partial equilibrium model, the adoption of a new technology, assuming all 

else remains constant, is represented by a parallel shift of the supply curve. 

Diagramatically, this is given in Figure 3.1, with the total consumer and producer surplus 

prior to the innovation represented by PoMi Al , while the area of consumer and 

producer surplus after the supply curve shift (post innovation) is represented as P0M2A2. 

The two shaded areas identified by Rose (1980) as X and Y, between the pre and post 

innovation supply curves, SI and S2, below the demand curves is the area of economic 

surplus or research benefit. This area is equivalent to the area obtained by subtracting 

the total surplus prior to the innovation from the total surplus after the innovation. 
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Figure 3.1: Supply Curve Shift as a Result of Technology Change 

Numerous studies have used the concept of consumer and producer surplus to determine 

annual research benefits and the subsequently estimated social rates of return to research 

expenditures (Nagy and Furtan (1978), Zentner (1982), Ulrich, et al (1985), Widmer, et al 

(1988), MacMillan, et al (1991). These studies have also identified empirical and 

theoretical issues regarding the economic surplus approach which are important to the 
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analysis: 1) the elasticity of the demand and supply curves, 2) the type of supply curve 
shift, and, 3) the meaning of producer surplus. 

3.1.2 IMPACT OF ELASTICITY ON BENEFITS 

Duncan and Tisdell (1971) found that the elasticity of the demand curve had a significant 

impact on producer surplus. They concluded that the more inelastic the demand curve 

relative to the supply curve, the lower the benefits to producers. As presented in Table 

3.1, a parallel supply curve shift with a perfectly inelastic demand curve results in zero 

benefits to producers. Conversely, if the demand curve is very elastic relative to the 

supply curve, then the producer receives the majority of the benefit from the new 

technology. 

Table 3.1: Demand Elasticity and Effect on Producer Surplus 

Nature of Demand Curve 

Type of Perfectly Intermediate Perfectly 

Supply Shift Elastic Elasticity Inelastic 

Convergent 

Parallel 0 

Divergent 

Source: Duncan and Tisdell (1971) 

3.1.3 NATURE OF THE SUPPLY CURVE SHIFT 

Lindner and Jarrett (1978) described the importance of the nature of the supply curve 

shift. Four supply curve shifts were proposed; parallel, pivotal, proportional, and 

convergent. Again referring to equation 3.1, a parallel shift occurs when one of the 

variables, such as price, changes, with all other factors remaining constant. This 

produces a parallel shift in the respective demand curve. Alternatively, a structural shift 
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may impact the model, causing changes to more than one of the parameters. For 

example, a change in consumer preference could result in a shift in the demand curve 
which is not parallel (Tomek et al., 1981). Rose (1980) suggested that the economic 

surplus measurement was only valid if the industry supply curve was both a marginal 

cost curve excluding factor rents and an average cost curve including factor rents, a 

situation rarely expected in agriculture. Whenever there are two competing uses for land, 

Rose added, the supply curve for an agricultural commodity is not a marginal curve 

exclusive of rents because it includes marginal rents to land from alternative enterprises 

and marginal non land costs. Further, it is virtually impossible to make an assumption 

about the type of supply curve shift unless evidence that links non-land costs with points 

on the supply curve exists. Rose noted that a proportional supply curve shift may be 

predicted for a yield increasing innovation because demand for land and other inputs 

would be proportionately reduced for each unit of output. Due to the difficulty in 

measuring an intercept term, however, Rose concluded that because a single point 

estimate on the supply curve is generally the best information possible, a crude but useful 

approach to the estimation of research benefits is to assume the supply curve shift is 

parallel. 

The Beneficiaries of Producer Surplus 

Currie et al (1971) added that there must be two definitions of producer surplus: surplus 

accruing to owners of firms and surplus accruing to owners of factors of production. In 

the long term, surplus accruing to owners of firms, such as farmers, is meaningless as 

long as free exit and entry to the industry is allowed. Assuming free entry, in the long 

run, total revenues will equal total costs and any profit will be capitalized into the factors 

of production. Ulrich, et al (1985) point out that the conventional notion of producer and 

consumer surplus is a simplification of reality because benefits can be distributed to 

various sectors of the industry including producers, processors, and marketing agencies. 

In the case of herbicide tolerant Canola, the marketing agents could potentially charge 

higher prices for the seed. This potential for higher revenue will be captured in the 
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measure of producer surplus, but in reality, the benefit would not be accruing to the 
farmer, but rather to the marketing agent licensed to reproduce and sell the seed. One 
can also postulate that due to the herbicide tolerant research expenditures being solely 
funded by private chemical companies, direct benefits to this industry can be expected. 
An investigation into the allocation of producer benefits amongst the potential 

beneficiaries would be an interesting exercise, but is beyond the scope of this study. 

3.2 REGIONAL ECONOMIC IMPACT ACCOUNT 

The regional economic impact account measures the regional level impacts on income, 

value added, and general economic activity. These changes are measured using a 

technique described as input output analysis. Input output analysis models the economic 

linkages within the economy using mathematical relationships to reflect the complex flow 

of capital and goods between sectors and regions. This approach captures the unique 

characteristics of each sector within the region of study, and subsequently estimates the 

flow of capital and goods between sectors due to economic stimulis. Research completed 

by Johnson and Kulshreshtha (1982) provided multipliers for output, value added and 

income for the province of Saskatchewan. The input output model was created using data 

from a 1974 transaction matrix for the province of Saskatchewan. This matrix was 

modified such that agriculture was divided into 12 subsectors based on enterprise type 

and soil zone. Of these 12 subsectors, oilseeds were identified, and the associated output 

multiplier, value added multiplier and income multiplier calculated. Pseudo multipliers 

for value added and income were calculated which related the respective factors to output 

thus enabling the coefficients to be used to estimate economic impact based upon changes 

in the total value of Canola produced. 

3.3 Environmental Quality Account (EQ) 

This account is reserved for the environmental impacts which are not captured in the 

partial equilibrium model used in the economic value account. The costs and benefits 

identified in this section may be referred to as non-market costs or social costs. In 

attempting to quantify their impact, the first task is to quantify the relative difference 
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between the post-innovation market and the pre-innovation market. The factors to be 
investigated in this study are related to ecological sustainability and are listed as follows: 

i) soil erosion, 

ii) fossil fuel consumption, 

iii) chemical herbicide use, and, 

iv) plant genetic stability. 

The conceptual model for integrating agricultural production management and 

environmental impact was presented in Agriculture Canada (1993). In the Agriculture 

Canada study, the production management model was based upon a revised version of the 

Canadian Regional Agriculture Model (CRAM), an input output model developed to 

represent Canadian agriculture. The revised CRAM model, was referred to as RS-

CRAM, which denoted resource sensitive CRAM. This RS-CRAM model allowed input 

substitution and calculation of producer risks on the basis of estimated production factors. 

This model was then structured to interphase with an environmental metamodel model. 

As stated in the Agriculture Canada description, "The concept of a metamodel 

corresponds to a hierarchical modeling approach whereby we proceed from a complex 

real phenomenon to a well structured simulation model and then to modeling the 

relationship between the inputs and outputs of the simulation model itself. This 

eliminates the need to repeat model runs every time a new policy is considered, a task 

that is prohibitively expensive (Agriculture Canada 1993). This approach requires the 

completion of three steps in order to measure the impact of a policy. The first step 

involves estimating how the policy descision affects land management which 

subsequently affects the environment. The second step is to quantify how this change in 

land affects the environmental factor under consideration, while the third step attempts to 

place an economic value on the change which has occurred to the environmental factor 

being studied. The integrated agro-ecological economic modeling system constructed by 

the Agriculture Canada team measured impact on soil erosion. Theoretically, other 

environmental factors such as fossil fuel consumption, herbicide use, and other 

environmental factors could be included in the analysis. To better understand this 
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theoretical model, it is important to explain further the components of the model 

constructed. As mentioned, the model was constructed around the Canadian Regional 

Agriculture Model (CRAM) (Webber et al. 1986 and Homer et al. 1992), but included a 

revised version of the CRAM known as RS-CRAM (denoting resource sensitive CRAM) 

that included input substitution and producer risk models. The environmental component 

consisted of environmental metamodels (summary response functions) that were 

constructed on the basis of multiple simulations performed with the Erosion Productivity 

Impact Calculator (EPIC), a model previously developed by the USDA-ARS to estimate 

the long term impacts of erosion upon soil productivity. A detailed description of EPIC 

and results of initial test of the model for different conditions in Western Canada is 

provided in Agriculture Canada 1993. The model is operated by imposing a set of 

conditions on the model to reflect a change, with management decisions then simulated 

based upon the expected producer response to risk, as well as the options available in the 

input substitution component. At the completion of a simulation run, the RS-CRAM 

model outputs economic indicators in the form of farm income, prices and cost of 

production. The next step in the analysis provides the environmental linkage between the 

land management practice and the environment. This is achieved by inputting the 

management parameters from the RS-CRAM model (tillage regime and crop sequence) 

into the environmental metamodel. In this way, wind and water erosion estimates for 

cropping sequences, management patterns and CRAM districts are determined for the 

entire production area and reported by CRAM district. Extending this model to include 

other environmental factors beyond the wind and water erosion of soil is one challenge 

addressed in this thesis. 
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CHAPTER IV 

EMPIRICAL MODEL 

In this chapter, the models to be used in evaluating the impact of herbicide tolerant 
Canola are presented. Section 4.1 shall discuss the economic value model which relies 
upon changes in consumer and producer surplus as a measure of benefit. This section 

includes the specification of a partial equilibrium model of the Canola industry. In 

addition, the reduced cost of production for the new herbicide tolerant Canola are 

quantified for use in producing an ex-ante estimation of the supply curve shift after 

adoption of this new technology. Section 4.2 describes the economic impact model 

which provides the multipliers used in this study to estimate the additional economic 

activity due to the additional Canola being produced. Section 4.3 includes the description 

of the analysis of the environmental factors identified in the environmental quality 

account. 

4.1 ESTIMATING BENEFITS OF HT CANOLA 

4.1.1 A PARTIAL EQUILIBRIUM MODEL: RATIONALE FOR APPROACH 

In their review of the approaches to evaluation of agriculture research investment, Norton 

and Davis (1981) categorized studies into ex-post and ex-ante, the former evaluating 

returns to past research efforts and the latter, possible returns to proposed research. Ex-

post analysis using economic surplus as a measure of research benefits has been 

completed by many researchers including Schultz (1953), Griliches (1958), Akino and 

Hayami (1974) and Nagy and Furtan (1978). However, fewer examples of ex-ante 

analysis can be found. Ex-ante evaluation of the potential returns to Canola research was 

investigated by Ulrich, et al (1984). Using concepts of economic surplus, the area 

between the pre-innovation and post-innovation supply curves and the change in area 

under the demand curve was used as a measure of research benefits or economic surplus. 

Supply curve shifts were achieved through the use of productivity indexes, acting as 

measures of the relative productivity of Canola cultivars. 
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Using the index number approach as a measure of productivity, Nagy and Furtan (1978) 
calculated a 101 percent internal rate of return to Canola research for the period 1965-75. 
In their model, the supply curve for Canola was shifted back annually to account for the 

anticipated yield and acreage impact of old varieties replacing the new research varieties. 

Research benefits were calculated for the area between the no-research (pre-innovation) 

and with-research (post-innovation) supply curves (figure 4.1) using the formulas of 

Akino and Hayami (1974). These formulas required an estimate for the price elasticity of 

supply and demand. Nagy and Furtan calculated elasticity estimates for supply and 

demand of 1.96 and 2.85 respectively using ordinary least squares regression of the 

following double log functions: 

1nRSt = -1.71 + 1.961nRP t-1 + 1.47FP t-1 + 0.65WSt_i + 1.42T (4.1) 

(R2 = 0.92, DW = 2.63, student t values significant at the 5 percent level) 

InRDt = -21.3 - 2.85 1nRPt + 1.1SM t + 2.66SOt + 5.38WPt (4.2) 

(R2 = 0.92, DW = 1.79, student t values significant at the 5 percent level) 

where 

RSt is total Canadian prairie Canola production in period t 

RPt is Canadian prairie Canola price in year t, 

FPt is Canadian prairie flax farm price in year t, 

WSt is Canadian wheat stocks in year t, 

T is a trend variable, 

RDt is Canadian exports + domestic demand for Canola in year t, 

SMt is soybean meal price in year t, 

SOt is soybean oil price in year t and 

WPt is world population in year t. 
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Figure 4.1 The Model of Nagy and Furtan (1978) for Returns to Rapeseed 
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Figure 4.2 The Model of Ulrich et al. (1984) for Returns to Biotechnology in 

Rapeseed Breeding 
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Annual research expenditures and research flows were converted into 1961 constant 
dollars and a flow of funds estimated by subtracting research costs from benefits. Costs 
were assumed to begin in 1960 while returns began in 1964. Both costs and returns were 
arbitrarily assumed to end in 1995. This resulted in a social rate of return of 101 percent. 
using a 10% discount rate, Nagy and Furtan obtained a benefit/cost ratio of 17.64 to 1. 
These results were subsequently reproduced by Kolody (1990). 

Ulrich, et al (1984) also used an index number approach to estimate annual ex-post 

research benefits for the period 1951-82. Additional ex ante benefits were estimated 

under various scenarios to 2002. Diagramatically, the model used by Ulrich et al. is 

given in Figure 4.2 The formulas to calculate the area of economic surplus were based on 

the work of Rose (1980): 

P I = P2 / [1 -(K*e)/(e+n)] (4.3) 

Qi = Q2/ [1+(K*e*n)/(e+n)] (4.4) 

TS= .5*Qi[K * P1 + (Al- A2)] +.5 * K * Pl(Q2- Q1) (4.5) 

where: 

K is a productivity index (weighted yield index - 100) / 100, 

e is the price elasticity of supply, 

n is the price elasticity of demand, 

P2 is post-innovation price 

Q2 is post innovation quantity 

P1 is the pre-innovation price, 

Q1 is the pre-innovation quantity 

A2 is the post-innovation intercept 

A1 is the pre-innovation intercept and 

TS is total net producer plus consumer surplus 

The equation for consumer surplus was: 

CS = QI(Pi - P2)*(Q2-Qi) (4.6) 
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Both areas of total surplus and consumer surplus were estimated by Lindner and Jarrett 
(1978). Producer surplus was obtained by subtracting consumer surplus from total 

surplus. 

Data on post-innovation prices and quantities were obtained from Statistics Canada while 
pre-innovation prices and quantities were calculated as above. The productivity index, K, 

was derived from a weighted yield index calculated from data reflecting the relative yield 

advantage of different varieties and the percentage of total Canola acreage seeded to each 

variety. To calculate the weighted yield index, relative yield index of each variety was 

multiplied by the percentage of acreage that it occupied. These results were then summed 

annually for all the cultivars and divided by the weighted yield of the base year 1960. 

The elasticities estimated earlier by Nagy and Furtan (1978) were used in the model. 

Annual research costs were estimated by multiplying the annual person years devoted to 

Canola variety research by a time series estimate of the annual person-year cost based on 

Zentner (1982). Annual research expenditures and annual research benefits were 

converted into 1971 dollars. A ten year lag was assumed which meant benefits in 1961 

were the results of research performed 10 years earlier. A flow of funds was estimated by 

subtracting cost from benefits and an internal rate of return of 51 percent was calculated 

by Ulrich et al (1984). 

4.1.2 AN EX-ANTE ANALYSIS OF PRIVATE SECTOR BIOTECHNOLOGY RESEARCH 

This thesis differs from the studies by Nagy and Furtan (1978) and Ulrich et al (1984) in 

two ways. The first difference is this study investigates the impact of biotechnology 

research which was carried out by the private sector, with limited public sector 

involvement. Because of the proprietary nature of private sector research, their is no 

public source of data available on the research expenditures invested to develop herbicide 

tolerant Canola. This is unlike Nagy and Furtan (1978) or Ulrich et al (1984) who use 
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only public research costs to estimate the investment in breeding research. The second 
difference in this study is that the previous two studies were completed ex-post and 
benefits estimated by shifting supply curve backwards in time. This study is completed 
ex-ante and relies upon research results and expert opinion. 

These two challenges were addressed in this study through consultation with Monsanto 

Canada Inc., as well as Dr. Rachel Scarth, Canola plant breeder at the University of 

Manitoba. The first challenge, determining the total research expenditure on this 

technology was calculated on the basis of two components: i) the cost of isolating the 

herbicide tolerant gene and developing a protocol for its transfer into subsequent 

cultivars, and ii) transferring the herbicide tolerant gene into the target Canola cultivar. 

Estimates on the cost of isolating the gene, developing a protocol for its transfer, and 

other developmental expenditures was provided by Monsanto Canada Inc. and were 

approximated as $1.3 million per year over the period 1985 to 1995. This research and 

development expenditure includes investment into research centres and other assets 

which may continue well beyond the five year horizon of this study, however, due to the 

uncertainty surrounding future events, all costs are applied to this project. The second 

component of the research cost, which is transferring the herbicide tolerant gene into new 

Canola cultivars, was estimated by Dr. Rachel Scarth, University of Manitoba plant 

breeder. Dr. Scarth stated that developing a new cultivar for every $250,000 of research 

expenditure would be a reasonable target for any established breeding program. For this 

reason, this thesis shall assume that the cost to the second component of the research 

expenditure is $250,000 per cultivar. It was also assumed that four new herbicide tolerant 

cultivars would be developed and released onto the commercial market during the period 

1996 through 2000. The release of these four varieties was assumed to enable the 

herbicide tolerant Canola to be transferred into agronomically superior napus and rapa 

varieties with widespread adoption throughout the prairies. These additional research 

expenditures for cultivar development will begin seven years prior to the intended 

commercialization dates, which will be assumed to occur annually from 1996, through to 

1999. 
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The second challenge addressed in this study is the ex-ante element of estimating 

research benefits. In this study, the supply curve is shifted to the right based upon the 

reduced costs of production of the Canola varieties genetically engineered for herbicide 

tolerance. These reduced costs were reported by Fenton (1992) and are described in 

Table 4.1. 

Table 4.1: 

Herbicide 

Trifluralin 

Roundup 

Roundup Cost Comparison to Trifluralin 

Cost Factor Cost per Acre Total Cost per Acre 

- herbicide purchase 10.00 

- application cost 1.96 

- additional tillage 4.50 

required 

- interest on money 0.25 16.71 

from fall application 

- chemical purchase 4.50 

- application cost 

Source: Fenton 1992 (modified) 

1.96 6.46 
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To summarize, the chemical costs reflect actual commercial costs, while the cost of 

spraying and tillage operation are estimated based upon reported cost of implement use 
(Fenton 1992). In comparing the fall applied trifluralin, it was also necessary to consider 
the financing cost of applying the chemical in the fall, as opposed to post emergent. 

Based upon a 10% interest rate, this costs was estimated at $0.25 per acre. In total, these 

costs savings summed to $10.25/acre. For this thesis, the cost savings are assumed to be 

$10/acre. This value may be conservative, in particular due to the additional herbicides 

that are often used in combination with trifluralin to achieve acceptable weed control. In 

1989, these additional herbicide costs averaged $3.55/acre (Fenton 1992). The potential 

benefit of higher levels of cost savings are reported in the sensitivity analysis. 

These reduced costs of production are reflected in the partial equilibrium model through a 

parallel shift in the supply curve. Estimation of the benefits due to this shift are achieved 

using Rose's equations (4.7) to (4.10). These equations refer to the areas X and Y which 

are illustrated in Figure 3.1, and are represented algebraically as follows: 

TS = X and Y (4.7) 

X = .5*k*P1(Q2-Q1) (4.8) 

Y=k*Q 1 *Pi (4.9) 

Q2=Qi* [1+(k*e*n)/(e + n)] (4.10) 

and 

k is a cost-based supply shifter, 

e is the price elasticity of supply and 

n is the price elasticity of demand. 

In order to reflect the adoption pattern of the herbicide tolerant Canola, and the 

subsequent impact on the supply curve, the cost reducing nature of the technology is 

weighted by the percent of the total acreage assigned to the herbicide tolerant Canola as 

shown in equation 4.12. Furthermore, because k is defined as a vertical shift in the 
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supply curve, the cost reducing nature of the technology is transformed into $/tonne 
savings and then placed into the model as a percent of the Canola price as is reflected in 
equations 4.13 and 4.14. 

k = (acres adopted, )(cost savings / acre) 
(4.12) 

acres, 

Savings / tonne = (savings per acre) (acres per tonne) (4.13) 

savings per tonne 
Vertical shift % — + 100 (4.14) 

Price per tonne, 

This results in the cost savings being translated into an equivalent vertical shift 

proportional to the equilibrium price. The herbicide tolerant Canola is assumed to 

penetrate the market at a similar pace as other popular varieties such as Westar and 

Tobin. Table 4.1 illustrates that the combined acreage of these two varieties was over 

90%, four years after introduction. For this reason, during the years 1996 to 2000, it is 

assumed that herbicide tolerant Canola, present as napus and rapa, will occupy between 0 

and 70% of the total Canola acreage, with the actual annual levels represented as a 

percent ofthe total acreage as follows: 0%, 25%, 50%, 70%, 70%. 
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Table 4.2: Fifteen Year Summary of Adoption Patterns for Selected Canola Varieties 
Presented as a Percent of Total Prairie Canola Acreage 

Year 

1976 
Altex 
0 

Candle 
0 

Midas 
23.2 

Regent 
0 

Tobin 
0 

Tower
24.1 

Westar 
0 

1977 0 0.9 20.5 0 0 31.0 0 
1978 0 11.6 16.3 1.1 0 31.8 0 

1979 0.8 25.3 6.2 20.3 0 20.7 0 

1980 14.3 26.3 3.0 25.2 0 13.9 0 

1981 21.5 29.8 1.6 27.0 0 8.8 0 

1982 23.2 33.5 1.0 28.3 0 5.0 0 

1983 12.6 16.3 0 18.8 32.0 2.6 0 

1984 3.7 4.3 0 6.4 32.4 0 49.1 

1985 1.2 1.8 0 3.0 35.0 0 53.7 

1986 0.7 2.2 0 1.8 37.2 0 53.2 

1987 0.2 1.4 0 0.8 44.3 0 48.6 

1988 0 1.5 0 1.3 43.8 0 47.6 

1989 0 1.0 0 1.0 42.6 0 50.2 

1990 0 0.4 0 0.5 27.1 0 29.5 

Source: Fenton 1992 

In this case, the supply curve is shifting to the right, therefore data on pre-innovation

prices and quantities (P1 and Qi) are available 
and post-innovation quantity (Q2) requires 

calculation. Ex-ante producer benefits will be estimated by subtracting consumer surplus 

calculated in equation (4.6) from total surplus calculated in equation (4.7). In order to 

calculate consumer surplus an estimate of post-innovation price, P2 is required. Rose's 

equation for P2 was used: 

137 = 131 * p - (k*e)/(e +n)J (4.15) 
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A benefit cost ratio was calculated by taking the present value of benefits over the present 
value of the estimated research expenditure. 

The sensitivity of results to changes in technical and economic variables was 

investigated, including adjustments to the estimated values of k, e and n as defined in the 
equations above, as well, as the adoption pattern of herbicide tolerant Canola, the price, 
and the acreage. Finally, the research expenditures are also adjusted to determine the 

sensitivity of the benefit cost ratio to changes in this factor. 

4.2 THE ECONOMIC IMPACT 

The economic impact model requires two data inputs. The first input was the magnitude 

of the economic stimulis which in this study is determined using the economic value 

account. The additional quantity of Canola produced due to the adoption of the new 

technology is multiplied by the price. By summing this value over the time period of the 

study, then taking the net present value, the magnitude of the net present value of the 

stimulus will be known. 

5 

Economic Stimulus = E (Qi - Qt) Pt (4.16) 
nr-- I 

The second stage of the process of calculating the economic impact of the herbicide 

tolerant Canola is to multiply the economic stimulus calculated in equation (4.16) with 

the multipliers estimated by Johnson and Kulshreshtha (1982) as shown in Table 4.2 

A in Total Output = (Economic Stimulus)(Output Multiplier) 

A in Total Value Added = (Economic Stimulus)( Value Added Multiplier) 

A in Total Income = (Economic Stimulus)(Income Multiplier) 
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Table 4.3: Regional Economic Impact Multipliers 

Output Multiplier Value added Multiplier Income Multiplier 

Output,,,,,, Value. added,„„d 
— 1.14 Income „„„,  = 

- 2.09 0 70 Outpu ruprceed t Outputnipeseed OUtpla rap, sa,d

Source: Johnson and Kulshreshtha 1982 

In this thesis, the multipliers developed by Johnson and Kulshreshtha (1982) for 

Saskatchewan was assumed to also represent Alberta and Manitoba, and therefore reflect 

the entire region being studied. 

4.3 ENVIRONMENTAL QUALITY ACCOUNT 

This account is reserved for the environmental impacts which are not captured in the 

partial equilibrium model used in the economic value account. The costs and benefits 

identified in this section may be referred to as non-market costs or social costs. In 

attempting to quantify their impact, the first task was to quantify the relative difference 

between the post-innovation market and the pre-innovation market. The following 

factors related to ecological sustainability were investigated: 

i) soil erosion, 

ii) fossil fuel consumption, and 

iii) plant genetic stability. 

As mentioned earlier, in order to evaluate these factors, three steps must be completed. 

The first step involves estimating the change in land management practice and chemical 

usage due to the introduction of I-IT Canola. The second step is to quantify how this 

change in management in the post-innovation period affects the factor under 

consideration, while the third step attempts to place an economic value on the change 

identified. 
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4.3.1 STEP 1 - ESTIMATING THE IMPACT ON LAND MANAGEMENT 

This thesis requires that the adoption of herbicide tolerant Canola on land management 
and chemical usage be estimated. The data for this estimation is provided by an 

Agriculture Canada (1994) study, which provides an explicit definition of the crop 

sequence patterns and management systems for each CRAM district across the prairies, 

and as such, also reports the percent of the total Canola acreage treated with trifluralin. 

Using this data, it is then necessary to postulate how this herbicide tolerant Canola will be 

incorporated into the land management system. Based upon discussions with Mr. 

Kirkland, Agriculture Canada research scientist, as well as officials at Monsanto Canada 

Inc., it was assumed that every acre of herbicide tolerant Canola adopted would replace 

one acre of Canola currently grown using trifluralin or ethalfluralin weed control. The 

rationale for this assumption flows from the additional benefits available to farm 

managers using herbicide tolerant. As Kirkland, Agriculture Canada states, these benefits 

include reduced weed control costs, wider spectrum weed control, and higher degree of 

crop rotation flexibility following chemical treatment (Kirkland 1995). Given this 

assumption, an estimate of potential environmental impact can be calculated through a 

comparison of incorporating trifluralin or ethalfluralin into the weed management system, 

as opposed to applying post emergent herbicide. For the purposes of this study, the total 

market penetration of herbicide tolerant Canola will be limited to 70% of the total Canola 

acreage, which is equal to the current acreage treated with trifluralin, as specified in the 

Agriculture Canada (1994) study. 
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Table 4.4: Management System Operations used in Environmental Model 

Crop Date Tillage System 

Canola conventional Reduced 

October 15 field cultivator 

October 17 Treflan or Edge 

April 25 field cultivator field cultivator 

May 5 spike harrow spike harrow Roundup 

May 10 N & P fertilizer N & P fertilizer N & P fertilizer 

May 10 seeding seeding seeding 

August 30 harvest harvest harvest 

No Till 

Source: Agriculture Canada 1994 

As a consequence of the herbicide tolerant Canola being adopted, the need for pre-

incorporating trifluralin or ethalfluralin disappears. Instead, weed control is achieved 

through an in-crop application of Roundup, which provides superior weed control at a 

lower cost. Using the definitions provided by Agriculture Canada (1994), this change in

management practice is comparable to moving from a conventional tillage system to a 

reduced tillage system. This specification of conventional tillage and reduced tillage is 

central to the estimation of soil loss due to the adoption of herbicide tolerant Canola. 

In summary, the Agriculture Canada (1994) study describes land management systems 

available to farmers. The conventional tillage system reflects the land management 

practiced when pre-incorporating trifluralin, which is currently practiced on over 70% of 

Canola acreage. A reduced tillage management system is also described, and it reflects 

the reduced tillage system available to farmers that have adopted herbicide tolerant 

Canola. The environmental impact from switching between these two weed management 

systems will represent the impact of HT Canola on the environment. 
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4.3.2 STEP 2 - IMPACT ON ENVIRONMENTAL FACTORS UNDER STUDY 

Once the magnitude of the change in land management practice has been estimated in 
step 1, the impact on soil erosion, fossil fuel consumption, chemical herbicide use and 
plant genetic stability is determined. These factors are calculated based upon the 

difference in the management inputs required for pre-incorporated trifluralin vs post-

emergent glyphosate. Table 4.3 presented the three management systems for Canola 

specified in the Agriculture Canada model. The intensive tillage practice specified for 

Canola includes incorporation of trifluralin, which is the standard management practice 

for over 70% of all Canola acreage. The reduced tillage option is assumed to represent 

the post innovation state, after the adoption of herbicide tolerant Canola, with the slight 

modification, that a roundup application would be added to the management regime as 

the post emergent weed control. In this thesis, a central assumption is that for every acre 

of herbicide tolerant Canola grown (using the reduced tillage management system), one 

acre of Canola grown under the intensive tillage practice will be replaced. Therefore, 

determining the amount of soil conserved per acre of Canola grown after the adoption of 

herbicide tolerant Canola requires that the soil loss under the intensive tillage 

management regime be compared to the soil loss under the reduced tillage management 

regime. 

Using the same methodology, the reduced fossil fuel consumption can be determined by 

subtracting the amount of diesel fuel used per acre under the intensive management 

regime from the amount of diesel fuel used in a post innovation state. The total savings 

for the region are then determined by multiplying the per acre fuel savings by the number 

of acres of the herbicide tolerant Canola adopted. 

The measure for plant genetic stability is designed to reflect the potential for proliferation 

of herbicide tolerant weeds. The occurrence of herbicide tolerant weeds is known to 

result from repeated use of certain weed control herbicides that have the same 

mechanism of action. Herbicide tolerant wild oats, green foxtail, kochia , mustard and 

chickweed have been identified on the prairies. The probability of herbicide tolerance 
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increases substantially when a single chemical is used for several years to control weeds. 

Under prolonged use of a chemical or a series of chemicals with the same mechanism of 

action, a single weed plant that has tolerance to this herbicide will continue to survive and 

produce seeds. If the land manager continues to use the same chemical, then the single 

weed is able to reproduce year after year, annually increasing its own population. This 

proliferation of the herbicide tolerant weed will continue until an alternate form of weed 

control is applied. In Western Canada, it is known that trifluralin tolerant weeds have 

occurred in rotations involving a trifluralin application two out of three years. Although 

an actual probability for this occurrence is not available, for the purposes of this thesis, 

the probability of the trifluralin treated fields developing herbicide tolerance will be 

described as positive, or greater than zero. This assumption is made because the pre-

innovation intensive management system for Canola involves regular applications of 

trifluralin, which has been known to result in herbicide resistant weeds. 

Table 4.5 Herbicide History of Two Fields with Trifluralin Resistant Green Foxtail 

Year Crop 

 Field 1  

Trifluralin 

(500g/L EC) 

(L/ac) 

Crop 

 Field 2 

Trifluralin 

(Granular 5%) 

(kg/ac) 

1988 Canola 1.05 Lentils 11.3 

1987 Wheat 0.45 Wheat 0 

1986 Wheat 0 Canola 11.3 

1985 Canola 1.05 Wheat 0 

1984 Wheat 0.45 Flax 11.3 

1983 Wheat 0 Wheat 0 

1982 Canola 1.05 Lentils 11.3 

1981 Wheat 0.45 Wheat 0 

1980 Wheat 0 Lentils 11.3 

Source: Saskatchewan Agriculture 1991 
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Weed control under post innovation management is achieved through a post emergent 
application of glyphosate. The potential for herbicide tolerant weeds resulting under this 
management regime requires consideration of two related concerns: i) that herbicide 
tolerant Canola cross pollinates with related weeds (mustard) to produce herbicide 

tolerant noxious weeds and ii) that repeated use of glyphosate will result in herbicide 

tolerant weeds through natural selection, similar to that found on the trifluralin treated 

fields. With respect to the first concern, Bing (1991) completed an extensive three year 

study under both natural conditions, and controlled greenhouse conditions, and concluded 

that the possibility of interspecific or intergeneric crosses from the oilseed Brassicas to 

the weedy cousins, B. nigra and S. arvenis was essentially zero for Western Canada. 

Bing summarized his study by stating: 

Thus the development and release of herbicide-resistant oilseed Brassicas 

will not result in the enhancement of weediness of B. nigra and S. arvensis 

through the transfer of the herbicide-resistant gene(s) from cultivated 

oilseed Brassica species through natural interspecific or intergeneric 

crosses. 

With respect to the second concern, glyphosate is the most extensively used non-selective 

herbicide in the world, yet there is no reported occurrences of weeds developing tolerance 

to this chemical due to repeated use. For this reason, the probability of herbicide tolerant 

weeds occurring under the post innovation management system for herbicide tolerant 

Canola is assumed to be much less than the potential for herbicide tolerance in the pre-

innovation state. 

Step 3 - Valuing the Environmental Change 

Performing primary investigations into the non-market valuations of the environmental 

factors of soil loss, chemical usage, fossil fuel consumption and plant genetic stability, 

was beyond the scope of this thesis. However, in place of this primary research, a review 

of literature on these subjects was completed. Unfortunately, information was limited, 
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and only literature on the value of soil loss was provided for the Western Canadian 

environment. This lack of data on the social value(costs) of the other factors is a 

limitation of this study. 

With respect to the value of soil, estimates for the prairies were found to range from 0 to 

$2.53/ha (Smith et al 1990) while Steinke (1994) more recently estimated the value of 

eroded soil in Saskatchewan as $1.50/tonne. Table 4.5 provides a summary of several 

studies which have investigated soil erosion on the prairies. For the purposes of this 

thesis, a value of $1.50 per tonne will be used as the composite average value of soil lost 

on the prairies. 

Table 4.6 Recent Studies Investigating the Cost of Soil Erosion 

Authors Region of Study Tonnes of Value 

Erosion/yr ($CDN) 

PFRA 1983 Prairies 277 MT/yr 

on Prairies 

239 million 

Kiss et al 1986 West Central Sask. 9 t/ha/yr na 

Rennie 1986 
Saskatchewan 430 MT/yr 

in Sask. 

560 million 

Van Kooten et al. 1987 Prairies 277MT/yr 

on Prairies 

35 to 453 

million 

Smith et al. 1990 
Manitoba 0 to 0.99/t 

RIVI of Kindersley 
Steinke 1994 

$1.50/t 

Source: multiple sources as indicated above 
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4.4 SUMMARY 

The theoretical framework for measuring the impacts for the three accounts of this 

multiple account evaluation have been described. Welfare economics forms the basis for 

determining the economic value impact, while input output analysis is used to measure 

the affect on the economic impact account. The environmental quality account provides 

the greatest challenge in terms of quantifying values resulting from the adoption of this 

new herbicide tolerant technology. However, a theoretical framework is described which 

integrates a production management model with an environmental model. Using these 

theoretical models as a foundation, models which estimate economic value, economic 

impact and impacts on the environment are developed. 
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CHAPTER V 

ANALYSIS AND RESULTS 

A multiple account analysis was used to evaluate the impacts of adopting herbicide 

tolerant Canola. The analysis simulated the impact of the new technology on producers, 

consumers, environment and the local economy for the years 1996 to 2000. These results 

were reported in qualitative or quantitative terms using the three accounts of the multiple 

account analysis. Sensitivity analysis was completed on the critical values used in the 

models. Through the sensitivity analysis, the uncertainty surrounding the ex-ante 

estimates was reflected through a range of potential outcomes. 

5.1 ESTIMATION OF ECONOMIC VALUE AND IMPACT 

Two values required in the model for estimating returns to Canola research are the price 

elasticity of demand and supply. Over the past two decades, several studies have 

provided estimates of the elasticity of supply and demand. The most recent of these 

studies used data which includes the recent acreage increases and improved acceptance of 

the product internationally. These results of estimations completed over the past decade 

are summarized in Table 5.1. 
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Table 5.1 Review of Elasticity Estimates for Canola 

Elasticities 

Canada 

Elasticity of Supply for Canola Seed 
Elasticity of Supply for Processing 

Elasticity of Demand for Canola Oil 

Elasticity of Demand for Canola Meal 

Low 

0.09 

0.06 

-0.54 

-0.12 

Average High 

1.31 2.53 
5.00 10.00 

-2.44 -4.34 

-0.71 -1.30 

Japan 

Elasticity of Supply for Canola Seed 0.28 0.00 1.10 

Elasticity of Supply for Processing 0.06 5.00 10.00 

Elasticity of Demand for Canola Oil -0.31 -0.74 -1.17 

Elasticity of Demand for Canola Meal -0.20 -0.46 -0.71 

Row 

Elasticity of Supply for Canola Seed 0.41 1.09 1.77 

Elasticity of Supply for Processing 0.06 5.00 10.00 

Elasticity of Demand for Canola Oil -0.13 -2.05 -4.08 

Elasticity of Demand for Canola Meal -0.20 -1.03 -1.86 

Source: Furtan 1996 

5.1.1 DATA 

The Technology Costs and Savings 

The research benefits in this study result from the cost reducing properties of herbicide 

tolerant Canola. The first of these varieties was awarded interim registration in 1995 on 

the condition that the seed be identitiy preserved from the remainder of the canola 

harvested. This study assumes that the herbicide tolerant Canola will be licensed and 

grown commercially in 1997 with the benefits continuing until the year 2000. In order 

for the benefits to move beyond this period, it would be necessary to invest further into 

transferring the herbicide tolerant gene into the top Canola cultivars of the day. Table 5.1 
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summarizes the costs of development of the herbicide tolerant technology, and the 
direction savings in production costs generated by the technology, while Table 5.2 
summarizes the results of the technologies impact on the Canola industry, the 

environment and the consumers. 

Table 5.2 Technology Costs and Savings Data for Base Case Analysis 

Annual Costs 

Herbicide Tolerant Technology 

- $1.3 million per year * 7 years 

- Research expenditures occur from 1985 to 1991 

Cultivar Development 

- $250,000 per year * 4 years 

- research expenditure occur from 1989 to 1991 

N_e_t_p_t tvsen  Value of Investment (5% discount) 

NPV $ million 

(1994 CDN dollars) 

Herbicide Tolerant Technology $16.3 

Cultivar Development $ 1.3 

Technology Savings_ 

Savings in weed control cost per acre 

Source: Monsanto Canada Inc.; Dr. Rachel Scarth, University of Manitoba 

$10 
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5.2 ESTIMATION OF ENVIRONMENTAL IMPACT 

The data for this estimation is provided by Agriculture Canada (1994) study, which 
provides an explicit definition of the crop sequence patterns and management systems for 
each CRAM district across the prairies, and as such, also reports the percent of the total 
Canola acreage treated with trifluralin. As stated earlier, based upon expert opinion, it is 
assumed that the Canola acreage treated with trifluralin or Edge will be replaced by the 

herbicide tolerant Canola, acre for acre. The benefit of herbicide tolerant Canola over 

traditional Canola planted on trifluralin treated ground is reduced weed control costs, 

wider spectrum weed control, higher degree of crop rotation flexibility following 

chemical treatment, and delay in making the chemical investment (fall applied vs. post-

emergent). This allows an acreage estimate of the quantity of herbicide tolerant Canola 

grown. 

5.2.1 ESTIMATING SOIL CONSERVATION 

The data set used to estimate the impact on soil erosion is derived from Agriculture 

Canada (1994) and is shown in Table 5.3 to 5.5. To assist with describing the table, row 

numbers and column letters have been inserted into the table. These numbers and letters 

serve as guides in describing the table and its information. For example , the Row 1 as 

identified by the row labeled `1', contains the reference to one of the three prairie 

provinces, and in Table 5.3 refers to Alberta. The next row, row 2, as identified by the 

row labeled `2', identifies the CRAM districts used in the CRAM model, with 7 districts 

in Alberta, and 9 and 6, districts in Saskatchewan and Manitoba respectively. In total, 

there are 22 CRAM districts across the prairies. Row 3 represents the cultivated ha of 

land in each district, while row 4 is blank. Rows 5, 6 and 7 show the area of each CRAM 

district allocated to Canola on fallow, in percentage terms as well as in thousands of 

hectares. Rows 8 to 14 represent the respective water and wind erosion rates in tonnes 

per ha for the Canola grown on fallow. The erosion rates are shown for each of the three 

tillage systems, conventional tillage, reduced tillage and minimum tillage respectively. 

Rows 16 through 25 show similar information for Canola on fallow, with row 17 and 18 

representing the amount of Canola on stubble, while the water erosion for each tillage 

system is shown in row 20 through 22, and wind erosion is represented in rows 23 to 25. 

Rows 27 to 33 describe the tillage practices used in the CRAM districts during the base 
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period. For example row 28, column b shows that 63% of the land managed in CRAM 

district 1 in Alberta were managed using conventional tillage practices. Using this data, 

along with equations 3.2 and 3.3, the weighted average tonnes of soil saved per CRAM 

district when reduced till replaces all of the intensive till can be estimated. Then, by 

summing this total tonnage, and dividing it by the sum of the Canola acres managed as 

intensive till in the 22 CRAM districts, the weighted average soil conserved per acre of 

herbicide tolerant Canola adopted is determined. By multiplying this weighted average 

per acre erosion rate by the total number of acres of herbicide tolerant Canola adopted, 

the total soil erosion savings are estimated. 
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Table 5.3 Soil Erosion Model - Alberta 

a b c d e f ° h 

Alberta 

I CRAM Region 1 

2 Total hectares ('000) 

3 

749 

4 Canola on Fallow 

5 Percent of Cultivated land 1% 

6 ha ('000) 7 

7 
8 Erosion (t/h) 
9 water - conventional 2.73

10 water -reduced 2.93

1 1 water -minimum 2.43 

12 wind - conventional 4.84

13 wind - reduced 4.81 

14 wind - minimum 4.55

15 

16 Canola on Stubble 
17 Percent 1% 

18 ha ('000) 7 

19 Erosion (t/ha) 
20 water - conventional 

1.09 

21 water -reduced 0.37 

22 water -minimum 
0.30 

wind - 
conventional 3.65 

23 
24 wind - reduced 

0.97 

25 wind - minimum 0.63 

26 
27 Canola area in Base period 

63% 
78 Conventional Till (%) 
.79 ha ('000) 

9 

28% 
30 Reduced Till (%) 
31 ha ('000) 

4 

32 Min Till (%) 
9% 

33 ha ('000)

Source: Agriculture Canada (1994) 

2 
1,375 

0% 

3 
838 

0% 

4 
1,878 

2% 
38 

5 
810 

3% 
24 

6 
605 

2% 

12 

7 

1,218 

5% 
61 

na
na
na 

na 

na 

na 

1 .84 
1.85 

1.69

3.00
313 

2.72 

1.37 
1.33
1.22 

1.54 
1.51 
1.38 

na 
na 0.49 0.72 0.73 0.38 

na na 0.45 0.65 0.74 0.38

na 
na 0.43 0.68 0.75 0.39 

2% 4% 4% 8% I% 33% 
28 34 75 65 6 402 

0.18 4.20 0.78 1.14 0.60 0.79

0.15 2.72 0.54 0.99 0.49 0.46
0.13 2.20 0.48 0.91 0.48 0.42

2.90 0.70 0.23 0.21 0.22 0.23
1.47 0.32 0.06 0.08 0.10 0.09 

0.97 0.17 0.03 0.04 0.05 0.05 

63% 
17 

67% 
22 

738%2 85%76 831%5 82% 
380 

32% 31% 25% 14% 16% 17% 

9 10 28 12 3 79 
5% 1% 2% 1% 1% 2% 

1 0 2 1 0 9 
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Table 5.4 Soil Erosion Model - Saskatchewan 

1 CRAM Region 

2 Total hectares ('000) 
3 
4 Canola on Fallow 

5 Percent of Cultivated land 

6 ha (1000) 

7 
8 Erosion (t/h) 
9 water - conventional 

10 water -reduced 

11 water -minimum
12 wind - conventional 

13 wind - reduced 

14 wind - minimum 

15 

16 Canola on Stubble 
17 Percent 

ha ( 18 000) 

19 Erosion (t/ha) 
20 

21 

water - conven
tional 

water -reduced 

22 water -minimum 

23 wind - conven
tional 

24 wind - 
reduced 

25 wind - minimum 

26 
27 Canola area in Base period 

28 Conventional Till (%) 

29 ha ('000) 

30 Reduced Till (%) 

31 ha ('000) 
(%) 

i j k I m n o p q 
Saskatchewan 

1 2 3 

1,040 1,172 1,966

6% 2% 0% 

62 23 -

1.41 1.31 
na 

1 .41 1.31 na

1.36 1.23 na
6.16 
6.15 
5.97 

9.34 
9.31 
8.95 

na 
na 
na 

6% 0% 0% 

62 0'
0

0.29 na 
na

0.20 na na 

0.18 na 
na 

1.87 na 
na

0.73 
na

na 

0.38 na na

65% 55% 59% 

81 13 

28% 38% 28% 

35 9 - 

7% 7% 13% 

32 Min Till 

33 
9 

2

ha ('000) 

Source: Agriculture Canada (1994) 

4

589 

5
1,931 

6 
1,707 

7 
1,209 18,317 1,5949

0% 12% 
7%

10% 7 0/. . — 3% 

232 119 121 92 48 

na 3.25 1.07 1.06 3.542 2.629 

na 3.17 1.04 
1.02 3.419 2.653 

na 2.91 1.00 
0.96 3.169 2.542

na 1.98 7.27 4.00 3.016 2.259 

na 1.95 7.13 4.18 2.996 2.225 

na 1.96 6.87 3.99 3.016 2.194 

0% 9% 1% 4% 0.13 0.08 
0 174 17 48 171 128 

na 0.81 0.23 0.928 0.826 

na 

na 

0.54

0.45 0. 15 
0.17 

0.1300..1149
0.579 
0.48 

0.549 
0.472 

na 0.69 2.36 1.37 1.141 0.869 

na 0.30 1.21 0.65 0.488 0.393 

na 0.15 0.63 0.38 0.256 0.207 

52% 73% 
296 

61% 
83 

51%86 01.975588

41% 21% 
85 

29% 
40 

42% 
71 

0001...4220742583

7% 16% 10% 7% 0.03

0.22 

65 14 12 8 4 
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Table 5.5 Soil Erosion Model - Manitoba 
r s t u v w 

Manitoba 

1 CRAM Region I 2 3 4 5 6 

2 Total hectares ('000) 1,381 627 601 745 348 349 

3 
4 Canola on Fallow 

5 Percent of Cultivated land 0% 0% 0% 0% 0% 0% 

6 ha ('000) 

7 

8 Erosion (t/h) 

9 water - conventional na na na na na na 

10 water -reduced na na na na na na 

II water -minimum na na na na na na 

12 wind - conventional na na na na na na 

13 wind - reduced na na na na na na 

minimum na na na na na na 
14 wind - 

15 
16 Canola on Stubble 
17 Percent 

18 
ha ('000) 

19 Erosion (t/ha) 
/0 water - conventional 
21 water -reduced 

water -minimum 
-7,
23 wind - conventional

24 
wind - reduced 

25 wind - minimum 

26 
27 Canola area in Base period 

78 Conventional Till (%) 

29 
ha ('000) 

30 Reduced Till (%) 

31 ha ('000) 

32 Min Till (%) 

33 
ha cow 

Source: Agriculture Canada (1994) 

15% 
20% 15% 16% 17% 14% 

207 125 90 119 59 49 

1.02 0.75 0.58 0.95 0.88 0.90 

0.39 
0.43 0.24 0.45 0.56 0.60

0.32 0.37 0.21 0.36 0.49 0.53
5.42 1.67 4.91 2.92 3.94 0.81 

1.77 0.68 1.63 0.99 1.82 0.31
1.01 0.37 0.99 0.59 1.11 0.15

63% 74% 67% 64% 69% 72% 

131 93 60 76 41 35
32% 24% 27% 31% 25% 23% 

66 30 24 37 15 11
5% 3% 6% 5% 6% 6% 
10 4 5 6 4 3
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The results of this estimation are provided by Junkins (1995) who completed the 

simulation using the RS-CRAM model. 

Table 5.6 RS CRAM Erosion Impact Estimates for HT Canola 

Region 
Change in Erosion on 

Land Planted to HT Canola 

Difference 
(tons/ha/yr) 

Percentage 
Change 

Wind Water Wind Water 

AL.! 
AL.2 
AL.3 
AL.4 
AL.5 
AL,6 
AL.7 

Alberta 

-0.03 
-0.35 
-0.18 
-0.03 
-0.10 
-0.10 
-0.03 
-0.09 -0.08 

0.00 
-0.04 
-0.22 
-0.03 
-0.16 
-0.15 
-0.07 

-0.9 
-11.1 
-25.6 
-9.0 

-42.1 
-35.3 
-45.2 

-0.1 
-5.7 
-6.7 
-2.3 

-16.4 
-15.8 
-12.7 

-8.0 -6.1

SA.1 
SA.2 
SA.3 
SA.4 
SA.5 
SA.6 
SA.7 
SA.8 
SA.9 

Saskatchewan 

MA. I 
MA.2 
MA.3 
MA.4 
MA.5 
MA.6 

Manitoba 

0.00 
0.00 

- I .46 
-2.39 
0.00 
0.00 
0.00 

-0.02 
-0.16 
-0.07 

-0.01 
-0.01 
-0.22 
-0.64 
-0.02 
-0.01 
-0.01 
-0.03 
-0.06 
-0.04 

0.0 
0.0 

-8.6 
-24.5 

0.0 
0.0 
0.0 

-2.9 
-20.2 

-1.3 
-0.9 

-12.3 
-32.9 
-1.8 
-1.3 
-0.9 
-2.5 
-5.2 

-1.3 -2.9 

-0.65 
-0.78 
-0.61 
-0.46 
-0.74 
-0.41 
-0.63 

Prairies -0.21 

Source: Junkins 1995 

-0.13 
-0.41 
-0.14 
-0.19 
-0.15 
-0.17 
-0.19 

-0.09 

-27.1 
-31.1 
-33.2 
-33.1 
-30.4 
-42.8 

-11.0 
-8.0 

-17.4 
-15.4 
-18.7 
-22.5 

-31.1 -11.1 

-5.7 -6.9 
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5.2.2 ESTIMATING FOSSIL FUEL CONSERVATION 

Fossil fuel conservation occurs when herbicide tolerant Canola is adopted, because one 
less tillage pass is required under this reduced tillage management system. Quantification 
of the total amount of diesel fuel conserved can be determined by multiplying the acres of 
herbicide tolerant Canola adopted, by the diesel fuel usage per acre for cultivation. 

Based upon statistics from the 1995 Manitoba Agriculture Recommended Rental Rates 

guide, a typical 164 hp tractor will consume $10.04 of fuel per hour, or 1.8 litres per acre. 

Therefore, by multiplying this value by the total acres of herbicide tolerant Canola 

adopted, then total diesel fuel conserved will be known. 

5.2.3 ESTIMATING PLANT GENETIC STABILITY 

Quantified estimates of plant genetic stability were not possible due to data limitations. 

However, estimates of the acres of land at risk to herbicide tolerant Canola is calculated. 

This calculation is based upon the fact that continued use of trifluralin may result in 

herbicide tolerant weeds, as documented in Table 4.5, while at the same time, the risk of 

herbicide tolerant weeds resulting form glyphosate application and/or the introduction of 

glyphosate tolerant Canola is virtually nil (Bing 1991). As such, the total acreage 

adopted to the herbicide tolerant Canola will represent the amount of land which is placed 

in reduced risk of herbicide tolerant weeds occurring. 

5.3 RESULTS 

The results are presented as model outputs to provide the detail necessary to understand 

the dynamics of the model and the model assumptions. 
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Table 5.7 Base Case Model Outputs of Herbicide Tolerant Technology Impact 

HT Canola Adoption 

Year 1996 1997 

Canola ha (000) 3,174 3,199 

% trifluralin treated 70% 45% 

% HT Canola 0% 25% 

1998 
3,225 
20% 
50% 

Economic Surplus Due to HT Canola adoption 

k 0.00 0.01 0.02 

e 
1.31 1.31 1.31 

n 
2.05 2.05 2.05 

P1(1993) $/mt 
392 392 392 

Q I (1993) '000 mt 
3,872 3,872 3,872 

P2 (1993) $/mt 
392 390 389 

Q2 mt ('000) 
3,872 3,903 3,934 

Y $ ('000) 
0 15,178 30,356 
0 7,589 15,178

X $ ('000) 0 22,767 45,535 
Total Surplus $ ('000) 
Consumer Surplus $ ('000) 

0 5,941 11,930 

Producer Surplus $ ('000) 
0 16,826 33,605 

26% 26% 

% Consumer Surplus 74% 74% 
% Producer Surplus

Soil Erosion Savings from HT Canola Adoption 

Reduced erosion (mt/ha/yr) 
0.3 0.3 0.3 

Total conserved (1000mt) 
240 484 

value per mt ($) 
1.50 1.50 1.50 

360 726 
Total Value of saved soil $ ('000)

Economic Impact 31 62 

Addtl. Canola Produced mt ('000) 
Price 

392 390 389 
$/mt 

Economic Stimulus $ ('000) 
_ 12,084 24,073

Multiplier Effect 
Output $ (000) 

Value Added $ (000) 

Income $ (000) 

Source: Author Estimated 

5.3.1 BENEFIT COST RATIO FOR HERBICIDE TOLERANT RESEARCH 

Benefits and costs of the herbicide tolerant Canola are summarized in Table 5.8. All 

costs and benefits are calculated as net present values using a 5% discount rate. Dividing 

1999 
3,250 

0% 
70% 

2000 
3,275 

0% 
70% 

0.03 0.04 
1.31 1.31 
2.05 2.05 
392 392 

3,872 3,872 
387 386 

3,965 3,996 
45,535 60,713 
22,767 30,356 
68,302 91,069 
17,966 24,049 
50,336 67,020 

26% 26% 
74% 74% 

0.3 0.3 
682 688 
1.50 1.50 

1,024 1,032 

93 124 
387 386 

35,968 47,768 

25,256 50,313 75,174 99,836 

13,776 27,444 41,004 54,456 

8,459 16,851 25,178 33,438 
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the net present value of the total surplus by the net present value of the total cost results 
in a benefit cost ratio, which for the base case for this technology is 18 to 1. 

5.3.2 ECONOMIC IMPACT 

Economic impact is measured by determining the magnitude of the economic stimulus 

resulting from the adoption of the technology and multiplying this stimulus by the 

multipliers for output, income and value-added as reported in Table 4.3. The magnitude 

of the economic stimulus is derived from the economic value account and is based upon 

the additional value of Canola produced due to the adoption of herbicide tolerant Canola. 

The adoption of herbicide tolerant Canola will produce consumer and producer benefits 

valued at $187 million during the first five years of licensing. The economic impact 

during this same time period will generate $248 million of additional output, $135 

million of additional income, and $83 million of additional value added. 

5.3.3 ENVIRONMENTAL IMPACT 

In addition to the benefit calculated through the consumer and producer surplus, the 

benefits to the environment are also significant. In the base run, an estimated 2.0 million 

tonnes of soil are conserved from erosion, worth an estimated $2.55 million. In 

addition, 12.3 million litres of diesel fuel are conserved. The risk of herbicide tolerant 

weeds developing is also reduced, with a total of 6.8 million ha of land at reduced risk of 

herbicide tolerant weeds during the five year term of this investigation. 
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Table 5.8: Summary of Results from Base Case Analysis 

A. Economic Welfare Benefits 1996 to 2000 

NPV $ ('000) Percent 

@ 5% discount Benefit 

Total Surplus $ ('000) $187,533 100% 

Consumer Surplus $ ('000) $5,265 3% 

Producer Surplus $ ('000) $182,268 97% 

B. Environmental Benefts 1996 to 2000 

Soil Conserved NPV $ ('000) Soil Conserved 

@ 5% discount ('000 mt) 

Diesel Fuel Conserved 

per acre adopted (litre) 

Cumulative litres conserved 

$2,553 2,052 

1.8 

12,313 

Reduced Opportunity for Herbicide Tolerant Weeds 

ha*years affected 6,840 

C. Regional Economic Impact 

NPV $ ('000) 

@ 5% discount 

Incremental Output ($ 000) $22,500 

Incremental Value Added ($ 000) $12,273 

Incremental Income ($ 000) $7,536 

Source: Author Estimated 
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5.4 SENSITIVITY OF RESULTS 

It is common to provide decision makers a range of results to reflect the risk and 

uncertainty associated with critical variables used in the model. The critical factors in 

this analysis were adjusted ceteris paribus with the results presented in Table 5.4. 

Table 5.9: Sensitivity of Results 

Factor Adjusted 

BCA Output Value 

Impact on Results 

Income Soil Soil Fuel Ht weeds 
Ratio ($ '000) ($ '000) ($ '000) ('000 mt) ('000 $) ('0001) ('000 ha) 

Base Year Results 18 248,205 135,384 83,131 2,103 2,615 12,618 7,010 

Price of Canola 
120% 22 297,846 162,461 99,757 2,103 2,615 12,618 7,010 

80% 15 198,564 108,308 66,505 2,103 2,615 12,618 7,010 

Acreage 
l20% 22 297,846 162,461 99,757 2,524 3,138 15,142 8,412 

80% 15 198,564 108,308 66,505 1,682 2,092 10,094 5,608 

Market penetration 
0,35,70,70,70 22 292,237 159,402 97,879 2,109 2,623 12,652 7,029 

0,15,25,35,40 11 145,018 79,101 48,571 2,079 2,586 12,477 6,931 

Licensing Delays 
0,0,25,50,70 9 122,110 66,606 40,898 2,078 2,583 12,465 6,925 

Demand Elasticity 
4.08 
0.13 

15 
15 

257,247 
30,072 

140,316 
16,403 

86,159 
10,072 

2,105 
2,054 

2,618 
2,555 

12,631 
12,324 

7,017 
6,847 

Supply Elasticity 
2.53 
0.09 

15 
15 

291,075 
22,500 

158,768 
12,273 

97,489 
7,536 

2,113 
2,052 

2,628 
2,553 

12,680 
12,313 

7,045 
6,840 

Source: Estimated 

The sensitivity analysis presented in Table 5.9 provides a range of values for key 

variables used in this analysis. These results are important, as well as an understanding 

of the probabilities of these events occurring. This element of the analysis is discussed 

below. 
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Price 

The price of Canola had a significant impact on the benefits of this technology. Because 
the technology is assumed to lower the costs of productivity, price changes significantly 
change results. 

Acreage 

Changes in acreage have a major impact on the results, with a 20% increase in acreage 

creating a 20% improvement in the benefit cost ratio, and proportionate improvements in 

all other factors. This is significant given that the area devoted to Canola during the past 

2 years has been 13.8 million acres, representing 175% of the 10 yr average Canola 

acreage. 

Market Penetration 

The market penetration of herbicide tolerant Canola is expected to occur very rapidly 

based upon the benefits these varieties offer relative to existing varieties. However, 

unlike the situation in the industry when previous breakthrough varieties such as Westar 

or Tobin came to dominate the market, there is now several major private breeding 

companies which will aggressively defend share against the herbicide tolerant varieties. 

As well, the herbicide industry may lower the costs of existing herbicides, which would 

also slow the adoption of herbicide tolerant Canola. It is these scenarios which provide 

for some opportunity for slower adoption than is suggested in the base case analysis.. 

Licensing Delays 

Delaying the licensing of this technology 
significantly affects the technology impact, 

with a one year delay reducing the cost benefit to 9 to 1 from a base case of 18 to 1. This 

scenario was considered because in order for the herbicide tolerant Canola to be licensed 

in Canada, and freely grown, seven regulatory approvals are required. These approvals 

ensure that the oilseed is safe for human food use, animal feed use and for environmental 

release. These approvals are required domestically and in international markets where 
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Canadian Canola is exported. If these approvals are not obtained, the licensing of the 
herbicide tolerant varieties will be delayed. 

Demand and Supply Elasticity 

Several demand and supply elasticities were used to test the sensitivity of the model, 

however, the benefit cost ratio did not significantly change using alternate assumptions. 

Significant changes in the proportion of consumer and producer benefit did occur with 

changes in elasticity assumptions. 

Summary 

Delaying the licensing of herbicide tolerant Canola will have a significant negative effect 

on consumers, producers, the economy and the environment. The highest benefit to cost 

ratios, 22 to 1, is achieved when either total Canola acreage or price is increases by 20% 

or the savings in cost of production increase by 20%. Benefit cost ratios of 22 to 1 was 

also achieved when the market penetration of the herbicide tolerant Canola was 

accelerated, while the ratio fell to 11 to 1 if the market penetration was lower than 

expected. Changes to the economic impact accounts were minimal when the price 

variables were changed, however, the impact of a more elastic demand or supply curve 

was dramatic, increasing the economic activity significantly. As well, soil conservation 

ranged from a low of 1.7 million tonnes under the reduced acreage option, to a high of 

2.5 million tonnes under the higher acreage option. Similarly, fuel conservation, and area 

of land susceptible to herbicide tolerant weeds was most favourable under the higher 

acreage option, and least favourable if the acreage was lower. 
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CHAPTER VI 

SUMMARY AND CONCLUSION 

The three primary objectives of this research were as follows i) to develop a multiple 
account assessment framework for evaluating resource management decisions in 

agriculture, ii) to use this assessment framework to evaluate the economic and 

environmental impacts of adopting herbicide tolerant Canola, and iii) to determine the 

impact on the economy and the environment of delaying the licensing of the technology 

by one year. The multiple account assessment framework used in this study provides a 

more complete analysis of the impacts of policies, such as the licensing of herbicide 

tolerant Canola, then conventional benefit cost analysis. The inclusion of economic 

impact, as well as environmental factors provides decision makers with more 

information, as well as an understanding of the gainers and losers that may result due to 

the policy change. The difficulty encountered when completing this analysis was the 

availability of data, in particular with relation to the environmental impacts. With respect 

to the environment, efforts have been made to understand the dynamics of soil loss and 

the subsequent impact on Western Canada, and the recent study by Agriculture Canada 

(1994) demonstrate that progress is being made. However, information required to 

complete quantitative analysis of the other environmental factors was not available. 

However, it is hoped that by presenting the results in a quantified form, that future studies 

may attempt to quantify these impacts on the environment, and the economy. 

Objectives 2 and 3 are also very important in terms of identifying the beneficiaries of this 

technology, and secondly determining who may lose if the technology is not licensed. 

Decision making on issues such as licensing of herbicide tolerant Canola is very 

complex. For instance, it is clear that this technology will negatively affect some 

members of the herbicide input industry, in particular those involved in the sales of 

trifluralin or ethylfluralin products. Farmers will be affected in the way they manage 

their land, as well as in their Canola production costs. Canola processors will also need 

to address the consumptive safety issues surrounding the use of the oil and meal derived 
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from herbicide tolerant Canola. The government must also participate in the form of 
registering varieties. At present, herbicide tolerant Canola has been provided interim 

registration based upon the recommendation of the Prairie Registration Recommending 

Committee. However, the interim registration only allows one year of production, and 

does not allow for the sale of the seed produced. In 1996, the Prairie Registration 

Recommending Committee will once again review the issue of licensing herbicide 

tolerant Canola and it is hoped this study provides objective information that aids in the 

decision making process. 

The multiple accounts analysis used three accounts to evaluate the impacts of alternative 

scenarios relative to the status quo. These three accounts were economic value account, 

regional economic impact account, and environmental quality account. By integrating 

these accounts together within a single assessment tool, a comprehensive integrated 

analysis is achieved. 

The economic value account model included the development of a partial equilibrium 

model of the Canola industry. From this model, changes in consumer and producer 

surplus, and ultimately research benefits were measured. Because many non-market 

impacts could not be incorporated into the partial equilibrium model, a separate account 

Was established for providing measures of environmental impact (EQ account). These 

subjective measures provide a basis for evaluating the alternative developments on non-

market goods such as soil conservation, fossil fuel consumption, chemical usage, and 

potential for herbicide tolerant weed proliferation. Also, a quantitative analysis of 

economic impact is estimated for each scenario based upon changes in the value of 

Canola produced. 

Conclusions 

The adoption of herbicide tolerant Canola will produce consumer and producer benefits 

valued at $187 million during the first five years of licensing. The economic impact 

during this same time period will generate $248 million of additional output, $135 
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million of additional income, and $83 million of additional value added. The 
environment also benefits, with 2 million tonnes of soil conserved, valued at $2.5 million 
dollars. In addition, 12 million fewer litres of diesel fuel are used within the first five 
years after the adoption of the technology, and 6.8 million ha of land benefit from 

reduced potential of herbicide tolerant weeds. 

Sensitivity analyses on the critical factors in the model was performed. It was found that 

all parameters that impacted on the area of herbicide tolerant Canola being adopted, also 

had a significant impact on benefits. This included the acreage devoted to Canola, as 

well as the adoption pattern of the new technology. The magnitude of the cost savings 

also significantly impacted on the results. In all of these examples, the upper range of the 

sensitivity analysis produced cost benefits of 22 to I while the lower range of the 

sensitivity analysis produced a cost benefit of 9 to 1. Assuming more elastic demand and 

supply curves dramatically increased the economic impact of the technology. As well, 

changes in the demand and supply changed the percent of benefit for the producers and 

consumers, with increases in the demand elasticity increasing the percentage of the total 

research benefits to producers to between 83% and 85%. Similarly, adjusting the supply 

elasticity to a more elastic estimate resulted in between 70% and 80% of the total 

research benefits accruing to consumers. 

6.1 LIMITATIONS 

The analytical results were determined based on economic theory. As such, the notion of 

economic surplus as a proxy for benefits to society must be accepted. As well, it is 

understood that the use of a partial equilibrium analysis in this model ignores the effects 

of other markets such as the domestic input market, the international Canola markets, the 

net revenues from alternative domestic crops, as well as the international supply of 

Canola, particularly post innovation. The simulation model also assumes that consumer 

habits do not change, and that the new Canola is not differentiated from the traditionally 

produced Canola. 
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This study also relies upon a regional economic impact multiplier, which were developed 
based upon the 1974 census data. Since this time, the economy has developed, especially 
in the Canola crushing industry. For this reason, the economic impact to Western Canada 
due to the adoption of this new technology is expected to be underestimated. 

6.2 AREAS FOR FURTHER RESEARCH 

In completing this investigation, topics were identified which had theoretical as well as 

practical merit that would warrant further investigation. These areas are discussed below. 

This study assumes competitive pricing in the input supply market, however due to 

existing barriers to entry in the herbicide input market as well as the proprietary nature of 

the herbicide tolerant gene, it is hypothesized that the companies involved may be able to 

exert market power. As well, the seed marketing agents may also have market power in 

the pricing of the seed input required by the farmers. An interesting investigation would 

be to monitor the rents captured by each of the factor suppliers in the production chain to 

determine who is able to exert market power. This investigation could best be done ex-

post, and would involve comparing the existing relationships in the production chain to 

the relationships that develop in association with the herbicide tolerant Canola. This area 

of research is particularly interesting when one considers the private investment made by 

the agriculture chemical suppliers into developing herbicide tolerance. These companies 

would be expected to capture economic rents in order to pay for this investment. This 

challenge will be particularly interesting for Monsanto Canada Inc. who has invested into 

glyphosate tolerance gene, but due to patents expiring, no longer is the exclusive supplier 

of this product. Conversely, Hoechst Canada Inc. has a herbicide tolerant Canola 

program, with the Canola cultivars tolerant to the patented product glufosinate 

ammonium, which, like glyphosate, is a non-selective herbicide. 

A shift in comparative advantage for Canola production may occur once the herbicide 

tolerant Canola becomes available. This is expected because some regions have higher 

levels of weed competition, such as in areas of higher moisture. In western Canada, this 

will favor the producers in the gray and black soil zones. On a global scale, however, this 
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may shift comparative advantage towards the United States or Europe. In addition, the 

new technology lowers the management requirements for production. This also shifts 

comparative advantage to regions with high demands on management time, or 

alternatively have very little management experience. An ex-post analysis of the actual 

adoption patterns, combined with a survey to estimate the relative importance of the 

herbicide tolerant Canola's features would be useful in understanding the potential 

beneficiaries of the benefits of this technology. 

Finally, the yield of HT canola was assumed to be unchanged from conventional varieties 

using trifluralin weed control. An ex-post analysis of the yields of the two technologies 

should be conducted to determine if this assumption is correct. As well, the cost of other 

inputs such as Lontrel for thistle control should be evaluated ex-post to determine if there 

are other affects on inputs not captured in this analysis. 
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