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ABSTRACT 

Harvey, M. L., M.Sc. University of Saskatchewan, Saskatoon. 

September, 1993. Evaluation of the Performance of the Western Canadian 

Flaxseed Marketing System. 

Supervisor: Dr. Gary G. Storey. 

During the 1950's, flaxseed was the most important oilseed crop 

grown in Western Canada in terms of volume of product ion and value. 

Since that time, production of flaxseed has declined relative to most 

other crops grown in Western Canada. Over the past thirty years, end 

use markets for flaxseed have gradually been eroded by various 

substitute products and substitute o i 1 seeds. Consumption of 1 i nseed 

oi 1, produced by crushing flaxseed, has been decreasing steadily over 

this time period. Concern has been expressed over the effectiveness and 

efficiency of the flaxseed marketing system to adequately facilitate the 

movement and pricing of flaxseed. 

The general objective of this study was to focus on some of the 

important performance dimensions of the Canadian flaxseed marketing 

system. Given the broad and abstract nature of market performance, and 

the difficulty in quantitatively evaluating the many social dimensions 

of market performance, the narrower focus of this study is on pricing 

performance and pricing efficiency of the flaxseed futures contracts 

taded on the Winnipeg Commodity Exchange, the price discovery mechanism 

of Canadian flaxseed. 

Descriptive indicators and quantifiable measures were developed to 

provide insights into the functioning of the flaxseed marketing system. 
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Tests to assess the pricing efficiency of the flaxseed futures market at 

the Winnipeg Commodity Exchange included: 

Forecastability: Using the mean square prediction error criterion 

used by Carter ( 1982), and a test originally suggested by Tomek 

and Gray (1970), tests of the forecastability of flaxseed futures 

were carried out using Chicago soybean futures as a benchmark for 

comparison. 

Testing for the presence of bias in flaxseed futures: Is there a 

structural bias built into flaxseed future prices to induce risk 

averse speculators into providing liquidity for hedgers. 

Martingale hypothesis: Classified as a weak-form efficiency test, 

price series from flaxseed futures were tested to see if there was 

any information in historical prices which could be used to form 

predictions of future prices. 

Cointegration: If two economic variables such as spot and futures 

prices are to be considered efficient, then over the long run, 

being subject to the same market forces of supply and demand, the 

two series movements should be quite closely linked. Existence of 

cointegration is not sufficient for cointegration, but it is 

necessary. 

In all of the above tests, with the exception of cointegration, 

Chicago soybean futures were used as a benchmark of comparison for the 

results obtained. In order for a price series to be tested for 

cointegration, the series must first be found to be non-stationary. 

Chicago soybean futures price series were all stationary preventing 

tests of cointegration on soybean prices. 
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Since it is difficult to assess efficiency in a vacuum, tests of 

efficiency are normally assessed relative to a norm of comparison, in 

this case Chicago soybean futures, which were assumed to be efficient. 

In all cases, flaxseed futures prices at the Winnipeg Commodity Exchange 

were found to be just as efficient as soybean futures prices at the 

Chicago Board of Trade. Failure to reject the null hypothesis of 

efficiency in any of the tests conducted implies that Canadian flaxseed 

futures prices are efficient. The marketing system for flaxseed may be 

losing efficiencies due to the decreasing volumes of the commodity 

handled relative to large volume substitutes, such as soybeans, but 

there is no evidence of systematic inefficiencies in the current pricing 

mechanism for Western Canadian flaxseed, the Winnipeg Commodity 

Exchange. 

Other commodities have been removed from trading at the Winnipeg 

Commodity Exchange due to an insufficient volume of trading in the 

commodity. Flaxseed is a relatively thinly traded commodity at the 

Winnipeg Commodity Exchange, but there is no evidence to suggest that 

the performance of the Exchange as an efficient pricing mechanism is 

being compromised. 
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1.1 Problem Situation 

C H A P T E R I 

INTRODUCTION 

Flaxseed, or linseed as it is more commonly known in other parts 

of the world, has been grown for thousands of years, dating back to 

biblical times. Flaxseed is an oilseed crop grown either for its seed 

or for the fibre content in the straw, depending on the variety. 

Flaxseed has been grown in Canada since the time of settlement, 

primarily for its seed. Canada is one of the worlds largest producers 

of flaxseed, with the majority of Canadian production taking place in 

Western Canada. 

During the 1950's flaxseed was a significant cash crop for Western 

Canadian producers. It was the most important oilseed crop grown in 

terms of acreage and cash receipts. S i nee the 1950's the market for 

flaxseed has been static. As a result average flaxseed acreage and 

production levels have declined relative to production of other Canadian 

oilseed crops particularly canola. Flaxseed acreage for the 1952/53 to 

1956/57 five year average is 1,624 thousand acres, the 1984/85 to 

1988/89 five year average is 1,674 thousand acres. Canola acreage and 

production in comparison have grown from 116 thousand acres during the 

1952/53 to 1956/57 five year average to 7,359 thousand acres during the 

1984/85 to 1988/89 five year average in response to expanding markets 

for edible oilseeds {Statistics Canada 22-201). 
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Europe is and has been the world's largest importer of unprocessed 

flaxseed, accounting for 53.4 percent of tota 1 world imports in the 

period from 1983 to 1987. Canada accounted for 88 percent of total world 

exports in the same period. In 1987/88 73.6 percent of Canada's 

flaxseed exports were destined for Europe (Statistics Canada 22- 201). 

Flaxseed is crushed in Europe primarily to produce industria 1 1 in seed 

oil, with the by-product of linseed cake/meal, valued as a high protein 

livestock feed supplement. The demand for Canadian flaxseed is derived 

primarily from the value of the oil which is extracted from the seed. 

Paint is the largest use for linseed oil. Linseed oil is also 

used industrially in the manufacture of coatings, linoleum, putty, and 

many other specialty products. In recent years however, relative demand 

for linseed oil has been decreasing as linseed oil is being crowded out 

of its traditional end use markets. 

Technological advances in recent years have been increasing the 

substitutability of competitive oils and reducing the demand for linseed 

oils in many end use markets. Water based latex paints have 

significantly reduced demand for linseed based alkyd resin paints. The 

quality of latex paints has improved to the extent that they are 

preferred over oil base paints for many uses. While linseed oil has a 

high iodine value which allows it to dry fast, this unfortunately, also 

causes paint to yellow with age. This makes it suitable for only darker 

shades of paints and exteriors where the bleaching effect of the sun 

minimizes the yellowing effect. As styles and tastes move towards 

1 i ghter interior co 1 ors, soybean o i 1 with a 1 ower i ad i ne content has 

captured a growing portion of the paint market. 

2 



Many of the other end use markets have also experienced declines. 

Linoleum which dates back over 100 years, had traditionally been a large 

market for linseed oil. With the growth of plastics, linoleum was 

largely replaced by vinyl flooring and carpeting, reducing the demand 

for linseed oil. Linseed oil is also used in putty for glazing windows. 

This market is a 1 so on a dec 1 i ne because of the increase in factory 

assembled windows. The various innovations and adaptations of other 

products has gradually resulted in a reduced and more elastic demand for 

linseed oil in Europe, the major importer of Canadian flaxseed. 

International flaxseed and linseed oil prices have fluctuated 

widely sending inconsistent price signa 1 s back to Canada. Production 

responses of Canadian flaxseed growers have been variable given the 

price instabi 1 ity. Flaxseed has lost its posit ion as an estab 1 ished, 

consistently grown crop on the Canadian prairie. Flaxseed is now 

essentially a speculative crop grown only if short term expectations are 

for a profitable return. Concern has therefore been expressed over the 

ability of the present marketing system to perform adequately in 

response to the decline of the flaxseed market. 

An essent ia 1 function of a marketing system is to ensure that 

information regarding the needs and wants of end users is transmitted 

back to the production process so that the desired product and quantity 

can be delivered. It is also important to provide correct signals to 

other segments of the industry and to plant breeders who must respond to 

long term changes in product characteristic requirements. 
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For example, European buyers prefer differing levels of iodine content 

in linseed oil: 

1) Higher iodine levels are desired in linoleum production to 

quicken the drying process. 

2) Paint and coating manufacturers require a lower iodine level 

for certain products. 

But flaxseed grades do not differentiate according to iodine levels. As 

well, plant breeders are not taking these requirements into account in 

selecting for new varieties. Basic market information on desired 

flaxseed product characteristics and quantity are not being transmitted 

back through the vertical channel. 

1.2 Need for the Study 

Grain producers production responses are dependent upon the 

relative profitability of the crops that they are able to grow. The 

limited and declining end use markets for linseed oil have not allowed 

levels of flaxseed production to keep pace with other oilseed crops. 

Because of flaxseed's declining importance as a cash crop in Western 

Canada, little or no research has been carried out on the performance of 

the present marketing system. 

The idea of market performance is multi-dimensional with not all 

dimensions being relevant to each product or commodity market. With the 

structura 1 changes that have taken place, research is necessary to 

determine if the present system is optimal under the various performance 

dimensions that are relevant to the flaxseed marketing system. 

Another need for this study results from changes in the crushing 

industry. In Europe, expeller style crushing facilities which processed 
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only flaxseed have been replaced by multi-product solvent extraction 

facilities. This has meant that different types and varieties of 

oilseeds can be crushed, with relative profitability determining which 

seed is crushed. The increased variability of flaxseed and linseed oil 

prices has resulted in an irregular flaxseed crush. Thus the supply of 

linseed oil has become somewhat irregular because of the price 

variabi 1 ity. Research needs to be done to determine if the present 

marketing system is perhaps contributing to instability and the 

resulting allocative inefficiency. 

1.3 Objectives of the Study 

The general purpose of the study is to assess the performance of 

the Western Canadian flaxseed marketing system where the focus is on 

pricing efficiency. The specific objectives are to: 

1) develop a theoretical I conceptual model that will provide the 

basis for determining the problems of the flaxseed industry, in 

particular, flaxseed marketing. 

2) define the relevant dimensions of market performance which pertain 

to the flaxseed marketing system, and develop norms of comparison 

for these dimensions, with a focus on price efficiency. 

3) develop tests, based on the norms, to quantitatively evaluate the 

performance of the flaxseed marketing system and, upon discovery 

of any deficiencies in the performance of the flaxseed marketing 

system, attempt to identify the causal element{s) of the 

deficiency. 
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1.4 Scope of the Study 

This study focuses on the performance of the Western Canadian 

flaxseed marketing system. Given the very broad scope of marketing 

system performance, the narrower focus of pricing performance and 

efficiency was chosen. Emphasis is on tests of pricing performance at 

the Winnipeg Commodity Exchange, the primary price discovery institution 

for flaxseed in Canada. Series of tests and models were conducted on 

weekly, monthly, and annual production, delivery and price data. 

1.5 Organization of the Study 

Chapter II gives a description of the industry. It provides a 

necessary insight to the size and structure of the industry. The 

structure of the industry is given by a description of the key players 

in the industry as well as the players objectives. Chapter III gives a 

review of the literature used or cited in the study. The literature is 

broken into four parts: the first reviews other studies specific to the 

flaxseed industry; the second provides a review of approaches to market 

performance eva 1 ua t ion; the third section reviews approaches to the 

study of pricing efficiency and marketing systems; and finally, the 

fourth section provides a review of the theory of cointegration as it 

pertains to pricing efficiency. Chapter IV out 1 i nes the theoret i ca 1 

considerations of the methodology followed in the study. The.various 

tests that were performed with the data and procedures used are given in 

chapter V. Results and analysis of results obtained on various tests 

and models are presented in chapter VI. Chapter VII provides a summary 

of the thesis with conclusion and implications of the study. 
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C H A P T E R I I 

DESCRIPTION OF INDUSTRY 

Flaxseed has been grown and utilized extensively in many countries 

of the World for thousands of years. The structure and behavior of the 

industry has been constantly changing. This chapter provides a brief 

description of World flaxseed industry and markets. This background is 

necessary in order to understand Western Canada's position globally and 

the challenges facing the Western Canadian flaxseed industry and 

especially its marketing system. 

2.1 History and Background of Flaxseed 

Remnants of flax cloth have been found which date back to around 

8,000 B.C. It is thought that flax or 1inum originated in India and 

then spread via trade to other parts of Asia and Europe {Turner 1976). 

The terms flaxseed and linseed are used synonymously indicating the 

variety of plant grown primarily for seed. The North American industry 

prefers to use the term flaxseed, while the European industry refers to 

it as linseed. Either way, the main by-products of processing the seed 

are linseed oil and linseed meal. It was flax however, the variety 

grown for its fibre, which was grown extensively through the middle 

ages, primarily for linen, sailcloth, canvas, fabric, and ropes. Fibre 

flax is relatively coarse but very strong and durable, making it the 

ideal ingredient of sailcloth. 
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An industry grew around the production of sailcloth and yarn from 

fibre flax in the British isles and elsewhere. Trade occurred 

throughout Europe with the flax of different regions being best suited 

for differing uses. The production of sailcloth as an industry was 

greatly diminished by the development of steam powered ocean vessels, 

which eliminated the commercial use of sailing ships. Fibre flax used 

in the manufacture of clothing was also gradually replaced by clothing 

made of cotton in the mid to late nineteenth century. Currently the 

fibre flax market is very small. It has limited uses such as·cigarette 

papers, currency notes, and specialized fabrics. 

Flaxseed from the flax crop is crushed to yield protein meal 

{cake) for livestock feed and industrial linseed oil for oilcloth, 

linoleum, inks, and some other uses. Linseed is regarded mainly as an 

industrial oil because of its drying properties. linseed oil gets its 

drying properties from its high level of linolenic acid. Linolenic acid 

is a triple bonded molecule that has the ability to undergo 

polymerization. In the case of paints, polymerization leaves a hard 

film which is impervious to moisture and other corrosives. The high 

linolenic acid content also means that linseed oil carries a high iodine 

value. Iodine causes paints to oxidize and yellow as they dry. This 

has been the major reason for the fa 11 in popularity of 1 inseed oi 1 

based paints, especially for interior use. latex paints and paints made 

of other oils with lower iodine values have replaced linseed in the 

market for lighter pastel shades of paint. Where darker shades of paint 

are required, linseed oil based paints are still recognized as the best. 

One of the major uses for linseed oil is in the manufacture of 

linoleum floor coverings. The use of linseed oil in floor coverings 
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dates back to the late seventeenth century, although the patents for the 

linoleum process, as it is today, were not taken out until the 1890's. 

Linoleum was popular as a floor covering because it was durable, easily 

cleaned, and because it was more attractive than other floor coverings 

available before the arrival of polyvinyl chloride. Polyvinyl chloride 

{PVC) floor coverings were introduced during the post World War I I 

plastic and polyester boom. PVC floor coverings were available in 

smooth shinny surfaces in a rainbow of colors. Vinyl coverings gradually 

eroded the floor covering markets away from linoleum. During the 

1960's, all six existing linoleum plants in the U.S. were closed. All 

North American demand for linoleum is now supplied by three surviving 

linoleum plants in Europe. Linoleum is experiencing a comeback lately 

as it is made of natural products and is completely biodegradable. 

Linseed meal has always been viewed as a useful by-product of 

linseed oil extraction. As a livestock feed or supplement, cattle were 

felt to grow better and to have an added lustre to their coats from 

flaxseed cake supplemented diets. But as beef production tended towards 

intensive barley feeding, cattle were gradually taken away from flaxseed 

diets as they were felt to grow too slowly and put on too much fat. 

Today linseed meal is still valued as a livestock feed supplement, but 

its importance in rations has decreased given the availability of other 

oil meal substitutes. 

The major problem has been that over the last 20 to 30 years the 

major end uses for linseed oil have declined. Consequently the 

international flaxseed market which supplies linseed oil and its by

products has also experienced a significant decline. 
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2.2 Structural Aspects of the World Flaxseed Market 

This section provides a breakdown description of the world 

flaxseed market by region and over time. First will be an overview of 

world production of flaxseed and the major producing countries. Next 

will be an overview of the major consumers or users of flaxseed and its 

constituent products: linseed oil and linseed meal. The final element 

of this section will provide insights into the major players in world 

flaxseed trade 

2.2.1 Flaxseed Production 

The World's oilseed crops can be classified according to their end 

use: edible, industrial, or edible - industrial. This classification is 

not as definite as it once was due to the substitutability of many of 

the edible oilseeds into industrial oilseed markets. Typically 75 

percent or more of the World's oilseed crops are used or intended for 

use in edible end use markets. 

Table 2.1 World Oilseed Production and Classification* 

Production 
{000) tonnes 

Soybeans 
Cottonseed 
Rapeseed 
Sunflowerseed 
Groundnuts 
Copra 
Palm kernels 
Flaxseed 
Sesame seed 
Castor seed 

101,704 
31,288 
22,742 
20,842 
15,824 
4,768 
2,986 
2,652 
2,222 
1,044 

Percentage 
of Total 
49.4% 
15.2% 
11.0% 
10.1% 
7.7% 
2.3% 
1.5% 
1.3% 
1.1% 

.5% 

Classification 
Edible 
Edible 
Edible 
Edible 
Edible 
Edible-Industrial 
Edible-Industrial 
Industrial 
Edible 
Industrial 

Source: Oil World 
* 1987/91 five year average production figures of various oilseeds. 
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Table 2.1 shows soybeans account for the largest share of oilseed 

production at 50 percent. Soybeans are classed as an edible oilseed but 

are becoming increasingly substitutable in industrial end use markets. 

Flax seed only accounts for 1. 6 percent of product ion of the 10 major 

oilseeds but it is the largest of the strictly industrial oilseeds. The 

market share enjoyed by flaxseed is being eroded by other more versatile 

oilseed crops such as soybeans. Soybeans are abundantly available 

through established and extensive markets, and not subject to short run 

supply restrictions which can drive up the price of thinly traded 

oilseeds such as flaxseed. 

Table 2.2 World Oilseed Production, Five year averages, (000) tonnes. 

58/62 63/67 68/72 73/77 78/82 83/87 88/91 

Rapeseed 3,599 4,162 6,178 7,563 10,527 16,986 23,473 
Soybeans 25,400 30,520 42,699 58,311 82,356 93,000 102,603 
Flaxseed 3,361 3,560 3,466 2,684 2,841 2,907 2,505 
All major 71,419 84,083 103,042 122,016 155,812 183,179 209,420 
Oilseeds ** 

Source: Oil World 
** A 11 major o i 1 seeds represent the combined production of the three 

oilseeds mentioned in the table as well as: cottonseed, groundnuts, 
copra, sunflowerseed, sesameseed, palm kernels, and castorseed. 

Table 2.2 shows total world oilseed production has increased 

substantially over the last thirty years. Production for all major 

oi lseeds grouped together has risen 156 percent from the five year 

average of 71,419 thousand tonnes in the 1958/62 period to the 1983/87 

average of 183,179 thousand tonnes. Rapeseed production has increased 

by 372 percent, soybean production has increased by 266 percent, but 

flaxseed production has decreased by 13.5 percent from 3,361 thousand 
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tonnes for the 1958/62 five year average, to 2,907 thousand tonnes for 

the 1983/87 five year average. 

Trend = -41.000 tonnes I year 
4 

3.5 

3 

2.5 
(I) 
Q) 
c 
c 
0 2 +-' 

c 
0 

-
r: 1.5 

1 

0.5 

0 
196419661968197019721974197619781980198219841986198819901992 

D Flaxseed Production - Trend 

Figure 2.1 World Flaxseed Production and Trend. 

Thus, World flaxseed production has been steadily declining both 

relative to other oilseeds and in absolute terms as can be seen from the 

graph above. The trend in world flaxseed production has been a 41,000 

tonne per year decrease on average since 1964. 
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Table 2.3 World Flaxseed Production, Five year averages, (000) tonnes. 

58/62 63/67 68/72 73/77 78/82 83/87 

Canada 491 552 650 403 594 764 
Argentina 719 714 557 416 704 604 
China 134 149 180 260 279 440 
India 401 382 448 503 447 385 
F.S.U. 446 480 478 360 237 241 
U.S.A. 702 744 659 343 261 224 
EC (12) 71 93 46 45 49 43 
Oth. Countries 397 446 448 354 270 206 
World 3361 3560 3466 2684 2841 2907 

Source: Oil World 

The major producers of flaxseed are: Canada, Argentina, China, 

India, the former Soviet Union (FSU), U.S.A., and the EC (12) - the 12 

member states comprising the European Economic Community. Of these 

seven, Canada and Argentina are the largest producers, accounting for an 

average of over 45 percent of the world's production over the past ten 

years. 

Table 2.4 World Flaxseed Production, 5 and 10 year average production 
(000) tonnes 

86/7 to 90/1 
5 yr Average 

Canada 
Argentina 
China 
India 
F.S.U. 
U.S.A. 
EC (12) 
Other Countries 
World 

Source: Oil World 

712.2 
517.8 
445.0 
361.2 
221.8 
130.2 
75.2 

202.2 
2665.6 

5 yr Avg 
% Share 

26.8% 
19.4% 
16.7% 
13.6% 
8.3% 
4.9% 
2.8% 
7.6% 

13 

81/2 to 90/1 
10 yr Average 

681.6 
558.9 
420.7 
387.3 
227.4 
167.4 
57.6 

206.8 
2707.7 

10 yr Avg 
% Share 

25.2% 
20.6% 
15.5% 
14.3% 
8.4% 
6.2% 
2.1% 
7.6% 



Different countries face different conditions in regard to 

flaxseed production and trade. Various countries have a comparative 

advantage in the production of flaxseed due to soil, weather, and 

various other institutional conditions, which make it profitable for the 

production of flaxseed. Other countries have advantages in trading 

flaxseed or flaxseed products due to other physica 1 and inst itut iona 1 

factors such as production areas close to export positions which 

minimize overland transport, and government support to subsidize 

exports. 

North American flaxseed crops are generally lower yielding than 

European flaxseed crops. Low amounts of rainfall and short hot growing 

seasons on the North American plains produce less favorable growing 

conditions for flaxseed in Canada and the United States compared to 

Europe. Average Western Canadian yields range from .9 to 1.25 

tonnes/hectare, yields in the north western states range from .7 to 1.2 

tonnes/hectare. In the EC, yields are 1.2 to 1.75 tonnes/hectare and in 

the U.K. yields range from 1.3 to 2.0 tonnes/hectare. However, it is 

the yield and profitabi 1 ity of flaxseed relative to other substitute 

crops that determines how much flaxseed is grown. Economies of scale, 

and relatively lower input levels make flaxseed a comparatively 

profitable crop in North America {Turner). 

Canada, with its lower productivity of flaxseed relative. to 

European Community countries, has been the World's largest producer of 

flaxseed over the last 10 years. The 10 year average product ion of 

flaxseed in Canada is 681.6 thousand tonnes, accounting for just over 25 

percent of total World production on average over the 1981/82 to 1990/91 

period. 
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The level of Canadian production has been relatively constant over 

the past 10 years with no significant trend in production. However 

since the 1958 - 1962 period, Canadian production has been variable. Up 

until the mid to late sixties, both Argentina and the United States were 

larger producers of flaxseed than Canada. 

Canada and Argent ina are also the World's largest exporters of 

flaxseed and processed flaxseed by-products, although they are not in 

direct competition for export markets as Canada exports primarily whole 

seed, while Argent ina exports primarily 1 in seed oi 1 and 1 inseed mea 1. 

Argent ina's product ion average over the 1981/82 to 1990/91 period has 

been 558.9 thousand tonnes or approximately 20 percent. Argent ina has 

consistently accounted for roughly 20 percent of World production since 

1958 with the exception of the mid 1970's when production fell to 15 

percent of World production. The 10 year trend in Argentinean flaxseed 

production shows a decrease in production of approximately 3.25 percent 

since 1981/82. In the last ten years, flaxseed acreage has declined 

sharply, first the United States and now more recently, Argentina. The 

reason is more profitable crops. In Argentina, soybeans and sunflowers 

are replacing flaxseed. 

The third largest producer of flaxseed over the past 10 years has 

been China. The 1958/62 average production of flaxseed in China was 134 

thousand tonnes, or roughly 4 percent of World production, just slightly 

ahead of the European Community countries. The 10 year average 

production of flaxseed in China from 1981/82 to 1990/91 is 420.7 

thousand tonnes, or about 15 percent of World production. The 10 year 

trend in Chinese flaxseed production is increasing but not at a 

significant rate. Thirty years ago, China ranked sixth in flaxseed 
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production, today it is the third largest producer. China, however, 

does not play a role in the world flaxseed trade as its production is 

almost exclusively for domestic consumption. China trades almost no 

flaxseed and only imports minor amounts of linseed oil and minor exports 

of 1 in seed mea 1. 

The fourth largest producer of flaxseed over the past 10 years has 

been India. Again India as with China is not a factor in the world trade 

of flaxseed as it is grown principally for domestic consumption. In 

fact, India bans the export of most oi lseeds {Turner). During the 

1958/62 span, India was the world's fourth largest producer of flaxseed 

at 401 thousand tonnes, or about 12 percent of World production. During 

the 10 year period from 1981/82 to 1990/91, India was still the fourth 

largest producer of flaxseed with an average of 387.3 thousand tonnes 

per year or about 14.3 percent of World product ion. The trend in 

Indian flaxseed production over the same time period was a decrease of 

2.45 percent per year. 

The FSU is the fifth largest producer of flaxseed in the World, 

based on a 10 year average from 1981/82 to 1990/91. Production over 

that same period was 227.4 thousand tonnes, which represented 8.4 

percent of World production. The trend in FSU flaxseed production over 

that 10 year period was a decrease of 1.04 percent per year. FSU 

production of flaxseed has decreased substantially from levels produced 

in the mid 1960's. The 1963/67 five year average flaxseed production 

level in the FSU was 480 thousand tonnes, which is more than the average 

production level of the 1980's. Almost all production is for domestic 

consumption, as well there is still a deficit in production as the FSU 
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is the single largest importer of processed linseed oil, much of which 

is assumed to come from Argentina (Turner). 

The world's sixth largest producer of flaxseed is the United 

States. The change in U.S. production over the last 30 years has been 

the most drastic of all producing countries. Through the 1960's, the 

U.S. was the world's largest producer of flaxseed, with average 

product ion levels over 700 thousand tonnes. With the emergence of 

acrylic and latex paints and the abandonment of all linoleum production 

facilities by the end of the 1960's, domestic markets for flaxseed in 

the United States dissipated by the 1970's. The 10 year production 

average for the eighties is at 167.4 thousand tonnes representing 6.2 

percent of World production. The 10 year production trend for the U.S. 

is still decreasing at 6.9 percent per year. Production levels since 

1988/89 have been below 100 thousand tonnes per year. Most U.S. 

production is now confined to North and South Dakota, and Minnesota, 

where average yields of .7 to 1.2 tonnes/hectare are even lower than in 

Canada, and almost half of those in Europe (Turner). 

The World's seventh largest producer of flaxseed is the EC (12). 

Countries in the EC (12) include Belgium, Luxembourg, Denmark, France, 

Greece, Netherlands, Ireland, Italy, Portugal, Spain, Germany, and the 

United Kingdom {U.K.). Although the EC {12) is only the World's seventh 

largest producer, with average production of 57.6 thousand tonnes over 

the 1981/82 to 1990/91 period, representing 2.1 percent of total World 

production, it is by far the largest importer of flaxseed in the World. 

Current average import levels of flaxseed into the EC {12) are in 

excess of 300 thousand tonnes per year, the next largest importer of 

flaxseed is Japan with current average import levels near 100 thousand 
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tonnes per year. Flaxseed production in the EC has never been 

significant. Production levels in the past have typically been less 

than 100 thousand tonnes per year. But the trend in the past 10 years 

has been a 44 percent increase in production per year, but this still 

represents a minor gain relative to World levels. Within the EC, 

production is scattered but the majority of flaxseed is still grown in 

the north western countries. Table 2.5 gives a breakdown of flaxseed 

producing areas within the EC. 

Table 2.5 European Flaxseed and Flax Areas, {hectares). 

1984 1985 1986 
Flaxseed Flax Flaxseed Flax Flaxseed Flax 

United Kingdom 1,008 301 3,130 650 6,808 116 
France 410 50,368 327 59,458 600 47,326 
Belgium 9,793 10,521 7,781 
Netherlands 4,300 4,679 1 3,271 
W. Germany 9 16 2 86 105 
Italy 560 382 705 
Denmark 5 141 281 1,789 525 
Ireland 1 59 
Spain 16 
Total 1,992 64,672 3,996 75,592 9,979 59,199 

Source: Turner pg. 32 

Both flaxseed and flax are grown in the EC, but typically the term 

1 inseed is used rather than flaxseed. Flax being grown primarily for 

the fibre in the straw, with flaxseed grown for the seed. European flax 

varieties yield about half as much seed on average as flaxseed 

varieties. 
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2.2.2 Flaxseed Consumption 

Flaxseed is demanded primarily to be crushed for linseed oil with 

the co-product, linseed meal, subsequently valued as a feed supplement. 

Flaxseed, when crushed, yields approximately 33 percent oil and 66 

percent 1 i nseed cake or 1 i nseed mea 1. 38 percent is the standard o i 1 

content for flaxseed but extraction is calculated on the basis of a 

33.33 percent oil content because some oil is left in the resulting meal 

after extraction. Small amounts of flaxseed are demanded each year for 

replacement seed, stocks, and a small but increasing amount of whole 

flaxseed for livestock and human consumption. 

High quality flaxseed is cleaned and dried and used in the equine 

feed and bird seed trade. Immature flaxseed contains a small amount of 

a cyanogenetic glycoside which is made toxic when hydrolyzed by an 

associated enzyme to produce hydrogen cyanide. To deactivate the 

enzyme, linseed for horses has to be boiled. The resulting mucilage is 

then included in a horses rat ions to relax its stomach, improve bowl 

movement, and to give its coat a sleek appearance (Turner 1987) 

There is also a sma 11 growing market for flaxseed intended for 

human consumption. Primarily organically grown flaxseed is being 

marketed through health food stores as a laxative. Flaxseed has also 

recently been touted as a cholesterol reducing diet supplement. In 

todays ever increasing health conscious society, flaxseed for human 

consumption is a small niche market with the potential for considerable 

growth. However, flaxseed demand for human consumption is unlikely to 

approach flaxseeds industrial demand. 
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There has been a decreasing trend in world flaxseed consumption 

over the last 25 years as can be seen in Figure 2.2 above. Over the 

period covered, 1964 to 1991, there has been an average decrease of 

41,000 tonnes less flaxseed consumed each year since 1964, relative to 

1991 consumption of 2 million tonnes. This drop in flaxseed consumption 

can be attributed to the decline in demand for linseed oil as a major 

industrial oil. 
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Figure 2.2 World Flaxseed Consumption and Trend. 

Table 2.6 below gives a regional breakdown of the world's major 

consumers of flaxseed over time, and the percentage share of total world 

consumption each region represents. 
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Table 2. 6 Regional Flaxseed Consumption, Five year averages, (,000) 
tonnes. 

87/91 
67L71 72L76 11 L81 82L86 87L91 Shares 

Canada 161 98 137 139 181 8. 7% 
Argentina 599 430 663 616 481 23.1% 
EC (12) 474 224 351 414 338 16.2% 
U.S.A 470 396 317 283 237 11.4% 
Japan 118 90 101 97 86 4.1% 
India 448 504 428 401 361 17.3% 
F.S.U. 449 384 234 218 203 9.7% 
Oth. Coun 320 284 269 207 195 9.4% 
World 3040 2410 2499 2375 2083 

Source: United States Dept. of Agriculture. 

Argentina is the largest single consumer of flaxseed. There is a 

strong demand for flaxseed in Argentina to keep the domestic oilseed 

crushing industry well supplied. It is the objective of policy to try 

keep the value added from the processing of flaxseed Within the 

Argentinean economy. Flaxseed is crushed in Argentina to produce 

linseed oil and linseed meal which are primarily exported. 

India is another large consumer of flaxseed at 17.3 percent of 

total world consumption for the 1987 to 1991 period. India is typically 

a very large producer of flaxseed, consistently one the top four 

producers. The export of most oilseeds from India is banned to preserve 

food security. As a result, with the exception of minor amounts of 

1 inseed cake exports, India is not a factor in the world flaxseed or 

1 inseed oi 1 trade. India's large consumption is typically supp 1 ied 

domestically by production intended to satisfy internal demand only. 
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The EC (12) is a large consumer of flaxseed with 16.2 percent of 

tota 1 world consumption over the 1987 to 1991 period. The EC ( 12), 

particularly the U.K., Germany, and to a lesser extent, Belgium and the 

Netherlands, crush flaxseed to produce 1 in seed oi 1 and 1 in seed mea 1 

which is then either consumed domestically or exported. The EC is the 

major destination for Canadian flaxseed exports and a significant share 

of Argentinean linseed oil exports. 

The demise of the linoleum industry in the United States which saw 

all linoleum plants close by the late 1960's, and the rise in use of 

acrylic and latex paints has caused flaxseed consumption to steadily 

decline. Current U.S. flaxseed consumption is approximately half the 

consumption level of the late 1960's. 

The U.S. flaxseed consumption situation mirrors the same trend the 

world over. Current world flaxseed consumption represents a 30 percent 

dec 1 i ne from consumption leve 1 s 25 years ago. The reasons for the 

decline in flaxseed consumption is expanded upon in the following 

section. 

2.2.3 Linseed Oil Consumption 

By far the bulk of flaxseed demand is derived from demand for the 

constituent linseed oil which is produced by crushing flaxseed. For 

every three tonnes of flaxseed that is crushed, approximately two tonnes 

of linseed meal or linseed cake and one tonne of linseed oil is 

produced. The resu 1 t i ng o i 1 is used raw or after being refined and 

processed a number of different ways. Linseed oil is easily oxidized 

and polymerized making it suitable as an industrial drying oil with 

applications in the paint and varnish industries, and for manufacturing 
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linoleum. However, the fact that linseed oil is a drying oil limits its 

inclusion with other industrial oils and lubricants. 

Relative to other vegetable oils such as soybean oil, rapeseed oil 

{canola oil), and sunflower oil, the oil from flaxseed is of limited 

nutritional value because of low levels of essential oleic and linoleic 

fatty acids. High levels of linolenic acid within linseed oil causes 

rapid oxidation and rancidity. These factors prevent linseed oil from 

being used in edible applications, or for frying, or processed foods. 

It is the high relative levels of linolenic acid, which is susceptible 

to oxidation, that makes linseed oil the predominant industrial drying 

oil. Unrefined linseed oil has a high iodine value {typically 160 to 

200). The iodine value, based on the Wijs procedure, is a measure of 

the unsaturation of fatty acids and their esters expressed in grams of 

iodine absorbed per 100 grams of oil. The higher the iodine value the 

quicker oxidation occurs and the better are the drying properties of the 

oil. However, high iodine values are also undesirable in many 

applications. 

When exposed to air, unsaturated fatty acids in linseed oil 

gradually oxidize and thicken and allow a thin film to dry to a 

transparent varnish. Other vegetable oils such as soybean, safflower, 

and sunflower have low but sufficient amounts of linoleic acid to allow 

them to be classed as semi-drying oils. Semi-drying oils do not harden 

but they do thicken considerably {Turner 1987). Technological 

innovations, such as the development of synthetic driers have allowed 

these semi-drying oils, particularly soybean oil, to be used in 

industrial applications where once only linseed oil could be used. 
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Oilseeds are crushed 

constituent oils and meals. 

via various methods, to produce the 

The crushing of oilseeds provides an 

intermediate industry between production of the oilseeds and end use of 

the oils and meals. The linseed oil that results from the crushing of 

flaxseed can then be further processed depending upon the wants of the 

eventual end user. Some of the various grades of linseed oil produced 

are as follows: 

Raw linseed oil -The raw oil after crushing. Sold for use in animal 

feeds or for settling and refining. 

Sett 1 ed or aged 1 i nseed oi 1 - Oi 1 that has been allowed to stand for 

about one month so foots (water, mucilage, gums, and other impurities) 

can be removed. On average, these amount to about 1 percent, but can be 

much higher. This oil is used for linoleum manufacture, timber 

treatments, or as a veterinary oil. 

Semi-refined linseed oil- Oil that has been passed through a filter 

press. It is quicker and cheaper to produce but inferior to settled 

linseed oil. 

Refined linseed oils - Mainly alkali refined to produce a good colored 

oil with most of the fatty acids removed. It is used to produce alkyd 

resins for paint products. This is an older and now little used acid 

refining method which produces an oi 1 with a high free fatty acid 

content and good wetting properties (ie. sticking characteristics) 

suitable for putty. 

Oxidized linseed oil - This oil is polymerized by heating and blowing 

compressed air through the oil. A bodied (viscose) oil mainly used for 

printing inks and some paints. 
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Stand linseed oil - This oil is mainly produced from alkali refined 

linseed oil. It is polymerized above the flash point in a vacuum to 

produce a lighter oil which is used by directly mixing it with pigments 

to manufacture gloss paints. 

Reduced linseed oil - This is oxidized linseed oil that has been reduced 

with solvents to produce a thin oil for paint manufacture and sometimes 

varnishes. 

Boiled linseed oil - Heated linseed oil reacted with drying agents. 

This produces a dark, quicker drying oil, once widely used for 

waterproofing railway tarpaulins. It still has some limited use for 

fabric waterproofing, paints, and inks. 

The majority of linseed oil is used to make cooked alkyd resins 

which are used for paints, printing inks, and some varnishes. The 

unique drying properties of linseed oil have made it an important 

ingredient in paints and varnishes. The paints and coating industry is 

dominated by three main types of paints: vinyl emulsion or latex paints, 

acrylic emulsion paints and alkyd resin based paints. There is little 

doubt in the industry that linseed oil based alkyd resins produce the 

best paints in terms of penetration, but the use of these paints has 

been declining over the past 25 years and continues to decline. 

The use of latex paints has grown considerably in the past 25 

years at the expense of alkyd resin based paints. The ease of use of 

latex paints and concern over environmental and health factors dealing 

with the use of solvents has accelerated the shift away from oil based 

paints. In 1985, the decorators coating paint market was 23 percent 

alkyd resin based paints. It is estimated that by 1995 the market share 

of alkyd resin based paints will shrink to 12.5 percent {Storey 1988). 
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The shift towards latex paints has not been the only reason for the 

decline in use of linseed oils in the paint industry. Technological 

advances have allowed other oilseed oils, such as soybean and tall oils 

to be used in the paint industry. 

Because of the high iodine value present in linseed oils, alkyd 

resin paints made with linseed oil tend to yellow with age. This is not 

a problem with darker shades of paints and stains, but it is undesirable 

in 1 ighter shades and colors. Soybean oi 1, with a much lower iodine 

value, does not have the yellowing characteristics that linseed oil has. 

For this reason, soybean oil based alkyd resins are being used in 

lighter shades and colors of paints, stains, and varnishes in particular 

where yellowing is undesirable. Tastes and preferences have been 

tending towards lighter pastel shades in the last number of years which 

is further accelerating the shift away from linseed oil based alkyd 

resins. Paints produced with linseed oils have a lower durability than 

paints produced from soybean oils. Because of the high iodine value of 

linseed oil which allows it to oxidize and harden, it seems the only way 

of reversing the dec 1 i ne in 1 i nseed o i 1 use would be to produce a 

linseed oil with a lower linolenic acid content and iodine value. 

Another significant application for linseed oil is in the 

production of linoleum and putty. In these applications, the high 

iodine value of linseed oil relative to other oils such as soybean oil 

is desirable to a point. A high iodine value is necessary in the 

production of linoleum to facilitate polymerization, and thus, hardening 

and curing of the product. Soybean oil is unacceptable in production 

because of the lower iodine value. 
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Linoleum has traditionally been a large market for linseed oil. 

linoleum or oilcloth dates back thousands of years. With the arrival of 

vinyls and plastics in the petrochemical technological boom, linoleum 

was replaced somewhat by the arrival of vinyl flooring and carpeting, 

reducing the demand for linseed oil accordingly. For years, linoleum 

was considered an inferior product and faced a declining share of the 

floor covering market. However, since the late 1970's, linoleum has 

been ex peri enc i ng a resurgence in demand. The renewed interest in 

linoleum is related to improvements in design, coloring, installation 

methods, and its inherent durab i 1 i ty and qua 1 i ty. He a 1 th and 

environmental concerns have also increased demand for linoleum in many 

countries. Concern is being expressed about the link between carpeting 

and asthma, allergies, and other ailments. It seems unclean carpets can 

be breeding ground for mites and micro-organisms, and are much less 

hygienic than a resilient floor covering. The fact that linoleum is a 

100 percent biodegradable natural product containing only natural 

materials (linseed oil, crude toll oil, pine rosin, wood flours, clays, 

pigments, and jute) has won it favor with an increasingly 

environmentally conscious consumer market. The contract ion of the 

linoleum market from 1950 to the 1970's was severe. Only three linoleum 

product ion faci 1 it ies in Europe remain to produce 1 ina leum. The last 

North American plant was closed in the 1960's. 

Paints and coatings and linoleum are by far the two largest 

markets for linseed oil but a number of other market areas remain that 

are worth noting. 
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Linseed oil is used in putty for glazing windows. This market is 

declining because of the increase in factory assembled windows. 

Factory sealed windows are now the standard for new construction. 

Linseed oil is used in the production of various printing inks. 

This market out let has not suffered a dec 1 ine 1 ike paints and 

varnishes, but it is a relatively minor market in terms of volume. 

The pharmaceuticals industry uses minor amounts of linseed oil in 

skin creams. 

Linseed oil can be substituted and blended into margarine. This 

only occurs when the price of linseed oil becomes low relative to 

competing oils. However, when the price conditions are favorable, 

the volume of linseed oil used is thought to be quite large. 

Minor amounts of 1 in seed oi 1 are used as concrete sealants and 

preservatives. Very little seems to be known about the extent and 

potential of this market other than that it is minor. 

The various innovations and adaptations of other products that 

have replaced linseed oil have gradually resulted in a reduced and more 

elastic demand for linseed oil in Europe, the major importer of Canadian 

flaxseed. Technological innovations have dramatically increased the 

substitutability of other oilseeds in end use markets where linseed oil 

once dominated. With the exception of the linoleum industry, for which 

no substitute for linseed oil has been found, there is no end use that 

cannot due without 1 inseed oi 1. The industries which uti 1 ize 1 inseed 

oil are very cost sensitive to fluctuations in the price of linseed oil. 

Price variability of flaxseed is causing end users of linseed oil to 

switch to substitute oilseed oils with more favorable prices as inputs. 

28 



With the exception of 1 i no 1 eum producers, a higher 1 i nseed o i 1 price 

relative to the price of competing oils increasingly means substituting 

away from the use of linseed oil. On various occasions, once end users 

have changed input recipes after substituting away from 1 inseed oil, 

they do not return to using linseed oil when the relative price again 

becomes favorable. This process, known as 11 Crowding out" {more fully 

explained in Chapter IV) and has been affecting the linseed oil industry 

for the last 25 years. The problem of crowding out is further 

accelerated by the high costs of maintaining separate facilities for 

increasingly smaller volumes of linseed oil as markets for linseed oil 

decline {Prentice and Storey 1988). 

Table 2. 7 gives a regiona 1 breakdown of the major consumers of 

1 inseed oil. With the except ion of the FSU, whose consumption of 

linseed oil has been relatively constant since the 1960's, almost all 

regions have experienced declining linseed oil consumption. From the 

1967/71 five year average to the 1987/91 five year average, world 

linseed oil consumption has declined by 34 percent. 

Table 2.7 Regional Linseed Oil Consumption, Five year averages, { ,000) 
tonnes. 

87/91 
67L71 72L76 77 LSI B2LB6 87L91 Shares 

Canada 15 7 8 8 12 2.1% 
Argentina 40 7 0 13 18 3.2% 
EC {12) 257 131 154 112 105 19.2% 
U.S.A 124 94 94 85 78 14.1% 
Japan 46 37 35 31 31 5.6% 
India 130 128 123 117 104 18.9% 
F.S.U. 77 66 88 92 76 13.7% 
Oth. Coun 141 152 165 144 128 23.2% 
World 830 622 669 602 550 

Source: United States Dept. of Agriculture. 
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As can be seen in Table 2.7 the largest linseed oil consuming 

region is the EC {12) with 19.2 percent of total world consumption 

during the 1987 to 1991 period. An interesting note is that Canada and 

Argentina, the two largest producers of flaxseed with Argentina being 

the largest producer of 1 in seed oi 1, are very sma 11 users of 1 in seed 

oil. This results from the relatively small population base and hence, 

the size of their economies. The highest percentage of both Canada's 

and Argentina's production is for export. The EC {12) is the major 

destination of Canadian flaxseed exports, and the EC {12) and the FSU 

are the major destination of Argentinean linseed oil exports. 

2.2.4 Flaxseed Crushing 

The oilseed crushing industry was once specialized in production 

of various specific vegetable oils. Plants would specialize in 

production of oil from a specific oilseed because of the lack of 

substitutability or high cost of substituting production of one oilseed 

for another. Recent technological changes in crushing plant design and 

process have made it possible for crushers to switch from crushing one 

oilseed to another as market conditions change. 

There are two major approaches to crushing oilseeds. The first 

and the oldest is the expeller method. The second method which was 

developed much later is the solvent extraction method. With the 

expeller method, the flaxseed is squeezed at very high pressures to 

force the oil from the seed. The expeller method leaves 5 to 7 percent 

oil content in the remaining linseed "cake". With the solvent method, 

the flaxseed is crushed and then hexane is added to remove most of the 
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remaining oil. The linseed 11 meal 11 that remains after the solvent 

extraction contains only 1 percent oil. 

The expeller plants has almost been completely replaced by solvent 

extraction plants across Europe and North America. The expeller plants 

that were originally built to crush flaxseed did not have the 

flexibility to crush other oilseeds such as soybeans or rapeseed 

{ cano la). The plants were therefore locked in to the product ion of 

1 in seed oi 1 as long as the plants could cover the variable costs of 

production. This limited production flexibility of the expeller plants 

ensured an adequate supply of linseed oil as long as the crush margin 

between the price of flaxseed and the price of the resulting oil and 

meal was adequate to cover the variable costs of production. 

The solvent extraction plants are newer and larger and much more 

flexible. Solvent extraction plants that crush flaxseed can generally 

crush rapeseed, sunflower seed, soybeans, and various other crops. The 

decision to crush an oilseed is thus made on the basis of maximizing 

profit. The relative crush margins to crushing costs determines the 

profitability of processing a particular oilseed. If the crush margin 

on rapeseed, for example becomes more favorable than the flaxseed crush 

margin, the plant will switch to rapeseed. As a result, the supply of 

linseed oil from a solvent extraction plant may abruptly stop as 

profitability changes. 

Rationalization and consolidation has changed the shape of the 

flaxseed crushing industry in Europe. During the 1980's 82 percent of 

flaxseed crushers were eliminated in Europe. Today only three oilseed 

crushers continue to crush flaxseed on a regular basis: one in Germany, 
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one in Belgium, and one in the U.K.. At the beginning of the 1980's 

there were 17 flaxseed crushing facilities across Europe. 

There is considerable economic value added through the crushing 

and processing of oilseeds. The location of crushing activities 

determines which regions capture the value added through crushing 

oilseeds. The location of crushing activity is increasingly a function 

of government policy in various regions over any natural economic 

comparative advantage a region may have. The two main producers and 

exporters of flaxseed and linseed oil, for example, have very different 

policies regarding oilseeds and their marketing. Argentina has placed a 

tax on the export of seed, thus driving down the price of seed relative 

to the crushed oil. The net impact in Argentina has been to foster the 

establishment of a domestic crushing industry, which exports 

significantly more oil than seed, and thus capture the value. added from 

processing. In contrast, Canada subsidizes the transport of seed 

relative to processed oil and meal, thus encouraging the export of seed 

and discouraging the process of domestic oil and meal. But minimum 

compensatory rates (MCRs) act as subsidies for transport of processed 

products which tend to lessen the cost advantage of shipping raw 

commodities relative to processed products. Table 2.1 below gives a 

regional breakdown of world linseed crushing activity. 
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As can be seen from Tab 1 e 2. 8, Argentina is the region which 

dominates linseed crushing. Flaxseed crushing activity in Argentina 

dwarfs crushing activity in Canada. Export of flaxseed from Argentina 

is usually less than 10 thousand tonnes relative to Canada's 5 year 

average of 626 thousand tonnes for the 1983 to 1987 period (see table 

2.10). Argentina exports predominantly linseed oil relative to seed 

despite the fact that the major flaxseed product importer, the EC (12) 

places duties on the import of processed 1 in seed oi 1 but none on raw 

flaxseed. The EC (12) also uses policy to protect its domestic oilseed 

crushing industry and capture the value added by processing. The EC 

import duties on processed vegetable oils are, however, relatively small 

at 8 percent 

Table 2.8 Regional Flaxseed Crush Data, Five Year Averages, 
(000) tonnes Flaxseed Crushed. 

58/62 63/67 68/72 73/77 78/82 83/87 1991 

Canada 73 67 66 37 60 43 40 
Argentina 663 684 547 405 645 588 330 
EC {12) 378 351 335 193 259 336 295 
U.S.A. 537 517 442 345 314 282 224 
China 111 134 163 228 252 404 n/a 
India 363 337 387 424 373 320 300 
F.S.U. 135 155 164 102 32 28 32 
Other 482 578 598 460 406 350 n/a 
World 2742 2823 2702 2194 2341 2351 1483 

Percentages 
Canada 2.66 2.37 2.44 1.69 2.56 1.83 2.70 
Argentina 24.18 24.23 20.24 18.46 27.55 25.01 22.25 
EC {12) 13.79 12.43 12.40 8.80 11.06 14.29 19.89 
U.S.A. 19.58 18.31 16.36 15.72 13.41 11.99 15.10 
China 4.05 4.75 6.03 10.39 10.76 17.18 n/a 
India 13.24 11.94 14.32 19.33 15.93 13.61 20.23 
F.S.U. 4.92 5.49 6.07 4.65 1.37 1.19 2.16 
Other 17.58 20.47 22.13 20.97 17.34 14.89 n/a 

Source: Oil World data, and 1991 numbers from USDA. 
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2.2.5 Linseed Cake I Meal Consumption 

Linseed mea 1 and 1 i nseed cake are the other two joint products 

from the crushing of flaxseed that make up the balance of the 63 to 65 

percent weight of raw flaxseed. Linseed cake and linseed meal differ in 

the method in which they were separated from the oil and consequently, 

they also differ in crude fat content and levels of T.D.N. {total 

digestible nutrient). Linseed cake is the result of crushing via the 

expeller method of separation. Linseed cake has a higher oil content 

remaining after separation with 5 to 7 percent oil relative to 1 percent 

for meal. Crude fat content in cake is also higher at 3.5 percent 

compared to . 5 percent for mea 1. As we 11, 1 in seed cake has a higher 

T.D.N. level, but is one percent lower in crude protein {Storey 1988). 

Linseed cake and meal are valued as a high protein livestock feed 

supplement. Although the crude protein content of linseed meal is less 

than other oilseed meals, it is still valued for its unique properties. 

The water absorbing properties of mucilage in linseed meal and the 

viscous slime that the mucilage produces aids digestion of feedstuffs in 

livestock, particularly in ruminant animals. Although there is little 

evidence to support it, many livestock owners feel that linseed meal in 

rations produces an added lustre and sheen to the coats of animals and 

helps them gain weight quicker. 

Linseed cake is considered more desirable than linseed meal 

because of the higher oil content remaining in the cake relative to the 

meal. A growing number of farmers in Europe prefer linseed cake over 

linseed meal as it is considered a more natural product because of the 

expeller extraction method as opposed to the hexane solvent extraction 

of linseed mea 1. The disadvantage of cake is that 1 inseed cake is 
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increasingly difficult to obtain as the crushing industry has shifted 

toward solvent extraction. As well, linseed cake is more expensive than 

meal because of the higher oil content. 

Table 2.9 gives a regional breakdown of the major consumers of 

1 in seed cake and mea 1. World consumption of 1 inseed mea 1 has been 

declining as consumption of linseed oil has declined. In most regions, 

flaxseed is crushed primarily for the linseed oil with the resulting 

cake or meal sold as a by-product. 

Table 2.9 Regional Linseed Meal 1 Cake Consumption, Five Year Averages, 
(,000) tonnes. 

87/91 
67 L71 72L76 77 L81 B2LB6 B7L91 Shares 

Canada 29 17 20 16 18 1.6% 
Argentina 33 0 0 0 1 0.1% 
EC (12) 773 537 730 702 594 52.6% 
U.S.A 199 131 85 104 116 10.2% 
Japan 70 55 60 58 53 4.7% 
India 242 214 177 210 210 18.6% 
F.S.U. 93 54 14 13 15 1.3% 
Oth. Coun 180 258 219 135 124 11.0% 
World 1619 1266 1306 1239 1131 

Source: United States Dept. of Agriculture. 

The EC (12) is by far the major consumer of linseed cake and meal. 

Consumption of meal has not experienced such a dramatic decline as 

linseed oil because in some regions the meal is the primary reason for 

crushing flaxseed. In Germany, flaxseed is crushed primarily to get 

linseed meal which is valued as a feed supplement. Increasingly there 

is an oversupply of linseed oil which is then exported to countries like 

the FSU or middle eastern countries. This explains the relatively 

constant consumption of linseed meal in the EC (12} relative to linseed 

oil which is increasingly being exported out of the EC. 
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2.2.6 Flaxseed Trade 

Some countries such as China, India, and the FSU, are very large 

producers of flaxseed. However, all of their production is intended for 

use domestically, and flaxseed trade only occurs when necessary. Other 

countries such as Argentina, Canada, Japan, and the EC (12) are heavily 

dependant on the trade of flaxseed. Table 2.10 gives a regional 

breakdown of the net import flows of the world flaxseed trade. Numbers 

are expressed as net imports with negative values reflecting net 

exports. The world trade numbers at the bottom reflect tota 1 world 

trade volumes of flaxseed. 

Table 2.10 World Flaxseed NET Import Data and World Trade, Five year 
averages, {,000) tonnes. 

58/62 63/67 68/72 73/77 78/82 83/87 1991 

Canada 
Argentina 
EC (12) 
U.S.A 
China 
India 
F.S.U. 
Oth. Countries 

World Trade 

-338* 
-34 
376 

-129 
-6 
4 
8 

39 

583 

-388 
-4 

329 
-137 

1 
0 

10 
85 

609 

-479 
0 

417 
-158 

0 
0 
6 

87 

706 

-321 
-5 

168 
2 
0 
1 
7 

66 

408 

-473 
-57 
307 

51 
0 
1 
5 

65 

606 

Source: Oil World data, and 1991 numbers from USDA. 
* Calculated as imports subtract exports. 

Negative numbers represent net exports 

-626 
-3 

378 
71 
-1 
-1 
4 

81 

709 

-595 
0 

236 
126 

0 
0 
0 

n/a 

678 

As can be seen, Canada dominates world flaxseed trade in terms of 

exports, and the EC ( 12) dominates world flaxseed imports. Canada 

exported over 80 percent of its flaxseed product ion over the 1983 to 

1987 period. Of these exports, over 70 percent of Canadian flaxseed 

exports were bound for the EC. Of the flaxseed imports into the EC, 
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upwards of 80 percent are of Canadian origin. Over this same period 

Canada's exports represented 88 percent of total world trade of 

f 1 ax seed. With a 11 of Canada's production being priced through the 

Winnipeg Commodity Exchange {WCE), this gives the WCE a very significant 

role and impact in the world flaxseed trade. 

Table 2.11 below gives a regional breakdown of the world linseed 

oil trade. Numbers in the table reflect net imports above exports with 

negative numbers reflecting net exports. The world trade numbers at the 

bottom of the table reflect total export volumes from all countries for 

each time period. 

Table 2.11 World Linseed Oil NET Import Data and World Trade, Five year 
averages, {,000) tonnes. 

58L62 63L67 68L72 73L77 78L82 83L87 1991 

Canada -4* -7 -11 -4 -6 0 0 
Argentina -203 -198 -152 -115 -200 -174 -100 
EC' (12) 166 140 111 46 37 -25 -2 
U.S.A -9 -22 -38 -41 -21 -9 -5 
China 0 7 1 13 30 17 20 
India -10 0 0 -18 1 1 0 
U.S.S.R. 6 23 18 31 84 94 50 
Oth. Countries 51 61 71 92 75 94 n/a 

World Trade 270 270 268 253 317 285 178 

Source: Oil World data, and 1991 numbers from USDA. 
* Calculated as imports subtract exports. 

Negative numbers represent net exports 

As mentioned earlier, Argentina dominates the world linseed oil 

trade, typically supplying over 50 percent of total world linseed oil 

exports. The major importer of linseed oil has been the EC {12), but 

this is changing. Increasingly there is an excess supply of linseed oil 

in parts of Europe, particularly Germany. Flaxseed is being crushed to 
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get linseed meal for livestock feed supplements with an abundant supply 

of linseed oil remaining. The excess linseed oil is then exported from 

Europe to other countries, which explains the change of the EC (12) from 

a net importer to a net exporter of linseed oil in recent years. 

Table 2.12 gives a regiona 1 breakdown of the world 1 in seed mea 1 

trade. Again, the numbers in the table reflect net imports with 

negative numbers reflecting net exports. The world trade numbers at the 

bottom of the table are total world linseed meal exports from all 

countries for each time period. 

Table 2.12 World Lin seed Mea 1 NET Import Data and World Trade, Five 
year averages, {,000) tonnes. 

58L62 63L67 68L72 73L77 78L82 83L87 1991 

Canada -13* -13 -11 -3 -8 -2 -4 
Argentina -426 -437 -334 -267 -414 -364 -220 
EC {12) 514 574 526 398 536 471 415 
U.S.A -32 -75 -94 -105 -134 -67 -23 
China 0 0 0 0 -3 -28 n/a 
India -32 -10 -21 -81 -26 -14 0 
U.S.S.R. -16 -3 -2 0 0 0 0 
Oth. Countries -1 -37 -52 57 44 9 n/a 

World Trade 611 685 594 561 698 651 430 

Source: Oil World data, and 1991 numbers from USDA. 
* Calculated as imports subtract exports. 

Negative numbers represent net exports 

As with linseed oil, Argentina dominates the world export market 

for linseed meal, and the EC (12) countries dominate world imports of 

lin seed mea 1. The remaining regions are insignificant players in the 

trade of linseed meal. 
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2.3 Current Flaxseed Market Influences 

Marketing systems are very dynamic and widespread, often covering 

the entire world. Marketing systems are the key to satisfying needs and 

wants of consumers and buyers across time and across continents for an 

endless myriad of products and services. Central to the functioning of 

any marketing system and any market economy is the concept of a market 

price. Central to a market price is the process of efficient market 

price discovery. 

Price is a cardinal measure of value of a good or service. In a 

market economy, price is a reflection of the equilibrium of supply and 

demand conditions for a particular good or service. Price discovery is 

a dynamic continuum of interactions between supply and demand of many 

different goods and services. The price of one good will affect the 

price of another good or service, which in turn will affect the first 

price. Price discovery is a continuous circular process with any 

particular price being a snapshot in time, reflecting conditions at that 

time. Efficient price discovery is the use of all information regarding 

supply and demand conditions and the speed at which it is ascertained 

and processed to arrive at an equilibrium. The price of a single good 

or service contains much information about that particular good or 

service, but together with prices of other goods and services, relative 

prices contain vast amounts of information about the abundance or 

scarcity of goods and services relative to the economy as a whole. 

Pricing efficiency is the degree to which this information is utilized. 

Relative prices yield valuable clues for the allocation and distribution 

of resources and goods within an economy. 
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Many influences affect the price of a good, ranging from supply 

and demand conditions of that good to the supply and demand conditions 

of other closely related goods. Supply and demand conditions of a good 

wi 11 typically have the greatest affect on its price followed by the 

supply and demand conditions of substituting and complementing goods. 

A schematic representation of the factors affecting the price of 

flaxseed and the products that flaxseed price are affected by is given 

in Figure 2.3. The system is interactive and dynamic. The various 

demands for linseed oil and meal, as well as the price and availability 

of substitutes, determine the price of linseed oil and meal. The price 

of linseed oil and meal in turn determines the value of crushed 

flaxseed. 

The value of crushed flaxseed together with the prevailing price 

of raw flaxseed determines the relative profitability of crushing 

flaxseed - the crush demand. The crush demand affects the price of 

flaxseed and the amount of flaxseed crushed. The amount of flaxseed 

crushed determines the quantities of 1 inseed oi 1 and mea 1 available 

affecting the prices of oil and the meal, thus the dynamic pricing 

mechanism has gone full circle. Intermittently affecting this process 

is the amount of flaxseed available in Canada at the farm level. The 

quantity of production for the crop year and the quantity that producers 

decide to market determines the available supply of flaxseed at any 

given point in time, influencing the market price of flaxseed 

accordingly. Thus the prices of flaxseed, linseed, and their 

derivatives are impacted upon from both the demand side and the supply 

side as well from the price and availability of substitutes. The main 

substitutes for linseed oil and linseed meal are soybean oil and meal. 
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The relative price of soybean products has a very strong impact upon the 

price and utilization of flaxseed products because of the larger size of 

the soybean market. 

Commercial Demand 
for Flaxseed 

t 
Beginning Commercial -~) Commercial Supply ~-----
Stocks of Flaxseed of Flaxseed 

t 
Flaxseed 
Imports 
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Figure 2.3 Schematic Representation of Flaxseed Market. 
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Throughout this market system it is necessary that information 

regarding desirable qualities and characteristics of flaxseed and its 

products be transmitted back to the suppliers of flaxseed so that 

production can be altered to reflect these changing tastes and desires. 

This information is partially transmitted through price signals, with 

flaxseed having the desirable attributes receiving a higher price. 

During the Flax Council of Canada's mission to Europe in the 

summer of 1989, mission members spoke to many personnel from industries 

that utilize flaxseed and its by-products as inputs. When industry 

representatives were asked what was felt to be the major problem with 

linseed oil use, an overwhelming number of respondents cited the price 

instability of flaxseed and the absence of an adequate facility for 

hedging forward purchases. Representative from the refining industry 

and the crushing industry felt that the Winnipeg Commodity Exchange 

flaxseed futures market was too "risky" and too "thinly" traded. It was 

felt that the Winnipeg flaxseed futures were prone to price volatility 

as the result of the smallest market changes. 

It does not take a great deal of instability to cause damage to 

the linseed oil industry. Instances such as 1974 and 1988, when there 

were poor crops of flaxseed in the major producing countries; Canada and 

Argentina, which drove up the price of flaxseed relative to other 

oilseeds, have had a negative long term effect on the volume of linseed 

oil demanded. 
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As can be seen in Figure 2. 4, the vo 1 ume of 1 i nseed o i 1 being 

consumed in the EC has been steadily decreasing at an average rate of 

7, 000 tonnes per year s i nee 1964. F 1 ax seed has been the victim of a 

process called "crowding out" in the European market. The more unstable 

flaxseed and linseed oil prices are, the more likely are flaxseed and 

linseed oil prices to be higher than the price of substitute oils such 

as soybean oil. As happened with tung oil, higher relative prices cause 

end users to switch recipes and use substitute oils instead. Once input 

recipes have been changed, it is less likely that end users will switch 

back to using linseed oil if substitute oils are available. 
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Figure 2.4 EC(l2) Linseed Oil Consumption and Trend. 
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C H A P T E R I I I 

LITERATURE REVIEW 

Linseed oil usage has fallen in importance as a major industrial 

oil, as cheaper more consistently available substitutes have been found. 

Given the relatively minor importance of flaxseed, little research has 

been carried out on the production and marketing of flaxseed in Canadal. 

No previous studies of flaxseed marketing system performance could be 

found, however; econometric studies of flaxseed, and performance 

evaluations of other commodities are available. This chapter begins 

with a review of all the literature related to the marketing of flaxseed 

and linseed and then turns to approaches to evaluating marketing system 

performance. The final two sections deal with studies focusing on 

pricing efficiency and finally the theory of efficiency through 

cointegration. 

3.1 Flaxseed Related Studies 

This section provides a brief outline of all literature obtainable 

dealing specifically with the evaluation of flaxseed I linseed marketing 

systems. 

Two M.Sc. theses have been produced at the University of 

Saskatchewan dealing with international flaxseed I linseed markets. One 

dealing with international flaxseed, the other with international 

1 The formation of the Flax Council of Canada was largely a result of 
declining government and industry interest in flaxseed. 
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linseed oil and meal markets. In 1985, Joel DeBlock completed a thesis 

titled "An Econometric Model of the International Flaxseed Market". The 

main focus of DeBlock's study was to develop a model to better 

understand the structure of the international flaxseed market. DeBlock 

set to accomplish this task by developing a forecasting model to aid 

market analysis, and provide improved informat·ion to farmers and 

industry. The mode 1 was built upon the assumption that the European 

Community {EC) was the major influence on the price of flaxseed. The 

model determined that the world seed price was derived from the price of 

linseed oil and linseed meal in the EC, the prices of linseed oil and 

meal in the EC being treated as exogenous. 

In 1986, Jack Blahut produced a thesis titled "An Econometric 

Model of the International Linseed Oil and Linseed Meal Markets". 

Blahut's objectives were to provide an improved understanding of the 

behavior and structure of the International linseed oil and meal markets 

through development of an econometric model. Blahut's study is similar 

in nature to that of DeBlock's, however the two areas of market study: 

flaxseed and linseed oil 1 meal do not overlap. The two products are in 

reality inextricably intertwined, however, no study exists which 

examines the linkage of the two markets. As well, no attempt has been 

made to quantitatively evaluate the performance of either of these two 

market systems or the much larger market which integrates flaxseed and 

the oil I meal markets. 

In 1988, a study was conducted for the Flax Council of Canada by 

Gary G. Storey, titled "A Study of the European Flaxseed, Linseed Oil, 

and Linseed Cake I Meal Markets". The objectives of the study were: 
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1) To evaluate the current policies and prospective changes in the EC 

Common Agricultural Policy (CAP) with respect to oilseed policies. 

2) To determine how changes in policies could affect Canadian oilseeds, 

with emphasis on flaxseed, linseed oil, and linseed meal. 

A very detailed account of European flaxseed production is given 

particularly for the U.K. and to a lesser extent for other E.C. member 

countries. Policy influences and directions as they affect flaxseed 

production are spelled out in detail for the U.K. The report then 

covers the structure of the linseed crushing industry, primarily in the 

U.K. Many insights are given into the structure of the industry, such 

as methods of extraction, capacities, and location of plants. As well 

some of the facilitative difficulties with linseed, such as lack of 

adequate futures market to hedge purchases, and inadequate iodine levels 

of Canadian flaxseed. 

The next section of the report outlined the decline in utilization 

of 1 in seed oi 1, particularly in the product ion of paints, as we 11 as 

linoleum, putty, and ink products. The decline in utilization is 

reflected in the decrease in 1 inseed oi 1 product ion and 1 inseed oi 1 

imports. Average linseed oil utilization in the U.K. over the 1965 to 

1969 period was 67,170 tonnes per year. In 1987/88 linseed oil 

utilization was 15,000 tonnes per year, a decline of 78 percent. 

In the summer of 1989, the Flax Council of Canada in cooperation 

with the federal government organized a trade mission to Europe. 

Findings of the mission were written up in a report entitled Canadian 

Flax Mission to Europe: June 19 - July 1. 1989, and submitted to the 

Flax Council. A five member delegation representing the Flax Council of 

Canada travelled to the United Kingdom, the Netherlands, the FRG, and 
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Belgium-Luxembourg to visit key industry officials in the paint and 

linoleum industries, printing ink and resin manufactures, crushers, and 

refiners. The general objective of the mission was to examine the 

potential for increased use of Canadian flaxseed and linseed oil in the 

European paint and coatings, concrete sealant, and linoleum markets. 

Specific objectives were to explore flaxseed end use market needs and 

applications, and to explore various potential markets. Members of the 

mission and authors of the report were: Paul Brettle, Gary Storey, Keith 

Frost, Ray Bradbury, and Barry Prentice. 

The report completed by the miss ion members examines the end 

product markets for flaxseed in Europe. An exhaustive breakdown of the 

end product markets, right down to the smallest volume consumers was 

carried out. An overview of the more significant industries such as 

refining, crushing, paint and coatings manufacturing, and linoleum 

production was given. This was then followed by an analysis of findings 

from industry personnel. 

Key findings of the trade mission were: 

Since the 1930's, a major criteria of crop breeding programs in 

Canada has been flaxseed of higher Iodine values. Information 

obtained by the mission from linseed oil consumers indicates that 

this is no longer the case, due to problems associated with high 

iodine value linseed. 

The overwhelming majority of European linseed oil users would 

prefer a linseed product with a lower iodine value and higher 

protein content. Although some users prefer a high iodine value, 

none are willing to pay a premium for it because of the abundance 

of high iodine linseed oil. 
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Industry personnel expect EC agricultural policy to become 

increasingly favorable towards increased self sufficiency in 

flaxseed production. At the farm level, production of flaxseed is 

increasing, particularly in the U.K. despite current 

disincentives. 

The price variability of flaxseed for European users is hurting 

the market prospects for flaxseed. The variabi 1 ity of flaxseed 

prices does not seem to be mitigated by the presence of a flaxseed 

futures market, which no European linseed oil users claim to use. 

This report was very valuable in providing necessary insights into 

the end product markets for flaxseed in Europe, the largest export 

market for Canadian flaxseed. The problems which led to the decline of 

importance of linseed oil as a major industrial oil, and problems 

currently facing the industry, such as price, were made clear. 

3.2 Approaches to Market Performance Evaluation 

This section gives an overview of some of the various methods of 

approaching market performance evaluation. Most of the literature is 

broad in scope, pertaining to industries and the economy as a whole, 

with not all elements of performance being relevant to agricultural 

marketing. 

theoretical 

The literature, however, provides useful clarification and 

approaches relevant to agricultural commodity market 

performance evaluation. 

Bruce Marion and C. Handy have provided some useful theoretical 

background and definitions in: "Market Performance: Prospects and 

Measures". Discrepancies in meaning exist for several terms. As a 
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preliminary, definitions are given for various key terms from Marion and 

Handy to lessen the probability of ambiguities later on. 

Marketing system - in general it refers to the 11 Vertical array of 

consumers, firms, markets and associated institutions and 

arrangements involved in marketing a product. 

Market performance - is the appraisal of the extent to which the 

interactions of buyers and sellers in a market - as influenced by 

market rules and institutions 

consistent with social purposes. 

stimulate results that are 

Performance dimensions - are characteristics resulting from firm and 

market behavior which are selected as being important criteria of 

the firm's or markets performance. 

Performance measures - card ina 1 or ordina 1 indicators for appraising 

performance dimensions. 

Performance norms - are socially accepted ideals or standards with which 

actua 1 performance can be compared and evaluated. Given that 

absolute values for norms to assume do not exist, the performance 

of other markets, or the same market in a different time period, 

are frequently used benchmarks. 

Having now defined most of the terms that wi 11 be used in the 

remainder of this section it is now possible to move on to assessing 

alternative approaches to marketing system performance, and alternative 

dimensions of performance. 

As Marion and Handy suggest, the most difficult problem in market 

studies is developing performance measures that accurately reflect the 

performance dimension in question. Objective measures of performance 

have yet to be developed for many performance dimensions, leaving 
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subjective evaluation as the only means. Proxy variables are sometimes 

used in instances when indicators of actual performance dimensions are 

difficult to obtain, with the inherent danger of the proxy being taken 

as synonymous with the dimension involved. Identification of relevant 

performance dimensions and norms relies heavily on subjective goals and 

unique perspectives of market systems. 

Marion and Handy, for the most part, take a broad abstract 

approach to performance evaluation, following the industrial 

organization approach to performance, however, some useful applied 

insights are provided. The distinction between descriptive and 

evaluative performance is made with a role for each cited. The 

existence of a norm is the main distinguishing factor between evaluative 

and descriptive performance. For the most part, the study is concerned 

with evaluative performance measures {cardinal) but the importance of 

descriptive performance analysis should also be recognized. 

As some of the more important performance dimensions are difficult 

to measure, descriptive studies provide a useful way of appraising them 

and providing valuable insight into inner coordinations of the system. 

Marion and Handy give examples of useful descriptive indicators. 

1) Participants: organizations, institutions, and so on, that are 

integral to the system; 

2) Functions performed by participants; 

3) Resource inputs used by participants; 

4) Ma~t ~ules and arrangements that influence participant 

behavior; 

5) Structure of authority and decisions within the system which 

control and coordinate; 
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6) Environment within which the system operates. 

7) As well "Flow analysis" as suggested by Cox is another 

illustrative method of presenting a descriptive evaluation in a 

useful way. 

Performance measures can sometimes be more misleading than useful. 

Evaluative performance measures are relative by nature since they depend 

upon a norm of comparison. Issues of priority arise when different 

evaluative measures conflict with one another. If one measure is 

positive and another negative, which is correct? Obviously no one 

measure is correct since it all depends upon the goals and perspectives 

of the researcher and their norms of comparison. 

Sosnick outlines a number of dimensions of market performance in 

his 1964 study, "Operational Criteria for Evaluating Market 

Performance", which is a collect ion of papers dea 1 ing with market 

structure research edited by Paul L. Farris. Sosnick delineates what he 

feels to be relevant performance dimensions. He cites "production 

efficiency", as a separate issue, it is "a firms internal efficiency", 

but still relevant to performance evaluation. Production efficiency is 

concerned with factors such as locating plants at cost minimizing sites; 

achieving highest production functions; proper input mixes; minimizing 

extravagances; input - output control with respect to time, space, and 

form; utilization of byproducts; proper diversification, etc. Sosnick 

mentions several other dimensions not necessarily relevant to 

agricultural marketing: price - cost relations, the relation of price 

to average cost and its implications for resource allocation; sales 

promotion, with qualitative aspects for participant rationality; 
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conservation, the use of exhaustible natural resources in production; 

and externa 1 effects, imp 1 icat ions for persons outs ide the market or 

industry. One dimension that Sosnick mentions does have particular 

relevance for the flaxseed marketing system, "exchange efficiency". 

Exchange efficiency is concerned with how well the quantity 

available {whether carryover or current production) leaves the hands of 

persons who value the commodity least and ends up in the hands of 

persons who value it most. As Sosnick states, for some markets -

"bazaars, exchanges, auctions, sealed bidding, agents' and dealers' 

activities in general, in environments where items are sold" 

efficiency of exchange is the principle issue involved. 

The outcome of economic contracts are the issue of concern in 

exchange efficiency. Quantity sold, average price, price dispersion and 

convergence, distribution among buyers and sellers of the gains from 

trade, the success in trading of large volume versus small volume 

participants, and the amount of transfer costs incurred (transportation, 

commissions, taxes, yardage, recordation, etc.) 

Sosnick states that the desirable functioning of exchange can be 

expressed in seven propositions: 

1) Transportation costs should not be needlessly large. 

2) Economical facilities should exist at assembly points. 

3) Price formation and the pairing of buyers and sellers sh.ould 

not be unreasonably costly. 

4) Price flexibility should not generate costly search for 

information, needless livelihoods for speculators or needless 

uncertainty. (Sosnick cites this as an argument for .. Forward 

Prices for Agriculture"). 
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5) Prices should be high enough to avoid excess demand and low 

enough to avoid undesired inventory accumulation. 

6) For a set of prospective buyers and sellers at an assembly 

point, the ratio of actual to potential gains from trade 

should be maximized. 

7) For a set of geographically scattered prospective buyers and 

sellers, the ratio of actual to potential gains from trade 

should be maximized. 

These seven propositions represent what Sosnick calls dimension 

norms for performance. The dimension most relevant to the marketing of 

agricultural commodities, is the dimension of exchange efficiency. 

Larry Martin in an 1980 AJAE article, - "Comparing International 

Market Performance: Conceptual and Measurement Issues." - cited the 

necessity of both exchange efficiency norms and the broader norms of 

industrial organization. Martin developed a conceptual framework for 

comparing the performance of two market systems. For performance 

comparisons to be made, he states that two questions must be addressed: 

1) How does one conceptualize (define) performance? 

2) How does one measure performance? 

Martin has of course recognized the complexity and very broad scope of 

the concept of market performance. Martin suggests that it is improper 

to define performance strictly in terms the level of prices received by 

producers etc. or to attempt to define it strictly in terms of 

industrial organization theory, "both are necessary, neither is 

sufficient". Due to the mixed nature of grain marketing systems in 

terms of public vs. private sector involvement, it is necessary to 
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define and thoroughly understand the structure of the system before 

doing a comparative analysis of performance. Since there is no 

benchmark norm for any performance indicator to assume, it is difficult 

to assess the performance of a single marketing system without a 

comparative marketing system of a commodity of a similar nature and end 

market. 

The objective of Martin's paper was to develop a conceptual 

framework for comparative analysis of performance and suggest a series 

of measurable performance indicators within that framework. Martin used 

a concept developed by Shaffer and Jesse which recognizes it is both 

necessary and sufficient to form a concept of the sector's { f 1 ax seed 

marketing system) expectations and objectives from the view of public 

and private market participants. 

1) Outline the objectives 1 expectations of all participants in 

the marketing system, after all participants have been 

identified. 

2) Define a set of performance indicators to represent each of the 

various objectives. 

3) Specify a set of quantitatively verifiable measures to 

represent each of the performance indicators. 

Some objectives and expectations cited by Martin are a little broad in 

scope, with the relevance not readily apparent, but overall the approach 

seems reasonable, with valid points on defining performance. 

The following is an example of Martin's approach, beginning with 

an objective, in this case, of flaxseed producers. Next, performance 

indicators of the objective are derived, and finally, possible 

quantitatively measurable proxies of the indicators are given. 
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Objective: Efficient marketing 

Indicator: Level of producer price 

Quantifiable measure: -Price of flax relative to other crops 

-Trend in relative price 

Indicator: Stability of price 

Quantifiable measure: -Variance from trend in producer price 

Efficient marketing is only one objective. After all participants 

in the marketing system are identified, other objectives will come to 

light. Some of the participants may include: producers, merchants 

(grain companies, terminals), pricing facilitators (Winnipeg Commodity 

Exchange), exporters, crushers, end users, etc. Some of the objectives 

of these participants may include: efficient production, efficient 

pricing, end user satisfaction, vertical coordination, qualitative 

factors, etc. 

Thus, by evaluating performance indicators via quantifiable 

measure, a picture is painted of how well each participants expectations 

of the market system are being fulfilled, providing a basis for 

analysis. 

3.3 Pricing Efficiency and Marketing Systems 

Efficiency has been one of the most important concepts· of the 

economics profession. Many definitions of efficiency have been 

delineated as the understanding of capital market, and agricultural 

commodity market behavior has grown. Pricing efficiency is the main 

area of focus for studies of efficiency, as any inefficiencies in market 

systems must eventually manifest themselves as inappropriate or 
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irregular prices. Studies of pricing efficiency are also aided by the 

wealth of information available in the form of historical pricing data. 

For these reasons and others, the main focus of efficiency in much of 

the literature is on pricing efficiency. 

In 1934, Holbrook Working's 'random walk' theory of market 

efficiency gained acceptance as the theory which· best described the 

manner in which financial markets behaved. Random walks are described 

as "cumulated series of probabilistically independent shocks 

characteristically developed patterns that look like those commonly 

ascribed by market analysts to stock prices." (LeRoy, 1989, pg.1587). A 

random walk is thus seen as the instantaneous adjustment of prices to 

new information as it arrives, rather than a pattern of slow systematic 

adjustments to new information. A random walk explained, for the most 

part, the failure of fundamental analysis based on present values of 

discounted cash flows (intrinsic value of the asset or commodity), or 

analysis based upon historical price movements, to take advantage of 

unexploited (or theoretically unexploited) profit opportunities in 

capita 1 and commodity markets. But critics of the random walk mode 1 

used aspects of the random walk proponents own arguments to refute the 

random walks legitimacy. If the random walk denied existence of 

profitable trading rules based upon technical analysis of past price 

movements, how were large incomes being generated from the giving and 

taking of investment advice? This raises questions for an adequate 

model to accurately reflect market behavior and efficiency. 

Paul Samuelson's (1965) paper put forward the idea of a martingale 

model to explain market efficiency. The martingale model can be 

explained as follows. A stochastic process, Xt is said to be a 
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martingale with respect to a sequence of information sets ~t if Xt has 

the property: 

E(Xt+11~t> = Xt 

and a stochastic process Yt is a fair game if it has the property: 

E(Yt+1l~t) = 0 

Thus if xt is a martingale, the best forecast of Xt+1 that could be 

constructed based on current information ~t would be equal to Xt· 

Therefore Xt is a martingale if and only if Xt+1 - Xt is a fair game. 2 

Analysts have realized that theoretically, efficient market models 

follow the weaker martingale model, rather than a random walk. The 

martingale model also paves the way for other more definitive 

classifications of market efficiency such as the work by Fama. 

Fama's 1970 paper, "Efficient Capital Markets: A Review of Theory 

and Empirical Work", gave rise to a definition of market efficiency 

still in use today. " ... a capital market is efficient if all the 

information in some information set ~ is 'fully reflected' in securities 

prices." (Fama, 1970, pg. 384). Later in 1976 he further distinguished 

three forms of the efficient markets model based on the quality of the 

information set ~: 

1) Capital markets can be said to be weak-form efficient if ~ 

comprises just the information contained in historical prices. 

2) Capital markets are semistrong-form efficient if ~ is expanded 

to include all publicly available market information. 

3) Capital markets are strong-form efficient if ~ is expanded to 

include all private insider information as well. 

2 Fair games are also referred to as martingale differences. 
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Fama's three classifications of market efficiency are used extensively 

in the literature to characterize the extent of efficiency. Weak-form 

efficiency is most often used, as historical price series are readily 

available and quantifiable. With weak-form efficiency, no trading rule 

based on past price information alone can succeed on average and provide 

profits over and above the cost of assimilating the necessary 

information. 

Assumptions on market efficiency concerning commodities markets 

are frequently made based on Fama's weak-form efficiency. For 

efficiency to hold it is assumed that agents are risk neutral and use 

all available information rationally, so that the forward rate, or 

futures price, is an unbiased predictor of the future spot {cash) price. 

The assumption of risk neutral agents implies that the risk premium is 

zero, or that speculators do not need, nor will they pay a premium to 

speculate on future prices in the market. The assumption that agents use 

all available information rationally implies that expected returns to 

speculators are zero. These assumptions are frequently summarized by 

saying that markets in which they hold are efficient. 

Market efficiency and I or performance has become synonymous with 

pricing efficiency and performance. Other definitions of market 

efficiency entail many aspects such as social value, distributive 

equity, pricing efficiency, and equity etc. The main aspect of market 

performance which is determined and exists within the scope of the 

market system itself that is quantitatively verifiable is pricing 

performance and efficiency. Most studies of a particular market's 

performance centres upon the efficiency of prices within that market. 
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C H A P T E R I V 

THEORETICAL CONSIDERATIONS 

Market performance evaluation is a very broad and abstract concept 

that does not lend itself well to quantitative analysis. However, 

centra 1 to the functioning of any marketing system is the efficiency 

with which market functions are carried out. This is particularly 

important where commodities (products) have close substitutes. The role 

price discovery plays in market efficiency is very important. 

Typically, any problems in the functioning of a marketing system will 

manifest themselves as aberrations or inefficiencies in price discovery. 

One of the main purposes of this chapter is to show how problems 

of market efficiency, directly and indirectly, relate to marketing and 

production costs of the users of flaxseed. This chapter will provide a 

theoretical basis for the selection of criteria used to test certain 

aspects of performance and efficiency of the flaxseed marketing system. 

More specifically, the chapter describes how various tests of market and 

price efficiency which are used in the thesis relate to the broader 

issue of flaxseed marketing system performance. 

This chapter begins with a review of the idea of marketing systems 

and marketing system performance. How marketing systems are supposed to 

perform in theory and how the flaxseed marketing system is actually 

performing are examined. The final section of this chapter gives a 
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review of various approaches to market performance evaluation and 

pricing efficiency in marketing systems in particular. 

4.1 Market Performance 

Market performance refers to the functioning of most aspects of an 

entire industry within an economy. Some definitions of concepts and 

terms central to market performance from chapter 3 are restated below: 

Marketing system - generally refers to the vertical array of consumers, 

firms, markets and associated institutions and arrangements 

involved in marketing a commodity or product. Several functions 

are normally performed in vertical market systems: 

Exchange functions 

Buyers and sellers are brought together for the mutually 

beneficial process of exchange and price discovery. 

Physical functions 

Utility is provided to participants via the marketing system 

through the specification of placement and transportation of 

the product {commodity), timing of placement through storage 

of the product, and the form of product to be delivered. 

Facilitating functions 

The marketing system specifies standards and grades for the 

product to follow. 

A source of information regarding relative supply and demand 

is provided to buyers and sellers of the product. 

The marketing system creates opportunities for risk 

reduction for both price risk and risk to the phys i ca 1 

product via the provision of insurance and forward pricing. 
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Financing to facilitate purchasing, and 

Promotion and advertising of the product to create interest. 

The above mentioned functions must be performed by the marketing 

system. Resources must be allocated to various sectors to carry 

the functions out, and this implies cost. The facilitative costs 

of carrying out business a long with the costs of the exchange 

functions are known as transactions costs. The facilitative and 

exchange functions should be carried out to minimize transactions 

costs. The total cost of carrying out the exchange, physical, and 

facilitative functions is the marketing margin between primary 

production and final consumption. 

Market performance - is the appraisal of the extent to which the 

interactions of buyers and sellers in a market - as influenced by 

market rules and institutions - stimulate results that are 

consistent with social purposes. 

An alternative definition of market performance can be given as: 

Our economy should achieve four goals if it is to provide 
the maximum economic welfare for its citizens: (1) it should be 
efficient, employing its scarce factors of production so that they 
yield the highest possible real income; (2) it should be 
progressive; it should add to its stock of factors of production, 
raise the quality and variety of the goods it makes available, and 
improve the techniques with which it organizes factors of 
production, all at appropriate rates of progress; (3) it should be 
fu11 y emp1 oyed, because we waste factors of product ion more by 
leaving them idle than by using them inefficiently (not to mention 
the personal hardships that result from unemployment), but this 
goal should not be achieved through unreasonable inflation of the 
general price level; (4) it should be equitable, distributing its 
real output among its members to provide for their essential needs 
and reasonable expectations as well as rewarding their productive 
efforts. 

We define market performance as the appraisal of how far the 
economic results of an industry's behavior fall short of the best 
possible contribution it could make to achieve these goals. 
(Caves 1982, pg. 66-67) 
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Survival of the flaxseed I linseed industry is of importance to 

growers of flaxseed. A certain amount of specialization leads to 

expertise in production of agricultural crops. The continued existence 

of flaxseed as a viable cropping alternative ensures minimum cost 

product ion of a valuable agricultura 1 commodity by growers with the 

necessary experience. Growth of the industry allows for cost economies 

in storage, transportation, and marketing of the commodity, as the 

volume of flaxseed handled increases. As the physical volume of a 

commodity declines the physical costs associated with handling the 

commodity rise. As a product becomes more thinly produced and traded, 

higher transaction costs result because price information is not as 

readily available, there are higher costs associated with forward 

pricing and risk bearing, and prices become more variable because of a 

narrower product ion base to spread product ion variabi 1 ity. Cant inued 

profitability of the flaxseed industry means consistently large volumes 

of flaxseed produced which will reduce the costs of marketing flaxseed. 

Prentice and Storey (1988) developed a "crowding out" model of the 

market for flaxseed. The crowding out model illustrates why a commodity 

with close substitutes in both final consumption and primary production 

is vulnerable to inefficiencies in marketing, and thus to increasing 

marketing costs relative to close substitutes. If marketing costs of a 

commodity rise relative to marketing costs of close substitutes, then 

lower prices will be realized by producers and higher prices will face 

end users. 
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Figure 4.1 Effects of Increased Marketing Costs on Flaxseed Prices 
Under Long Run Supply and Demand. 

Figure 4.1 illustrates the crowding out model for flaxseed. PO 

represents primary demand for flaxseed, which would mean the demand for 

linseed oil and linseed cake. DO is the derived demand for flaxseed at 

the farm level and is lower than PD by the marketing cost of moving 

flaxseed from the farm leve 1 to destination of primary demand. PS 

reflects primary farm supply of flaxseed, and DS represents derived 

supply of linseed oil and meal in terms of seed. In Figure 4.1, long 

run demand and supply functions are presented, which allows time for 

flaxseed production to adjust to changing market conditions. 

Pp and Pf represent price received by farmers and price paid by 

users respectfully , and Pp' and Pf' represent the same prices after the 
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volume of product handled decreases. The difference between Pp and Pf 

is the marketing margin, as the quantity of product handled decreases, 

the marketing margin for handling the product increases. The increase 

in the marketing margin reduces the price received by farmers Pf' and 

increases the price paid by end users Pp'. This increase in the final 

price paid for linseed oil by end users as a result of higher marketing 

costs increases the likelihood of further substitution to cheaper oils 

such as soybean oil. As quantity demanded and supplied further 

decrease, the inelastic portions of the demand curve, demand for linseed 

oil for linoleum, human consumption, and specialized paints, begin to 

dominate. In the inelastic portions of the demand curve, marketing 

costs increase at a higher proportional rate for any given decrease in 

quantity handled, further compounding the crowding out problem. Thus a 

large volume of product handled is clearly in the best interests of both 

users of flaxseed and producers. Larger volume products provide lower, 

more efficient, per unit marketing costs. 

A schematic representation of the Western Canadian flaxseed 

marketing system is presented in Figure 4.2. Movement of the physical 

commodity is indicated by solid lines, and the movement of price flows 

are indicated by dashed lines. The figure represents how the flaxseed 

marketing system has operated for most of the last 30 years, but there 

have been recent changes. The role the Canadian Wheat Board plays has 

been reduced considerably, to a minor involvement in grain car 

allocations. The quota system is no longer binding, farmers deliveries 

are no longer restricted by the quota system. 
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The Street Price Committee is no longer in operation, grain companies 

and merchants set their own street prices based on future delivery 

prices at the Winnipeg Commodity Exchange (WCE). Fro~ figure 4.2, the 

central role that the WCE plays can be seen. At a 11 leve 1 s of the 

market chain in Canada, all participants utilize and are affected by the 

operation of the WCE and the role it plays in price discovery for 

current and future contracts. It is in the vested interest of a 11 

participants in the marketing chain to minimize their exposure to risk 

by forward contracting sales and purchases of flaxseed via the 

exchange. There is, however, one group of participants in the market 

chain that do not utilize the services the exchange provides - European 

end users, refiners, and crushers. 

The WCE is considered by European end users to be risky and 

subject to volatility and price aberrations as a result of minor market 

developments. The WCE is considered to be operated by a "small family" 

of traders that inject instability into the WCE flaxseed futures (Flax 

Council Mission 1989). Although speculation and perception on the part 

of European flaxseed crushers and refiners, some of these claims may 

have a factual basis. Even if the above perceptions are erroneous, the 

flaxseed marketing system is not performing if has a central pricing 

mechanism which is not utilized by flaxseed end users because of 

uncertainty. 

Various forms of instability are a major concern of firms in the 

industry. Instability in terms of price, quality, and quantity of 

product can result in higher costs for firms in the marketing system. 

Firms require a consistently available product (commodity) that is of 
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uniform quality. Unstable supplies result in higher costs in terms of 

having to pay higher prices for product when supplies are tight. 

European flaxseed crushers and refiners must balance the cost of 

the input flaxseed with the revenue that can be generated from selling 

the resulting linseed oil and linseed meal products. Flaxseed price 

instability makes it difficult to make returns from a consistent crush 

margin. Forward pricing allows users to purchase flaxseed at a known 

price, and sell the resulting products at a known price so that returns 

from processing the flaxseed wi 11 be known in advance. The lack of a 

futures market for 1 inseed oi 1 and mea 1 and the functioning of the 

Winnipeg Commodity Exchange's flaxseed futures market does not allow 

European end users to do this. Inefficiency can result if the marketing 

system does not minimize price risk for those participants handling the 

physical commodity through attraction of speculators who are willing to 

assume risk in return for potential profits. 

A marketing system should have a way of conveying information 

about desirable product characteristics. Most often this information is 

conveyed through price signals. This information should be received by 

producers (or plant breeders) and the product characteristics adjusted 

accordingly. Most often in grains and oilseeds, desirable 

characteristics are indicated by premiums paid or discounts demanded by 

end users for either desirable or undesirable characteristics of the 

product in question. These premiums for one type of product relative to 

another are eventually converted into differing grades of product with 

different prices paid for each grade. 

It would appear that in the market for flaxseed, the desires of 

end users is not being met. End users demand different iodine values 
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for different applications. Paint and coatings users typically want a 

linseed oil from flaxseed of a lower iodine value. Conversely, the 

linoleum industry typically (but not always) wants a linseed oil from 

flaxseed of a higher iodine value to speed the drying process. Linseed 

o i 1 from Canadian f 1 ax seed has the highest iodine va 1 ue of a 11 the 

flaxseed available. However, no premium is paid for the higher iodine 

value because of the large volume of Canadian oil available. The paints 

and coatings industry requires oil of a lower iodine value, but again no 

premium or discount is offered. High iodine linseed oil is simply 

blended with lower iodine oil to get the desired quality of linseed oil. 

There is a demand for altered characteristics of flaxseed which are not 

being sent back to Western Canada where the bulk of crop development and 

production takes place. 

Since the 1930's, high iodine value flaxseed has been an important 

criteria of selection for plant breeding in Canada. This idea has been 

carried forward from the time when linseed oil dominated the paints and 

coatings industry. At that time, drying speed was the most important 

characteristic for 1 i nseed o i 1 to have. The change in tastes and 

preferences to lighter shades of paints saw a shift in demand to linseed 

oil of a lower iodine value that would not be subject to the yellowing 

problems associated with linseed oil of a higher iodine value (Flax 

Council Mission). This shift in demand was lost to the Canadian 

flaxseed breeding program, that for years continued to select flaxseed 

varieties on the basis of high iodine values. 

It is difficult to test for a relationship between the lack of 

information on product characteristics and poor pricing performance of 

flaxseed futures prices. It is not clear if this is the problem of the 
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pricing mechanism, or the fault of linseed oil end users who do not take 

direct actions to adequately convey product characteristic desires to 

appropriate market channels. But it is clear that the lack of a forward 

pricing mechanism for end users of flaxseed in terms of a market for 

processed linseed oil has not alleviated the problem. 

4.2 Development of Performance Criteria 

As mentioned earlier, the not ion of market performance is very 

abstract and broad in scope. Market performance is concerned with 

issues of efficiency, progressiveness and innovativeness, full 

employment of resources, and equity. One of the major felt difficulties 

with the flaxseed marketing system is efficiency, and in particular 

pricing efficiency. Most elements of market performance are not 

quantitatively and objectively verifiable. To make this study on 

flaxseed marketing system performance manageable it was necessary to 

confine the study to an analysis of pricing efficiency, for which a 

number of quantitative evaluations exist. From the perspective of 

European end users of flaxseed, the major problem is the pricing 

performance of the flaxseed marketing system. From the "volatile" 

Winnipeg flaxseed futures market to the lack of a futures market for 

linseed oil in Europe to facilitate forward pricing, the major problem 

with the flaxseed marketing system seems to be pricing performance, if 

the European concerns are valid. 

4.3 Descriptive Indicators of Performance 

Despite the difficulty of objectively assessing the performance of 

a marketing system, a conceptual framework for comparing market 

performance was developed by larry Martin to aid in the assessment of 
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alternative market systems (Martin 1980), as outlined in chapter 3. 

Martin provides an approach to develop relevant performance criteria. 

Martin's framework consists of a three step procedure. First it is 

necessary to distinguish between the many participants in the marketing 

system and specify the expectations of each as general objectives. 

Secondly, define a set of performance indicators· that represent the 

expectations or objectives each participant has of the market system. 

Finally specify a set of quantifiable measures which are indicative of 

each of the performance indicators. Thus, by highlighting the 

performance indicators by quantifiable measure, a picture is painted of 

how well each participant's expectations of the market system are being 

fulfilled, providing the basis for analysis. 

Beginning with the industry as a whole, the expectations of the 

system could be considered to be survival, growth, and profitability. 

These very broad objectives apply to all members of the flaxseed 

marketing system. Each participant in the marketing system has unique 

expectations and requirements of the marketing system. Not all elements 

of performance are relevant to each participant. 

Buyers and sellers of flaxseed wi 11 sometimes have contrasting 

expectations of the marketing system. Buyers (foreign end users of 

flaxseed) will typically prefer to have a stable supply of flaxseed 

available at a relatively stable and reasonable price. Price 

variability of an input such as flaxseed or linseed oil means 

uncertainty which will increase the costs of production. The end user 

must seek to reduce the uncertainty of price by contracting, which 

increase the transactions costs associated with using flaxseed. This 
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uncertainty is especially undesirable if a substitute commodity such as 

soybeans or soybean oil can be used which has a less variable price. 

Sellers (flaxseed producers) will sometimes prefer the opposite to 

buyers. That is, sellers (producers) may prefer to have a more variable 

price which could produce higher price levels. Flaxseed producers have 

the option of storing the physical commodity until the market produces 

what they consider an adequate price. If the flaxseed a farmer grows is 

a relatively small portion of the total crops grown, the decision to 

store flaxseed on the chance price may increase is reasonable. · 

The major participants in the flaxseed marketing system are: 

-Producers I growers of flaxseed 

-Country elevators and inland terminals 

-Domestic pricing I Winnipeg Commodity Exchange 

-Export terminals 

-Exporters 

-Foreign crushers and processors 

-Foreign end users of linseed oil and linseed meal 

-Canadian Grain Commission 

-Transportation system 

-Plant breeding I seed development 
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The objectives mentioned in Table 4.1 are concerns that are 

pertinent to all members of the marketing system and are those 

objectives that pertain directly to the performance and efficiency of 

the flaxseed marketing system. The indicators and quantifiable measures 

narrow the scope from the full set of criteria mentioned by Martin, but 

still provide greater insights into flaxseed market performance than 

would pricing efficiency alone. 

Table 4.1 Descriptive Performance Indicators and Measures. 

Objective Indicator Quantifiable measure 

1. Efficient production 

Expanding production 

- Trend in flaxseed production 

- Trend in flaxseed production relative to other 
crops 

- Trend in flaxseed acreage 

- Trend in flaxseed acreage relative to other 
crops 

Production stability 

- Trend in flaxseed production variance from trend 
{ie. test for heteroscedasticity) 

- Trend in flaxseed acreage variance from trend 
{ie. test for heteroscedasticity) 

- Variability in acreage, production, and yield 
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2. Efficient marketing 

Level of producer price 

- Price of flaxseed relative to other crops 

- Trend in flaxseed price relative to price of 
other crops 

Stability of price 

- Variance from trend in producer price 

- Trend in stability of flaxseed price 

Stability of marketings 

- Variance in farmers deliveries 
{flax, wheat, canola) 

Source: Martin, Larry. 1980 

This study relies on the use of other crops or other oils in 

establishing norms of comparison. There is no absolute value measure 

that one can assume in order to be considered adequate, hence the 

reliance on comparison. 

Emphasis in this study is placed on the producer end of the 

vertical market system as this would be the component affecting, and 

most affected by, the pricing performance of the flaxseed marketing 

system. Particular attention is paid to producer behavior regarding 

marketing decisions {ie. when to sell, how much to sell). With the open 

market system there is considerable incentive to speculate on market 

prices and conditions. Any speculative marketing behavior by producers 

could be of considerable consequence for end users. With Canada 

representing such a large proportion of world flaxseed production, 

producers acting rightfully in their own best interests by holding back 
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deliveries in expectation of higher prices could be pricing flaxseed out 

of end use markets. 

A large volume of literature has been built up on various 

approaches to evaluating the pricing performance of markets. Study of 

the performance of markets ranges from stock markets to the relationship 

between the cash and futures prices of storable commodities such as 

grains and oilseeds. The next section presents a selection of tests and 

the theoretical underpinnings of the tests used. 

4.4 Test of Bias in Futures Markets 

From the Flax Council Trade Mission to Europe in the summer of 

1989, it was learned that none of the European end users of Canadian 

flaxseed used the Winnipeg Commodity Exchange to hedge or forward 

purchase Canadian flaxseed. With Western European imports representing 

upwards of 70 percent of Canadian flaxseed exports, this situation could 

have repercussions for the functional performance of the Winnipeg 

Commodity Exchange {WCE) flaxseed futures market. A situation exists 

where the number of short hedges {sells) placed on flaxseed futures at 

the WCE could exceed the number of long hedges {buys). 

J.M. Keynes {1930) and J.R. Hicks (1939) did some of the earliest 

analysis of the relation of futures markets prices and are generally 

credited the theory of bias in futures market prices. Keynes and Hicks 

hypothesized that when the volume of short hedging at a futures market 

exceeds the volume of long hedging, the price of the commodity would be 

bid down. The price of the commodity wou 1 d be kept 1 ower than the 

expected price of that commodity at contract maturity. Due to the 

excess supply of short hedges, people selling short {short hedging) 
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would have to offer a discount below the expected future price to induce 

a buyer, or speculator to take up the contract. This discount is 

referred to as a bias or a risk premium, since short hedgers must offer 

the discount to reach a strike price so that they can protect themselves 

from the risk of price changes while they hold inventory positions. 

Keynes and Hicks argued that the discount, or risk premium, would 

decrease as the contract maturity date drew nearer because the price 

risk of holding inventories of the physical product is reduced as the 

contract maturity date approaches. 

Criticism of the bias hypothesis has centered around two points. 

It assumes that speculators are risk neutral in that they need a premium 

to be induced to take up the contract. The risk preferences of all 

speculators is not known, but without a doubt, speculators that thrive 

on risk do exist. The second point of contention is that if a bias 

existed because an abundance of short relative to long positions, a 

sufficient volume of trading would soon bid away any bias that existed. 

This would be expected in large volume contracts such as Chicago 

soybeans, but the bias still could exist on relatively thinly traded 

commodities such as Winnipeg Commodity Exchange flaxseed futures. 

A procedure for testing for the presence of bias in a futures 

market was developed by Gray {1961) and has since been updated by Martin 

and Storey {1975). However, the test is only valid if hedging is net 

fully long or short. If it is not then any bias that existed could not 

be attributed to risk averse speculators providing liquidity to the 

market. The procedure involves simulated trading positions to emulate 

those of a speculator requiring a risk premium. Selecting a period of 

relatively stable spot prices, a system of buying a commodity future on 
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the first delivery day of the previous future contract and selling it on 

the first delivery day of its own maturity month. This process of 

selling the old contract and purchasing a new contract on the first day 

of each delivery month was repeated to see if profits or losses could 

systematically be produced. The resulting profits or losses were then 

tested to see if average profits existed. Gray found that a bias did 

exist on thinly traded commodities but not on large volume trading 

commodities. Martin and Storey also found presence of a downward bias 

in Vancouver rapeseed futures, and outlined a number of implications for 

farm prices as a result of a downward bias in commodity prices. 

4.5 Test of Martingale Hypothesis 

Paul Samuelson {1965) uses martingale model to explain market 

efficiency. The martingale can be explained as: 

A stochastic process, Xt is said to be a martingale with respect to a 

sequence of information sets Ut if Xt has the property: 

E{Xt+IIUt) = Xt 

and a stochastic process Yt is a fair game if it has the property: 

E{Yt+IIUt) = 0 

Thus if Xt is a martingale, the best forecast of Xt+l that could be 

constructed based on current information Ut would be equal to Xt· 

Therefore Xt is a martingale if and only if Xt+l - Xt is a fair game. 

Analysts have realized that theoretically, efficient market models 

follow the weaker martingale model, rather than the much more stringent 

random walk. 

Tests of the martingale can be classified as weak-form efficiency 

tests following Fama's three classifications of market efficiency: weak-
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form, semistrong-form, and strong-form. Common methods of testing for a 

martingale involve testing for the presence of serial correlation in 

past price series. If a market is weak form efficient and follows a 

martingale then there should be no information in past prices which 

would allow a better prediction of Pt+l than Pt. 

4.6 Test of Efficiency Through Cointegration 

Economic theory states that certain economic variables being 

subject to the same economic forces should move together in magnitude 

through time and thus not diverge from each other by any great extent in 

the long run. This is not to say that they should maintain the same 

value, but there should be a rather high correlation between the two. 

Theoretically the process of arb it rage over time and over space wi 11 

bring the prices of variables that are supposed to be linked in their 

movement back together. Examples of such variables could be interest 

rates of differing terms, imports and exports, commodity prices in 

different parts of the country, or spot and future prices of the same 

commodity. Short run divergences can occur, but over time, market 

mechanisms, arbitrage, or government intervention will bring the paths 

of the two variables together into equilibrium in the long run. In the 

same respect, two economic variables from two separate efficient markets 

being subject to differing economic forces, should not move together to 

any great extent. Thus the extent to which any two economic variables 

move together has implications for the efficiency of the markets they 

are from. 

Developments in the theory of cointegrat ion brought about by a 

1986 paper by C.W. Granger, and further work in 1987 by Granger and R. 
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Engle have made it possible to test for market efficiency through 

cointegration. Cointegration is a relatively new statistical concept 

originally developed in 1983, primarily by Granger {Hakkio and Rush, 

1989, p.77). Cointegration is the process where by a linear combination 

{or difference) of two non-stationary time series are integrated of an 

order less than either of the two time series alone. Thus the change in 

one time series variable is explained by the immediate changes, or 

lagged inunediate changes in the other time series variable. If one or 

both of the two time series variables are already stationary, then there 

is no integrating pattern to be delineated by cointegration. A 

necessary condition for cointegration is therefore the non-stationarity 

of the two time series to be tested for cointegration. 

Stationarity of a time series in general refers to the presence of 

an underlying trend in the series. A series Xt is said to be stationary 

if: 

1) Its first and second moments x and rx are constant with respect 

to time 

2) The covariance between any two series values will depend only 

on the distance between the two points and not on time itself. 

That is to say that the mean and variance of the series is constant and 

bounded. As an example consider a first order autoregressive process 

such as: 

Xt = axt-1 + et 

The error term et is said to be stationary if it is a white noise 

process. If et is a white noise process it will be identically and 

independently distributed with a mean of zero and a constant variance 

ie. et ~ iid N{O,r2). A series which is stationary can be referred to 
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as integrated of order 0 or I {0). Often a series wi 11 need to be 

differenced to be I(O). If a series is integrated of order 1 or I(1) 

then one differencing is necessary to make it I{O), and so on with I{2). 

Consider a pair of series, Xt and Yt, each of which is 1(1), and 

thus each needs to be differenced once to be stationary. It is 

generally true that any linear combination of Xt and Yt is also I{1). 

However if a constant A exists such that: 

Zt = Xt - Ayt 

with Zt being I(O) or stationary, then Xt and Yt are said to be 

co integrated, with the constant A referred to as the co integrating 

parameter (Granger, 1986, p.215). A whole set of cointegrating 

parameters may exist, but what is important is whether A exists or not. 

The existence of cointegration is not a sufficient condition for 

efficiency, but it is a necessary condition. 
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C H A P T E R V 

EMPIRICAL APPROACH TO STUDY 

This chapter contains the procedural methodology used in the 

study. The chapter begins with descriptive indicators of performance 

and moves into various tests of efficiency. The sources and the nature 

of data used are presented followed by the procedures followed to carry 

out the various statistical tests. A brief explanation for the 

rationale behind doing the tests will be given for each of the tests. 

5.1 Descriptive Indicators of Performance 

Prices of grain and oilseed crops vary considerably from year to 

year, throughout the year, and from region to region. This variation in 

prices is dependant upon prevailing supply and demand conditions from 

time period to time period and from region to region. Demand for a 

particular crop tends to be relatively constant in the short run as 

compared to the supply of a particular crop which can vary considerably. 

Several factors affect the supply of a particular crop, but there are 

two main factors, production and storage. 

The largest determining component influencing the production of a 

given crop is the number of acres seeded. The other determining factor 

is crop yield. Seeded acreage is for the most part a function of the 

expected price of the crop at a future date. Yield of the crop, on the 

other hand, is for the most part a function of weather, farm inputs such 
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as fertilizers, and herbicides coupled with management. Either of the 

two components, seeded acreage or the yield of the seeded acreage will 

affect the total production and thus affect supply of the crop 

considerably. 

The other factor affecting supply of a crop is the amount that is 

held in storage. In the past, grain delivery quotas controlled the 

quantity of flaxseed that could be delivered. Now, particularly for 

flaxseed, quotas are no longer a constraint and farmers can deliver the 

crop at their discretion. Farm deliveries can be influenced by a 

farmers expectations regarding future prices, seed requirements, cash 

(income) needs and others. Similarly, grain companies or merchants may 

take speculative positions on stored quantities of grain. 

Due to flaxeed's declining role as a consistently grown crop in 

Western Canada, it is felt that perhaps flaxseed would be subject to 

increased variability in terms of farmers decisions to plant flaxseed. 

It can be hypothesized that a large number of farmers grow flaxseed year 

after year within a wide band of price expectations. That is to say, 

the expected price which the farmers anticipate eventually receiving for 

flaxseed would have to drop quite low before they would consider not 

growing flaxseed. For these farmers, the crop either fits into their 

planned rotations, or they have consistently good yields or both. There 

are also many farmers that only grow flaxseed when price expectations 

for the crop indicate superior returns relative to other crops which may 

be grown. This latter group of farmers plant flaxseed on a less 

frequent basis as market conditions vary. 

Speculative behavior regarding planting decisions also affects the 

planted acreage of other crops. As a result of switching to a particular 
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crop, acreage variability of a more profitable crop increases. Of 

course by switching to a particular crop with more favorable returns, 

the acreage of some other crop is consequently reduced. S i nee market 

conditions for crops like canola, wheat, and barley vary from year to 

year, the acreage and production of each is also subject to variation. 

Since the variation in crop acreage is very dependant upon price 

expectations and the variation in expected price from year to year, some 

crops will be subject to more variation in acreage than others. 

Users of linseed oil, such as paint and linoleum manufactures, 

require the product on a continuous basis. Crushers and processors need 

flaxseed on a continuous basis unless the seed and/or linseed oil is 

stored, which is costly. This means that the marketing system needs to 

be orderly. If farmers speculate on the crop and deliver irregularly, 

then this could create problems. Therefore, tests for variability in 

production and delivery, etc. can illustrate a performance problem. 

Using the objectives, indicators, and quantifiable measures cited 

in Martin's framework for comparing performance of marketing systems, a 

descriptive evaluation of the various objectives of the flaxseed 

marketing system were examined. The performance of flaxseed is examined 

relative to other Western Canadian Grains. 

Efficient Production 

Beginning with the objective of efficient production, indicators 

of trends and relative trends in flaxseed production were examined. 

As an indicator of efficient flaxseed production, expanding 

production, and trends in production are examined. In each case the 
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presence of a linear trend is tested by running the following 

regression: 

where: 

Yt = a + B{time variable)t + et 

Yt is the variable being examined for trend 

a is the coefficient for the constant intercept term 

B is the coefficient for the time trend variable 

{time trend)t is a simple counter variable that takes on a 

value of 1 for the first observation, 2 for the second etc. 

Any time that a series is to be detrended, the value of B{time 

variable)t is subtracted from the original value of the series. 

Detrending removes the bias that a naturally occurring upward movement 

in the series has in the movement of the series. 

As a point of interest, graph plots on flaxseed acreage and 

product ion were made to determine if product ion of flaxseed had been 

increasing. As well, to see if acreage and production of flaxseed have 

been increasing re 1 at i ve to other Western Canadian crops, graphs of 

relative acreage and production were made. The ratios of acreages and 

production of other crops were calculated as: other crop I flaxseed. A 

linear trend was then fitted to the ratio to see if relative acreage and 

production and acreage of flaxseed is increasing or decreasing. 

It was felt by European end users that the price of flaxseed was 

volatile. The pricing of flaxseed at the Winnipeg Commodity Exchange 

was also felt to be risky because of the volatility {Flaxseed Council 

Mission 1989). It is possible that there is a fundamental basis for 

this volatility in the nature of crop supply. The stability of flaxseed 

production will have a key impact on the stability of its market price. 
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Using annual acreage and production data for flaxseed, canola, 

barley, and wheat, statistics on the average, standard deviation, and 

coefficient of variation for each series, (after first being detrended) 

were ca leu lated. As we 11, the coefficient of variation on the first 

half of each series, 1952 to 1971, and the second half of each series, 

1972 to 1991 was calculated to see if there was· any major shift in 

variability over time. Coefficient of variation is calculated as the 

standard deviation divided by the mean of the series. It is a 

standardized measure of variance which allows comparison of series 

variances of differing relative magnitude. 

Using annual price data for flaxseed, canola, barley, and wheat, 

statistics on the average, standard deviation, and coefficient of 

variation for each series, and the detrended series were calculated. As 

we 11, the coefficient of variation on the first half of each series, 

1952 to 1971, and the second half of each series, 1972 to 1991 was 

ca 1culated. By comparing the variabi 1 ity in product ion of each crop 

with the variability in annual prices, the affect that Canadian 

production variability has on each crop can be examined. 

The variation in annual prices and annual production, although 

descriptive, does not capture the volatility that occurs within a 

marketing year. Using average monthly price data and weekly price data 

as we 11 as grain de 1 ivery data, the variabi 1 ity of prices within a 

marketing year can be examined with statistics on average, standard 

deviation, and coefficient of variation. Also by looking at the 

variability of farmers delivery patterns of flaxseed and other grains, 

the impact of farmers marketing decisions on the variability of price 

can be examined. 
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Heteroskedasticity 

As an alternative to examining the coefficient of variation of 

various price and production data over two separate time periods, a more 

quantitative and objective approach to examining whether a change in 

variance has occurred was needed. Testing for the presence of 

heteroskedasticity in the variance of various series provides a 

determinate assessment of whether a series is becoming more variable 

over time. Heteroskedasticity is the presence of non constant 

disturbances in data or non constant variance in the residuals of 

regression equations which may be a function of one of the dependant 

variables. The source of the increased variance may be related to one 

of the dependant variables or may be the result of a structural change. 

In this study, heteroskedasticity is assumed to be a function of time. 

That is, variance from trend is increasing over time. The variance of 

residuals from trend are tested for heteroskedasticity. 

The procedure follows the Goldfeld-Quandt test (Judge, Hill, 

Griffiths, Lutkepohl, and Lee, 1988). In the tests conducted in this 

study, it is assumed that the variances are a function of time, ie. the 

series are becoming more variable over time. The test is run by 

dividing the series into three and omitting the centra 1 observations. 

Then run two separate regressions, one using the first third of 

observations and the other using the last third of observations, 

regressing each series against a time variable. Compute the test 

statistic as s2;s1 where s1 and s2 are the residual sums of squares for 

the first and second regression. Under the nu 11 hypothesis of no 

heteroskedasticity, the test statistic has an F-distribution with [{T-r-

2K)/2, (T-r-2K)/2] degrees of freedom, where K is the number of 
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regressors in the regression equations, T is the total number of 

observations, and r is the number of omitted central observations. 

Compare the test statistic with the relevant critical value from the 

F-distribution and accept or reject the null hypothesis of no 

heteroskedasticity. 

Heteroskedasticity tests were run on annual price, acreage, yield, 

and production data for flaxseed, canola, wheat, and barley; monthly 

flaxseed, canola, and wheat prices; and weekly price and delivery data 

for flaxseed, canola, and wheat. 

5.2 Forecastability of Futures Markets 

An important, though not essential, role of futures markets is to 

give participants in the flaxseed marketing system an indication or 

forecast of future prices. Users and producers of flaxseed need to make 

decisions about the future. If participants in the marketing system 

cannot forecast well, this can be taken as a transaction cost problem. 

Uncertainty is a cost of doing business. The greater the uncertainty, 

the greater the cost. A test of how well the flaxseed futures market 

does in determining future prices is a test of forecastability. 

It is difficult to make a quantitative assessment of how well the 

flaxseed futures market does at predicting future prices by only looking 

at flaxseed futures. Random elements can alter the market throughout 

the crop year causing the spring futures price for post harvest delivery 

to be a very inaccurate indication of post harvest price. A benchmark, 

such as the Chicago soybean futures, is required to compare the relative 

average accuracy with which Winnipeg Commodity Exchange flaxseed futures 

forecast flaxseed prices. 
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A method of comparing the relative forecast accuracy of flaxseed 

futures versus a benchmark such as soybean futures is the mean square 

prediction error over a number of crop years. The mean square 

prediction error (MSE) as presented in Carter {1982) is used in this 

study. The MSE is the average squared difference between the planting 

time futures forecast price for post harvest de 1 ivery and the actua 1 

price of the commodity during post harvest de 1 ivery. For Winnipeg 

flaxseed futures, the last Thursday of Apri 1 closing December futures 

price was used as the planting time prediction of post harvest price. 

The last Thursday closing December futures of December was used as the 

actual post harvest flaxseed price. For Chicago soybeans, the last 

Thursday of April closing November futures price was used as the 

planting time prediction of post harvest price, and the first Thursday 

closing November futures price in November used as the actual post 

harvest price of soybeans. The first Thursday of November closing price 

of the November futures was used for soybeans since the contract usually 

stopped trading by mid-November. A weekly or monthly average price may 

have better represented expected prices held by farmers, but the single 

day price quote has been used by Tomek and Gray {1970). 

With Pi denoting planting time forecast of post harvest prices and 

A; denoting actual post harvest prices, the mean square prediction error 

is given as: 

1 n 
MSE = - L {P· - A1·)2 

n . 1 1 
1= 

n is the number of crop years over which the analysis was conducted, in 

this case, the years 1976 through to 1990 were examined for both 

Winnipeg flaxseed futures and Chicago soybean futures. Both price 
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series were expressed in $/tonne for consistency. Soybean futures were 

left in $US so fluctuations in exchange rates would not bias results. 

Another more quantifiable method of testing the forecast accuracy 

of flaxseed futures versus a benchmark such as Chicago Soybeans is via a 

method originally used by Tomek and Gray (1970). Futures prices should 

provide accurate and unbiased predictions of actual prices in the 

future, anything less implies inefficiency. This relationship can be 

expressed as: 

Ft = a + BFt-i + et 

Where: Ft is the actual price at delivery, or the actual post harvest 
futures price at or near the contract delivery date. 

Ft-i is the futures price i periods in advance, or the spring 
t1me futures price of the commodity for post harvest delivery. 

If a futures market is efficient, it will provide unbiased 

estimates of actua 1 future prices, imp lying that a = 0, and B = 1. 

Using the same data set as the mean square prediction error test, April 

prices of December futures and December futures prices at or near expiry 

for flaxseed, Apri 1 prices of November futures and November futures 

prices near expiry for soybeans, the above equation is set up in 

regression format. The joint null hypothesis that a,B = {0,1) is set up 

as an F test and compared to tabulated values. Rejection of the null 

hypothesis implies inefficiency. 

5.3 Testing for the Presence of Bias 

Commodities need to be stored at various points in the market 

system to ensure consistent availability. There are risks with price 

variability while holding the physical commodity. The futures market 

allows for risk avoidance through hedging. The market needs speculators 
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to hold uncertainty and needs to minimize the risk premiums required by 

speculators. The risk premium can bias the forecastability of futures 

prices as well as increase transactions costs of hedging. The greater 

the risk premium, the greater the marketing costs. 

To determine if the price of flaxseed futures at the Winnipeg 

Commodity Exchange are biased a test similar to that used by Storey and 

Martin was followed. It was assumed that hedging positions were net 

short over the period of study due to European end users reluctance to 

utilize the Winnipeg Commodity Exchange (Flax Council Mission 1989). 

Thursday closing futures prices for all delivery months were collected 

for Winnipeg Commodity Exchange flaxseed futures and Chicago Board of 

Trade soybean futures. The period chosen for each was the same: 

January, 1975 to November, 1990. Although futures price data back to 

January of 1970 was available, it was desirable to omit the instability 

in world oil markets during 1973, therefore, January of 1975 was used as 

the beginning of the series. Each contract month price series for both 

commodities was checked for the presence of trend. The presence of a 

significant trend would bias the results upwards since the trend would 

be included in the amount of the difference between the buy and sell 

prices. A simple trend regression was run on each of the series: 

Pt = a + b(time) + et 

None of the soybean futures months had a significant trend. However, 

a 11 of the flaxseed futures months, with the except ion of the March 

futures month, had a significant positive trend. The March futures 

month had an insignificant negative trend since the March contract did 

not begin trading until January 1983. The flaxseed futures months with 

89 



a significant trend were then detrended by subtracting the trend from 

the price series. 

Once the price series for the two commodities had been checked for 

a trend and detrended, a procedure to simulate simultaneous buys and 

sells on the futures market was carried out. The purchase of a futures 

contract, and subsequent rolling over of the contract when the current 

month expired would capture a bias in the market, if present, in the 

form of a profit or loss on the purchase and sale of the contract. The 

simulation involved buying a futures contract on the first Thursday of 

the previous contract, and selling it on the first Thursday of the 

current delivery month. On that first Thursday, again purchase a 

contract for the next delivery month. Thus a series of long positions 

would be held over the period of the test, in this case January 1975 to 

November 1990. The average profits or losses from the simulated trading 

were then calculated in two year intervals, as well as the average 

profit over the entire 15 year span. The two year intervals were 

calculated to determine if there were instances over the time period 

when a bias was present. A t-statistic was calculated to determine if 

the average profits were significantly different from zero. 

5.4 Test of the Martingale Hypothesis 

An important criterion for the efficiency of futures markets is 

that the day to day price changes be serially uncorrelated. Under 

Fama's classifications of market efficiency, a market was deemed to be 

weak-form efficient if all information in past prices and returns is 

fully reflected in current prices. A rather simplified test of the 

above conditions is a test of the martingale hypothesis. 
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Under the martingale hypothesis, Xt is said to be a martingale 

with respect to a sequence of information sets ~t if Xt has the 

property: 

Et(Xt+ll~t> = Xt 

and a stochastic process Yt is a fair game if it has the property: 

Et(Yt+ll~t) = 0 

Thus if xt is a martingale, the best forecast of Xt+l that could be 

constructed based on current information ~t would be equal to Xt· Where 

~t under weak-form efficiency is all past price information on Xt· 

Under the martingale hypothesis, if price changes are significantly 

correlated in some manner then the market would be considered 

inefficient since past prices could be used to form expectations on 

future price movements. 

Following a procedure similar to Carter (1982) and Gordon (1984) a 

test of the martingale hypothesis was developed. Daily prices of 

Winnipeg Commodity Exchange flaxseed futures and Chicago Board of Trade 

soybean futures from August 1, 1977 to November 29, 1990 were used for 

the analysis. The natural logarithms of the series were taken to remove 

any gradual upwards trend in the prices which may occur due to 

inflation. The series were then differenced as: 

Xt = ln Pt - ln Pt-1 

Where Pt is price in time period t and Pt-1 is the period before 

price. 

Differenced data were used since it is only the relative change in 

prices from day to day, rather than the actual price that is important. 

Denoting the differenced price series as Xt: 

91 



If Xt has the property: 

Et(Xt+11~t) = Xt 

then Xt follows a martingale 

Therefore: 

Et(Xt+11Xt,Xt-1,Xt-2, ... ) = Et(Xt+11Xt) = Xt 

should hold since movement in price in t+1 should depend only on price 

on price movement in day t plus a random quantity. 

Using the log differenced price series for the various contract months 

of flaxseed futures and soybean futures as a benchmark, the following 

regression was run: 

Xt = a + B1Xt-1 + B2Xt-2 + B3Xt-3 + 

Then the following regressors were omitted: 

B2Xt-2 + B3Xt-3 + ... + B10Xt-10 

+ B10Xt-10 + et 

The test determines the significance of the omitted coefficients. The 

procedure tests the null hypothesis that every one of the omitted 

coefficients is equal to zero. The resulting test statistic approaches 

an F-distribution. If the price series follows a martingale the 

coefficients for the lagged values of past price differences should not 

be significantly different from zero. The null hypothesis of the test 

then becomes the hypothesis that the series follows a martingale. 

Rejection of the test implies rejection of the martingale hypothesis. 

5.5 Test for Cointegration 

In testing for the presence of cointegrated spot and futures 

prices at the Winnipeg Commodity Exchange flaxseed futures market, six 

separate price series were used. Winnipeg Commodity Exchange flaxseed 

futures data, obtained from CSI Market Statistics Data Base, for 

92 



flaxseed cash prices, March, May, July, October, and December delivery 

contract prices over the January 1985 to November 1990 period. For each 

price series the observations are weekly Thursday closing prices. 

Testing for cointegration is a two step procedure. First it must 

be determined if the series are stationary. Stationarity refers to the 

series having a constant mean and constant bound variance, or the 

absence of a significant trend in the series. In order for two series 

to be cointegrated, they must be non stationary or I(1) or greater. 

I{d) meaning integrated to the order of d, or that the series must be 

differenced d times for the series to be stationary. As an example of 

stationarity consider the residual error term from a regression et. The 

error term et is said to be stationary if it is a white noise process. 

If et is a white noise process it will be identically and independently 

distributed with a constant mean of zero and a constant variance ie. et 

- i'id N{O,o2). If there is any trend or drift in the et then the mean 

will change over time and it would be non stationary. 

The procedure used to test if the series were stationary is as 

suggested by Granger (1986). The following regression is formed: 

Where: 5x is differenced values of x 
Xt-1 is the value of x lagged one period 
oxt-j is lagged values of ox to a max lag length of p 

The lag length p is selected to be long enough to ensure that et 

is empirical white noise. The lag length was selected so as to include 

all significant lagged values of ox, so that et is sufficiently close to 

a white noise process and not bias the significance of the coefficient 

of Xt_ 1. The test statistic is the ratio of B1 to its standard error or 
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the t-statistic on B1. The test statistic, however, does not follow at 

distribution. Dickey and Fuller have published tables of significance 

levels for finding appropriate critical values. The null hypothesis is 

that Xt is non stationary, and is rejected if B1 is negative and 

significantly different from zero. 

Once non stationarity has been confirmed, tests for cointegration 

can proceed. Three cointegration tests that follow each other well in 

terms of the variables that they use, were run to test for 

cointegration. The three tests vary in degree of power and accuracy 

with the first being the most powerful followed by the second test and 

then the third test being the least powerful, and most likely to reject 

the null hypothesis of non cointegration (most likely to assume 

cointegration). 

The three tests are: 

1) Cointegrating Regression Durbin Watson (CROW) 

2) Dickey Fuller (OF) 

3) Augmented Dickey Fuller (ADF) 

Denoting the two series to be tested for cointegration as st and ft, 

since flaxseed cash prices will be tested for cointegration with each of 

the five futures months, tests then proceeded as follows: 

1) CROW 

st = a + Bft + et 

The test statistic becomes the Durbin Watson statistic from each 

regression. If the residuals are non stationary, the Durbin Watson 

statistic will approach zero and thus the test rejects non cointegration 

{accepts cointegration) if the Durbin Watson statistic is above the 
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critical value. The residuals, et, are retained and used in the 

following two tests. 

Ut = Bet-1 + Vt 

Where: Ut is the differenced et series from the CROW regression 
et-l is the lag of the et series 
Vt 1s the residual 

This regression tests the residuals from the CROW regression. The test 

statistic becomes the significance of the B coefficient. The test 

statistic does not follow a t distribution, relevant critical values are 

provided in chapter 6. 

3) AOF 

Ut = B1et-1 + B2Ut{L) + Vt 

Where: Ut is the differenced et series from the CROW regression 
et-1 is the lag of the et series 
Ut{[) is lagged values of the differenced et series 
Vt is the residual 

This regression is the same as the OF regression except several lagged 

values of Ut are included. The test statistic is again the B1 

coefficient on et_ 1, but critical values specific to the test, as 

provided by Engle and Granger {1987, pg 269) are used. 

The results of the various tests are described in Chapter 6. 
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C H A P T E R V I 

RESULTS AND ANALYSIS 

The results of the procedures and tests as outlined in Chapter 5 

are presented. Descriptive indicators of performance are presented 

first followed by the various tests of efficiency. 

6.1 Descriptive Indicators of Performance 

Figure 6.1 shows annual Canadian flaxseed production in millions 

of bushels from 1952 to 1991. The trend {significant at 95 percent) in 

product ion over that 40 year time period was an increase of 278,000 

bushels per year, or 1.25 percent of the 40 year average of 22.3 million 

bushels. Although production is increasing, it is not increasing at the 

same pace as other commonly grown crops in Western Canada. 
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Trend = + 278,000 bushels I year 
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Figure 6.1 Canadian Flaxseed Production and Trend, 1952 - 1991. 
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Figure 6.2 shows flaxseed production relative to canola production 

in Canada, expressed as the ratio of cano la product ion over flaxseed 

production. The trend in canola production relative to flaxseed 

production has grown by over 7 times over the 40 year span from 1952 to 

1991. 
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Figure 6.2 Relative Canadian Flaxseed Production, 1952 - 1991. 

Figure 6.3 shows flaxseed acreage in Canada from 1952 to 1991. 

The trend in flaxseed acreage (significant at 95 percent) is decreasing 

at a rate of 16,000 acres per year, or by .9 percent relative to the 40 

year average of 1. 741 mi 11 ion acres. Despite the upward trend in 

98 



production, it appears that it has a 11 come from increases in the 

average yield of flaxseed. Canola acreage has been increasing 

dramatically relative to flaxseed. Markets for canola have been 

expanding rapidly over the last 20 years. The favorable market prices 

that the expanding markets for canola have brought have meant a steady 

increase in the number of farmers growing canola. 
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Figure 6.3 Canadian Flaxseed Acreage and Trend, 1952 - 1991. 
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Flaxseed acreage has even declined relative to other commonly 

grown crops in Western Canada such as wheat. Figure 6.4 shows flaxseed 

acreage relative to wheat acreage in Canada expressed as the ratio of 

wheat acreage to flaxseed acreage. The decline in relative flaxseed 

acreage has come despite declining profitability of wheat on a per acre 

basis relative to flaxseed. 
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Figure 6.4 Relative Canadian Flaxseed Acreage, 1952 - 1991. 
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Figure 6.5 shows the ratio of the returns from growing wheat 

relative to the returns from growing flaxseed. The data is compiled as 

(average wheat yield) x (final realized wheat price basis Thunder Bay), 

and (average flaxseed yield) x (average Saskatchewan flaxseed price), 

for an average per acre return figure for each crop, for the years 1952 

to 1990. The ratio was then computed as wheat returns per acre divided 

by flaxseed returns per acre, and a trend (significant at 95 percent) 

put through the series. 
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Figure 6.5 Relative Flaxseed Returns in Canada, 1952 - 1991. 
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The average returns from growing wheat are declining relative to 

the returns from growing flaxseed, but seeded acreage of wheat is 

increasing relative to flaxseed. There is more risk to the farmer 

associated with growing flaxseed relative to a wheat crop. Wheat has a 

much more consistent expected yield and a guaranteed annual initial 

payment, which removes a considerable amount of risk regarding expected 

returns from growing wheat. 

Statistics on the variability of acreage and production of 

flaxseed, canola, barley, and wheat in Canada were calculated. The 

results of the tests are tabulated in Table 6.1 below. 

Table 6.1 Statistics on Acreage and Production Variability. 
Flaxseed, Canola, Wheat, and Barley Annual Data, 1952 - 1991. 

Flax Canol a Barley 
Acres Acres Acres 

(OOO's) (OOO's) (OOO's) 

Raw Series 
Average 1741 3351 
Std 612 2825 
Cov 0.351 0.848 

Detrended Series 
Average 2054 -1007 
Std 583 1150 
Cov 0.284 -1.142 

Raw Series 

9834 
2275 

0.231 

7359 
1753 

0.238 

Coefficient of Variation: 
52 - 71 .353 1.199 .243 
72 - 91 .221 .363 .081 

Wheat 
Acres 

(OOO's) 

27226 
5001 

0.184 

21813 
4012 

0.184 

.167 

.159 

Flax Canol a Barley Wheat 
Prod'n Prod'n Prpd'n Prod'n 

(OOO)bu (OOO)bu (OOO)bu (OOO)bu 

22307 68667 395416 685203 
8603 62467 162099 228495 

0.386 0.908 0.410 0.336 

16876 -28891 160185 403282 
7980 23809 82979 156071 

0.473 -0.824 0.518 0.387 

.426 1.280 

. 340 . 397 
.396 
.155 

.264 

.256 

Source: Statistics Canada (22-201). 
Note: -Std refers to standard deviation, and Cov refers to coefficient 

of variation. 
-Coefficient of variation is calculated as the standard deviation 
divided by the mean of the series. It is a standardized measure 
of variance which allows comparison of series variances of 
differing relative magnitude. 
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For the raw acreage series (raw meaning the series has not been 

detrended) canola acreage has been the most variable with a coefficient 

of variation of .84, followed by flaxseed acreage with a coefficient of 

variation of .35. The detrended series shows much the same, canola 

acreage has been more variable. Canola being a relatively new crop was 

likely viewed as a specialty crop and viewed as uncertain by many 

farmers. Once farmers became more familiar with canola as a crop they 

would be much more likely to include it in regular crop rotations, as 

evidenced by the much lower coefficient of variation for canola over the 

1972 to 1991 period, than for the 1952 to 1971 period. 

Production of all four crops is more variable than acreage, as is 

to be expected given the increased variability due to yield variation. 

For the 1972 to 1991 time period, the gap between flaxseed production 

variance and canola production variance has closed. Perhaps because of 

the narrower area over which flaxseed is grown relative to canola, which 

narrows the production base and, thus, increases exposure of production 

variability to localized weather conditions. 

The COV of the two separate time periods, 1952 to 71 and 1972 to 

91 revea 1 s that for a 11 four crops except wheat, the variabi 1 ity of 

acreage has declined considerably, but canola is still the most variable 

crop planted of the four. Variability of production of the four crops 

follows much the same pattern as acreage. 
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Table 6.2 gives a breakdown of the variability of annual prices 

for flaxseed, canola, barley, and wheat. 

Table 6.2 Statistics on Annual Price Variability. 
Flaxseed, Canola, Wheat, and Barley Annual Data, 1952 - 1991. 

Raw Series 

Sask Ag 
Flax 
Price 

Average 190.5 
Std 96.3 
Cov 0.505 

Oetrended Series 
Average 72.7 
Std 66.4 
Cov 0.913 

Raw Series 
Coefficient of Variation: 

Sask Ag 
Canol a 
Price 

173.7 
98.5 

0.567 

30.9 
50.6 

1.638 

52 - 71 0.101 0.037 
72 - 91 0.209 0.248 

T-Bay 
Barley 
Price 

83.1 
36.8 

0.443 

36.2 
25.8 

0.665 

0.084 
0.217 

T-Bay 
Wheat 
Price 

110.6 
54.5 

0.493 

31.4 
31.5 

0.889 

0.061 
0.271 

Source: Statistics Canada (22-201), Sask Ag "Agricultural Statistics" 
Note: Prices expressed in $/tonne. 

As can be seen in Table 6.2, price variability is roughly in line 

with the variability in production. Canola prices have been more 

variable than flaxseed or the other two crops. Perhaps flaxseed price 

should be less variable given the much higher coefficient of variation 

of canola production relative to flaxseed production. But given that 

flaxseed price variability is very close to the variability of a widely 

produced and traded crop like wheat, flaxseed is likely not out of line. 

But it would be tenuous at best to draw any conclusions from the 

variability of annual prices and annual production. The variability of 

prices within a year can vary widely and can depend upon the variability 

of farmers deliveries of crops within a given marketing year. 
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Table 6.3 below gives variability statistics on weekly delivery 

and price series data variability. 

Table 6.3 Weekly Price and Delivery Variability Data. 
Flaxseed, Canola, and Wheat, 1978/79 to 1987/88. 

Deliveries {000 tonnes) Price 
Flax Canol a Wheat Flax 

Average 9.91 49.83 343.94 312.04 
Standard 
Deviation 8.37 26.98 231.20 58.24 
Coefficient of 
Variation .8477 .5414 .6722 .1866 

Detrended Weekly Price and Delivery Data 

Deliveries {000 tonnes) Price 
Flax Canol a Wheat Flax 

Average 7.86 42.57 284.94 362.72 
Standard 
Deviation 8.29 26.65 228.67 50.32 
Coefficient of 
Variation 1.0538 .6260 .8025 .1387 

Detrended Weekly Data: 
Coefficient of Variation 
78/79 to 82/83 .7996 .6132 .7232 .1209 

83/84 to 87/88 1.2499 .6337 .8819 .1514 

Source: Winnipeg Commodity Exchange "Statistical Annual" 
Canadian Grain Commission "Grain Statistics Weekly" 

{SLtonne) 
Canol a 

326.11 

66.22 

.2031 

{SLtonne) 
Canol a 

332.91 

66.11 

.1986 

.0620 

.2550 

From Table 6.3, deliveries of flaxseed are much more variable than 

canola deliveries. Due to the wheat being under the price pooling 

system, deliveries of wheat are not a function of market expectations. 

However, canola and flaxseed are delivered when farmers feel that prices 

are favorable. It cannot be said that variable flaxseed deliveries are 

injecting instability, when the variable deliveries could be the result 

of erratic price expectations relative to canola price expectations. 
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From Table 6.3, flaxseed deliveries have become dramatically more 

variable in the second half of the time series. The coefficient of 

variation for flaxseed for the 1978/79 to 1982/83 period is .79, while 

in the second half from 1983/84 to 1987/88 it is 1.25. This shift in 

variabi 1 ity in farmers de 1 ivery patterns did not seem to affect the 

variabi 1 ity of prices. The coefficient of variation increased only 

marginally from .12 in the first half to .15 in the second half, not 

much change. So it seems that the variability of delivery patterns does 

not affect the variability of prices to any great extent, but the higher 

delivery variability of flaxseed could be symptomatic of erratic price 

expectations. An efficient pricing mechanism should remove most of the 

price uncertainty from a marketing system. 

Again statistics on variability were calculated, this time using 

monthly price series data, the results are shown in Table 6.4. 

Table 6.4 Monthly Price Variability Data. 
Flaxseed, Canola, and Wheat, January 1970 - July 1991. 

Prices in $/tonne Flax Canol a Wheat 

Average 283.3 269.2 77.8 
Standard Deviation 94.8 80.1 59.0 
Coefficient of variation .3347 .2977 .3319 

Detrended Monthly Price Data 
Flax Canol a Wheat 

Average 216.6 197.2 112.8 
Standard Deviation 86.6 68.4 45.4 
Coefficient of Variation .3997 .3470 .4026 

Detrended Monthly Price Data 
Flax Canol a Wheat 

Coefficient of Variation 
1970 to 1979 .4633 .3708 .4489 
1980 to 1991 .3380 . 3245 . 3601 . 

Source: Statistics Canada "Grain Trade of Canada" {22-201). 
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From Table 6.4, it can be seen that relative to monthly canola 

prices, flaxseed prices are much more variable. The wheat prices are 

monthly Canadian Wheat Board price quotations and are included for 

reference. Although monthly flaxseed prices are more variable than 

canola prices, they are not unstable or variable relative to wheat price 

quotations. The Canadian Wheat Board has extensive market information 

resources at its disposal when arriving at its price quotations. If 

flaxseed prices determined by open futures market are no more variable 

than wheat prices arrived at by the Canadian Wheat Board, then flaxseed 

prices can not be considered excessively variable or unstable. 

Heteroskedasticity 

Table 6.5 has results for tests carried out on annual flaxseed, 

canola, and wheat; acreage yield and price data. The two regressions 

were run on the 1952 to 1966 period and the 1977 to 1991 period. From 

Table 6.5 it can be seen that the only significant series were canola 

and flaxseed price and canola acreage and canola production. Canola 

acreage, and hence canola production, has become much less variable 

since its early days of development as a specialty crop. Now that 

canola is a standard crop in many farmers rotations, acreage is much 

less variable. 
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Table 6.5 Results of Tests for the Presence of Heteroskedasticity in 
Annual Flaxseed, Canola, and Wheat; Acreage, Yield, Production, and 
Price Data, 1952 - 1991. 

Tabulated F-Value for F(13,13) Upper 5% = 2.60 
Tabulated F-Value for F(13,13) Upper 1% = 3.96 

Variable 

Flaxseed Acreage 
Canola Acreage 
Wheat Acreage 

Flaxseed Yield 
Canola Yield 
Wheat Yield 

Flaxseed Production 
Canola Production 
Wheat Production 

Flaxseed Price 
Canola Price 

F Statistic 

.24 
32.08 ** 

.52 

2.42 
1.91 

.73 

1.56 
46.97 ** 
1.13 

15.60 ** 
9.92 ** 

Source: Statistics Canada (22-201), Sask Ag "Agricultural Statistics" 
Note: * Denotes 95% significance, ** Denotes 99% Significance 

Flaxseed acreage and production has not become significantly more 

or less variable since 1952. On the other hand, prices of both flaxseed 

and canola have become significantly more variable from the 1952 to 1966 

period to the 1977 to 1991 period. The volume of flaxseed produced has 

been relatively constant compared to the dramatic increase in canola 

production from 1952 to 1991. Flaxseed prices have become significantly 

more variable over the second time period despite relatively the same 

volumes of crop being marketed each year. 

Table 6.6 has results of tests for the presence of 

heteroskedasticity in monthly flaxseed, canola, and wheat prices. The 

first regression was over the January 1970 to April 1978 period and the 

second regression over the April 1983 to July 1991 period. 
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Table 6.6 Results of Tests for the Presence of Heteroskedasticity in 
Monthly Flaxseed, Canola, and Wheat Price Data, Jan 1970 to July 1991. 

Tabulated F-Value for F(120,120) Upper 5% = 1.35 
Tabulated F-Value for F(120,120) Upper 1% = 1.53 

Variable 

Flaxseed Price 
Canola Price 
Wheat Price 

F Statistic 

.98 

.41 

.56 

Source: Statistics Canada "Grain Trade of Canada" (22-201). 

As can be seen from Table 6.6, none of the monthly price series 

examined has become significantly more variable in terms of deviation · 

from trend values over time. 

Table 6.7 has the results of tests for the presence of 

heteroskedasticity in weekly flaxseed, canola, and wheat delivery and 

price data. The first regression was carried out over the August 1978 

to August 1982 time period, and the second regression carried out over 

the August 1984 to July 1988 time period. 

Table 6.7 Results of Tests for the Presence of Heteroskedasticity in 
Weekly Flaxseed, Canola, and Wheat Price and Delivery Data, 1978/79 to 
1987/88. 

Tabulated F-Value for F(~,~) Upper 5% = 1.00 
Tabulated F-Value for F(~,~) Upper 1% = 1.00 

Variable 

Flaxseed Deliveries 
Canola Deliveries 
Wheat Deliveries 

Flaxseed Price 
Canola Price 

F Statistic 

3.58 ** 
1.32 ** 
1.43 ** 

2.00 ** 
9.30 ** 

Source: Winnipeg Commodity Exchange "Statistical Annual .. 
Canadian Grain Commission "Grain Statistics Weekly" 

Note: * Denotes 95% significance, ** Denotes 99% Significance 
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As can be seen from Table 6.7, there has been a significant change 

in variance over the two time periods analyzed. For a 11 the weekly 

variables examined, flaxseed, canola, and wheat deliveries; and flaxseed 

and canola prices the variance of the series relative to their trends 

have increased in the late 1980's relative to variance during the late 

1970's and early 1980's. 

6.2 Tests of Futures Market Forecastability 

Results of the tests of mean square prediction error forecast 

accuracy are presented in Table 6.8 for flaxseed and Table 6.9 for 

soybeans. The two series examined are Winnipeg Commodity Exchange 

December flaxseed futures and Chicago Board of Trade November soybean 

futures from 1976 to 1990. 
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Table 6.8 Results of Mean Square Prediction Error Flaxseed Futures 
Forecastability Test. 

Winnipeg Commodity Exchange December Flaxseed Futures ($CON/tonne) 

End of April End of December 
Price of Price of Squared 

Year December Future December Future Difference 

1976 272.30 267.70 21.16 
1977 286.00 206.50 6320.25 
1978 249.50 272.50 529.00 
1979 303.00 305.50 6.25 
1980 313.50 406.50 8649.00 
1981 404.20 356.70 2256.25 
1982 364.00 279.00 7225.00 
1983 310.70 383.50 5299.84 
1984 367.50 350.00 306.25 
1985 378.70 312.00 4448.89 
1986 285.80 202.90 6872.41 
1987 215.90 233.40 306.25 
1988 260.60 400.00 19432.36 
1989 351.80 347.00 23.04 
1990 333.50 254.70 6209.44 

Mean Square Prediction Error= 4527.03 

Source: CSI Market Statistics Data Base 
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Table 6.9 Results of Mean Square Prediction Error Soybean Futures 
Forecastability Test. 

Chicago Board of Trade November Soybean Futures ($US/tonne) 

End of April Beginning November 
Price of Price of Squared 

Year November Future November Future Difference 

1976 185.65 244.35 3445.52 
1977 257.94 207.97 2497.18 
1978 222.30 256.11 .1142.74 
1979 260.97 234.52 699.90 
1980 240.77 330.05 7972.33 
1981 303.05 241.32 3810.58 
1982 252.52 204.76 2281.71 
1983 248.48 313.79 4265.72 
1984 260.79 232.22 816.16 
1985 226.89 189.69 1384.09 
1986 186.20 184.00 4.86 
1987 196.03 197.87 3.38 
1988 257.58 291.84 1174.01 
1989 260.42 208.15 2731.98 
1990 226.99 218.99 63.87 

Mean Square Prediction Error = 2152.93 

Source: CSI Market Statistics Data Base. 

The mean square prediction error is the average of the square of 

the differences between spring futures forecast price and actual post 

harvest price over the 15 years examined between 1976 and 1990. The 

smaller the mean square prediction error (MSE) the more accurate the 

futures market is at predicting actual post harvest prices. 

From Tables 6.8 and 6.9, it can be seen that flaxseed futures have 

a MSE of 4527.03 and soybeans have a MSE of 2152.93. From this it can 

not be said that the soybean futures market is twice as accurate as.the 

flaxseed futures market, simply that the soybean futures are more 

accurate than flaxseed in predicting future prices. The 1988 year gave 

a rather large squared error for flaxseed of 19,432 as the difference 

between a spring forecast price of $260 .60/tonne and an actua 1 post 
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harvest price of $400.00/tonne. By taking this outlier out of the 

average, the flaxseed MSE falls to 3462.36, which is considerably 

smaller but still higher than the MSE of soybean futures. For any one 

year, flaxseed futures are just as likely to give an accurate forecast 

of future prices as are soybean futures. However, over the course of a 

number of years, soybean futures are likely to have a smaller cumulative 

margin of error in predicting future prices than are flaxseed futures 

prices. 

Table 6.10 has results for tests of forecast accuracy of Winnipeg 

Commodity Exchange flaxseed futures and Chicago Board of Trade Soybean 

futures. Spring futures prices were regressed on the same futures month 

contract at or near expiry of the contract: 

Ft = a + BFt-i + et 

Where: Ft is the actual price at delivery, and Ft-i is the futures price 
i periods in advance. 

Table 6.10 Results of Futures Market Accuracy, Flaxseed and Soybeans. 

Tabulated F-Value for F(2,13) Upper 5% = 3.81 

Flaxseed: 
Ft = 164.663 + 0.449 ft-i + et 

(1.59) {1.37) 

Soybeans: 
Ft = 422.232 + 0.343 Ft-i + et 

(1.74) (.92) 

Source: Estimated. 
Note: Values in parentheses are t-statistics 

r2 = .127 
F(2,13) = 1.53 

r2 = .062 
F{2,13) = 1.59 

From Table 6.10, the t-statistics indicate that the intercept 

terms on both flaxseed futures and soybean futures are not significantly 

different from zero. The joint null hypothesis that the intercept term 
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equal zero and the slope coefficient equal one is an F-statistic. The 

critical value at 95% is 3.81. Neither flaxseed at 1.53 or soybeans at 

1.59 could reject the null hypothesis at the 95% level. From this it 

can be concluded that the null hypothesis of efficiency can not be 

rejected for either soybeans or flaxseed. An interesting note is that 

the r2 for the flaxseed regression of .126 exceeds the r2 of the soybean 

regression of .062. The larger is the r2, the better is the 

relationship between spring futures forecast prices and fall delivery 

prices, subsequently, the better the forecast. This result contradicts 

the results of the mean square prediction error test which indicated 

soybean futures provided a better forecast of future prices than 

flaxseed futures. 

6.3 Results of Tests for the Presence of Bias 

Results of the tests for bias, as well as statistics on trends in 

the series, are given below in Table 6.11 for flaxseed, and Table 6.12 

for soybeans. All of the flaxseed futures months, with the exception of 

March, had a significant trend, and were detrended prior analysis. 

For flaxseed, a significantly different from zero, positive profit 

was generated over the years 1981 to 1982, and a negative profit was 

generated during 1985 to 1986. Long trading positions over the entire 

1975 to 1990 period generated insignificant returns. A significantly 

different from zero premium of $32.5 per tonne was present for the years 

1981 to 1982 only, and a significant discount of $19.2 per tonne was 

present for the years 1985 to 1986. But over the entire 1975 to 1990 

period, discount of $6.2 per tonne was present, which was not 

significantly different from zero. So it would appear that despite a 
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few isolated incidents of the presence of a premium and a discount in 

flaxseed futures prices, there is no evidence in the data examined in 

this study of a structural bias in the flaxseed futures market. 

Table 6.11 Results of Test for Bias in Flaxseed Futures Prices 
Winnipeg Commodity Exchange: March, May, July, October, and December 
Delivery Months 

Contract Trend 
Month Coefficient t-Statistic 

March -.0388 -1.30 
May .0458 4.78 * 
July .0527 5.43 * 
October .0239 2.73 * 
December .1534 17.83 * 

Time Average Profit t-Statistic 
Period $/tonne 

75/76 -10.2 -1.15 
77/78 -1.9 -0.14 
79/80 15.6 1.22 
81/82 32.5 -3.65 * 
83/84 -2.6 -0.22 
85/86 -19.2 -5.20 * 
87/88 7.5 0.42 
89/90 -7.3 -0.58 

Total 
1975 to 1990 -6.2 -1.34 

Source: Estimated. 
Note: * indicates a significant t-statistic 

As a comparison to the results presented above are the results 

from the bias tests conducted on Chicago Board of Trade soybean futures 

in Table 6.12. Only once, during 1981 to 1982, was there a significant 

profit or loss generated from holding consecutive long positions in 

soybean futures. A discount of $.37 per bushel was found to be 

significant for 1981 to 1982. This was the only instance of a 

significant profit or loss in holding long soybean futures. Over the 
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entire 1975 to 1990 period, a discount of $.06 per bushel was present 

which was not significantly different from zero. 

Thus results from testing for bias on flaxseed futures are similar 

to results from soybean futures. There are instances, particularly 1981 

to 1982 when significant profits or losses were generated from both 

markets. Flaxseed futures generated a profit and soybeans generated a 

loss over this period so it cannot be attributed to a general trend in 

oilseed prices over that time frame. But there is nothing in the data 

to suggest the presence of a structural bias in either futures market. 

Table 6.12 Results of Test for Bias in Soybean Futures Prices 
Chicago Board of Trade: January, March, May, July, August, September, 
and November Delivery Months 

Contract Trend 
Month Coefficient t-Statistic 

January -.0048 -0.29 
March -.0081 -0.49 
May -.0272 -1.60 
July -.0267 -1.57 
August -.0268 -1.63 
September -.0205 -1.37 
November -.0031 -0.19 

Time Average Profit t-Statistic 
Period $/bushel 

75/76 -0.19 -0.74 
77/78 0.07 0.25 
79/80 0.09 0.57 
81/82 -0.37 -2.88 * 
83/84 -0.04 -0.25 
85/86 -0.10 -1.75 
87/88 0.16 0.78 
89/90 -0.18 -1.22 

Total 
1975 to 1990 -0.06 -0.98 

Source: Estimated. 
Note: * indicates a significant t-statistic 
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6.4 Results of the Test of Martingale Hypothesis 

Results for the tests of the martingale hypothesis are presented 

in Table 6.13 below. The F statistics are the test statistics for the 

significance of the coefficients of regressors of past price 

differences. The regression was run twice: the first time with 10 

lagged price differences as dependant variables, the second regression 

was then run without the 2nd to lOth lagged price differences as 

dependant variables: 

First regression: 

Xt = a + BlXt-1 + B2Xt-2 + B3Xt-3 + 

Then the following regressors were omitted: 

B2Xt-2 + B3Xt-3 + ... + B10Xt-10 

leaving the second regression as: 

Xt = a + BlXt-1 + et 

+ BlOXt- 10 + et 

The null hypothesis is that the coefficients on the lagged log 

price differences are not significantly different from zero. That is to 

say that there is no significant information in past price data that is 

useful in determining future prices. From Table 6.13 below, it can be 

seen that in only two of the series were the coefficients of lagged log 

price differences found to be significantly different from zero. The 

cash flaxseed prices were found to have significantly different from 

zero past price coefficients with an F value of 22.26, which is 

significant at the 99 percent confidence level. November soybeans also 

had significant lagged log price differences with an F statistic of 

1.96, which is significant at the 95 percent confidence level. 
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Table 6.13 Results of Test of Martingale Hypothesis on Flaxseed and 
Soybean Futures Prices. 

Tabulated F-Value for F{9,m) Upper 5% = 1.88 
Tabulated F-Value for F(9,cn) Upper 1% = 2.41 

Variable Lags F Statistic 

Flax Cash 10 22.26 ** 
March Flax 10 0.72 
May Flax 10 1.23 
July Flax 10 1.01 
Oct Flax 10 0.83 
Dec Flax 10 0.96 

Jan Soybeans 10 1.82 
Mar Soybeans 10 0.81 
May Soybeans 10 1.12 
Jul Soybeans 10 1.36 
Aug Soybeans 10 1.67 
Sep Soybeans 10 0.71 
Nov Soybeans 10 1.96 * 

Source: CSI Market Statistics Data Base. 
Note: * Denotes null hypothesis that series follows a martingale is 

rejected at the 95% level of confidence. 
** Denotes null hypothesis that series follows a martingale is 

rejected at the 99% level of confidence. 

The presence of significant past price coefficients in past 

flaxseed cash prices indicates that flaxseed cash prices do not follow a 

martingale. However, since cash prices are not used in forward pricing, 

and are only used to purchase spot amounts of flaxseed; and since all 

flaxseed futures months price series appear to follow a martingale it 

cannot be said that the flaxseed futures market is inefficient. 

November soybean futures have significant lagged log price 

differences at the 95 percent confidence level with an F statistic of 

1.96, but the past price coefficients November soybeans is not 

significantly different from zero at the 99 percent confidence leve 1. 

The results above imply that flaxseed futures incorportate all past 

price information at least as efficiently as soybean futures. 
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6.5 Tests for Cointegration. 

Prior to running the cointegration tests it was necessary to 

determine that flaxseed cash and futures price series were non

stationary. Table 6.13 below has the results of tests for stationarity. 

Table 6.14 Results of Tests for Stationarity on Flaxseed Cash and 
Futures Prices. 

Regression: Ut = a + B1Ft-1 + 82Ut(L) + et 

Ut = differenced Ft series 
Test statistic = t-statistic on B1 
Critical Value for B1Ft-1 = ~ 

VARIABLE 

Flax Cash 
March Flax 
May Flax 
July Flax 
Oct Flax 
Dec Flax 

Lags 

6 
7 
3 
5 
7 
7 

B1 t-stat 

-1.68 
-0.49 
-1.39 
-1.63 
-1.52 
-1.47 

Source: CSI Market Statistics Data Base. 

Box-Q 

58.45 
42.38 
36.12 
47.56 
34.84 
42.06 

Sig Level 

.220 

.583 

.896 

.368 

.862 

.468 

Following the null hypothesis of non-stationarity, none of the t

statistics exceeds the critical value of -2.57. The critical value is 

for the 90 percent confidence leve 1, thus not even at the 90 percent 

level can the null hypothesis of non-stationarity be rejected for any of 

the above price series. All of the above price series: flaxseed cash, 

March, May, July, October, and December flaxseed futures prices are 

therefore non-stationary series. 

Results of tests of cointegration are presented in Table 6.15 
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Table 6.15 Results of Tests for Cointegraion Between Flaxseed Cash and 
Futures Prices. 

1. Cointegrating Regression Durbin Watson 
St = a + BFt + et 

2. Dickey Fuller Test 
Get differenced residuals (et) from CROW (Ut) 
Ut = Bet-1 + Vt 

3. Augmented Dickey Fuller 
Ut = Blet-1 + B2Ut(L) + Vt 

1. Cointegrating Regression Durbin Watson Critical Value = .386 

Variables 

Flax Cash on March 
Flax Cash on May 
Flax Cash on July 
Flax Cash on October 
Flax Cash on December 

Durbin Watson 

.307 

.520 * 

.249 

.093 

.091 

2. Dickey Fuller Critical Value = -3.37 

Variables 

Flax Cash on March 
Flax Cash on May 
Flax Cash on July 
Flax Cash on October 
Flax Cash on December 

blet{L) T-STAT 

-7.06 * 
-6.30 * 
-3.77 * 
-2.65 
-2.78 

3. Augmented Dickey Fuller Critical Vaule = -3.17 

Variables 

Flax Cash on March 
Flax Cash on May 
Flax Cash on July 
Flax Cash on October 
Flax Cash on December 

blet{L) T-STAT 

-5.97 * 
-4.53 * 
-3.79 * 
-3.24 * 
-4.06 * 

Source: CSI Market Statistics Data Base. 
Note: * in the above tables indicates cointegration. 

In the above tests the first, the CROW test is the most powerful. 

Only flaxseed cash and May futures prices are cointegrated under· this 

criteria. In the next test, the Dickey Fuller test, only cash and 
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October futures prices and cash and December futures prices are not 

cointegrated. This test is less powerful and less stringent than the 

CROW. Finally the last test, the Augmented Dickey Fuller test, finds 

cointegration present between flaxseed cash and all futures months 

prices. The augmented Dickey Fuller is the least powerful of the three 

tests but is still a valid test of the presence of cointegration. The 

results of the above tests for cointegration reveal that flaxseed cash 

and futures prices are co integrated. Cointegrat ion is a necessary 

condition for efficiency but it is not sufficient. Results of the 

cointegrat ion tests cannot reject that the flaxseed futures market is 

efficient. 
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C H A P T E R V I I 

SUMMARY, CONCLUSIONS, AND IMPLICATIONS FOR FURTHER RESEARCH 

7.1 Summary 

This study has presented an evaluation of the performance of 

the flaxseed marketing system. During the 1950's flaxseed was a 

significant cash crop for Western Canadian producers. It was the 

most important oilseed crop grown in terms of acreage and cash 

receipts. Since the 1950's the market for flaxseed has been static. 

As a result average flaxseed acreage and production levels have 

declined relative to production of other Canadian oilseed crops 

particularly canola. Canola production has expanded dramatically as 

end use markets for cano la have expanded and grown. The end use 

markets for flaxseed have not grown and are in fact decreasing. 

Europe is and has been the World's largest importer of 

unprocessed flaxseed, accounting for 53.4 percent of total world 

exports in the period from 1983 to 1987. Flaxseed is crushed in 

Europe primarily to produce industria 1 lin seed oi 1, with the by

product of linseed cake/meal, valued as a livestock feed supple~ent. 

The demand for Canadian flaxseed is derived primarily from the value 

of the oil which is extracted from the seed. 

Technological advances in recent years have been increasing the 

substitutability of competitive oils and reducing demand for linseed 

oils in many end use markets. Water based latex paints have 
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significantly reduced demand for 1 in seed based alkyd res in paints. 

Linseed oil has a high iodine value which causes paints and varnish 

made with linseed oil to yellow with age. Increasingly as tastes 

move towards lighter pastel shades of paints, soybean oil based 

paints with a lower iodine value are capturing a growing portion of 

the paint and varnish market. Other markets for linseed oil have 

also decreased. Linoleum had traditionally been a large market for 

linseed oil but vinyl flooring and carpeting have dramatically 

reduced demand for linoleum. Linseed oil is used in putty for 

sealing windows, but to a very limited extent due to the advent of 

factory assembled windows. 

The flaxseed market for the past thirty years has thus been 

characterized by declining demand and, consequently, declining 

production. During a recent trade mission to Europe the Flax Council 

of Canada has reported that European end users are very dissatisfied 

with many aspects of the flaxseed marketing system including 

undesirable product characteristics, and lack of a market mechanism 

to fac i 1 itate forward pricing to guarantee supply and reduce price 

risk. 

The marketing system for flaxseed over this time has changed 

very little. Given the changes to the flaxseed market, concern has 

been expressed over the performance of the flaxseed marketing system. 

Market performance in genera 1 is very broad in scope and abstract 

with many social dimensions. This study focused on the narrower 

element of pricing performance and pricing efficiency. 
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The general objective of this study was to assess the 

performance of the Western Canadian Flaxseed marketing system, with 

specific objectives being: 

1) Define dimensions of market performance relevant to the flaxseed 

marketing system and develop norms of comparison for those 

dimensions, and 

2) Develop tests based upon the norms, to quantitatively evaluate the 

performance of the flaxseed marketing system, and identify causa 1 

elements of any deficiencies. 

Two Broad objectives of efficient marketing and efficient 

production were identified as relevant to participants in the 

flaxseed marketing system. Within these objectives are a number of 

indicators and quantifiable measures of performance. Of concern to 

all participants in the flaxseed marketing system, is expanding 

product ion of flaxseed, the stabi 1 ity and consistency of flaxseed 

production, and the stability of flaxseed price. 

Chapter 4 outlined theoretical considerations of the approach 

to study that was undertaken. It is important to define market 

performance and efficiency and identify the elements and scope of 

performance that are relevant to the study. Chapter 4 ends with a 

discussion of the theoretical underpinnings and rationale behind the 

various efficiency tests that were utilized. 

Chapter 5 outlines the empirical approach to study. 

Methodology of the study followed a number of different tests for 

efficiency at the Winnipeg Commodity Exchange flaxseed futures market 

using Chicago soybean futures as a benchmark of comparison. Due to 

the high volume of trading in the Chicago soybean futures market, and 
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the liquidity it provides, it was assumed to be the most relevant and 

efficient norm of comparison for the performance flaxseed pricing. 

Chapter 6 presents the resu 1 ts and analysis of the various 

procedures outlined in Chapter 5, beginning with descriptive graphs 

and statistics which serve as indicators of various performance 

objectives. The chapter then moves on to present results of tests 

for forecastability of flaxseed futures, test for the presence of a 

bias in flaxseed futures prices, test of the martingale hypothesis in 

flaxseed futures, and finally test to see if flaxseed cash and 

flaxseed futures prices are cointegrated. None of the tests 

conducted in this study can conclude that flaxseed futures prices are 

not efficient. 

7.2 Conclusions 

Results from Chapter 6 indicate that Canadian flaxseed 

production is increasing, but production is decreasing re 1 at i ve to 

the production of other crops commonly grown in Western Canada. 

Despite the increasing Canadian production of flaxseed, global 

utilization of flaxseed is declining. Cost economies exist in the 

storage and handling of agricultural commodities. As volume of 

flaxseed utilized decreases, costs associated with handling the 

physical commodity, the cost of information search, and the cost of 

bearing risk all increase the cost of marketing flaxseed. Increased 

costs of handling flaxseed relative to other oilseeds will further 

compound the problems of decreasing flaxseed utilization. The study 

did not attempt to assess the changing structure of marketing costs 

in the flaxseed marketing system over time, but it was assumed to be 
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detrimental to continued utilization of flaxseed as common industrial 

oilseed. 

Flaxseed prices and production were not found to be excessively 

variable relative to other commonly grown crops in Western Canada. 

Excessive price variability in itself has no direct implications for 

efficiency of the market system. Pricing efficiency refers to the 

speed and accuracy with which futures prices predict prices. A more 

variable price can be expected from a crop that does not have a large 

production base over which to spread the ups and downs of good and 

bad crops. With the two countries that dominate flaxseed trade, 

Canada and Argentina representing close to 50 percent of world 

product ion, temporary anoma 1 ies in product ion can be expected to 

induce price variability. But again this small production base can 

cause difficulties for end users of flaxseed that desire a 

consistently available product at consistent prices, even though 

there are no direct implications for efficiency. 

Chapter 4 outlined the central role that the Winnipeg Commodity 

Exchange flaxseed futures market plays as a pricing mechanism for the 

flaxseed marketing system. Most concerns and felt difficulties of 

the marketing system are associated with the pricing performance and 

pricing efficiency of the flaxseed marketing system. As well, given 

the broad and abstract nature of market system performance, the 

narrower focus of pricing performance is the one dimension of 

performance that lends itself well to objective quantitative 

analysis. 

Four tests of pricing efficiency were conducted: 

forecastability of futures prices, bias in futures prices, the 
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absence of information in past prices which could aid in predicting 

future prices, or a martingale, and finally a tests to determine if 

flaxseed cash and futures prices are cointegrated. With the 

exception of the cointegration test, Chicago soybean futures prices 

were used as a norm of comparison. Chicago soybean futures prices 

were found to be stationary series which prevented testing for 

cointegration in soybean futures. A norm of comparison is not 

necessary for cointegration as it is an analysis that can stand on 

its own. 

In all cases, the tests for efficiency found Winnipeg Commodity 

Exchange flaxseed futures to be as efficient and perform as 

adequately as the much more actively traded Chicago soybean futures. 

Although the future of flaxseed as a consistently grown and 

utilized agricultural commodity does not look optimistic, there is 

little evidence to support the notion that the Canadian marketing 

system is inefficient in terms of pricing. The marketing system for 

flaxseed may be losing efficiencies due to the decreasing volumes of 

the commodity handled, relative to a large volume commodity such as 

soybeans, but there is no evidence of systematic inefficiencies in 

the current pricing mechanism of Canadian flaxseed, the Winnipeg 

Commodity Exchange Efficiency of Winnipeg Commodity Exchange 

flaxseed futures is implied by not being able to reject the 

hypothesis of efficiency. 
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7.3 Implications 

This study looked at a narrow sub- set of market performance, 

limited in scope to essentially an analysis of pricing efficiency of 

the flaxseed futures market. A more exhaustive analysis could 

address other dimensions of marketing system performance by taking a 

transactions cost approach to looking at alternative forms of market 

systems, such as a centra 1 se 11 ing agency marketing system or a 

system of product ion contracts. A centra 1 se 11 i ng agency could 

correct problems for end users of flaxseed by providing a more stable 

supply of flaxseed through contractual agreements. Contracts could 

reduce uncertainty, and thus, transactions costs by delivering a 

specified quantity and a specified quality of the commodity desired. 

Further investigation could be put toward the relative physical 

costs of marketing flaxseed relative to other crops which are 

substitutes in production and or consumption. The decreasing volume 

of flaxseed being handled by the flaxseed marketing system over time 

Concern has been expressed over the current marketing systems 

ability to perform efficiently given the changes in the nature of the 

flaxseed marketing system over the past thirty years. Other 

commodities have been removed from open trading at the Winnipeg 

Commodity Exchange in the past because of an insufficient volume of 

trading. Flaxseed is a relatively thinly traded crop on the Winnipeg 

Commodity Exchange, but there is no evidence to suggest that the 

performance of the Exchange as an efficient pricing mechanism is 

being compromised. 
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