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ABSTRAcr 

Ulrich, A.J., M.Sc., University of Saskatchewan, Saskatoon, June, 
1983. Beer and Malting Barley: A case of Jointly FUnded Public and 
Private Research. Supervisor: W.H. EUrtan 

This study attempted to estimate the public and private rates of 

return that have been enjoyed as a result of jointly funded research 

in Canada between 1951and 1981 to develop new varieties of malting 

barley. 

The malting barley sector was one of the few sectors in the 

canadian agricultural economy that received private investment funds 

to develop higher quality, higher yielding varieties. This was all 

the rore remarkable since the new varieties that were developed could 

neither be patented nor copyrighted by the Canadian malting and 

brewing companies who made these pr i'late funds available. OVer the 

years, the portion of total malting barley research funded by private 

firms declined significantly as the public (i.e., government) sector 

increased its expenditures in this area. 

Benefits of the resultant new malting barley varieties were 

estimated using t.l1e concept of economic surplus. Under this 

framework, the newly developed varieties shifted the aggregate malting 

barley supply rightward. This shift caused a change in prooucers' and 

consumers' surplus in both the malt barley and feed barley sectors. 

In addition, the new varieties may have created downward shifts in ~~e

supply curves of canadian malsters and brewers. The extent of the 

dOHnward shifts of the malsters' and brewers' supply curves.depended a 

great deal on the market power they exerted vis-a-vis the canadian 

Wheat Board and the provincial liquor b::>ards. Because the actual 
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degree of market power could not be documented, several different 

scenarios were presented to depict the various possible levels of 

private market power. These resulted in a range of possible private 

benefits and consequently a range of possible private rates of return. 

The "true" returns actually enjoyed by these private firms should 

definitely lie within this range. 

The results revealed that society has benefited substantially from 

malt barley breeding and, more particularly, from the resultant 

greater quanti ties of barley sold in the feed sector. Using the base 

case assumptions, t..he average internal rate of return to public 

investment was 50 percent and, to private investment the average 

internal rate of return was 33 percent or less. Analyses of the 

distribution of the social benefits revealed that producers received 

about 68 percent of the social benefits (coming almost entirely from 

the feed sector), while consumers received t..he remaining 32 percent 

(largely from the malt sector). However, the distribution of these 

returns was somewhat sensitive to changes in demand and supply 

elasticity assumptions. In order of magnitude, it appeared that 

malsters and brewers have enjoyed private benefits in the form of 

lower malting barley prices, higher extract yields and faster 

germination time. 

It was important to note that the historical benefits enjoyed by 

the private and public sectors have been a result of the combined 

investments of both the private and public sectors. Had either sector 

not funded malting barley research, the other sector would probably 

not have enjoyed such a high rate of return. This implies that in 

certain circumstances it maybe possible to supplement public research 
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funding with private· funding (or vice versa) in a non-patentable 

product and still produce research results that make l:cth sectors 

better off. 
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CHAPI'ER I 

INTRODucrION 

1.1 The Problem Setting 

In the· last decade numerous studiesl have been conducted in an 

attempt to estimate the public rate of return that society has enjoyed 

as a result of public investments in agricultural research. In a1roc>st 

all cases, the estimated internal· rates have been high relative to 

returns from other social and private investments. 

Studies have also been carried out to estimate the private and 

public rates of return to private investments in the research and 

development (Rand D) of new industrial products and processes. Two 

points emerge from this latter class of studies: (1) there is almost 

always a social gain from private investment in Rand D and (2) the 

social rate of return is usually larger than the private return on 

private investment. 2 

Most agricultural research is funded solely by public (i.e. 

government) institutions; a lesser amount is funded solely by private 

3
firms. However, there is an additional anount of agricultural 

research that is conducted and funded jointly by a combination of 

public institutions and private firms. 

1 Ruttan (1978) lists 28 studies that have measured returns to 
research in ten different countries. 

2 Although it is not always the case, the social rate of return is 
approximately twice the private rate of return. See, for instance, 
Mansfield et ale (1977). 

3 These firms are usually .in subsectors that enable new discoveries 
to be patented or sold (e.g. farm machinery, hybrid seed). 
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When private and public institutions join forces in funding a 

project t.h.ey may often both be made better off. The high rates of 

return enjoyed by the public sector might not have been possible 

without the extra funding from the private sector. Similarly the 

rates of return enjoyed by the private sector might not have been 

possible without combining funds with the public sector. '!he 

joint-funding of research may, in many cases, be a mutually beneficial 

solution to the lack of each sector t s individual shortage of funds 

since both sectors are usually better off and no one is worse off 

(assuming the time span considered is sufficiently long). 4 

In an era of government budgetary deficits, funds for nDst public 

sector research institutions have been at static or declining levels 

in real terms. Because of this, it has become increasingly COI1'J'OC)n for 

public research institutions to seek additional funds from private 

sources. 5 However, few studies have looked at the economic incentives 

and consequences of such jointly funded· research efforts.. For 

instance, is there any incentive for private firms to invest in 

agricultural research if they cannot patent or copyright their 

findings? I:b private firms capture rrost of the benefits? w:>uld 

society be better off if private firms were not involved at all? Fbw 

easily, and to what extent, is increased private fU..Tlding likely to 

4 This might, for exarrple, corne about because there is less 
duplication of facilities and administration staff or because there 
are economies of scale in producing research results. 

5 For instance, a university may seek a grant from a firm so that it 
can conduct sane specific research. The university may not charge the 
firm the full cost of doing the research because its buildings, 
equipment and staff are alrady a "sunk cost". 
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take place? The answers to these questions depend on the magnitude 

and inter-action between the various rates of return to the research 

effort. 

Malting barley research in canada offers one of the few.exarrples 

in Canadian agriculture where private and public research efforts have 

been combined for an extended period of time. Malting barley is used 

by malsters in the manufacture of malt1 malt is subsequently used by 

brewers in the manufacture of beer. The public sector (i.e. mainly 

Agriculture canada and Universities) have spent considerable effort 

developing better varieties of malting barley. In addition to these 

public expenditures., private industry (i.e. The Brewing and Malting 

Barley Research Institute) has conducted malting barley end-use 

research and given annual tronetary contributions to malting barley 

breeders in the public sector institutions. An estimate of the 

applicable rates of return (particularlY the private rate of return to 

private research expenditure) should produce a better understanding of 

the type of public-private agricultural research that might be 

possible or probably in the future. It might also show that 

joint-funding of research is a mutually beneficial solution to the 

problem of the private and public sector's individual shortage of 

research funds. 

1.2 Specific Objectives 

The objectives of this thesis can be stated as follows: 

1) To review the relevant literature. 

2) To study and describe the canadian malting barley sector. 

3) To choose and/or develop an economic rrodel that suitably 
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represents the canadian malting barley sector. 

4) TO estbnate private and public research expenditures on malting 

barley research. 

5) 'Ib estimate private and public benefits that have come as a 

result of malting barley research. 

6) 'Ib estimate rates of return to private and public expenditures 

on malting barley breeding. 

Section 1.3 briefly reviews the literature on this topic. 

Chapter II describes the canadian malting barley sector. Chapter III 

presents a conceptual framework for evaluating the first round 

possible private and public benefits from new malting barley 

varieties. Chapter IV outlines and attenpts to estimate the rronetary 

value of the private and public research efforts that have taken place 

in the malting barley sector. It also atteIt1pts to estimate the size 

of yield and quality improvements and the rates of return that have 

taken place as a result of the introduction of new malting barley 

varieties between 1951 and 1981. Chapter V gives a summary and draws 

conclusions frem the results of the previous chapters. 

1.3 Literature Review 

In estimating the returns to agricultural investment research, a 

variety of approaches and methodol~ies have been used, depending on 

the type of answers sought. In their broadest classification these 

approaches have been either of the ex e?st or ex ante type. Each of 

these two basic approaches could be further divided into major groups. 

For instance, the ex :post types of analyses could be grouped according 

to: 
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1) Those that use the concepts of producers' and consumers' 

surplus, (i •e ., economic surplus), 

2) Those that include research as a variable in the production 

function. 

'!he first major study to quantify the benefits of aggregate 

agricultural research using the economic surplus approach was 

conducted by Schultz (1953). In his study, Schultz attempted to 

estimate the value of resources that would have been required to 

produce the total American agricultural output of 1950 if the level of 

technology available in 1910 had been used. The difference between 

this value and the actual value of resources used provided a measure 

of size of benefits Americans enjoyed as a result of agricultural 

research during this period. Schultz later pointed out some 

weaknesses and biases in his results but, in~ite of them, a high 

public rate of return to public research was still indicated. 

Peterson (1971) extended Schultz's analysis of American 

agriculture to 1967. His results also indicated high rates of return 

to agricultural research, inspite of some of the biases in his 

estimated research costs and benefits. In the canadian context, an 

approach similar to that used by SChultz was recently used by Prentice 

and Brinkman (1982) to estimate the value of agricultural research in 

Ontario. 

0:1 an individual comrrodity basis, probably the first noteworthy 

study was conducted by Griliches (1958) on hybrid corn. In it he 

assumed that supply and demand for corn were in equilibrium both 

before and after the impact of hybrid corn research. He also argued 

that hybrid corn research had increased corn output at all levels of 
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cost and consequently that the entire aggregate corn supply curve had 

shifted to the right as a result of the new corn hybr ids. The value 

of the enlarged consumers f and producers f surplus created as a result 

of the supply curve shift provided a measure of the benefits society 

had gained as a result of corn research. Griliches further showed 

that extreme assumptions regarding supply and demand elasticities did 

not greatly affect the public rates of return to corn research, 

however, they did dramatically change the distribution of benefits 

between consumers and producers. 

Peterson (1967) rrodified Gr iliches f rrethod slightly in his study 

of poultry research in the U.S.A. SChmitz and Seckler (1970) extended 
.. 

Griliches f basicrrodel to take account of a major secondary effect 

(i.e. unemployment) associated. with the introduction of mechanical 

tomato harvesters. 

Ayer and Schuh (1972) further corrplicated Gr iliches f rrodel by 

incorporating a cobweb behaviorial assumption so they could analyze 

cotton research and production in Brazil. 

Since then, many other studies have been carried out to estimate 

the public rates of return to public expenditures on research into 

many different agricultural conm::xiities in various countries. In 

Canada these have included a study by Nagy and Furtan (1978) on 

rapeseed breeding and one by Zentner (1982) on wheat research and 

extension. 

The accuracy of the results from such rate of return studies 

depends critically upon the correct rrodelling and estimation of at 

least three factors. These include: 1) correctly estimating the 

magnitude of the supply shift {since this is critical in determining 
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the magnitude of gross social benefits), 2) correctly estimating 

whether the supply curve shifts in a divergent, parallel or convergent 

fashion, 6 3) correctly estimating supply and demand elasticities 

(although this doesn't affect the magnitude of benefits it does affect 

greatly the distribution of returns between producers and consumers) • 

In the area of combined public-private research and its consequent 

benefits the literature is not as extensive. Grossfieldand Heath 

(1966) conducted one of the first studies of combined public and 

private agricultural research. They tried to estimate benefit/cost 

ratios for the development of a better potato harvester by a private 

firm that was given R and D grants from the government. They assumed 

the private firm did not receive any excess profits. Public benefits 

included royalties paid to the government and savings in harvest 

costs. They concluded public support was justified if net benefits to 

farmers were included. 

The studies of Griliches (1958), Peterson (1966), and Schmitz and 

Seckler (1970), mentioned earlier noted that private industry had 

assisted in the development of the new corn and poultry hybrids and 

the mechanical tomato harvester, however, these efforts were neither 

documented nor analyzed to any extent. 

Probably the rrost corrprehensive study undertaken in this field was 

carried out by Mansfield et al. (1977). In it they looked at 

6 Lindner and Jarrett (1978) pointed out that fairly large errors in 
estimations could result if the supply shift was incorrectly m:x1elled. 
Rose (1980) and Wise and Fell (1980) subsequently pointed out 
mathematical errors in Lindner and Jarett's (1978) article but still 
agreed with the main thrust of Lindner and Jarrett' sargument. 
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seventeen examples· of industrial process and product innovations. 

They assumed that supply for these products was totally elastic. ~e

new product or process led to cost-savings which, in turn, led to a 

combination of increased consumer surplus and private profits. TO 

arrive at the net social benefits, benefits fran displaced products 

were subtracted and costs were adjusted by estimating the average 

expenditure spent on uncommercialized R and D per dollar spent on 

ccmnercialized R and D. Private benefits were calculated by 

estimating t.l1e increased cash flow and then subtracting from it the 

appropriate R and D costs and profits from the displaced products. 

They concluded that the average social rate of return was about double 

the average pr ivate rate of return and that 30 percent of the surveyed 

innovations had very low private rates of return but very high social 

rates. 'n1ey found that the gap between social and private rates of 

return tended to be greater the more ~rtant the innovation and for 

innovations that could be imitated relatively cheaply by canpetitors. 

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

al. (1977) in estimation techniques. They found that the social rate 

of return was usually larger than the pr ivate rate of return and that 

same innovations with high social rates of return had unacceptably low 

private rate of return. Tney concluded that: (I) marketing strategy 

often had an ~rtanteffect on the distribution of private and 

public returns, (2) there was no obvious correlation between strong 

patent coverage and high private and social rates of return, (3) the 

allocation of benefits between an innovation studied and innovations 

which proceeded is often difficult (4) governments can greatly 

influence the size and distribution of returns through legislation 
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regarding patents, import policy, pollution and license regulations. 

Just and Chern (1980) combined the development of the mechanical 

tanato harvester with models of rronopsony and oligopsony to develop an 

empirical test for the presence of market power. They showed how the 

introduction of the tomato harvester led to private benefits that had 

been largely ignored in the original study by Schmitz and Seckler 

(1970). 

However, none of the above mentioned studies have directly 

addressed the phenomena of a mutually beneficial outcome resulting 

from research jointly funded by the public and private sectors. The 

general approach has been to look in isolation at the rates of return 

th t the private sector or the public sector enjoyed as a result of 

it individual efforts. Very few studies have considered situations 

wh re the rates of return were the result of combined efforts, such 

th t all the various rates of return would have been less if either 

pa ty had attempted the research on its .own. This thesis is intended 

to help fill this gap in the literature. 
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CHAPTER II

OVERVIEW OF THE MALT BARLEY MARKEr

2.l~rld Trade in Barley and Malting Barley 

Barley accounts for approximately 11 percent of the total grain 

pr uced on a global basis; (Table 2.1) the ten largest barley 

pr ucing countries account for 75 percent of total world barley 

production (Table 2.2). The U.S.S.R. is by far the largest producer 

of barley with approximately 30 percent of total world production. 

France, Canada, U.K., U.S.A., W. Germany and Spain each produce 

between 4 and 7 percent of world production depending on the annual 

variation in economic and weather conditions in each country.· 

Although Australia is a leading rnaltbarley exporter its total barley 

production accounts for only 2 percent of total world barley 

production. 

~rld trade in barley is highly concentrated, particularly on the 

export side. The top five exporting cauntr ies account for 79 percent 

of world exports and the top ten exporting countries for 94 percent 

(Table 2.3). Based on 1978-80 average figures canada is the second 

largest exporter of barley in the world following slightly behind 

France. These two countr ies alone account for a1..rrost 50 percent of 

world barley exports. 

On the import side, trade is also relatively concentrated among 

only a few countries. The top five barley importing countries 

accounted for a1..rrost 50 percent of total world imports during the 

period 1978 to 1980 (Table 2.4) . 
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Table 2.1 w:>rld·Grain Production by Type of cereal (1978-80 Average) 

Production Share of Total 
('000 of bushels) Production (%) 

Wheat 
Maize 
Rice 
Barley 
Sorghum 
Oats 
Millet 
Rye 
Other Cereals 

TOI'AL 

19,878 
18,027 
17,563 
7,801 
2,733 
2,182 
1,268 
1,185 

211 

70,851 

28.1 
25.4 
24.8 
11.0 

3.9 
3.1 
1.8 
1.7 
0.3 

100.0 

Source: USDA. 

Table 2.2 Major Barley Producing Countries and Share of w:>r1d 
Production by Rank (1978-80 Average) 

Production Share of Total 
('000,000 of bushels) Production (%) 

U.S.S.R. 
France 
Canada 
U.K. 
U.S.A. 
W. Germany 
Spain 
China 
Denmark 
Turkey 
Other 

Total 

Source: USDA. 

2,427 
525 
458 
456 
393 
393 
349 
303 
289 
229 

1,979 

7,801 

31.1 
6.7 
5.9 
5.8 
5.0 
5.0 
4.5 
3.9 
3.7 
2.9 

25.4 

100.0 



Table 2.3 Major Barley Exporting Countries and Share of w:>rld Exports 
by Rank (1978-80 Average) 

Exports Share of Total 
('000,000 of bushels) Exports (%) 

France 
canada 
Australia 
U.K. 
Derunark 
U.S.A. 
Bel-Lux 
w. Germany 
Ireland 
Sweden 
Other 

179 
157 

92 
69 
44 
43 
28 
12 
11 
10 
42 

687 

26.1 
22.9 
13.4 
10.0 

6.4 
6.3 
4.1 
1.8 
1.5 
1.4 
6.1 

100.0 

Source: FAC. 

Table 2.4 Major Barley Importing Countries and Share of w:>rld Imports 
by Rank (1978 to 1980 Average) 

Imports Share of Total 
('000,000 of bushels) Imports (%) 

Poland 
Japan 
Italy 
U.S.S. R. 
Bel-Lux 
w. Germany 
E. Germany 
Saudi Arabia 
China 
Switzerland 
Others 

'!'OrAL 

Source: FAD. 

77 
68 
66 
62 
56 
55 
36 
25 
22 
20 

190 

677 

11.4 
10.0 
9.8 
9.1 
8.3 
8.1 
5.4 
3.6 
3.3 
2.9 

28.1 

100.0 
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Malting Barley 

Malting barley, as opposed to feed barley, is used for brewing and 

distilling purposes. Accurate statistics on malting barley are, at 

best, difficult to obtain because few countries separate malting 

barley from barley in their trade statistics. An approximation of 

malting barley exports is given in Table 2.5. Like total exports of 

barley, exports of malting barley are highly concentrated. The five 

largest exporters account for alrrost 90 percent of total malting 

barley exports. In recent years, Australia has been the largest 

malting barley exporter, followed closely by France and Canada. 

Canada's principal markets for malting barley have been the U.S.A., 

Colombia, Peru and the U.K. (see Table 2.6). 

Malt 

Chce malting barley is precessed (i.e. germinated and dried) it is 

referred to as malt. 1he five largest malt exporting countries 

account for about 70 percent of total exports and the top ten 

exporters account for about 90 percent. Based on 1978-80 data, France 

is the largest exporter of malt, followed by Belguim-Luxernburg, 

Australia and Canada (see Table 2.7). canada's principal malt markets 

have traditionally been the U.S.A., Japan, the U.K., the Philippines, 

Venezuela and Jamaica. 

On the import side, Japan is by far the largest importer of malt 

in the 'NOrld taking approximately 20 percent of total malt traded (see 

Table 2.8). The next largest i.rrp:>rter is Brazil, followed by the 

U.S.S.R. and W. Germany. The top five malt importing countries 

account for about 50 percent of total malt imports. 
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Table 2.5 Major Malting Barley Exporting Countries and Share of w::>r1d 
Exports by Rank (1978-80 Average) 

Exports Share of TOtal 
('000,000 of bushels) Exports (%) 

Australia 
France* 
canada 
E. Germany 
Sweden 
Argentina 
U.K. 
Czechoslovakia 
Others 

TOtal 

23 33.7 
12 17.2 
12 16.5 
8 10.9 
4 5.3 
2 3.0 
2 2.6 
1 1.5 
6 9.3 

69 100.0 

* Excludes E.E.C. intra-trade
Source: Estimates derived from a paper presented by R.G. Foeh1e.

Table 2.6 Canadian Malting Barley Exports by Grade, 1978(79 to 1980/81 
( '000,000 of bushels) 

6 Row 2 Row 1 Feed Others* 'Ibta1 

1978(79 
Colombia 
Ecuador 
Peru 
U.K. 
U.S.A. 

1979/80 
Colombia 
Peru 
U.K. 
U.S.A. 

1980/81 
Colombia 
Netherlands 
Peru 
U.K. 
U.S.A. 

.315 

.264 
2.550 

.308 

.724 

.635 
1.115 

.132 

.226 

.462 

.288 

.169 

.760 
2.351 .003 

.154 

.156 .253 

.074 .883

3.580 

3.771 

3.449 
.539 

4.399 

2.248 
.066 
.297 

3.999 

3.580 
.315 
.433 

3.310 
6.433 

14.071 

4.173 
1.328 
1.115 
4.940 

11.556 

2.248 
.066 
.523 
.462 

5.244 
8.543 

* Includes shipments that were blends of designated and feed grades. 
Source: Brewing and Malting Barley Research Institute. 
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Table 2.7 Major Malt Exporting Countries and Share of 'lM:>r1d Exports by Rank 
(1978-80 Average) 

Exports Share of TOtal 
('000,000 of bushels) ~rld Exports (%) 

France 
Bel-Lux 
Australia 
canada 
Czechoslovakia 
U.K. 
w. Germany 
Argentina 
Uruguay 
Q1ile 
Other 

TOl'AL 

33 
18 
13 
12 
11 
8 
8 
3 
2 
2 

11 

121 

27.4 
14.6 
10.4 
9.9 
9.9 
6.9 
6.6 
2.5 
1.8 
1.5 
9.2 

100.0 

Source: FAC. 

Table 2.8 Major Malt Irnporting Countries and Share of w:>rld :In1fx:>rts by Rank 
(1978-80 Average) 

:In1fx:>rts Share of rrbta1 
('000 of bushels) ~rld :In1fx:>rts (%) 

Japan 
Brazil 
U.S.S. R. 
W. Germany 
Venezuela 
Netherlands 
Nigeria 
Philippines 
Switzerland 
Italy 
Others 

TOl'AL 

24 
11 

8 
8 
7 
6 
5 
4 
4 
3 

40 

121 

20.0 
9.3 
6.7 
6.4 
5.8 
5.0 
4.0 
3.7 
3.3 
2.5 

33.3 

100.0 

Source: FAC. 
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Beer 

About 85 percent of barley malt produced in the world is used to 

produce beer. '!he other 15 percent is used in the production of 

distilled spirits, non-alcoholic beverages and food prooucts. Thus, 

the world proouction level of barley malt' is primarily a function of 

the world demand for beer. Between 1976 and 1980 the average annual 

growth in beer production worldwide has been about 3 percent. The 

U.S.A. is by far the largest beer prooucer in the world, followed by 

w. sermany, the U.S.S.R., the U.K. and Japan. 'Ihesetop five 

producers account for over 50 percent of total worldwide beer 

production (Table 2.9). 

International trade in beer accounts for less than 5 percent of 

total world production. This is mainly because of the high cost of 

transporting beer relative to its value and beer's limited storage 

life. 

2.2 Historical Background of canadian Barley Production 

Barley accounts for approximately 5 percent of total canadian farm 

receipts (all wheat accounts for about 20 percent). About 90 percent 

of all canadian barley iseverttual1y used for animal feed. Of this 90 

percent approximately 2/3 is used in canada as feed with the remainder 

used as feed in foreign countries. 

Almost all the remaining 10 percent of canada's barley proouction 

is used in the production of beer. Of this 10 percent, about 4 

percent is used by canadian bre~rs and 6 percent is exported to 

foreign ma1sters and brewers. 

In canada, barley varieties fall into either of two categories: 
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Table 2.9 Major Beer Producing Countries and Share of WOrld 
Production by Rank (1980) 

Production Share of WOrld 
(thousands of barrels) WOrld Production 

U.S.A. 
w. Germany 
U.S.S.R. 
U.K. 
Japan 
Brazil 
Mexico 
E. Germany 
Czechoslovakia 
France 
Others 

Total 

258,833 
104,909 

79,555 
75,697 
51,299 
33,527 
29,571 
27,276 
26,586 
25,003 

353,529 

1,065,785 

24.3 
9.8 
7.5 
7.1 
4.8 
3.1 
2.8 
2.6 
2.5 
2.3 

32.2 

100.0 

Source: Bios, (bras.serie - malterle), June-July, 1981. 

(i) those that can be used only for animal feed and (ii) those that can 

be used for the production of beer or for animal feed. The former are 

referred to as feed varieties, the latter as malting varieties. 

Traditionally feed varieties yield nnre than malting varieties, 

however, since the 1950's, this has not been always true in Canada. In 

recent years, about 80 percent of all barley produced has been from 

malting varieties with the remaining 20 percent being produced from 

feed varieties. In contrast, in the 1940's malting varieties made up 

alx>ut 40 percent of total barley production with the remaining 60 

percent being produced from feed varieties. A diagramatic 

representation of the proportion of total Canadian barley production 
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that is eventually used for malting purposes is shown in Figure 2.1. 

Barley has been grown in Canada ever since the French settled in 

Quebec. until the early twentienth century little selection or 

breeding work was carried out with most barley simply being farmer

saved seed of the French cavalier type or the English Thorpe type. 

However, with the establishment of the Agriculture Canada Experi

mental Station system and the opening up of the Canadian prair ies to 

settlers several new barley types tHere irrported and selected. By far 

the most important of these was OAC 21, a six-row blue aleurone barley 

selected from Manchurian-type barleys by the Ontario Agriculture 

College. CAC 21's wide acceptance in Canada by both farmers and 

malsters set the stage for Canada's love affair with six row, blue 

aleurone malting barleys. 

In 1923 a Federal law was passed which made it illegal to sellar 

distribute barley seed of varieties which were not licensed by Agricul

ture Canada. !Jb be licensed, a new variety had to be shown to be 

superior, in one or more attributes, to existing licensed varieties. 

Since that time close to one hundred new varieties have been licensed. 

A list and brief description of each is given in the Appendix. 

Dlring the 1920 I S the Canada Malting Co. spent a considerable 

arrount of effort androney collecting, multiplying and distributing 

pure seed barley of suitable varieties (usually CAC 21). In addition, 

they promoted the merits of growing high quality barley through such 

mediums as the farm press and the holding of It farmer barley days." The 

Canadian Seed Growers Association and the var ious federal and 

provincial departments of agriculture and universities were also 



Accepted 
for 
Malting 

Total 
Barley 
Production 
460,919,000 bus. 
100% 

76.9% 23.1%

Malting Feed 
Varieties Varieties 

23.1% 
28.2% 61.1% 

Dorrestic· 
66.2% + Feed 

Rejected 
for 
Malting 66.2% 

D::xrestic Use Exports 

(Note: Percentage figures are based on the average of 1979-81 data. They 
represent the portion of. total production going to a particular use. 
Boxes are dra\Al!1 to scale.) 

Figure 2.1 Diagramatic Representation of End-use of Canada's Barley Production 
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involved in the prOlOOtion of barley production. '!heir efforts were 

greatly enhanced after the National Conference on Agricultural Services 

held in Toronto in 1932 decided that definite action should be taken to 

shift production fran wheat to other grains, and particularly to barley 

in view of its close relation to bacon hog production. This· attitude 

was.furthererrpl'1asized atthe.w:>rld's Grain Exhibition and Conference 

in Regina in 1933. 

A National Barley Comnittee was established in 1933 as a sub

corrmittee of the National Advisory Comnittee on Agricultural Services. 

Its purpose was to prorrote the interests of the barley industry in 

Canada by stimulating and co-ordinating the efforts of the var ious 

government and university departments and all other organizations 

interested in the production, marketing, transportation, processing, 

research and utilization of barley. Not long after, the National 

Barley committee was further divided into Expert committees on Grain 

Quality, Grain Breeding and Grain Diseases. To this day, these three 

Expert comnittees are the highest and lTOst irrp::>rtant organiz.ations 

devoted to the development of inproved barley varieties.1 

In 1948 the pr ivateefforts of the var ious canadian malting and 

brewing corrpanies interested in inproving barley quality were 

formalized and co-ordinatedwith the creation of the Brewing and 

Malting Barley Research Institute. '!his Institute was, and still is, 

funded by contributions from the Canadian brewing and malting 

corrpanies. The prime· objective of the Institute is to cooperate and 

assist in the development and testing of inproved barley varieties and 

1 Peter Stewart, "Malting Barley Improvement," Barley in canada, 
Canadian Society of Technical Agriculturists, Ottawa, 1936. 



21

to further the production of high quality malting barley. It is 

active in three major areas: (1) evaluation of the brewing quality of 

new barley varieties and selection, (2) financial support of barley 

research at universities, and (3) liaison and extension work. 2 

The major emphasis of· breeders in the 1920' s and 30 I S was the 

selection of barley varieties· that wereroc>re agronomically suited to 

canadian growing conditions (e.g. early maturity, disease resistant) 

or easier to harvest (e.g. smooth awns, shatter resistant). Selection 

for higher yield was also much in the minds of barley breeders. With 

the increased interest and activity of the canada Malting Co., barley 

breeders began to select new barley lines, not only on the basis of 

agronanicsuitability and yield, but also on the basis of the quality 

of malt they produced. There was a great desire on the part of roc>st 

breeders to produce "dual-purpose l' barley varieties that WOUld combine 

feed barley type yields with malting barley type quality. 

It was felt that such dual-purpose barleys would lead to much 

greater plantings of barley since farmers would reason that a high 

yield would corrpensate partially for the incane lost in years when 

their barley was not accepted for higher-valued malting purposes. To 

this day no variety has been planted on nore than 10% of the total 

annual barley acreage unless it was a dual-purpose.type. 

Traditionally most brewers outside North and Central America have 

derived the majority of their malt requirements from two-row white 

aleurone type barleys. The U.S.A. and a few other countries have also 

used a limited anount of six-row white aleurone barleys .and even 

2 Brewing and Malting Barley Research Institute, 'Ihirty-FourthAnnual 
Report, p. 4. 
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smaller amounts of six-row blue aleurone barley. 

canadian brewers, by historical circumstances, were one of the few 

in the world to use a predominance of six-row blue aleurone barley. 

Thus, the canadian malt barley breeding effort has, until the late 

60's, catered fOC)stly to the needs of the canadian malt industry and 

placed little emphasis on the requirements of overseas markets. 

2. 3 Market Structure of the canadian Malt Barley Sector 

Most studies of rates of rturn to agricultural research have 

assumed perfect corrpetition between all the actors and intermediaries 

in the market. However, in the case of malt and malting barley, a 

uniform price is not paid by all buyers during any short perioo of 

time. Different lots of malt or malting barley are often supplied at 

price differentials not directly corresponding to differences in 

supply cost. rrhis is the general case both on the canadian and 

international markets. 

Fbr a seller to practice price discrbnination profitably, three 

conditions must be satisfied. First, the seller must have some 

control over pr ice (i.e. some market power). Second, the seller must 

be able to segregate its customers into groups with different price 

elasticities of demand or into groups having varying reservation 

prices. 3 1hird, opportunities for resale by low-price customers to 

high-price customers must be constrained. 

Table 2.10 and Figure 2.2 presents a summary of all the actors in 

the canadian malting barley industry. A closer look at several of the 

lon pr lce th '11 payor a3 Th e reservat'" lS e h'19hest pr lce. buyers Wl· f 
specific unit of output. 
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Table 2.10 '!be ~tors in the canadian Malting Barley Industry 

Actor Job Approximate IDeation 
Number 

1) Malt barley growers Grow barley > 20,000 Mainly in black 
soil zone 
especially around 
Red D!er, Alta. 

2) Grain companies Handle barley 8 All areas 

3) Railways Transport barley 2 All areas 

4) canadian ~eat Board M;:)nopsony buyer and 1 Winnipeg 
monopoly seller of 
malting barley 

5) !-1alsters Prcx:ess barley 
into malt 

3 (l Co. 
has > 75% 
of market) 

M:;:)ntreal, Toronto, 
Winnipeg, .calgary , 
Biggar, 1'hunder 
:say 

6) Brewers Prcx:ess malt 
into beer 

3 Co's. 
have:> 95% 
of market 

r-bst major centers 
in Canada 

7) Provincial Liquor 
Boards 

Provincial nonop
sony buyer and 
rronopoly seller 
of beer 

one per 
province 

All areas 

8) Consu:ners Consume beer > 5,000,000 All areas 

9) universities Conduct barley 5 Saskatoon, 
'research Winni~, Guelph, 

MOntreal, Edmonton 

10) }qriculture canada Conduct barley 7 Wiru'lipeg, Brandon, 
- Research Stations research Ottawa, 

O1arlottetown, 
Beaverlo:lge, 
I.ethbr idge , 
Lacombe 

11) other research 
institutions 
a) canadian Grain Conduct 1 Winnipeg 
Commission ) barley 1 Winnipeg 
b) Brewing & Malting) research 1 Ailsa Craig, Ont. 
Barley Research ) 
Institute ) 
c) Cieby-Giby Seeds ) 

12) Begistered seed Proouce and sell < 500 All areas 
growers new barley varieties 

13) Livestock farmers Feed barley be >40,000 All areas, 
livestcck especially in 

sout.~ern Alta. 
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Producers 
49,484,000 bus. 
100% 

Canadian 
,Wheat 
Board 

186% 

r 
\1,14% 

Cana.da Malting Co. Foreign 
Malsters 

t~ Dominion Malting Co. 
t Prairie Malt (Canada) Ltd.. 

80% 

10% 
10% 

54% , I 

32% 

32% 

Labatts ~

32% Carling-O'Keefe 

4% 
~

p-__...-_5_l%_._~....· 

Provincial 
Liquor 
Boards 

51% V

Domestic
Consumers

'.............,.....__JIr 
:. 32% 

Malt 
Exports 

3% 
.' ••'. ~ Beer Exportst 

) flow of malting barley 

---~ flow of malt 

. ......) flow of beer 

1 Percentage figures are based on the average 
of 1979-81 data. They represent the portion 
of total production going to a particular use 
on the market share of a firm (Boxes are 
drawn to scale). 

lFigure 2.2 The Main Actors in the Canaclian Malting Barley Sector
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actors shows that pr ice discrimination and market p::>wer is indeed 

possible at several stages in the market. 

tIhe existence of price discrimination in the canadian malt and 

malting barley market implies that the previously mentioned three 

conditions, hold at least some of the time, at various market stages 

of the malt barley market. '!his is born out in reality. Farmers 

wishing to sell malting barley rrust sell it to the canadian Wheat 

Board (C.W.B.). The C.W.B. is, in turn, a rronopoly seller of malting 

barley to danestic and overseas buyers. 

In addition, the malting and brewing industries are arrooo the rrost 

highly concentrated industries in canada. The canronly used four-firm 

concentration ratio for the malting industry is 100percent4 and for 

the brewing industry over 98 percent. In the last twenty years the 

malting industry has seen only one new entrant, Prairie Malt (Canada) 

Ltd. and the brewing industry has seen also only one new entrant, 

Amstel (canada) Ltd. Both these new entrants occupy less than ten 

percent of their respective markets. The malting industry has been 

for many years dominated overwhelmingly by Canada Malting Co. (i.e. 

Its market share has declined but still represents about 80 percent of 

the total Canadian production) • 

The brewing industry has been dominated by three approximately 

equally-sized firms: M:>lsons, Labatts and carling-o'Keefe (each has 

over 30 percent of the market). Furtherm::>re , M:>lsons and Labatts have 

to sane extent integrated vertically by each buying 14 percent of the 

shares of Canada Malting Co~ (the other 72 percent are owned by 1600 

4 In other ~rds 100 percent of the malting industry is occupied by 
four or less firms. 
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shareholders).5 This vertical integration, no doubt, increases the 

market and bargaining power of Canada Malting Co. in its attempt to 

restrain the price-raising ability of the rronopoly seller of canadian 

malting barley (i.e. the C.W.B.) and similarly restrains the 

price-raising ability of rival malting canpanies. 

This high degree of concentration in the malting barley market 

carplicates the analysis of the benefits of research in malting barley 

variety development. In this case, it is not at all clear empirically 

how much of the research benefits are captured by the malsters and 

brewers rather than by consumers and producers. 

If a perfectly corrpetitive market exists in the malting and 

brewing industry, then any gains in efficiency or productivity are 

passed to consumers by way of cheaper output prices and/or to 

producers of inputs by way of higher input prices. (Alternatively, it 

could lead to larger quantities to consumers at the same price or a 

reduction of inputs purchased or some combination thereof. ) 

Eventually the factor in mst fixed supply should capture the gains. 

This might be farmland, corporate stock or residential housing (i.e. 

depending on who receives the benefits - producers, intermediaries or 

consumers) • 

If a perfectly competitive market exists, there is still incentive 

to conduct sane research if it leads to significant cost savings for 

the individual firm in the short run. However, in the long run, other 

firms will copy the new cost saving method and eventually drive up the 

price of the input factor in mst limited supply, or drive product 

The Financial Post CotP2rationService, 1981. 
5 
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prices down to the point where profits are zero. 

In a competitive market it ~uld only make economic sense for 

COI11llOn research to be carried out by a union of all the brewers and 

malsters if the demand and supply elasticities were such that by 

lowering the cost of a unit of output it ~ld allow a movement along 

the demand curve to a more elastic range where the increase in sales 

would more than corrpensate for the decrease in pr ice. If this were 

the case, then the benefits to the malsters group would come by way of 

higher profits due to increased gross margins and/or sales. 

Indications of such a situation might be 1) increased canadian market 

share of the world malting and beer markets, 2) rising share prices, 

retained earnings and/or dividends, 3) lowered real export prices for 

canadian malt or beer, 4) lowered or stable real prices for Canadian 

malt and beer, 5) increased quantity of beer produced with the same 

amount of barley combined with a real price of barley that increases 

at the same rate as the quality increases (if constant demand and 

supply conditions were assumed then a perfectly competitive market 

would bid up the price of higher quality inputs). 

'!he reality of the Canadian malting barley market structure 

indicates a five stage perfectly canpetitive-flX)nopoly-oligopoly

oligopoly-provincial monopoly situation (i.e. farmers, C.W.B., 

malsters, brewers, provincial liquor boards). '!he question now to be 

asked is, "In spite of this concentrated market structure, is there 

anything that ~ld lead us to believe that market conduct and 

performance still approximates a perfectly carpetitive situation?" 

Firstly, the threat of entry by new competitors and expansion by 

smaller existing rivals may put a check on the willingness of canada 
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Malting co. to exercise its market pricing power. An overly simple, 

but useful approximation, is to view Canada Malting Co.' s pricing 

problem as follows: either it maximizes short-run profits and accepts 

an eventual market share and profit decline, or it sets prices to 

deter all. entry and expansion by fringe competitors. Figure 2.3 

provides a framework for analyzing the latter strategy. 

DO' is Canada Malting CO's. initial demand function. 6 Suppose 

that fringe rivals are so small, relative to the total market, that 

they feel the dominant finn's price will be unaffected by their output 

decisions. Suppose that at their scale of operation, the lowest unit 

cost (including normal profits) possible by the small firms is OP • 
o 

Then if Canada Malting CO. sets and maintains a price above OP , the o 

small firms would realize above-normal profits. This would encourage 

the small firms to expand and new firms to enter the market. This 

would, in turn, shift Canada Malting CO. 's demand curve to the left as 

nore output was produced by the small firms. Thus, to keep the 

existing small firms in check and to deter new entry, Canada Malting 

Co. must set and maintain a price slightly below OP. This price is 
o 

called the limit price since it limits small firms expansion or entry. 

However, the profitability of such an entry deterrence strategy 

depends on Canada Malting CO. 's unit cost at outPut~. If it is 

substantially lower than small firms (perhaps because of scale 

economies that small firms cannot enjoy), Canada Malting CO. can· set 

6 If there is a competitive fringe, its output is assumed to have been 
subtracted out; if on the other hand Canada Malting CO. were a pure 
rronopolist, DD'is the market demand function. In either case, 
overall market demand is assumed to be stable over time. 
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Figure 2.3 Pricing to Deter small-SCale Entry 

t.he limit price OP , hold small rivals in check and continue to enjoyo 
excess profits given by P ESC • o m 

However, if Canada Malting Co. enjoys little or no unit cost 

advantage relative to existing and potential rival firms (perhaps 

because new technology is developing rapidly and canada Malting Co. is 

using old technolcqy or possibly because of potential goverrnnent 

grants to new firms setting up) then to deter entry and/or expansion 

it mst maintain a limit price at which it realizes no above-normal 

profits. 

A further reason why the canadian malting industry may act 

competitively in spite of its concentrated structure is because the 

controlling interests of canada Malting Co.; M:>lsons and Labatts, may 

want to substantially control the profitability, entry, quantity and 

quality of malt proouced in canada (i.e. control the supplies of their 

Trost important ingredient) with a minimum of investment in the malting 
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industry. This is much easier and cheaper to do by buying into the 

dominant Canada Malting Co., than to build their own malting plants. 

This type of partial upstream vertical integration is often termed 

"tapered integration". M:)lsons and Iabatts control production of a 

portion of the malt they use and let other rival malting firms supply 

them with the remainder. This approach gives these two brewing 

corrpanies a powerful bargaining position relative to rival malsters 

since the brewers can credibly threaten to increase internal 

production unless prices are held in check. Tapered integration also 

gives the buyer a good feel for costs (which is l1lJst useful in 

bargaining). In addition, the brewers can transfer the risk of demand 

fluctuations to the rival malsters (i.e. tnminion Malting Co. and 

Prairie Malt (Canada) Ltd.). The ability to transfer this risk would 

in turn help deter new entrants. Thus prices of malt may be kept near 

corrpetitive levels, if not by actual competition, then by fear of new 

carpetition through increased vertical integration. 

If the malting industry approximates a competitive market for the 

reasons outlined previously, is the brewing industry canpetitive as 

well? The brewing industry is presently character ized by three 

approximately equal-sized firms, owned in turn, by sore of the largest 

corporations in Canada. Historically the brewing industry has 

experienced many mergers and buy-outsuntil it reached its present 

concentrated structure. Economies of size and scale have been one of 

the main incentives for the gradual concentration of firms. However, 

market share considerations, provincial liquor laws and transportation 

costs have, for the l1lJst part, insured that each of the three firms 

has plants in each province. There is, consequently, a great 
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variation in the capacity of breweries with the largest having a rated 

capacity over ten times the smallest. 

For many years, governments have realized that the production and 

constlITPtion of alcoholic beverages provides a relatively painless and 

acceptable way to raise government revenue· through taxation. 

Presently, in most canadian provinces, the tax on a bottle of beer 

exceeds in magnitude the pr ice charged by the brewer. Furtherrrore, 

many canadian provinces saw that further provincial government revenue 

could be made by setting up goverrnnent agencies to act as rronopoly 

sellers of alcohol within the province. '!he net effect of this 

extensive goverment intervention at the wholesale and retail stage of 

the alcohol (and hence beer) industry has been to have a long history 

of administered prices at the retail level. Brewers can sell their 

proouction to the small export market at any pr ice they choose but 

must sell their domestic production to: 1) the various provincial 

monopsony liquor boards or 2) through their own retail bottle outlets 

(but in either case the sales must be at prices set by the respective 

liquor licensing commissions). 

The brewing industry t s biggest competition comes from industries 

producing other alcoholic beverages (i.e. the wine and hard liquor 

industries) • However, price canpetition between these three 

industries is almost entirely dependent upon the policy objectives of 

the provincial liquor boards. For instance, if the liquor board 

decides that provincial consumers should consume less hard liquor and 

beer and rrore wine they raise the tax and/or mark-up on the former and 

lower it on the latter. In this situation, alIrost any price 

competition on the part of brewers vis-a--vis wineries and distilleries 
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is futile. 

'!be Canadian wholesale and retail beer markets perhaps rrost 

closely resemble what is referred to as a bilaterial oli99P9ly since a 

few powerful buyers (i.e. the provincial liquor boards)7 face a few 

powerful sellers (i.e. the three brewing corrpanies). It is entirely 

conceivable that the various liquor boards could have sufficient power 

as buyers of beer to hold the brewers' price of beer at or near 

canpetitive levels if they choose to do so .. 

Strong buyers like the liquor boards, can restrain the pr icing 

power of oligopolistic sellers in several ways. Oligopolists are 

prone to cut prices in order to land unusually large orders. tiquor 

boards can exploit this weakness by concentrating their orders in big 

lunps and thus encourage a break from an established price structure. 

The liquor boards might also play one brewery off against another to 

elicit price concessions. Alternatively, provincial governments and 

their liquor boards could threaten to integrate vertically upstream 

(i.e. set up their own breweries or have a forced buy-out of existing 

ones) if prices are not held close to cost. Unlike other potential 

entrants, the liquor boards have an assured market and thus have no 

reason to fear pricing reactions of the existing breweries. With the 

recent perpensity of many provincial governments to set up crown 

corporations the threat of entry and production of beer by provincial 

governments is certainly one the big three brewing canpanies must keep 

in mind when they negotiate prices with the various liquor boards. 

7 Beer has a low value to weight ratio hence beer cannot be often 
tran$POrted across several provinces and still be price competitive 
with local breweries; hence each brewery can profitably sell to only 
the three or four closest provincial liquor boards. 
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For reasons cited arove, it is doubtful that the present brewing 

industry in Canada could enjoy long-term higher than normal profits 

withoutthe cooperation of the provincial liquor boards. Since liquor 

boards were set up to control and raise goverment revenue fran the 

sale of alcoholic beverages, it is hard to imagine liquor boards 

knowingly allowing excess.brewery profits for· an extended period of 

time. 

we can now again ask the question, "In spite of the concentrated 

malt and beer market structure, is there anything that would lead us 

to believe that market conduct and performance still approximates a 

perfectly eatpetitive market?" '!he answer appears to be a qualified 

yes. '!he malting barley and beer market has two public institutions 

that act as rronopolists. The C.W.B. is a ~nopoly seller of malting 

barley to the malsters and the various provincial liquor boards are 

monopoly sellers of beer to consumers and retail beer outlets. These 

two m:>nopolistic institutions have the ~r to countervail any 

profit-raising pricing strategies devised by the malsters and brewers. 

However, because of a variety of factors (i.e. p:JOr civil servant 

attitudes, lobbying, imperfect knowledge) it is unlikely that these 

two rronopolistic institutions always and everywhere exercise their 

full countervaili119 ~r.

This study assumes that the market structure outlined above would 

produce market conduct and performance in the Canadian domestic malt 

and beer market that would lie sanewhere between a perfectly 

canpetitive market and an oligopolistic one. Hence it is assumed that 

the two publically operated ronopolies in the marketing chain pass on 

most cost savings or revenue increases resulting from malting barley 
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research to consumers or producers. However, as a proxy for 

short-term countervailing imperfections on the part of the public 

rconopolies, it is assumed that the rronopolies have usually not taken 

into account the gradual increase in malting barley quality. 'It is 

assumed that malsters and brewers (the private sector) capture the 

benefits of gradual quality improvements brought about by malt barley 

breedingS but consumers and producers (the public sector) largely 

capture the benefits of the gradual quantity (L.e. yield) improvements 

brought about by research. 

S '!his is not straying far from reality since the C.W.B. does not set 
its prices on a variety basis (e.g. 2 CW Klages) but instead simply 
sets out prices on the basis of grades (i.e. the quoted price is the 
same for any malting barley grading 2 CW) with no stipulation of 
variety. Hence, theCWB seldom captures the difference in quality 
between Betzes and Klages although their malting characteristics are 
significantly different. 
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CHAPrER III

A THEORm'ICAL MJDEL FOR ESTIMATING THE BENEFITS OF

IMPROVED MALTING BARLEY VARIEI'IES

3.1 A rJbdel for Estimating the Benefits of Higher Yields 

One of the results of malting barley research has been the 

introduction of new var ieties which yield rore than traditional 

varieties under similar conditions. In other words, at every given 

price, a greater quantity of barley is produced when new varieties are 

planted. The net result has been to shift the malting barley supply 

curve downward and to the right. Figure 3.1 uses Pose's (1980) 

diagram to illustrate the shift in the malting barley supply curve 

where the or iginal curve was A S and the new curve is AlS . •1 
l00 

So 
Price 

o 00 Q Quantity1 
Figure 3.1 The Effect of Higher Yielding Varieties 

1 The slope, size and kinks in the supply and demand curves in Figure 
3.1 are directly copied fran Rose (1980). They are used to illustrate 
the nroel in general, and consequently should not be used to draw 
conclusions about various malting barley market parameters. 
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'!he change in consumers' surplus or consumer benefits is given by 

area PoMJ'f1PI in Figure 3.1 (i.e., this is b- C) • '!he change in 

producer surplus is given by area P~ less area PlMlAI (i.e., this 

is b-P). Lindner and Jarrett (1978) describe an alternative way of 

calculating b- C and b-P. The change in producer surplus is found by 

taking the difference between calculated Gross Annual Research 

Benefits (GARB) and the calculated annual consumer's surplus. Lindner 

and Jarrett went on to specify algebraically how these surpluses could 

be calculated, however, several of their formulas were challenged and 

corrected by Rose. Consequently, Rose's equations are used below: 

Po =PI/[l-(K*e)/(e+n)] (3.1) 

Qo = 01/{I+(K*e*n)/(e+n)] (3.2) 

In these equations, K is the proportionate reduction in average 

costs of proouction, measured at Q , from adopting the new technology,
o 

and e and n are the price elasticity of supply and demand 

respectively. PI and QI are post adoption price and quantity; Po and 

Qo are pre-adoption price and quantity. 

In a corrpetitive industry K is equal to the absolute cost 

reduction at 00' divided by Po. '!he values of e and n could be 

estimated using econometric techniques or by using estimates from 

other studies. 

The estimation of the intercepts A and Al presents some problemso 

since econmetrically estimated supply curves do not provide reliable 

estimates of the intercept term because the available observations in 

P and Q used to calculate supply parameters are normally far removed 

from the point where the supply curve intercepts the vertical axis. 

Actual estimates of supply curves often imply negative intercept 
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,
terms. '!his is usually not a ser iaus weakness as long as the 

estimated supply curve is only to be used to make projections in the 

vicinity of the original observations, however, in this study's 

application it is illogical since it implies producers are able to 

supply positive quantities at zero price in the long run. 

cne possible way to estimate A would be to ask farmers familiar 

with growing malting barley the following question: to what level 

would prices have to fall for output to fall to zero in the long run? 

An alternative way would be to use the range of average costs found in 

economies of size studies as an approximate guide to the value of A in 

relation to P. '!his would, however, imply that producers with high 

average costs are marginal producers, and that factor prices do not 

change as industry output changes. Lindner and Jarrett (1978) 

derronstrate that the approximate nature of the above two methods is 

mitigated by the fact that the level of estimated research benefits is 

relatively insensitive to the value of A used. 

Lindner and Jarrett (1980) point out that their 1978 article 

contained computational errors because their equations applied only 

when supply and demand curves were linear. 2 Pose (1980) and Wise and 

Fell (1980) suggested that the inclusion of a kink in the 8 curve1 

directly below M would largely correct this problem. Subsequently
o 

Rose suggested that net social surplus could be estimated by: 

(3.3)

where the first term represents area AoMQBAI and the second term 

2 . The _procedure used for estimating Po and QO from P1 and Q1 used a 
value of local elasticity of supply wnich was not necessar ily 
consistent with the arc elasticity of supply implied by the choosen 
values of Al relative to Pl. 
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represents area MoMlB of Figure 3.1.

Consumers' (~C) surplus could be estimated by:

(3.4)

where the first term represents area PoYPl and the second term 

represents area MoMlB. 

Producers' surplus (6]') could then be estimated by subtracting 

consumers' surplus from the net social surplus. 

Consumers' and producers I surplus estimates could be made for each 

year from 1958 to 19813 as long as annual estimates of PI' Ql and K 

were available. Once these surpluses were calculated they could be 

combined with research investment costs to allow the calculation of 

the various rates of return. 

3.2 A M:x1el for Estimating the Benefits of Higher Quality 

Theoretically, if Canada develops higher quality malting varieties 

faster than the E.E.C. or Australia, then, ceteris paribus, Canada's 

market share should increase • Conversely if Canada lacks in research, 

her market share should fall, ceter is par ibus. If cornpetitors are 

doing sane research into malting barley, then Canada must also do some 

research or lose market share. 

When calCUlating the welfare effects of developing improved 

Canadian malting varieties we must look at the difference between what 

presently exists and what would have existed had there been no 

research. Unfortunately, it is difficult to quantify the effects that 

3 It is assumed that there is, on average, a seven-year research lag 
in cereals research. Thus research efforts in 1951 would not affect 
the size of surpluses until 1958. 
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Canadian malting barley research has had on canadian market share. As 

market share increases, canada gains more foreign exchange, farmers 

can sell more barley at malt prices and private Canadian malsters have 

higher incanes due to greater throughput. However, it is not clear 

what the net effect of malting barley research has been on world 

market share. 

The estimation of benefits ar ising from the development of malting 

barley varieties with ~roved quality traits is thus not as straight

forward as estimation of the effects of higher yields. The value of 

quality improvements really depends upon the asstnnptions that are made 

regarding the chain of events that '¥K)uld have occurred if these 

quality ~rovements had not taken place. 

It seems plausible that one of the following scenarios may have 

taken place: 

SCenario CA) 

Had there been no research effort undertaken since the 1950' s to 

improve malting quality , canada '¥K)Uld no longer be an exporter of malt 

or malting barley because the quality of her competitors I malting 

4barley '¥K)Uld be so superior to Canada IS. The C.W.B. would, however, 

force Canadian malsters to buy Canadian barley, hence, insuring the 

existence of the dcmestic malt market. 

Figure 3.2 represents this situation. 

4 rrhe assumption being that malting quality is of more i.np:>rtance to 
malsters than malting barley price and consequently that relatively 
poor quality barley would have to be priced substantially below good 
quality barley before malsters would buy it. 
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Figure 3.2 '!'he Effect of No Yield or Quality Improvements in canadian 

Malting Barley 

As malting barley quality in other nations exporting malting 

barley improves relative to canada, the demand curve DD shifts to the 

new demand curve D'0' because there ceases to be any fore ign demand 

(i •e ., excess demand) for Canadian malting barley. 

In this scenario the benefits of canadian quality improvements are 

the differences in surpluses between the original demand curve DD and 

the new one 0'0'. Between 1951 and 1981 canadian exports of malt and 

malting barley have averaged aoout 115% of da:nestic use. '!his implies 

that at its minimum in 1981, 0'0' would be slightly less than half the 

quantity demanded given demand DO. 

In addition, if no research were carried out the barley supply 

curve would remain at So instead of shifting out to 51 because no 
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higher yielding varieties would have been developed. (However, the 

model to calculate the gains of higher yielding varieties has already 

been developed in section 3.1). 

If the existence of only canadian malting barley quality-type 

research allowed DID I to shift outward to DD with S held stationary
o 

then the changes in consumers I and producers I surplus could be 

illustrated with Figure 3.3. 

Price 
D 

D 

Q Quantity 

Figure 3.3 The Effect of Only Quality Improvements in Canadian 

Malting Barley 
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When 0'0' shifts corrpletely to DO, producers' surplus is increased 

by area PEPPI and consumers' surplus is increased by (area DEP - area 

O'FPl ) in Figure 3.3. Canadian producers gain because they sell rore 

than double their original quantity at slightly higher prices. 

Foreign consumers likewise, gain because quantities of Canadian 

improved quality barley could be purchased at slightly decreased world 

prices. Canadian consumers would, however, lose because they now have 

to bid supplies away from export demand (i.e. Canadian prices rise 

form PI to P causing the consequent loss of area PGFPl and the 

danestic consumers' surplus it represents). 

Unfortunately no quantitative data is available to substantiate 

the exact speed or shift that has occurred if any, in Canada's malt 

barley exports as a result of improved quality. 

'!he above analysis shows that benefits would have been 

approximately double the calculated danestic benefits (in the extreme) 

if foreign demand had indeed been lost because of no irrprovements in 

quality. This would irrply that the calculated rates of return would 

be substantially higher than if only yield-increasing research were 

considered. Thus calculating rates of return which included benefits 

5
from yield increases but only minimal benefits from quality increases

would be minimum estimates of the returns to malt barley breeding 

efforts. If these lower bound estimates showed high rates of return 

we could be assured that malting barley research has indeed been a 

profitable investment. 

5 Forexarrple, assuming the only quality improvements that are valued 
are those that occur to domestic private interests because the C.W.B. 
does not generally price discrDninate between varieties. 
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SCenario (B) 

The C.W.B. would insure the existence of the domestic malt market 

and Canada would continue to supply sane six-row barley to the export 

market when foreign six-row producing countries had poor crops (mainly 

because Canada is by far the largest producer of six-row malt barley) • 

Two-row exports would be none existent because of increased quality of 

conpetitors' two-row barleys. 

SCenario (C) 

The domestic malt market would be protected by the C.W.B•• 

canada's competitors would also conduct little research, consequently 

Canada's market share for both two and six-row barleys would resemble 

its present state even though Canada stopped conducting malting barley 

research. 

Given the unlikelihood of malt barley research ceasing in all 

major .exporting countires, SCenar ios (A) and (B) seem the lTOst 

probable. severe lack of data precludes a rigorous testing of each of 

these scenarios (e.g. to empirically estimate to what extent malt 

prices and quantities would have been altered under each scenario). 

However, a range of assumptions could be made so that a range of 

possible benefits might be calculated. 

SCenarios (B) and (C) are actually just variations of Scenario (A) 

however, quality-type research benefits would become progressively 

less as one rroves from SCenario (A) to SCenario (B) and to Scenario 

(C) • rrhe analysis and nroel regarding SCenar io (A) would apply to 

the other two SCenarios but to a lesser degree since the shift from DD 

to D'D' in Figure 3.3 'WOuld be less. The rates of return calculations 



44

in this study will assume the majority of benefits come from 

yield-increasing research with the only IX>ssible quality benefits 

being those that flow to the private sector because of the O'm pricing 

system rigidities. The rates of return thus calculated will be lower 

bound estimates of the rates of return the public and private sectors 

have received from malting barley research. 

3.3 Theoretical COnsiderations in Estimating Private Benefits 

Industrial organization texts abound with a wide range of diverse 

and complicated theories of the market structure, conduct and 

performance of oligopolistic and oligosonistic industr ies. Market 

strategy and game plan theor ies further conplicate and counterbalance 

the predictive and analytical merit of these oligoIX>ly and oligopsony 

m::x:lels. 

The Canadian malting and brewing industries are oligopolistic ones 

and could, because of their market structure, gain private benefits 

fran improvements in malting barley varieties even though they cannot 

patent or copyright any of the newly developed varieties. 

However, the market power of these two industries is counter

vailed, to a certain degree, by publically-owned roc>nopolies on either 

end of the marketing chain (i.e. the C.W.B. and the provincial liquor 

boards). 

The kind and size of market power enjoyed by the malsters and 

brewers determines the kind and size of benefits they are able to 

capture from improved malting barley varieties. It is beyond the 

scope of this thesis to conduct a detailed study of the market power 

enjoyed by Canadian malsters and brewers over the years. In place of 

a 
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detailed study, several possible situations are suggested as to the 

amount of market power malsters and brewers may have enjoyed in the 

period 1951-81. These possible situations are used to calculate a 

lower and upper range of benefits that may have been enjoyed by 

private industry. 

Situation (1) 

In situation (1) we assume that the market power of the C.W.B. and 

the liquor boards fully counters the malsters I and brewers I market 

power. The C.W.B. and liquor boards are fully aware of any quality 

and quantity changes taking place in the supply of canadian malting 

barley. These changes are fully incorporated into prices so that it 

is irrp:>ssible for private industry to capture any increased benefits 

from improved quality or quantity changes occurring in malting barley 

varieties. 

In this situation there are no private benefits and hence the 

private rate of return is negative. Public benefits would be the sum 

total of benefits occurring from: 1) the change in consumers I and 

producers I surplus generated by the shift in supply due to higher 

yields (see 3.1), 2) a further change in consumers I and producers I 

surplus due to the lowering of the average cost of processing because 

higher quality malt barley was used (i.e. the gains from greater 

efficiency in processing) • 

Situation (2) 

In this situation we assume that the present classification 

selling system of the C.W.B. does not allow it to effectively price 
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differentiate between different varieties of malting barley if they 

fall into the same Canadian Grain Conmission grades. 6 Assume further 

that the malsters' and brewers' market power is such that they do not 

pass on the gains they enjoy from being able to buy a given quantity 

of an improved var iety for the same pr ice as a given quantity of an 

old variety. 

If the cost of an input remains the same but quality improves, the 

efficiency of the production process would improve. This would lead 

to lower unit costs of production and hence a shift downward of the 

industry supply curve. As the supply curve falls the malster/brewer 

surplus must increase7 so long as output prices are maintained. 8 

6 For instance, the C.W.B. posts a price for 2CW 2-row barley; it does 
not post separate prices for 2 CW Klages barley and 2 CW Betzes 
barley. 

7 This is, of courSe, based on the assumption that the marginal cost 
curve is upward sloping in the relevant range. This does not seem to 
be an unreasonable assumption given the law of diminishing returns and 
the relative "lumpiness" of building new breweries or malt plants. 

8 Given the historically high level of taxes on alcoholic beverages in 
Canada, if brewers wanted to drop their selling price by IO%it would 
generate a less than 5% drop in the retail price of beer. 

Given the financial situation of most provincial governments, any 
drop in the brewery selling pr ice is very unlikely to be passed on to 
consumers by the liquor boards since such a situation offers an 
attractive way of increasing government revenue without increasing 
retail beer prices. 

For instance, in Saskatchewan, the liquor board meets with 
representatives of the three brewing companies with plants in the 
province to set wholesale beer prices for the coming year. The agreed 
upon price is then paid to all brewers in the province regardless of 
the individual brewery's cost structure. The individual brewer would 
therefore capture for himself any gains in production efficiency that 
he might be able to achieve in that year (and perhaps in subsequent 
years as well) if he can "hide n his lowered costs. Once the liquor 
board and/or other brewers find out alx>ut these cost savings they 
would probably be captured by the liquor mard in the next annual 
round of· negotiations (i .e. the liquor board would refuse to grant 
much of a price increase). 
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Figure 3.4 represents this situation. 

Price 

D 

o Quantity 

Figure 3.4 Increased Malster/Brewer Surplus Created by Increased 
Efficiency 

Suppose the beer pr ice was initially at P1 where Sl equals DO 

(i •e. where quantity supplied equals quantity demanded in Figure 3.4). 

81 represents the brewer's cost of producing a given quantity of beer. 

~roved extract yields in new barley varieties allow the brewer's 

marg inal cost curve to shift downward to 8 • Given the present2

administered and sticky downward price system (see footnote i8), the 

price of beer remains at P andconsl.1IlPtion remains at 01. Originallyl 

the brewer's surplus was given by area PIBA but with increased 

efficiency the brewer's surplus is nON given by area PIBCD for a net 

gain of area P BCP2.I
To empirically estimate area P BCP2 we could multiply the quantityI

of beer produced danestically by the cost saving per l:ottle. Alterna

tively we could calculate the value of the malt that the brewers 

wouldn't have to buy because the new malting barley varieties have 

higher extract yields. 
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A similar situation and argument can be assumed for the Canadian 

malting industry. They have enjoyed increased efficiency because the 

new barley varieties germinate faster. This has allowed their cost 

curves to shift downward in a similar fashion as the brewers. 9 The 

benefits thus produced may have been either: 1) retained by the 

malsters (via maintaining selling prices to domestic brewers at the 

same level even though costs have been reduced), 2) captured by the 

brewers in the form of lower danestic malt prices. In either case the 

faster germination of new varieties can lead to the creation of a 

private benefit (although we cannot be sure how it is divided between 

the malsters and the brewers). 

To empirically estimate area P BCP2 as it applies to the maltingI

industry we could multiply the quantity of malting barley used 

domestically by the cost saving per bushel. Alternatively we could 

estimate the value of facilities the rnalsters didn't have to build 

because the new varieties are faster germinating. 

Si tuation(3) 

In this situation we assume the malting and brewing industries 

have sufficient market p::JWer to capture all the private benefits 

described in situation (2). In addition, in situation (3) we assume 

the private sector has sufficient market power to capture the benefits 

9 DJring the malting process barley is subjected to moisture and heat 
until it begins to germinate. The barley is then stored at optimum 
growing conditions until germination has proceeded to the required 
degree. After this, further germination of the barley is stopped by 
drying in kilns. Hence, as the germination process speeds up, larger 
quantities of malt can be processed from the same facilities than if 
old (slower germinating) varieties were still being used. 
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generated by higher malting barley yields with its implied lower 

price. lO 

Figure 3.4 is once !lOre applicable (in this case, however nn is 

the danestic demand for malting barley and 8 and 82 are the pre and1 

post adoption farm supply curves of malting barley). 

Malsters and brewers have sufficient market power to maintain 

their malt output at Ql and output price for malt at Pl. '!heir gain 

in producer surplus is again represented by area PI BCP2. 

In this case area PIBCP2 could be estimated by multiplying the 

quantity of malting barley used danestically by the reduction in the 

cost (i.e. price) 11 of malting barley induced by higher yielding 

varieties. 

3.4 Calculating the Rates of Return to Malting Barley Breeding 

The annual flow of public and private benefits can be related to 

the annual public and private investments in malting barley breeding 

by several methods. 

'!he first method, the external rate of return, is calculated using 

the following formula: 

(3.5)

10 If demand is constant and nonhorizontal, a shift outward of the 
supply curve leads to a lowered price in a competitive market. 

11 '!he mathematical formula for estimating what malt barley prices 
would have been in the absence of higher yielding varieties is given 
in Section 3.1. 
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where: 

• re = the external rate of return, 

i = the market rate of interest, 

Bt = the net benefit in year t, 

It = the net investment cost in year t, 

T = the year in which research ceases to produce benefits. 

'!'he external rate of return is directly related to the comrronly 

calculated benefit/cost ratio. For example, a project that has a 3:1 

benefit/cost ratio (where benefits are net of costs) exhibits a 300% 

external rate of return. '!he external rate of return may be inter

preted as a measure of the additional benefits of an investment that 

are returned after compensation has been made for the use of capital 

at some appropriate interest rate. When comparing external rates of 

return among projects, one must be careful to note the time period 

under consideration since the external rate, ceteris paribus, will 

tend to be higher the longer the time span. 

A second and perhaps rrore appealing method of relating a stream of 

benefits to a stream of investment costs is to use the concept of 

internal rate of return. The internal rate of return is that rate of 

interest (r.) that could be paid such that over the given time span 
1 

the ,sum of discounted net benefits exactly equals the sum of 

discounted investment costs used to produce the benefits. It is 

calculated using the following formula: 

T T 
= L: It L: Bt (3.6) 

t=O (l+ri)t t=O (l+ri)t 

where: 
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r i = the internal rate of return, 

Bt = the net benefit in year t, 

It = the net investment cost in year t, 

T = the year in which the research ceases to produce benefits. 

The ..• internal rate of return on an investment is corrparable to the 

market rate of interest since both are expressed as a percent per 

year. (Unlike the external rate which is expressed as a rate at the 

end of a longer time per iod) • If the internal rate of return is 

greater than the market rate of interest, it would be profitable to 

increase the capital allocated to this particular investment. 

Conversely, if the internal rate of return is less than the market 

rate, further investment in this area should be questioned. 

The internal rate of return has been used widely in various 

studies to calculate the returns to agricultural research. It is 

utilized in this study both as an alternative method of evaluating 

returns and as a basis for comparison with other studies. 

Since malting barley research has had investment from both the 

public and pr i vate sectors and since benefits from this investment 

have flowed to both the public and pr ivate sectors, there are four 

different combinations of benefits and costs that can be calculated 

using rate of return methods. These include the comparison of: 

1) public benefits to public investment costs (i.e., r )'ss

2) public benefits to private investment costs (i.e., rsp)' 

3) private benefits to public investment costs (i.e., r )'ps

4) private benefits to private investment costs (i.e., r ).pp

This thesis will use Hueth, et aI's. (1980) definition of internal 

rates for mixed private and public investment for a one period case. 
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'!he following formulae express the above comparisons: 

r ss = 6.C + 6.P + 6.Ml + 6.M2 + tlM3 
- 1,--'"'""'--------I s 

r sp = 6.C + tlp + tlMl + 6.M2 + tlM
- 1,--....---------3 

------- - 1, 

where: 

Is =public investment,

I = private investment,p 

6.C = the change in consumers' surplus,

tlp = the change in producers' surplus,

tlMl = the benefit generated by impoved extract yield,

6.~ = the benefit generated by irrproved germination speed,

6.M3 = the benefit generated by improved yields.

In the case of situation (2), described in section 3.3 the private 

rates of return vtlOUld be calculated only on the basis of ~ + tlM2 

(i.e. it vtlOUld exclude 6.~).

'!he calculation of external and internal rates of return can be 

influenced markedly by the assumptions and adjustments made when 

estimating the value of the costs and benefits. Because of this, a 

sensitivity analysis should be carried out to assess how sensitive the 

calculated rates of return are to changes in the assumption made. 
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CHAPTER IV

DATA SP:EC::IFICATION, ESTIMATIOO, AND EMPIRICAL RESULTS

4.1 The Market for canadian Malting Barley 

4.1.1 The Demand for canadian Malting Barley 

'!he demand for Canadian malting barley has two major components, 

the domestic market and the foreign market. In both cases over 85 

percent of the resultant malt is used in the production of beer (with 

the remainder being used in the production of distilled alcohol and a 

variety of food products). 

'!'he Brewers' Association of canada (1965) found that the domestic 

market for Canadian malt and malting barley is characterized by 

steadily increasing consumption. Slight year to year fluctuations 

have occurred as a result of such things as brewery str ikes or changes 

in provincial liquor laws but, in general, the increase in canadian 

malt usage has paralleled the increase in total Canadian beer 

consumption. 'Ibtal Canadian beer consumption has, in turn, been 

affected largely by 1) increased popUlation, 2) increased personal 

disposable incane, 3) changes in provincial liquor comnissions' 

pricing and taxing policies vis-a-vis other alcoholic beverages, and 

4) changes in tastes and preferences. 

canadian beer consumers have become accustomed to consistently 

high quality beer produced alrrost entirely with six-row blue aleurone 

barleys. '!his has limited the possibility of substituting cheaper 

adjuncts for malting barley in the brewing process. Furtherm:>re, the 

C.W.B. normally does not allow the irrportation of malt or malting 

barley into canada. In addition, the cost of the barley per bottle of 

beer is a rather insignificant component of the retail price of beer 
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(largely because of the high rates of tax on beer). '!hese three 

factors effectively create a canadian demand for malting barley which 

is very inelastic with respect to its own price. 

'!he foreign market for Canadian nalt and malting barley is 

characterized by relatively large swings in annual quantities 

demanded. '!his occurs as a result of steadily increasing annual world 

demand coupled with large annual fluctuations in the production of 

malting barley in user and producer countries. '!hese year-to-year 

production changes are caused, in turn, by year-to-year variations in 

malting barley acreage planted and in weather patterns. 

A further cayplication is introduced by the differ ing preference 

patterns for the four types of malting barley (i.e. six or t.w:> row, 

blue or white aleurone). A country may export one type but import 

another (e.g. the U.K. imports Canadian six-row for distilling but 

exports two-row for beer-making). A shortage may develop in one type 

of barley because of poor weather in a particular exporting country 

but this nay do little to stimulate exports from a second exporting 

country unless the ~ are exporters of similar types of barley (e.g. 

a shortage of six-row barley in the U.S.A. may not increase exports of 

Australian barley since Australia produces almost all two-row barleys 

and the U.S.A. uses Irostly six-row barleys) • 

'!he lack of substitutes for barley in the brewing process, the ·low 

cost of barley in relation to the value of the final product and the 

low quantity adjustments nade by beer consumers to changes in the 

price of beer would suggest that world demand for malting barley is 

only slightly less inelastic than Canadian danestic demand. 

Many major malting barley producing countries have one or two 
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semi-government institutions that buy all malting barley from farmers 

and act as single selling agents to domestic and foreign users (e.g. 

canada, Australia). Many countries also have very concentrated 

malting industries with only a few firms using or importing the 

majority of the malting barley. 

In general, the ~rld I s buyers and sellers recognize the thinness 

and potential market power of the various participants in the malt and 

~lting barley markets. This has "led to many prices being negotiated 

rather than being a direct consequence of daily assessments of demand 

and supply situations and expectations. These negotiated prices take 

into account such things as quality aspects, customer loyalty, market 

share, willingness to penetrate new markets and feed barley prices. 

For example, Ryan (1981), in his study of the Australian market for 

malting barley, stated: 

A co-ordinating corrmittee, which represents the 
various marketing authorities, agrees to a hane consumption 
price for barley used in Australia. This price has been 
set equal (on a weight basis) to the horne consumption price 
for A.S.W. wheat. 

The arrangements for barley which is malted and subse
quently exported are somewhat different. Negotiations on 
price take place between malsters and marketing authorities 
•••preceding the harvest. The reason for the early nego
tiations is that there is a well defined selling season 
(July to O::tober) dictated by the ~rthern hemisphere 
harvest perioo••••The price which is related to N:>. 2 grade 
barley, is based on the ~rld price for malting quality 
barley, or the price for feed barley plus an allowance for 
malting quality. Because it is a negotiated price, all 
these factors are relevant to the deliberations. The main 
indication of ·the world price is the Toronto barley price. 
These negotiations establish a fixed price but quantities 
are subject to availability. 

A Comnissioner for the C.W.B., F. Hetland (1982), stated the 

following in regard to the pricing of canadian malt~ng barley by the 
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C.W.B. :

In the case of sales to the Canadian and U.S. markets, 
the Wheat Board keeps a close watch on the Minneapolis spot 
market for malting barley. U.S. buyers, for the rrost part, 
will not buy Canadian malting barley laid down in Milwaukee 
(the U.S. brewing centre) if U.S. barley of corrparable 
quality can be obtained cheaper. 

In the case of malting barley sales to overseas destina
tions (and to Canadian malsters for processing and export), 
the Wheat Board normally works closely with these companies 
to price corrpetitively on a canparable quality basis. But it 
must be kept in mind that competitive factors which must be 
taken into account in setting a price vary significantly, 
depending upon the time of the sale, the port involved, the 
overseas buyer in question and upon who the canpetition is at 
the moment••••The Wheat Board does not merchandize or price 
malt•••however , international competitive factors fre taken 
into account when establishing prices for barley to be 
processed into malt for exports. 

These two examples illustrate that the warld market for 

malting barley is not well-defined. If an econometr ic analysis 

of wOrld malt~ng barley prices and quantities were carried out, 

and if it were to make any realistic simulations or predictions, 

it must take into account the diverse character istics of the 

market actors and forces. 

Canada has been a long-time supplier of six-row malt and 

malting barley to the traditional users of six-row malt (e.g. 

U.S.A., some Central and South American countries and to a much 

lesser extent, the U.K. and Japan). In recent years, Canada has 

also been making inroads into markets that use two-row varieties. 

This has come about largely as a result of the greatly improved 

quality and quantity of Canadian two-row malt varieties (e.g. 

In other words, malsters may pay less for malting barley used to 
make malt for export than they pay if it is used to make malt ·for the 
domestic market. 

I 
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Klages, Betzes). canada's main COIl'Petitors, the E.E.C. and 

Australia, both grow a predominance of two-row varieties. Most 

countries that are experiencing rapid growth in beer consumption 

are in the developing world where ~-row barley use 

predominates. 

4.1.2 canadian Supply of Malting and Feed Barley 

Since earliest European settlement in canada, barley has been 

grown as a livestock feed and as a necessary ingredient for the 

manufacture of beer. In the late 19th century nost canadian 

barley was of two-row types suitable for malting. This led to a 

thriving malting barley trade to the U.S.A. until the American 

demand was cut-off by the imposition of high American tariffs on 

imported malting barley in the 1890 1 s. 

with the settlement of the Prairies, the Ontario Agriculture 

COllege and the Federal government began to develop var ieties 

suitable for the harsh Prairie climate. Eventually this led to 

the introouction and wide-spread adoption of CAC· 21, a six-row 

blue aluerone variety with nost of its parentage from Manchuria 

in Eastern Asia. 

en the Prairies, barley is grown principally in the black and 

grey soil zones. Barley is also grown nost often on land that 

was cropped the previous year. 'lbese two phenomena are perhaps 

due to 1) barley's ability to compete very well with weeds, 2) 

feed barley containing volunteer wheat or rapeseed is not 

"docked" for irrpurities to the same extent as rape or wheat which 

contain volunteer barley, 3) in areas with short and variable 
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growing seasons (e.g. The Peace River Region) barley is 

considered safer to grow than wheat or Argentine-type rapeseed 

because of its earlier matur i ty, 4) in a year with an early 

frost, less econanic damage is done to a crop of barley than to a 

crop of rapeseed (assuming they are at an equal stage of 

maturity), 5) the barley yield response to noisture and fertility 

is greater than is the response of wheat or rapeseed, hence, the 

nore noist and fertile the area the nore econanically canpetitive 

barley becomes (the extreme case would be in the Red Deer area of 

Alberta where the net returns from growing barley are generally 

larger than the net return from other crops), and 6) barley is 

used a great deal nore for livestock feed than wheat, hence, in 

areas where all crop yields are high relative to export delivery 

quotas, farmers tend to grONrrore barley because they can sell it 

locally or use it themselves for feed wit."out needing additional 

delivery quota. 

several economists have developed econometric rrodels of the 

canadian barley market. The author decided to use the elasticity 

2estimates in these studies rather than devote time and effort to 

develop another econometric rrodel that would, in all probability, be 

no rrore accurate than the previous studies. 

In any analysis of the welfare effects of a shift in the supply 

curve caused by research, the size and distribution of benefits 

depend, to a large extent, on the elasticities of supply and demand 

and upon the type of shift that is assumed. Lindner and Jarrett 

2 see, for instance, Spriggs (1978) or Gibney and Furtan (1983). 
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(1978) have described t.he various types of supply shifts that may 

occur as a result of the adoption of a new technology. '!hese 

different possible combinations are illustrated in Figures 4.1 to 4.4. 

Shifts are either divergent, parallel or convergent and the orignal 

supply curve either has a zero intercept or a positive one. 

Many economists have assumed a zero intercept in the original 

supply curve (e.g. Nagy and Furtan , Zentner). '!he empirical 

estimation is made easier by such an assumption, h()Wever, intuitively 

a positive intercept seems nore realistic. unfortunately, empir ical 

observations have never cane anywhere near the pr ice or quantity axis 

so real world observations cannot be used to substantiate either 

viewpoint. 

When a zero intercept is assumed, farmers grow some barley even at 

extremely low prices and output only ceases completely when barley has 

a zero price. The cheapest method of producing· barley might be to 

sirrply go out once a year and harvest the volunteer barley that has 

grown in a rented field, however, even this method is not costless 

since rent, wages and variable machine costs would still have to be 

paid. Thus even in this situation, there is a price range below which 

a farmer w.:>uld be financially better off not harvesting than 

harvesting because his variable costs would exceed his total revenue. 

Since the long-run industry supply curve is an aggregate of individual 

farmers • supply curves it seems certain that the intercept of the 

supply curve fora product like barley intersects the price axis 

somewhere above the origin. Furthernore, a supply curve passing 

through the origin precludes a shift out in a parallel or convergent 

manner since these types of rrovements would imly that after the shift 
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a certain minimum quantity YJOuld be supplied even at zero price. 

(Thus studies which have assumed a zero intercept have also assumed a 

divergent supply shift, since, to do otherwise, YJOuld give an 

unrealistic intercept to the new supply curve). 

In a given year the barley supply curve represents the.· marginal 

cost of producing barley for both high and low cost producers. The 

differences in costs faced by producers are created by a complex 

interplay of managerial ability, lower unit input costs, weather, soil 

fertility and varying land bases. 

When a new barley variety is licensed, it is propogated by 

pedigreed seed growers and sold to farmers who wish to be the early 

adopters of the new variety. The cost of buying the new variety of 

seed is relatively marginal particularly if the farmer has already 

decided to use pedigree seed as a managerial practise. 3 Furthermore, 

many farmers try a new variety of malting barley, not so much in hopes 

that it will increase yield, but !tOre in anticipation that it will·· 

give them a better chance of selling their barley to malsters, instead 

of as lower-pr iced feed. 

Q1e could PJstulate that the early adopters also tend to be the 

lowest cost producers and hence that new barley varieties· would cause 

the industry supply curve to shift out in a convergent manner over 

time. However, there is no empirical evidence to support this 

3 The cost of farmer-saved seed is the market price of that grain plus 
storage, cleaning and opportunity costs. The cost of registered seed 
of an established variety is about $1.00-$1.50 more/bushel and of a 
new variety, about $2.00-$2.50 more/bushel than fanner-saved seed. 
This ~ld represent an increase of about 3-6% in total var iable 
costs. 
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hypothesis. In addition, much of the malting barley is produced in 

the nore mist parts of t..he Prairies where the average costs of 

production are slightly higher than in drier areas (i.e. because weeds 

are a bigger problem, nore herbicides and mechanical' tillage are 

necessary, more trash needs to be incorporated and timeliness of 

operations becomes more critical). 

The problem is further corrplicated by the fact that certain 

varieties are better suited to some areas than other areas and thus 

each new variety would shift the supply curve in a slightly different 

manner. 

An alternative way of considering the Prairie supply curve for 

barley is to think of it as representing the summation of each 

individual Prairie farmer's supply curve as it exists in the spring of 

any given year. 'lhese individual supply curve represent the marg inal 

cost that each farmer faces (i.e. his willingness and ability) to 

produce increasing anounts of barley in the year in question. The 

slope and position of each farmer's supply curve in a given year will 

depend on his circumstances and resources under his control in the 

spring (e.g. alternate crops that can be grown, moisture reserves, 

managerial ability, machinery costs, marketing possibilities). 

'!he following formulae attempt to represent the selection and 

adoption of new barley varieties at the farm level. 

Let: 

Ps = price of farmer-saved seed=market price ($jbus) 

Pc = price of pedigree cormron variety seed ($jbus) 

Pn = price of pedigree new variety seed ($jbus) 

A = total aIrount of acres to be planted (acres) 
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C = physical cost of searching for and purchasing new seed (e.g. 

trucking cost, opportunity cost of labour ($) 

R = seeding rate (bus/acre) 

Ys = yield of farmer saved-seed (bus./acre) 

Y =yield of pedigreecorrm::>n variety seed (bus/acre)c 

Yn = yield of pedigree new variety seed (bus/acre) 

where 

P > P > P ; P > 0; Y > 0n c s s s 

Once a 'farmer has made the decision to grow barley he must incur a 

total seed cost of at least (Ps *R*A) and would expect a total return 

of at least (P *Y *A) • To buy pedigreed seed of a new variety he s s 

would incur (Pn*R*A)-+C and expect a total return of (Ps*Yn*A). 

Under most conditions, the price differential between the market 

price of grain and pedigreed corrrron variety ({.e. P - P) is constant 
c s 

as is the differential between the price for new variety seed and 

comrron variety seed (i.e. P - P ).
n c 

A rational farmer will only purchase new var iety seed if the 

increased returns will more than compensate for the increased costs. 

In other words, new variety seed will be purchased only if: 

[(P *y *A) - (P *R*A)] < [(P *y *A) - (P *R*A + C) ]
S S S s n n 

rearranging and dividing by (P *A) leads to: s

[Ys - Y ] - [(Pn/Ps) R + R] + [C/(Ps*A)] > 0n

Since the seed price premium (Pn/Ps)' and procurement costs (C), 

and seeding rate (R) are normally constant, the only things which 

positively affect adotpion of a new variety are l)the market price of 

barley, 2) the number of acres planted and 3) the yield differential. 

Since the number of acres of barley planted depends, to a great 
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extent, on the relative price of barley, the two rrost crucial 

determinants of the adoption rate for a new variety are the price of 

barley relative to other grains and the yield differential of the new 

variety. 4 A high relative barley price and a large yield differential 

would lead to· the fastest adoption rates. A decrease in the seed 

pr ice premium, procurement costs, or the seeding rate would also 

increase the adoption rate, although the effect would likely be very 

small. 

If this nndel is extended to farmers on the aggregate Prairie 

level, the licensing of a new variety of barley would lead to a 

divergent shift of the aggregate barley supply curve (see Figure 4.2) 

because at higher prices new varieties would be adopted sooner and/or 

by more fanners. 

Given this theoretical nndel to explain the effect on barley 

supply of new barley varieties, an errq;:>irical estimation of the size 

a"ld value of such developments can be made. rrbe actual size of the 

supply shift depends on two factors. rrbe first of these is the yield 

differential that exists between the existing varieties and the new 

var iety• '!he second factor is the anount of the new var iety that is 

actually seeded in each year relative to the existing varieties. 

4.1.3 Selection of Barley for Malting Use 

Once a farmer decides to, and actually plants, a malting variety 

he must wait until harvest to see if weather conditions and other 

4 '!his, of course, assumes that nothing is happening with respect to 
the other crops that might be grown (e.g. that no dramatically better 
wheat variety was released.) 
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agronomic influences have favoured the production of barley sought by 

malsters. If it is obvious that the harvested product cannot pass for 

malting (e.g. because of a high degree of frost damage or high 

percentage of cracked or bnmature kernels, staining or high protein 

content> the farmer simply attempts to sell or use it for feed. 

On the other hand, if a farmer feels his barley may "go malting" 

he must first assignsorne acreage in his C.W.B. permit b:>ok to 

selected barley. This makes him eligible to sell malting barley if a 

sarrq;>le of his barley is accepted by a selector. 

The faQ'ner then submits a representative sample of his barley to 

the lccal agent of the grain company he chooses to deal with. The 

agent, in turn, submits the sample to the inspection branch of his 

grain canpany for distribution to the selectors who work for a malting 

company or an exporter of malting barley. 

Selectors will accept a sample if it meets the existing standards 

and if they need malting barley supplies at that time. However, 

before the malsters can take delivery of any selected barley they must 

first have contracted to buy a given amount from the C.W.B. They can 

accept no IlPre fr~ producers than they have contracted to buy from 

the C.W.B. 

Q.l i te often samples, even though they are of good malting quality, 

may be refused because selectors have filled their contracts for that 

per iod. rrhis is one reason why a rejected sample may be accepted a 

few IlPnths later. 

Cnce the sample is accepted, the elevator company submits a 

selected grain car application to the C.W.B. on behalf of the 

producer. The· C.W.B. checks to see that the farmer has not already 
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received a grain car through another company and that he has assigned 

the necessary quota acres for delivery of a selected car •. Additional 

carlots during the year may be authorized in the same crop year if 

market conditions warrant. 

Selections for the domestic market are usually done by selectors 

employed by the three domestic malting companies. Selection for 

export is done either by the exporter himself, a country elevator 

company or both. '!he usual practise is for an exporter to use the 

services of a country elevator company to do the selection for him 

under a negotiated agreement. This agreement specifies the quality 

and quantities of selected barley that are to be put into export 

position for the exporter. 

'!he single mst important criterion for selecting malting barley 

is variety. Each variety of barley has distinctive malting and 

brewing characteristics unique to that variety. For this reason 

malsters select pure var ieties of barley for malting purposes. 

Finished malts of different varieties may be blended by malsters to 

suit the requirements of different brewers, but barley varieties are 

never mixed prior to malting. 

Two-row barley tends to have larger, heavier kernels and a higher 

test weight than six-row barley. In addition, bJo-row barley requires 

longer steeping and germination times to become fully rocrlified but 

usually produces higher brewhouse yield of \«)rt than does six-row 

barley. 

Generally speaking, when a selector sets out to acquire ~~e quan

tity and quality of barley required to meet market demands, he does so 

with the objective of selecting the best barley available. In rrost 
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years, there is sufficient high quality barley available that a large 

percentage of what is selected will enter the C.w. grades. However, 

the percentage that does not will represent the very top level of the 

subsequent 1*). 1 Feed grade. On the average, selected malting barley 

would be about a 2 C.W. barley. (However, t..l1e Canadian Grain Camtis

sion grade given to a sample of barley does not necessarily indicate 

the end use ofa particular batch of barley.) 5 

4.1.4 Estimating Quantities of canadian Malting Barley 

Estimates of some quantities on the demand side of the canadian 

malting barley market are readily available. Unfortunately, until 

recent years, not all malting barley exported by the C.W.B. was 

recorded as destined for malting purposes. The Brewing and Malting 

Barley Research Institute has attempted to break down Canadian barley 

exports into malt and feed conp::>nents. ':their breakdown was based 

largely on the export destinations of the various barley shipments. 

(For exanple, the U.S.A. does not usually import feed barley, hence, 

most barley exports to the U.S.A. would be assumed to be malting 

barley) • 

The estimated quantities of Canadian malting barley processed and 

exported between 1951-81 appear in Table 4.1. All quantities have 

been converted to units of barley equivalent using the industry 

accepted conversion ratio of barley to malt of 1.333:1.000. 

The estimation of quantities on the supply side of the Canadian 

malting barley market also presented sane problems. Sub-sections 

4.1.2 and 4.1.3 outlined the major factors associated with canadian 

5 Table 2.6 substantiates this statement. 
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Table 4.1 Quantities of Canadian Malting Barley Processed and/or Exp:)rted 
(1951-81) (. 000 Bushels of Barley Equivalent) 

Year Brewery 
Use1 

Dis~il1ery

Use 
Food 
Use3 

Total 
:r:nnestic4 

Malt Total 
Exp:)rts5 Malt 

Exp:)rts7 Total 
Disawear-

Proc
essed6 

ance 

(1) (2) (3) (4) (5) (6) (7) (8) 

1951 13245 703 326 14274 3731 18005 16300 34305 
1952 14071 674 326 15071 3521 18592 16300 34892 
1953 14154 696 326 15176 3294 18470 28400 46870 
1954 13664 749 326 14739 4001 19740 39800 58540 
1955 14140 783 326 15249 3880 19129 23900 43029 
1956 14150 738 326 15214 4346 19560 34600 54160 
1957 14938 829 326 16093 4948 21041 23100 44141 
1958 14014 828 326 15168 5597 20765 28400 49165 
1959 15162 859 326 16347 5858 22205 20800 43005 
1960 15529 941 326 16796 6193 22989 22000 44989 
1961 15630 937 326 16893 4426 21319 18800 40119 
1962 16540 973 326 17839 4318 22157 14100 36257 
1963 17023 1027 326 18376 3636 22012 8300 30312 
1964 17535 993 326 18854 3922 22776 15600 38376 
1965 18196 1115 326 19637 3205 22842 14100 36942 
1966 18812 1140 326 20278 3441 23719 9500 33219 
1967 18837 1387 326 20550 4091 24641 11300 35941 
1968 18355 1370 326 20051 3792 24043 8100 32143 
1969 19262 1488 326 21076 3872 24948 12000 36948 
1970 19745 1409 326 21480 4675 26155 17900 44055 
1971 21319 1395 326 23040 5477 28517 21500 50017 
1972 23069 1314 326 24709 5538 30247 19000 49247 
1973 23324 1066 326 24716 6342 31058 19479 50537 
1974 23730 1784 326 25840 6172 32012 17752 49764 
1975 23890 1320 326 25536 7215 32751 20237 52988 
1976 23646 823 326 24795 5179 29974 20370 50344 
1977 24267 684 326 25277 7165 32442 14670 47111 
1978 24508 480 326 25314 9521 34835 19571 54406 
1979 25404 1116 326 26840 10919 37765 14068 51833 
1980 25613 1027 326 26966 10844 37810 12966 50776 
1981 25394 1027 326 26747 10787 37534 8309 45843 

~ Source: Statistics Canada, Breweries, Catalogue #32-205, various years. 
3 Source: Statistics Canada, Distilleries, Catalogue #32-206, various years. 

Source: Statistics Canada, Grain Trade of Canada, Catalogue #22-201, 
various years (in most years data was not published, in these cases it 
was assumed demand was equal to the previous published quantity used 

4 for food).
5 001. 4 = 001. 1 + 001. 2 + 001. 3
6 Source: Statistics Canada, Exp:)rts, Catalogue #65-202, various years.
7 001. 6 =001. 4 + 001. 5
8 Source: Brewing and Malting Barley Research Institute estimates.

001. 8 =001. 6 + 001. 7 
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production and selection of malting barley. At least two factors make 

the accurate estimation of annual Canadian malting barley supply 

difficult to obtain. The first of these is that weather patterns 

change from year to year. '!he result is that in sane years over 50 

percent of all the barley produced from malting varieties would be of 

quality high enough to allow it to be malted; in other years less than 

20 percent of all barley produced from malting varieties would be of 

quality high enough to be malted. 

The second factor to consider is that malsters may raise their 

selection standards in a year character ized by production of large 

quantities of high quality malting barley, and lower their selection 

standards in years of relatively high quantities of low quality 

malting barley. Furthernore, because of the C.W.B.'s insistence on 

equalizing producers' delivery opportunities for malting barley, 

a farmer may be unable to sell rrore than one or bx:> carlots of barley 

forrnalting purposes even though he might have large quantities of 

identical quality barley remaining in his bins. 

The main crux of the problem appears to be how to estimate the 

anount of malting-quality barley that is produced but never used for 

malting purposes. If this arrount had been estilllated, it could be 

added to the total disappearance on the demand side to come up with 

total annual amounts of Canadian malting barley production. 

Unfortunately, the former arrounts are not available. However, the 

approach taken in this study circumvented this problem by not 

depending directly on supply quantities to determine pr ices or 

elasticities. 

Table 4.2 presents several data ser ies on different aspects of 
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Table 4.2 Quantities of Potential canadian Malting Barley Production 
(1951-81) ('000 bushels of Barley Equivalent) 

Total PrOduction 

Year 
Barley
Productionl % Malting

Varieties2 Fran Malt~ng
Varieties Ratio #14 Ratio #25 

(1) (2) (3) (4) (5) 

1951 167,495 62.5 104,684 .328 .172 
1952 245,435 63.5 155,851 .224 .119 
1953 
1954 

291,572 
262,121 

65.2 
65.0 

190,105 
170,379 

.247 

.344 
.097 
.110 

1955 175,196 59.6 104,417 .412 .183 
1956 251,102 65.5 164,472 .329 .119 
1957 269,065 72.9 196,148 .223 .107 
1958 216,007 76.8 165,893 .296 .125 
1959 
1960 

237,811 
215,644 

78.1 
78.1 

185,730 
168,418 

.232 

.267 
.120 
.136 

1961 
1962 

193,473 
112,640 

79.7 
77.3 

154,198 
87,071 

.260 

.416 
.138 
.254 

1963 165,872 80.0 132,698 .228 .166 
1964 
1965 
1966 

221,235 
168,463 
218,300 

77.0 
71.5 
76.0 

170,698 
120,451 
165,908 

.228 

.307 

.200 

.166 

.190 

.143 
1967 296,235 80.3 238,469 .151 .103 
1968 252,867 81.6 206,339 .156 .117 
1969 326,045 80.6 262,792 .141 .095 
1970 371,288 78.5 291,461 .151 .090 
1971 408,287 76.8 313,564 .160 .091 
1972 601,628 73.8 444,001 .111 .068 
1973 518,316 71.8 372,151 .136 .083 
1974 469,570 71.0 333,395 .149 .096 
1975 404,286 71.4 288,660 .184 .113 
1976 436,790 73.3 320,167 .137 .094 
1977 482,857 75.4 364,074 .120 .089 
1978 541,910 77.1 417,813 .130 .083 
1979 477,089 77.0 367,359 .141 .103 
1980 388,572 77.2 299,978 .169 .126 
1981 517,096 76.4 395,061 .116 .095 

1 Source: Statistics Canada, Handbook of. ~ricultural Statistics (part I), 
cata1~e #21-516, various years and Field Crop Reporting series, 
catalogue #22-002. 

2 Source:. Brewing and Malting Barley Research Institute estimates based on 
surveys conducted by various elevator canpanies. 

3 001 • 3 = COl. 1 times COl. 2. 

4 This is the annual total disappearance of canadian malting barley 
(COl. 8, Table 4.1) divided by the annual maximum production fran malting 
varieties as calculated in Col. 3. 

5 This is the annual arrount of malting barley processed by Canadian 
malsters (COl. 6, Table 4.1) divided by the annual maximum production 
from malting varieties as calculated in Col. 3. 
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canadian barley production. The almost fourfold increase in potential 

malt barley production is particularly noteworthy especially in the 

context of a not quite two fold increase in domestic useage and a not 

much changed level of malt and malting barley exports (i.e. , exports 

over the long-run have changed little although large year-to- year 

fluctuations have occurred). Both calculated ratios indicate that 

supply has grown faster than useage and hence, that users of malting 

barley can set their selection criteria progressively higher and still 

be sure of sufficient quantities to meet their needs (since the pcx:>l 

they select fran is growing faster than useage) • 

4.1.5 Estimating Prices of Canadian Malting Barley 

Prior to the 1975(76 crop year the C.W.B. did not keep a separate 

pool for malting barley and feed barley. All barley sales were lumped 

together and farmers received almost identical payments for the barley 

they sold, regardless if it was used for malting or feed. After 

1975(76 the C.W.B. established two separate pcx:>ls; one for malting 

barley and one for feed barley. Since that time, farmers selling 

barley used for malting have received from 40 to 60 percent Irore than 

those who sell barley used for feed. 

An unfortunate secondary effect of the total pooling of all barley 

sales before 1975(76 is the fact that no published time series data is 

available, prior to that date, on the average annual price received by 

the C.W.B. for malting barley. 

To overcane this problem several approaches were considered. The 

first method considered was to use the time-series data published by 

Statistics Canada on the average price received. by farmers for barley 
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sold in a given crop year. Since malting barley always sells for rrore 

than feed barley, the annual malting barley pr ice would be above the 

average price received for all barley sold. However, the price 

differential between feed and malting barley can vary significantly 

between years because of such things as variations in malting barley 

quality or the presence of unusually large supplies of feed grains in 

North America. 

A second estimation method considered was· to assume that the 

Canadian malting barley price moves in parallel with the Minneapolis 

spot price for malting barley. 

The Minneapolis spot price has been regularly published by the 

USDA for· many years. However, the assumptions that 1) the Minneapolis 

price is always a good reflection of world price and 2) that Canadian 

prices always rove in parallel with the Minneapolis price may not 

always be valid. A C.W.B. Conmissioner, F. Hetland (1982), pointed 

this out recently: 

The Minneapolis market for malting barley is a spot 
market for carlot quantities of barley. '!he prices paid 
really only reflect the danestic u.s. situation. The u.S. is 
the world 1 s largest producer and consumer of beer and a net 
inq;>orter of only relatively small quantities of malting 
barley (less than 10%). Hence the Minneapolis market 
predominantly reflects the u.S. domestic supply-demand 
situation for malting barley. It may for certain periods of 
time reflect international prices; but this is quite 
unpredictable. 

A third method of approximating Canadian malting barley prices 

that was considered was to use time series data on prices paid by 

Canadian malsters. However, malsters purchase barley throughout the 

year and thus prices would have to be weighted by the quantities 

purchased at each price. 
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Fortunately, Canada Malting co. was obliging and calculated the 

average price they paid for malting barley each year from 1951 to 

1981. Since they buy approximately 80 percent of the malting barley 

processed by domestic malsters this would seem to be a good approxi

mation of the "true" Canadian malting barley price. '!he following 

prices are the costs of barley delivered to the malt plant door and 

hence contain a cost component for freight and handling. 'These 

marketing costs have varied fran year to year but in no year have they 

probably been rrore than 10% of the value of the barley shipped. No 

atterrpt was made to correct for (i.e. subtract) handling charges 

because it was felt that such a correction, if not done accurately, 

would lead to estimates that were no Irore accurate than the existing 

uncorrected prices. 

Table 4.3 gives the average bushel cost of Canada Malting Co. 's 

annual purchases, and for comparison purposes, the average farm price 

per bushel for all barley sold by farmers as estimated by Statist.ics 

Canada. 

4.2 Canadian Malting Barley Research Investment 

The development and adoption of higher yielding, higher quality 

malting barley varieties is a result of an investment in research 

which took place years earlier. 'This section estirnates the size and 

distribution of the public and private investment that have taken 

place in Canadian malting barley research between 1951 and 1981. 

Private expenditures can be obtained quite directly from the 

Brewing and Malting Barley Research Institute. Public expenditures 

must, on the other hand, be estimated indirectly by estirnating the 
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Table 4.3 Estimates of canadian Malting Barley and All Barley Prices 
1951-81 

Year Average Average 
Malting Barley Farm Price of 
Price ($,!bus)l All Barley ($!bus) 2 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 I> 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1.24 
1.24 
1.23 

.98 
1.09 
1.02 
1.03 
1.19 
1.12 
1.12 
1.18 
1.41 
1.26 
1.28 
1.36 
1.44 
1.43 
1.35 
1.22 
1.22 
1.30 
1.25 
2.45 
3.40 
3.80 
3.35 
2.92 
2.50 
3.15 
4.14 
4.49 

1.13 
1.10 
1.06 

.86 

.89 

.87 

.79 

.76 

.77 

.74 

.80 
1.05 

.94 

.94 
1.00 
1.03 
1.05 

.87 

.82 

.67 

.75 

.69 
1.25 
2.50 
2.21 
2.31 
1.92 
1.64 
1.74 
2.33 
3.07 

1 Source: Canada Malting Co. estimates 

2 Source: Statistics canada, Handbook of Agricultural Statistics, 
Catalogue #21-516 and Annual Grain Trade of canada, catalogue
#22-201, various years. 
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number of person-years of public research effort and multiplying this 

by the estimated cost of a person-year of public barley research. 

4.2.1 Estimating Public Person-years of Malting Barley Breeding 

Effort 

'Ib estimate the number of person-years of research devoted to the 

development of new varieties of barley, the following procedure was 

carried out. 

In the case of Agriculture canada and the canadian Grain 

Conmission, annual lists of professional research staff and their 

areas of specialization were obtained from research stations at 

Lacombe, Beaverlooge, Lethbridge, Brandon, Winnipeg, Ottawa and 

Charlottetown. 

In the case of universities, annual lists of professional teaching 

and research staff, and their areas of specialization were obtained 

along with annual lists of completed M.SC. and Ph.D. theses. These 

included the Universities of Alberta, Saskatchewan, Manitoba, GUelph 

and Macdonald College. 

Each staff member was assigned to a particular category: (I) 

those conducting research exclusively on barley, (2) those conducting 

research applicable to all cereal crops, (3) those conducting research 

applicable to all annual crops, (4) those conducting research 

applicable to all forage and grain crops, and (5) those conducting 

research not falling into any of the previous four categories. 

It was assumed, after discussions with university staff that, on 

average, over all five universities, faculty members with 

administrative, teaching and/or extenstion responsibilities could only 
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devote 40% of their time to research. Research associates, research 

assistants and post-doctoral fellows were assumed to devote all their 

time to research. Seasonal lecturers and other teaching assistants 

were assumed to conduct no research. Each canpleted M.Sc. or Ph.D. 

thesis was considered. to represent one person-year of research. 6 

These annual person-years of university research were then put into 

the above mentioned five categories. 

The total number of person-years in each of these categories was 

then given a weighting according to the proportion of effort that 

could have an effect on barley improvement. These weightings were 

subjective but barley breeders at mst institutions felt they were 

reasonably gocd apprOXimations to each category's likely contribution. 

Gategory %of Effort likely to 
benefit barley improvement 

1 100% 
2 20% 
3 10% 
4 5% 
5 0% 

Table 4.4 shows the approximate number of person-years of research 

undertaken by each of five main types of researchers. Each number is 

a total across all institutions weighted by the approximate 

contribution each researcher made toward improved barley varieties. 

The professor person-years represent 40 percent of total professor 

6 It can be argued that a Ph.D. thesis represents mre work than a 
M. Sc. thesis, however, for the purpose of this study, it was assumed 
that the underestimation of Ph.D. student efforts were countered by 
the overestimation of M. SC. student efforts. 
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Table 4.4 Person-Years of Barley Research Effort (1951-81) 

All Malting 

Year 
Agriculture
canada University2 other3 

Bar1e~
Total 

Bar1e¥ 
Total 

Full-Time Professor Conp1eted 
Researcher '!hesis 

1951 9.9 .5 2.1 7.3 2.0 14.5 10.9 
1952 9.9 .5 1.7 10.4 2.0 14.1 10.6 
1953 10.1 .5 1.7 1.9 2.0 14.3 10.7 
1954 10.1 1.9 2.2 2.5 2.0 16.2 12.2 
1955 9.8 2.0 2.2 4.9 2.0 16.0 12.0 
1956 9.8 2.0 2.2 6.3 2.0 16.0 12.0 
1957 9.8 2.0 2.2 3.1 2.0 16.0 12.0 
1958 10.3 2.0 2.6 8.5 2.0 16.9 12.7 
1959 15.0 2.0 2.7 3.2 2.0 21.7 16.3 
1960 14.3 1.5 2.9 4.9 2.0 20.7 15.5 
1961 14.4 1.8 3.0 3.9 2.0 21.2 15.9 
1962 14.3 1.8 3.0 5.3 2.0 21.1 15.8 
1963 14.3 1.8 3.5 3.0 1.0 20.6 15.5 
1964 14.4 1.8 3.5 8.0 1.0 20.7 15.5 
1965 14.9 1.8 3.0 3.1 3.0 22.7 17.0 
1966 15.6 1.5 4.1 7.0 3.0 24.2 18.2 
1967 15.4 2.1 3.8 5.0 2.0 23.3 17.5 
1968 16.6 2.3 4.0 6.6 3.0 25.9 19.4 
1969 16.4 3.1 4.7 6.1 3.0 27.2 20.4 
1970 16.0 3.1 4.9 8.9 3.0 27.0 20.3 
1971 16.2 4.9 4.9 5.8 3.0 29.0 21.8 
1972 16.5 5.1 4.9 4.9 3.0 29.5 22.1 
1973 17.9 5.2 4.9 10.2 3.0 31.0 23.3 
1974 18.8 5.3 4.8 4.3 2.5 31.4 23.6 
1975 19.0 5.2 5.4 6.2 2.0 31.6 23.7 
1976 20.0 7.6 5.2 5.8 2.0 34.8 26.1 
1977 20.0 7.0 5.2 9.8 2.0 34.2 25.7 
1978 19.6 6.9 5.7 9.2 2.0 34.2 25.7 
1979 17.6 7.4 5.2 7.3 3.0 33.2 25.7 
1980 17.9 6.0 5.2 4.1 3.0 32.1 24.1 
1981 17.8 6.1 5.1 7.6 3.0 32.0 24.0 

1 Based on Agriculture Canada, Research Branch Reports, various years. 

2 Based on personal investigation by the author. 

3 Based on Canadian Grain COmmission, Grain Research Laboratory Rep::>rts, 
various years. 

4 This total equals AgriCUlture Canada plus Full-Time Researcher plus 
Professor plus Other annual man-years of research. 

5 '!his total equals 75 percent of the annual all Barley Total. 
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7person-years. Each entry in the All Barley Total colUJm is the sum 

of the entries to the left of it excluding "Completed Thesis". 

Since malt barley varieties have occupied from 70-80 percent of 

total barley acreage between 1951 and 1981 it is assumed that approxi

mately 75 percent of all public expenditures on barley was devoted to 

malting varieties. Thus each entry in the Malt Barley Total column is 

75 percent of the corresponding figure in the All Barley Total column. 

Because· graduate students were not included in costs, their efforts 

were excluded fran the All Barley Total column. 

4.2.2 Estimating Public Research Investment 

Once estimates of the annual person-years devoted to barley 

research have been made the cost of conducting a typical person-year 

of research must be estimated. 

Several different estimating methods were tr ied. These included: 

(1) collecting annual budget data for each of the institutions and 

then proportioning out the annual budgets according to the allocation 

of person-years previously outlined, (2) collecting annual budget and 

person-year data fran several representative institutions for the most 

recent five years and calculate the average cost per person-year. 

(Since professional salaries represent 70 to 80 percent of the cost of 

doing research, an index of professors' salaries could be used to 

extrapolate back into past years the approximate cost of person-year 

of research by multiplying the average cost of a person-year in a 

7 This is. based on the assumption that professors spend not more than 
40 percent of their time on research. 
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recent year by the appropriate index figure), and (3) use cost 

estimatesfrorn other studies. 

When method #1 was tried it became quickly apparent that rrost 

institutions no longer had budget data going back to the 50' s and, 

those that did, did not have sufficient. detail to allow rigorous 

proportioning. 

Method #2 was rrore capable of giving reasonable estimates since 

most institutions, in recent years, have kept quite detailed budget 

records. However, problems arose when comparing plant science 

departmentsanong universities because of differing accounting and 

institutional structures. For instance: some plant science 

departments include horticulture and biogenetics (e.g. Alberta); 

others do a relatively large a.m:JUnt of undergraduate teaching (e.g. 

Saskatchewan); or do extension ~rk normally done by provincial 

department of agriculture personnel (e.g. Manitoba); or have a 

relatively high number of graduate students (e.g. Guelph). 'Ib further 

corrplicate the estimates, one must make assumptions regarding the cost 

of a person-year of research vis-a-vis the cost of a person-year of 

extension or a person-year of teaching. D::> they each requ ire the same 

level of expenditure? Have the costs for each increased in a similar 

fashion over the years? How shOUld graduate students be treated? 

Does a graduate thesis represent a person-year of research? If it 

does, does it really cost as much as a full-time professional 

researcher? 

If the primary aim of a university is to teach, tl'len· it might. be 

argued that buildings and equipment ~uld have been purchased even 

though no research was done. '!his ~uld imply that research in a 
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university could be done more cheaply than in a research institution 

like Agriculture Canada since the cost of university research would be 

only the marginal cost of additional equipment, staff and space. 

None of the questions have clear-cut ansWers8 , and consequently, 

method #2 was a questionable alternative, particularly after method #3 

was considered. 

The difficulties encountered with methods #1 and #2 resulted in #3 

being chosen to represent the average cost of a person-year of 

research. The actual estimates used were those calculated by Zentner 

(1982) to estimate the social cost of Canadian Wheat research. These 

estimates were chosen over those of method #1 and #2 because: (1) 

rrost of the person-years of barley research were done by Canada 

Agriculture personnel, hence, Zentner's estimates of Canada 

Agriculture costs would probably closely approximate the cost of the 

majority of person-years of barley research, (2) research directors at 

universities thought Zentner's estimates were reasonable, (3) 

preliminary results of rrethod #2 for several universities were near 

Zentner's estimates, (4) time and effort spent on developing methods 

#1 and #2 estimates more fully would probably not have led to any more 

accuracy than Zentner's estimates and would have involved a great deal 

more work. 

When the final cost estimates were calculated, graduate students 

were not included in the calculations because : (l) research fundings 

at university plant science departments depends very little on the 

8 Some of the complexities of Canadian university research and funding 
have been recently described and estimated by the Canadian Association 
of university Business Officers (1982). 
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number of graduate students enrolled, and (2) the cost of a graduate 

student's wages and the facilities he uses is much less than the 

estbnatedcost of supporting a full-time researcher. 

Tb estimate the average annual costs of supporting a person-year 

. of research, Zentner used the financial records of the Swift CUrrent 

and Winnipeg Research Stations because these t'Wo stations were arrong 

the few who had saved fairly good financial records fram the 1950's. 

Both Research Stations are involved mainly in research dealig with 

grain production. However, the Swift Current Station does maintain a 

small poultry and livestock program. 

Zentner then took the annual operating costs of supporting a 

.professional person-year of research by dividing the total operating 

expenditures of each Research Station by the number of respective 

"crop scientists".9 

The annual overhead costs associated with machinery and equipment 

purchases were obtained in a two stage procedure. In the first stage, 

the average annual machinery and equipment expenditures per crop 

scientist were calculated using the appropriate station records. The 

annual depreciation costs of these capital costs were then calculated 

assuming a straight-line depreciation schedule and a useful life of 

ten years. In addition, to the depreciation charges, an annual 

9 Scientists conducting livestock research are considered to require 
roc>re resources than crop scientists. Tb capture this effect, 
livestock and poUltry scientists at the Swift Current Research Station 
were double counted. This implies that the animal researchers 
required twice as many resources as crop scientists. This ratio of 
2:1 is also used by the Research Branch personnel in their research 
planning and budgeting process. 
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opportunity cost of 5 percent of the undepreciated capital stock was 

also included. 

The annual overhead costs associated with the furnishings and 

buildings were estimated by including a rental fee. Each crop 

scientist was assumed to utilize 300 square feet of furnished office 

space. A fee of $1.138 per square foot per rronth (1971 dollars) was 

assumed. No overhead costs associated with the land requirements of a 

crop scientist were included. '!he resultant annual naninal cost 

estimates of supporting a crop scientist are given in Table 4.5. 

(1980 and 1981 estimates were extrapolated by the author). 

4.2.3 Estimating Private Investment in Malting Barley Research 

Sub-section 2.2 has already made mention of the early efforts of 

private industry, notably the Canada Malting Co., to improve the 

quality of malting barley at the farm level. With the formation in 

1948 of the Brewing and Malting Barley Research Institute all the 

Canadian member conpanies of the malting and brewing industries 

contributed money to the Institute's budget. Since its inception, the 

Institute has spent its budget in three major areas: (1) evaluation 

of the brewing quality of new barley varieties and selections, (2) 

financial support of barley research at universities, and (3) liaison 

and extension ~rk. In 1981 members of the Board of Directors came 

fram the following: 

1. canada Malting Co. 
2. Dominion Malting Ltd. 
3. Prairie Malt (Canada) Ltd. 
4. Carling O'Keefe Breweries of Canada Ltd. 
5. Labatt Breweries of Canada Ltd. 
6. M:>lson Breweries of Canada Ltd.
7• Moosehead Brewer ies Ltd.
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Table 4.5 Estimated Public Investment in Malting 
Barley· Research (1951....81) 

Malt Nominal 

Year 
Barley 
Person-Years1 Cost;Jerson 

Year 
Tota~
COst 

'000$ '000$ 

1951 10.9 13.3 145.0 
1952 10.6 14.4 152.6 
1953 10.7 15.0 160.5 
1954 12.2 16.6 202.5 
1955 12.0 17.1 205.2 
1956 12.0 18.0 216.0 
1957 12.0 18.9 226.8 
1958 12.7 21.0 266.7 
1959 16.3 21.6 352.1 
1960 15.5 22.9 355.0 
1961 15.9 23.6 375.2 
1962 15.8 24.5 387.1 
1963 15.5 25.7 398.4 
1964 15.5 28.7 444.9 
1965 17.0 32.2 547.4 
1966 18.2 35.2 640.6 
1967 17.5 36.7 642.3 
1968 19.4 39.2 760.5 
1969 20.4 42.3 862.9 
1970 20.3 47.5 964.3 
1971 21.8 50.6 1,103.1 
1972 22.1 57.1 1,261.9 
1973 23.3 61.3 1,429.3 
1974 23.6 65.7 1,550.5 
1975 23.7 73.6 1,744.3 
1976 26.1 78.7 2,054.1 
1977 25.7 84.7 2,176.8 
1978 25.7 91.3 2,346.4 
1979 24.9 99.9 2,487.5 
1980 24.1 108.0 2,602.8 
1981 24.0 118.3 2,839.2 

1 Col. 1 is taken directly from Col. 7 of Table 
4.4. 

2 Based on estimates found in Zentner's (1982) 
Ph.D. thesis. 

3 Co1• 3 = Col. 1 times Col. 2. 
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These are, without a doubt, the rrost important firms in the brewing 

and malting industries. 

Annual grants in support of barley research at canadian univer

sities have been made by the Institute since 1948. The funds provided 

have been used to equip and. staff quality testing laboratories and to 

provide general support for barley research programs. These programs 

have emphasized the development of irrproved new varieties but also 

have included studies on testing procedures, breeding methods, 

cultural practices, and basic investigations on barley physiology, 

genetics and diseases. In recent years rrore emphasis has been placed 

on graduate fellowships. 

In addition to financial support to universities, the Institute 

actively participates in barley research by evaluating the brewing 

quality of new varieties and selections using a much scaled-down 

version of a malting and a brewing plant in its laboratory in 

Winnipeg. '!he Institute also coordinates the trial ma.ltingand 

brewing of new varieties conducted by individual malting and brewing 

eatpanies. 

In the area of extension, the Institute has, in the past, 

conducted "Barley Days" in the main malting barley growing areas of 

the Prairies. It has also published advice on the Irost suitable 

husbandry and harvesting practices for malting barley. 

Liaison between individuals and organizations actively engaged in 

barley research is provided by meetings of area project groups, annual 

meetings, Qf the Expert carmittees on Grain Quality, Grain Breeding and 

Grain Diseases and meetings sponsored by the Institute. The Institute 

also maintains close contact with barley research activities through 
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IOpersonal visits made annually to each research program. 

For the purposes of this study it is assumed that the annual total 

budget of this Institute represents all the private expenditures in 

canada .on research into the development of improved malting barley 

varieties. '!hus, the figures in Table 4.6 represent total annual 

private spending on malting barley research. '!hese figures were 

supplied courtesy of the Brewing and Malting Barley Research 

Institute. The annual "Total" figures are the ones used in the rates 

of return calculations. It should be noted that the arrPunt under the 

"Total" colUIm includes the arrount under the "Grants" col~.

4.3 The Quantity Effect of Malting Barley Research 

4.3.1 Improvements in Barley Yields 

When a barley breeder has selected and multiplied a promising new 

barley line he can send it to other interested researchers to be grown 

under varying kinds of conditions. If, after these preliminary 

trials, the new line still looks promising, it can be either licensed 

and/or reconmended for inclusion in the Co-operative Barley Testing 

Program. '!hese "Co-op Tests" are conducted at var ious locations 

across Canada and are set up to compare the performance of widely-

grown barley varieties with the performance of newly selected or 

licensed ones. The varieties that did best in the co-op tests in a 

particular agronomic zone become the varieties that are recommended in 

the annual lists published by the provincial agriculture departments. 

Barley researchers have divided the Prairies into three broad 

10 Brewing and Malting Barley Research Institute, Thirty-fourth Annual 
Report, Winnipeg, 1982. 
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Table 4.6 Estimated Private Inves~nt in Malting 
Barley Research (1951-81) 

Year Total Grants 
$ $ 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

56,934 
57,599 
61,668 
56,254 
54,929 
53,362 
90,980 

151,7962 
66,9322 
71,476 
76,457 
72,539 

102,883 
104,902 

79,293 
90,762 
92,068 

103,431 
102,924 
111,514 
111,997 
119,455 
118,280 
128,876 
160,091 
136,873 
151,699 
163,651 
168,150 
170,782 
204,001 

19,200 
19,200 
20,940 
19,700 
19,200 
18,200 
21,500 
21,500 
21,000 
21,000 
22,000 
21,000 
23,000 
5,800 

11,500 
18,800 
23,400 
31,400 
29,200 
31,200 
31,200 
30,200 
31,200 
31,700 
31,700 
41,000 
41,000 
37,500 
42,500 
37,500 
46,000 

1 Based on the Brewing and Malting Barley Research 
Institute Financial Statements, various years. 

2 Includes grants of $17,695 received from NRC and 
expenditures of $42,104 on National Research 
Council projects. 
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agronomic zones. '!hese are: (1) the black and grey soil zones of 

Saskatchewan and Manitoba, (2) the dark brown and brovm soil zones of 

Saskatchewan and Alberta and (3) the black and grey soil zones of 

Alberta. 

Barley varieties that do best in one zone are not necessarily the 

best performers in the other t.\«) zones where growing and disease 

conditions differ. In addition, the highest yielding variety in a 

particular zone in a given year may be only the third or fourth 

highest yielder the next year because of differing annual weather 

patterns. 

No one has yet proved that the percent yield advantage of a new 

var iety over an old var iety is the same whether a farmer grows the 

varieties or a research station does. Davidson (1965) found that 

almost always farm yields of variety 'X' are less than the yield of 

var iety I XI grown on the nearby research station. '!his phenomena is 

usually due to such things as better timeliness, !rore summerfallow, 

!rore meticulous harvesting, fewer weeds, sheltered locations, and 

superior management practices on the research station (i.e. a higher 

quality and/or quantity of inputs). 

It is very plausible that some varieties require better management 

than others if they are to reach their full potential. Hence research 

data may upwardly bias the results in favour of varieties that excel 

only under superior management regimes. However, the ultimate test of 

a variety's relative performance is in its ability to be widely 

adopted by farmers. For lack of a better alternative, it will be 

assumed that, although the magnitude of yields differ between test 

plots and farmers I fields, the percentage yield advantage of variety 
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'x' over var iety 'Y' is the same whether in a test plot or a farmer's 

field. 

Barley Co-<>p Test yield data was collected from twelve stations 

for the period 1951-81. Four stations were selected from each zone. 

They.were: 

ZOne #1: Winnipeg, Brandon, Indian Head, Melfort. 

Zone #:2: Swift OJrrent, Saskatoon, Scott, Lethbridge. 

ZOne #:3: Lacombe, E.dnonton, Beaverlodge, Vermillion. 

This data set was not without flaws or biases, however, no better 

series could be found. ll Hopefully, any biases were small enough to 

not affect the final results in a significant way. In this time span, 

yield data was collected for 31 varieties. 

Each yield-variety combination was converted to a percentage of 

the appropriate annual check-variety yield. These percentages were 

then averaged over all the years that a variety was tested at a 

particular station. Once this was completed, the averages of the four 

stations in each zone were again averaged to produce a zonal ranking 

of the 31 varieties, expressed as a percentage of the check var iety 

yield in that zone. 

Following this, a weighting had to be given to each of the zonal 

var iety yields so that they could be combined to produce an Annual 

Production Irrprovernent Index. The weighting choosen was to use the 

annual aCfeage of barley produced in each zone expressed as a 

percentage of the annual total barley acreage in the three zones 

11 For instance, sane varieties were tested for rore years than 
others. Some test station results were rendered invalid because of 
hail storms. 
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combined. The annual acreage of barley produced in each zone was 

corrputed by using data on annual barley acreage by crop district and 

by putting each crop district into one of the three zones. When crop 

district boundaries were altered, approxlrnations were made. 

The greatest fmprovement in variety yields occurred in the brown 

soil zones of Saskatchewan and Alberta (Zone #2). This was probably 

because the check varieties, CAe 21 and Hannchen, were less suited to 

conditions in Zone #2 than they were in Zones #1 or #3. Prairie 

acreage of barley is concentrated in the black and grey soils of 

Alberta (Zone #3) and consequently yield perfonnance of varieties on 

the Zone #:3 stations were given the heaviest weighting. 

!!TProvements in Agronomic. Attributes Other '!han Yield 

Much of the barley breeding effort has, over the years, devoted 

itself to developing var ieties which are more resistant to lOOging, 

and disease (e.g. leaf and stem rust, smut) and that are earlier 

maturing. '!he net value of these attributes, in any given year, is 

very difficult to errpirically estimate, especially when such a large, 

diverse area as the Prairies is considered. 

There is little doubt that these Lmproved characteristics have had 

a large economic benefit, especially in certain areas and years. For 

instance, the introduction of the early maturing barley, Olli in 1935, 

enabled an increase in the acreage seeded to barley in the Peace River 

Area. Rust-resistant var ieties have minimized the yield-reducing 

effects of this disease in rust~rone areas. Lodging resistance has 

enabled a larger :Percentage of the potential yield to be actually 

harvested .' 
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Economists and plant scientists have made various efforts to 

estimate the value of such improvements in these type of variety 

characteristics. However, the calculations used limited themselves to 

a relatively small micro-elimatic area and looked at the reduction in 

yield caused by several specific diseases or tried to include all the 

Prairies but with regard to the incidence of one pest. In either 

case, the lack of data severely limited the empirical accuracy of the 

estimates. Such calCUlations must make assumptions as to what would 

happen if the particular disease remained prevalent over an extended 

period of time. For exarrple, farmers in an area that has many other 

substitute agricultural enterprises would not suffer economically as 

much as farmers who had few crop alternatives. '!hus, the latter 

farmers would value a rust-resistant variety more than the former. 

Annual fluctuations in weather patterns create further 

corrplexities regarding m:rlel assumptions since the loss due to pests, 

lodging or frost can vary greatly depending on the weather pattern of 

a particular growing season. Furthermore, pests such as rust and smut 

are living organisms capable of adapting to a changing environment, 

including the increased presence of a variety of grain resistant to a 

particular strain of rust. My evaluation of rust or smut resistance 

would have to make assumptions as to the changing degree and pattern 

of resistance·over time. 

In any case, the severe lack of data necessitates that many data 

assumptions would be made in any complex m:rlel that might be used to 

evaluate the benefits of improved agronomic attributes other than 

yield. In this study, it is assumed that the economic benefit of 

these improved agronomic attributes is fully captured by the yield 
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improvement of new varieties. 

4.3.2 The Adoption of Improved Varieties 

It has already been pointed out that the rate of adoption of a new 

barley variety is dependent upon the perceived relative agronomic 

merit of the new variety and the expected net profit from growing 

barley relative to other crops. Each year since 1945, barley variety 

surveys have been carr ied out by such organizations as the Line 

Elevator Service, the Searle Grain 00., and the three Prairie Wheat 

Pools. These surveys are made by grain buyers affiliated with these 

organizations throughout the Prairies and consist of estimated 

percents of total barley acreage planted to particular varieties in 

each crop district. These percents are then weighted by the portion 

of all Prairie barley acreage found in that crop district. A summary 

of these annual surveys is given in Table 4.7. 

The rost popular varieties since 1951 have all been malting 

varieties and have included CAe 21, Olli, M:)ntcalm, Gateway, Parkland, 

Betzes,Oonquest, Bonanza and Klages. These are all six-row blue 

aleurone types with the exception of Betzes and Klages which are two

rCM types. M::>ntcalm and Conquest were the most tx'pular var ieties, 

having occupied 38.3 and 39.3 percent of barley acreage at one time. 

Fergus, the rrost p::>pular feed var iety, was never planted on rrore than 

10 percent of total barley acreage. 

The nine above mentioned popular malting varieties gained their 

wide acceptance mainly because they gave superior performance over a 

wide var iety of agro-climatic conditions. Many of the less tx'pular 

varieties were released because ~~ey were superior to contemporary 



Tab le 4. 7 Percentage of 'l'otalllarley Acreage of the PrairIe ProvInces Occuppled by Sped fic Vadeties
f 

Each Year from 1945 to 1961" 

------_.. 

LIC. 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 

(lAC 21 
IWJNC1.EN 

<23 
<23 

29.2 
6.2 

27.5 
5.2 

26.0 
7.1 

21.4 
5.3 

20.1 
4.9 

16.5 
4.6 

13.4 
5.6 

11.3 
5.1 

9.6 
5.3 

8.5 
5.6 

6.7 
1.7 

8.0 
6.8 

6.7 
5.7 

5.7 
6.3 

4.2 
7.6 

4.2 
7.7 

3.4 
8.7 

3.7 
9.4 

3.2 
9.7 

G.\IUOiS <23 4.9 4.0 5.0 2.3 2.9 2.3 1.6 1.2 1~7 2..4 2.5 1.9 1.4 0.7 0.6 0.5 0.3 0.3 0.3 
MEi'..JSliHY 01".'. 60 <23 1.6 2.4 2.7 2.0 
'I'HI::Bl 29 7.2 6.3 5.3 5.1 3.6 3.1 2.4 1.7 1.5 1.4 1.1 0.8 
ftEfiAL 32 4.1 2.7 2.3 1.5 0.9 0.5 
WJSLUlSIN 38 33 3.7 3.4 3.2 1.4 
NU'/AL 35 8.6 8.9 4.8 9.6 9.9 9.0 9.5 10.2 9.8 8.7 8.5 7.0 4.0 3.2 2.9 2.7 1.7 1.7 
OJJ.l 35 4.4 7.2 4.8 12.5 12.1 13.2 14.1 16.1 10.4 21.9. 19.6 22.4 16.9 15.7 15.6 16.9 17.1 17.2 17.3 
HEX 37 3.0 2.3 3.0 2.5 1.6 1.2 1.2 1.0 0.6 
PLUSII 39 14.9 14.1 18.0 12.0 9.1 6.9 5.6 4.1 3.0 1.9 2.0 1.0 
PHOSPEC'I' 40 6.8 9.1 8.1 6.5 3.4 2.3 2.3 2.1 1.1 1.1 0.6 0.3 
S1\NAlll'A 40 3.6 4.1 4.8 3.2 3.3 2.2 1.6 1.1 1.1 1.0 1.0 0.6 
'l'l'1'AN 43 - - - - 3.8 3.2 4.2 4.3 2.8 2.0 1.6 0.9 0.6 
tfl'lI'CAIM 45 - - 1.7 8.1 16.2 21.6 29.4 30.4 31.9 29.0 25.6 28.3 38.3 26.7 23.8 22.0 20.1 16.9 15.1 
VAN'l'Afi£ 47 - - - - 1.0 0.5 0.9 2.2 4.5 6.8 10.1 8.8 6.1 5.3 4.2 4.1 3.0 2.8 
COMPANA 49 - - - - 2.6 3.0 5.8 6.2 1.2 1.9 8.1 1.3 5.0 9.0 8.4 7.5 7.8 1.0 4.8 
HUSKY 53 - - - - - - - - - - 1.9 3.1 3.6 2.7 2.9 2.7 2.8 3.8 5.6 
GA'l'EWA¥ 
\"-)I.ft.:: 

53 
54 

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
0.9 

1.9 
1.7 

2.6 
-

4.4 
-

5.3 
1.6 

6.2 
1..4 

1.8 
-

8.5 
- IJ:) 

tv 
IIl-HI'A 56 - - - - - - - - - - - - 0.6 0.4 
PAHKLl\ND 56 - - - - - - - - - - - - 3.4 19.8 22.5 22.0 23.6 22.3 21.1 
1.lI~:I"ZES 60 - - - - - - - - - - - - - - - - - - 4.1 
:JlnnIJ~l:: 60 
PAU,ISElt 60 - - - - - ~ - - - - - - - - - - - - 3.2 
KE'iS)'(JNE 61 - - - - - - - - - _. - - - - - - - - 1.1 
Ul\K.J(JE[i'l' 65 
C.J\l':l' 66 
Cl::N'I"~:NNIAL 67 
l;'g.{GlJS 68 
PAHA(¥>N 60 
IK1'U\H~'.A 70 
Ua".rOH 73 
BEAO)N 74 
W]NDS(}H 74 
PE(:tIIS 75 
FAIHfJEID 76 
KIDNnnm 76 
KIf\. ~E~'i 1'1 
NI::Lv'JN 77 - - '.'\ - - .., - ~ ~ - -. . - - ~

SUf·fIt1l·I' 78 
El.l~)~;E 79 

01'l(f~HS 1.8 2.2 2.6 6.6 3.4 3.1 2.4 1.0 1.5 1.8 2.4 2.2 2.1 1.9 2.9 2.8 3.3 6.3 5.0 
'I'(fl'AT. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.Q 100.0 100,0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0 
_.~.._._ .. ,._

11; Data supplied by the Brewing and Malting Barley Research Institute, \"I1nnipe9, fn::111 various tiwveys. 
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varieties in at least one agronomic zone (e.g. Herta in Manitoba) or 

because of one outstanding trait (e.g. Olli barley, although only a 

moderate yielder, is still the earliest maturing barley variety). It 

appears to take 2-4 years for the agronomic merit of a new variety to 

be assessed by farmers and malt users. If a variety does have real 

agronomic merit it will occupy over 10% of all barley acreage within 

this time frame. 

4.3.3. Yield Improvement Specification and Estimation 

In the theoretical model developed by Rose (1980) and used in this 

study, 'K' is an index of how the cost of production decreases as a 

proportion of Po (where Po is the price of barley before the adoption 

of better var ieties) • '!he cost of production per uni t of output 

decreases at the·same percentage rate as the breeding index increases, 

hence, Rose's 'K 1 corresponds to what sane other authors have referred 

to as a Production Improvement Index. This index· (i.e., K) shows the 

annual percentage increase in production brought about by using 

bmproved over varieties. 12 

To calculate the Production Improvement Index (It) the following 

formula was used: 

31 
It = L: .~3L: L: ~l (Ivr*Ar ) Avt ' (4.1)n ljv=l r=l v=l t=l 

12 Example: Initially the cost to produce 1000 bushels might be $100 
or$lO¢jbushel. If the Production Improvement Index increases to 1.10 
then 1100 bushels can now be produced for $100 or 9¢jbushel. The cost 
decrease is l¢jbushel or 10% less than the original unit cost. 
Throughout Rose's paper, 'K' is positive for a cost decease and hence 
equals the Prcrluction Improvement Index minus the base year index. 
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where: It = weighted average annual percent increase in supply 

resulting fran the development and adoption of new 

varieties, 

t = year (1951-81),

r = the three barley agronomic regions of the Prairies,

v = improved variety of barley,

b = base variety of barley,

n = the number of improved varieties sown in year t,

A = % of total barley area planted to variety v in year t,vt 

Art = % of total barley area in region r in year t, 

I = the average yield advantage of variety vasa percentvr 
of variety b over a 31 year period for region r. 

I was calculated from test plot data in various locationsvr 

throughout the Prairies. We formula used was: 

I = 31 4 Y (4.2)vr vrst - Ybrst
L: L: 

t=l s=l Ybrst 

where: Yvrst = yield of variety v, in region r,test site s, and year 

t, 

Y = yield of base variety b, in region r, test site s, andbrst 

year t (there were t~ base varieties; one six-row and 

one two-row), 

s =one of the four test stations in each region. 

The resultant Production Improvement Index (It) as calculated 

using equation 4.2 is shown in Table 4.8. The 'K' used to estimate 

the various annual surpluses is simply It - II. It can be noted that 

the malting barley index rises faster than the all barley index. This 

is because: 1) barley breeders, until recently, have concentrated 
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Table 4.8 Estimated Production Improvement Index (It) (1951-81) 

All Malting Malting 
Year Barley Barley Barley 

base=1951 base=1951 base=1957* 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1.0000 
1.0031 
1.0037 
1.0041 
1.0173 
1.0129 
1.0124 
1.0292 
1.0313 
1.0307 
1.0310 
1.0333 
1.0303 
1.0358 
1.0428 
1.0449 
1.0447 
1.0452 
1.0475 
1.0438 
1.0421 
1.0437 
1.0463 
1.0478 
1.0518 
1.0524 
1.0512 
1.0566 
1.0622 
1.0672 
1.0706 

1.0000 
1.0043 
1.0076 
1.0092 
1.0102 
1.0119 
1.0245 
1.0508 
1.0545 
1.0552 
1.0575 
1.0568 
1.0559 
1.0592 
1.0631 
1.0650 
1.0697 
1.0721 
1.0733 
1.0687 
1.0712 
1.0762 
1.0811 
1.0837 
1.0882 
1.0906 
1.0906 
1.0929 
1.0953 
1.1000 
1.1015 

1.0000 
1.0257 
1.0293 
1.0300 
1.0322 
1.0315 
1.0306 
1.0339 
1.0377 
1.0395 
1.0441 
1.0465 
1.0476 
1.0431 
1.0456 
1.0505 
1.0552 
1.0578 
1.0622 
1.0645 
1.0645 
1.0668 
1.0691 
1.0737 
1.0752 

* This refers to the yield improvement due to breeding efforts from 
1951 onward when a 7 year lag is assumed. 
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their efforts on increasing yields of malting varieties, 2) feed 

barleys occupy a relatively small percentage of total barley acreage, 

and 3) most feed barleys are cast-offs of the malting barley breeding 

program. 

4.4 The Quality Effects of Malting Barley Research 

4.4.1 Improvements in Barley Quality 

Malting quality is difficult to define. It depends on the malting 

method and the brewing process that are used and on the type of beer 

that is desired. 'Ihese conditions vary between countries and, even 

within a country, so that no single definition of malting quality can 

easily be applied. 

D..1ring the malting process the endosperm cell walls of the barley 

kernel are broken down by a series of enzymes (e.g. glucanases, 

pentosanases, proteases) thus exposing the starch granules inside the 

endosperm cells. 'Ihese are, in turn, attacked by a second series of 

enzymes, the alpha and beta ~lases. These ~lases are known 

collectively as "diastase" (or diastatic p:JWer) and they degrade the 

starch into sugars that can be fermented by yeast to produce alcohol. 

In a well rrodified barley malt, most of the cell wall structure has 

disappeared, thus exposing almost all the starch granules in the 

endosperm. 

When ground, extracted and filtered with warm water (a process 

known as brewery mashing), the filtrate is known as "malt extract". 

The arrount of malt extract produced by a barley variety determines the 

a.nount of beer that can be produced from a given quantity of barley 

and is thus the most irrportant single economic quality attribute of a 
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malting barley variety. 

Diastatic power is also an ~rtant quality attribute since, in 

general, the higher the diastatic power; the faster the malting 

process can be completed and the greater the ability to use other 

sources of starch (e.g. rice or corn) if relative prices or tastes 

warrant such substitution.13 

A less important quality characteristic is the protein level 

(since the higher the protein, the lower the starch). Other signifi

cant quality attributes include kernel shape, size, weight, unifor

mity, and hull thickness and adherence. 'Ihese physical properties 

affect the economics of malting and brewing operations because they 

affect such things as the sorting of barley prior to malting, 

germination behaviour and brew-house mash filtration. 

Malting barley breeders have been constantly trying to develop 

malting varieties with-improved "rnaltability". Recently Bendelow 

(1982) defined the quality goals of canadian malt barley breeders 

thus: 

••• to minimize the cost of beer production by providing 
malsters and brewers with a genetic package that their 
technologies can exploit. Specifically, to facilitate the 
production of brewery wort from barley by malting, malt 
mashing and mash filtration, and to optimize wort canposition 
in terms of fermentable sugars, beta-<jlucan, nitrogenous and 
phenolic canponents, etc. 

For the purpose of this study, improvements in only ~ quality 

attributes will be considered. '!he first of these· is the increase in 

malt extract yield (since it is the quality attribute of greatest 

13 until the release of the two-row var iety, Klages, canadian six-row 
barleys had significantly higher diastatic power than two-row 
varieties. 
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economic importance to brewers). The second of these is the increase 

in the speed of the the malting process (largely a consequence of 

changes in diastatic power). 

'.llle malt extract yield is expressed either as: (1) percent 

extract, fine grind, dry basis or (2) percent extract, coarse grind, 

dry basis. Fine grind extract percents are the extract percents that 

are achieved under ideal laboratory conditions and represent the upper 

limit of the total extract present. Coarse grind extract percents are 

the extract percents that could be expected in large scale, industrial 

processes. Fine grind percents are always higher than coarse grind 

percents but the difference has been narrowing as industrial processes 

improve. 

Annual variations in weather patterns and soil fertility affect 

many quality aspects of the prairie barley crop (e.g. a dry year may 

lead to higher than average barley protein levels and lower malt 

extract yields). Table 4.9 gives the results of annual surveys done 

by the canadian Grain Commission to determine average extract yield of 

Prairie malting barley grown in a particular year. The table gives 

data on only 2 CW six-row barley but the annual variation is quite 

indicative of annual variation in other grades. (In addition, 2 ON 

six-row barley is used almost exclusively for malting.) 

In 1951 the total amount of barley produced from malting barley 

varieties was approximately 105 million bushels: in 1981 it was about 

395 million bushels. Tbtal malting barley usage (including domestic 

use and exports of malt and malting barley) has varied between 30 

million bushels (1963) and 58 million bushels (1954). 

One of the results of the great increase in barley production from 
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Table 4.9 EXtract Yields: Canadian Grain Commission and Canada 
Malting co. 

Canadian Grain Commission Canada Malting Co. 

2 CW6 Row Index Index 
Year Extract (%) 1957=1.0000 Extract (%) 1957 =1.0000 

1951 77.6 76.80 
1952 77.5 77.00 
1953 77.0 77.20 
1954 77.2 77.40 
1955 77.4 77.60 
1956 76.8 77.68 
1957 77.8 1.0000 77.76 1.0000 
1958 77.2 .9923 77.84 1.0010 
1959 78.0 1.0026 77.92 1.0021 
1960 77.2 .9923 78.00 1.0031 
1961 77.1 .9910 78.00 1.0031 
1962 77.9 1.0013 78.00 1.0031 
1963 76.8 .9871 78.00 1.0031 
1964 77.1 .9910 78.00 1.0031 
1965 76.9 .9884 78.00 1.0031 
1966 78.8 1.0129 78.16 1.0051 
1967 77.5 .9961 78.32 1.0072 
1968 77.4 .9949 78.48 1.0093 
1969 78.4 1.0077 78.64 1.0113 
1970 79.4 1.0206 78.80 1.0134 
1971 80.1 1.0296 78.82 1.0136 
1972 79.3 1.0193 78.84 1.0139 
1973 77.9 1.0013 78.86 1.0141 
1974 78.4 1.0077 78.88 1.0144 
1975 77.9 1.0013 78.90 1.0147 
1976 78.0 1.0026 79.06 1.0167 
1977 79.1 1.0167 79.22 1.0188 
1978 78.5 1.0090 79.38 1.0208 
1979 79.6 1.0231 79.54 1.0229 
1980 78.6 1.0103 79.70 1.0249 
1981 78.6 1.0103 79.70 1.0249 

1 Percent Extract, Find Grind, Dry Basis. 

Sources: Canadian Grain Commission, Grain Research Laboratory Report, 
various years. Canada Malt CO., private correspondence, 
November, 1982. 
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malting varieties has been to increase the pcol of barley that 

malsters can select from. The increased pool, plus the improved 

percent extracts in newer varieties, has resulted in a steady and 

increasing percent extract of the barley they purchase. Table 4.9 

also presents Canada Malting co. data on the annual average percent 

extract of the barley they purchased. When Canada ~-1alting co. data is 

compared with canadian Grain ccrnmission data, it is interesting to 

note that Canada Malting Co. was able to achieve steady and rising 

malt extract yields of their purchases in spite of the annual extract 

yield fluctuations occurring in Canadian Grain Commission samples. 

Figure 4.5 presents data from Table 4.9 in a graphical form. 

Since the malt extract yield determines the arrount of beer that 

can be obtained from a given quantity of barley; as the malt extract 

yield rises it takes less barley to produce a given quantity of beer. 

Table 4 .. 9 shows that Canada Malting co. could process 2 1/2 percent 

less barley in 1981 than in 1951 and still produce t..he same quantity 

of beer. Given that this is a relatively small percentage change in 

quantity demanded and given the inelastic nature of malt barley 

demand, it is assumed that the change in malt extract yield has no 

effect on the malting barley price. Thus the value of the increase in 

extract yield is the difference between the present quantity used and 

the quantity that would have had to be used had the extract yield not 

increased. 

Data on the increase in the speed of the malting process due to 

improved varieties was difficult to obtain. Since the 1950's new 

chemical and mechanical rneth<X1s have also been used to speed up the 

malting process. This complicates the estimation of the speeding up 
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effect due solely to the use of i.rrproved varieties. 

Several members of the malting and brewing industries attempted to 

quantify the magnitude of this effect. The minimum estimate was that 

the adoption of new varieties has led to at least a reduction of one 

day in the time taken to malt a batch of barley. If the average 

processing time in 1951 was five days, then processing time in 1981 

has been reduced by about 20 percent. As processing time is 

reduced, a larger annunt of malt can be prooessed without acquiring 

more buildings and equipment. The difference between the present 

quantity of buildings and equipment and the quantity that would have 

been needed had the malt process not speeded up would be an estimate 

of t.he value of improved diastatic power in new malting barley 

varieties. 

In accordance with the description and assumptions made in 2.3, it 

was assumed that the C.W.B. could not always take into account t.1'"le 

changing" quality of canadian malting barley varieties in its present 

pricing system. Hence, the value of the increased extract yield and 

improved diastatic power may have flowed partially, or even entirely, 

to the malting and brewing industries. 

4.5 Returns to Malting Barley Research 

4.5.1 Possible Private Benefits 

Section 3.3 pointed out that private benefits may be a result of a 

combination of one or more of the following factors: 1) improved 

yield, . 2) improved extract percent, 3) faster germination. '!he 

following paragraphs outline the estimation method and the possible 
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value of each of these three benefits as it pertains to malting barley 

used in canada. 

Extract Yields 

To estimate the benefit of hlgher extract yields (or ~~ in 

Section 3.4) the annual quantity of malt used by domestic brewers was 

divided by an annual extract index. The resultant quantity was then 

subtracted from annual usage to give the annual quantity of malting 

barley saved because of higher extract yields. The annual quantity 

saved was then multiplied by the correst;X)nding annual price of malting 

barley to give an estimate of the annual total benefit th~t might 

possibly flow to domestic brewers because of higher extract yields. 

The results of these calculations appear in Table 4.10. They show 

that in 1981 extract yields had improved by about 2 1/2 percent over 

1957 levels. In 1981 alone this resulted in a saving of up to 2.9 

million nominal dollars to the brewers. 

Faster Germination 

The annual benefits resulting from faster germination (or ~ ~ in 

Section 3.4) were estimated by calculating the annual extra value of 

facilities that would have had to be built if the 1957 composition of 

varieties were still being malted. 

Fraase and Anderson (1970) conducted a study on the feasibility of 

establishing malt plants in NJrth Dakota. Fran this study an estimate 

was obtained of the approximate marginal capital cost of facilities 

necessary to process a bushel of malt in 1970. This cost was then 

multiplied by a time-series building cost index to give an estimate of 
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Table 4.10 The Possible Value of Higher Extract Yields 

Year ~stic Extra~t Quant~ty Malt savingS C.P.I. Savings 
Use Index Saved Barle~ $'000 'ODD 
'ODD bus. '000 bus. Price 1971$ 

(1) (2) (3) (4) (5) (6) (7) 

1951 14274 .709 
1952 15071 .718 
1953 15176 .714 
1954 14739 .720 
1955 15249 .721 
1956 15214 .729 
1957 16093 1.0000 0 1.03 0 .748 0 
1958 15168 1.0010 15 1.19 18 .766 23 
1959 16347 1.0021 34 1.12 38 .773 49 
1960 16796 1.0031 52 1.12 57 .782 73 
1961 16893 1.0031 52 1.18 61 .790 77 
1962 17839 1.0031 55 1.41 77 .800 96 
1963 18376 1.0031 57 1.26 71 .807 ·S8 
1964 18854 1.0031 58 1.28 74 .815 90 
1965 19637 1.0031 61 1.36 82 .830 98 
1966 20278 1.0051 103 1.44 149 .856 174 
1967 20550 1.0072 147 1.43 210 .885 238 
1968 20051 1.0093 185 1.35 249 .922 270 
1969 21076 1.0113 235 1.22 289 .958 301 
1970 21480 1.0134 284 1.22 345 .985 350 
1971 23040 1.0136 309 1.30 403 1.000 403 
1972 24709 1.0139 339 1.25 424 1.039 408 
1973 24716 1.0141 344 2.45 843 1.103 764 
1974 25840 1.0144 367 3.40 1249 1.217 1,026 
1975 25536 1.0147 370 3.80 1398 1.354 1,032 
1976 24795 1.0167 407 3.35 1364 1.470 928 
1977 25277 1.0188 466 2.92 1360 1.595 852 
1978 25314 1.0208 516 2.50 1292 1.730 747 
1979 26846 1.0229 601 3.15 1894 1.885 1,005 
1980 26966 1.0249 655 4.14 2722 2.077 1,310 
1981 26747 1.0249 650 4.49 2928 2.328 1,258 

1 In this case calculations are based only on the am::>Unt of malting barley 
used in Canada because this table tries to estimate only the benefits that may 
have flowed to canadian brewers. Tables 4.10 and 4.11 are based on the am::>Unt 
of malting barley processed in Canada because both tables try to estimate the 
maximum benefits that may have flowed to Canadian malsters. 

2 Taken directly from Table 4.9 where 1957 is the base year. 

3 Col. 3= Col. 1 minus (Col. 1 divided by Col. 2). 

4 Canada Malting Co. 's average cost of malting barley. 

5 Col. 5 = Col. 3 times Col. 4 
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the annual marginal capital cost for each year from 1951 to 1981. 

These annual marginal facility costs were divided by the annual index 

of germination speed improvement to give an estimate of the annual 

difference between 81 and 82 (i.e. the distance PlP2 in Figure 3.4). 

The resulting annual unit cost saving was multiplied by the number of 

bushels processed by danestic malsters to give an estimate of the 

annual total benefit flowing to domestic malsters as a result of the 

improved germination speed of new malting var ieties. The results of 

these calculations are given in Table 4.11. They show, for instance, 

that in 1981 aJ:x>ut 20 percent less facilities may have been required 

because of faster germination. this would have been worth about 1.7 

million nominal dollars in 1981. 

A sensitivity analysis was carried out to see what effect an under 

or over estimate of the benefits of a faster malting process would 

have on the possible private rates of return. When capital costs were 

increased to· 120 percent of the costs shown in Table 4.11, the pr ivate 

internal rate of return rose to 34 percent fran 33 percent. When 

capital costs were decreased to 80 percent, the rate remained at 33 

percent. The corresponding external rate rose to 1307 percent fran 

1272 percent and fell to 1238 percent fran 1272 percent. This implied 

that the results were not very sensitive to changes in capital cost 

assunptions. 

Higher Yields 

To estimate the benefit of higher yields and the possible lowering 

of malt barley prices (or ~~ in section 3.4), the annual quantity of 

malting barley used danestically was multiplied by the theoretical 



Table 4.11 The Possible Value of Faster Malt Processing Time 

Portion of Portion Construct ion Capital 

Year 
'000 Bus. 
Processed1 

Capi tal Cost 
Saved2 

Saved If 
1957=Base3 

Price 
Index4 

Cost 
$;bus. 

Savings 
$'000 C.P.I. 

Saving 
·000 1971 $ 

(1) (2) (3) (4) (5) (6) (7) (8) 

1951 18,005 .0000 .363 .045 .709 
1952 18,592 .0067 .372 .046 .718 
1953 18,470 .0133 .383 .048 .714 
1954 18,740 .0200 .388 .048 .720 
1955 19,129 .0267 .402 .050 .721 
1956 19,560 .0267 .427 .053 .729 
1957 21,041 .0400 .0000 .446 .056 o. .748 o. 
1958 20,765 .0467 .0067 .453 •056 8. .766 10.4 
1959 22,205 •0533 .0133 .467 .058 17 • .773 22.0 
1960 22,989 .0600 .0200 .474 •059 27 • .782 34.5 
1961 21,319 .0667 .0267 .480 .060 34. .790 43.1 
1962 22,157 .0733 .0333 .489 .061 45. .800 56.2 f--I 

0 

1963 22,012 .0800 .0400 .499 .062 55. .807 68.1 -......) 

1964 22,776 .0867 .0467 •513 .• 064 68 • .815 83.4 
1965 22,842 .0933 .0533 .526 .065 79. .830 95.2 
1966 23,719 .1000 .0600 .549 .068 97. .856 113.4 
1967 24,641 .1067 .0667 .570 .071 117. .885 132.2 
1968 24,043 .1133 .0733 .601 .075 132. .922 143.1 
1969 24,948 .1200 .0800 .651 .081 162. .958 169.0 
1970 26,155 .1267 .0867 .695 .086 195 • .985 198.0 
1971 28,517 •1333 .0933 .776 .097 258. 1.000 258.0 
1972 30,247 .1400 .1000 .841 .105 318. 1.039 206.1 
1973 31,058 .. 1467 .1067 .912 •114 378 • 1.103 342.6 
1974 32,012 .1533 .1133 1.000 .124 450. 1.217 369.8 
1975 32,751 .1600 .1200 1.140 •142 558 • 1.354 412.0 
1976 29,974 .1667 .1262 1.280 .159 604. 1.470 410.9 
1977 32,442 .1733 .1333 1.410 .175 757. 1.595 474.6 
1978 34,835 .1800 .1400 1.560 .194 946. 1.730 546.9 
1979 37,765 .1867 .1467 1.720 .214 1,186. 1.885 629.2 
1980 37,810 .1933 .1533 1.960 •244 1,414 • 2.077 680.7 
1981 37,534 .2000 .1600 2.220 .276 1,658. 2.328 712.2 



1 See 4.1.4. for procedure used to est:L'll8.te total domestic barley processed. 

2 Assuming in 1951 the process took 5 days and in 1981, 4 days. If, for example, throughput is 
increased by 5%, then the saving in buildings and equipnent 'nOuld be 5% times the original fixed 
cost/bus. times the total number of bushels processed. 

3 Assumes benefits lag 7 years behind research efforts. 

4 Derived fran Dept. of (bvernment Services and !Obert Snow~ans Co. Building Construction Cost Data 
(40th eel.). 

5 Col. 5 = Col. 4 times $.086 ·where $.086 is the estimated fixed cost/bus. to process a bushel of barley 
in 1971. '.Ibis cost was based on estimates in R.G. Fraase and D.E. Anderson, An Analysis of the 
Feasibilit of Establishi Malt Plants in !'beth Dakota (pp. 45-60). Anong other things, this 
estunate assumes a year . 1 fe-span WIt no salvage value and 6.5% financing with no equity. Costs 
could differ if these assunptions were roodified. In addition, these costs were estimated for a 
canplete plant arrl may therefore be higher than if only certain portions of the plant, such as the 
malting chambers had been expanded because old varieties were used (e.g., higher diastatic power 
\-wOuld have no effect on the aroc>unt of cleaning equipnent required but oould affect the number of 
malting chambers that are required). 

o ~6 Col. 6 :;: Col. 1 times Col. 3 times COl. 5. OJ 
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rise in the price of malting barley that would have occurred if the 

1957 composition of varieties was still being used. The results of 

these calculations are shown in Table 4.12. They indicate, for 

instance, that by 1981 the new varieties reduced prices to about 96 

percent of what they 'WOuld have been with traditional varieties. This 

was 'WOrth about 5.5 million nominal dollars or less in 1981 alone. 

4.5.2 Social Benefits 

To estimate the size and distribution of social benefits a base 

case situation had to be assumed so that the previously descr ibed 

theoretical I1Ddels could be estimated empirically. The base case 

situation results were obtained by assigning to its parameters those 

values that were felt rrost likely to occur in the real world. These 

values and the rationale for using them is described below. Part of 

the sensitivity analysis involved changing some of these base case 

parameters and noting any differing results that were thus created. 

The elasticity of supply for roth feed and malt barley were 

assumed to be the same since a farmer at planting time does not know 

if he will be able to sell his barley production for feed or malt. A 

value of •7 was chosen because it seemed reasonable and Spriggs (1981) 

and Laforge (1973),· anong others, have published values slightly above 

and below it in their various econometric studies of the canadian 

barley sector. 

A value of own price elasticity of malting barley demand of -.51 

was chosen to represent the inelastic nature of danestic malting 

barley demand. This was taken directly from Gibney and Furtan (1983) 

who conducted one of the only in-depth econometr ic studies of the 
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Table 4.12 'r.'le Possible Private Senefits from Higher Yields 

tanestic h:t'..Ial Predicted Price 

Year 
Ose1 
'000 !::us. 

(1) 

Price2 
(S/bus.) 

(2) 

Price3 
(S,!bus.) 

(3) 

Difference4 
(S/OOs.) 

(4) 

5a11i.ngs5 
S'OOO 

(5) 
C.P.I. 

(6) 

Savings
'000 1911 $ 

(7) 

1951 14,274 .00 .709 
1952 15,071 .00 .718 
1953 15 ,176 .00 .714 
1954 14,739 .00 .720 
1955 15,249 .00 .721 
1956 15,214 .00 .729 
1957 16,093 1.03 1.03 .00 a .748 0 
1958 15,168 1.19 1.21 .02 272 .766 355 
1959 16,347 1.12 1.14 .02 315 .773 408 
1960 16,796 1.12 1.14 .02 332 .782 424 
1961 
1962 

16,893 
17,839 

1.18 
1.41 

1.20 
1.44 

.02 

.03 
379 
467 

.790 

.800 
479 
584 

1963 18,376 1.26 1.28 .02 418 .S07 518 
1964 18,854 1.28 1.31 .03 482 .815 592 
1965 19,637 1.35 1.39 .03 595 .830 717 
1966 20,278 1.44 1.47 .03 683 .856 799 
1967 20,550 1.43 1.47 .04 770 .885 870 
196a 20,051 1.35 1.39 .04 748 .922 811 
1969 21,076 1.22 1.23 .03 729 .958 760 
1970 21,480 1.22 1.25 .03 671 .985 681 
1971 23,040 1.30 1.34 .04 ell 1.000 811 
1972 24,709 1.25 1.29 .04 929 1.039 894 
1973 24,716 2.45 2.53 .08 1,999 1.103 1,812 
1974 25,840 3.40 3.52 .12 3,039 1.217 2,497 
1975 25 ,536 3.S0 3.94 .14 3,621 1.354 2,673 
1976 24,795 3.35 3.48 .13 3,221 1.470 2,191 
1Si7 25,277 2.92 3.03 .11 2,862 1.595 1,794 
1978 25,314 2.50 2.60 .10 2,543 1.730 1,470 
1979 
1980 
1981 

26,846 
26,966 
26,747 

3.15 
4.14 
4.49 

3.28 
4.32 
4.69 

.13 

.18 

.20 

3,522 
4,971 
5,459 

1.885 
2.077 
2.328 

1,868 
2,393 
2,345 

1 See 4.1.4 for procedure used to esti."'1ate total darestic barley used. 

2 car.aca Malting Co. I S average an."lual cost of malt ing barley (Le., P1)' 

3 P di . . 
~. ctc::a pr~ce

Slt:uaticn. 
Po = ?l!fl-(K*e)!Ce+n)J where elasticities are t.'cse given L,." :::e base case 

4 Col. 4 = Col. 3 minus Col. 2. 

3 Col. 5 = Col. I ti..nes Col. 4 (rour.ding off of figures :nay chanqe results sEghtly). 
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demand for Canadian malting barley. 

All econometr ic studies of the export market for canadian feed 

barley have assumed a very elastic' demand schedule because Canadian 

feed barley production isa very small percentage of total world feed 

supplies and because there are many other feed grains that are 

substitutes for canadian barley on the world market. A value of own 

price elasticity of feed barley export demand of -10.0 was chosen to 

reflect the very elastic nature of demand. '!his is a canpranise 

between published estimates of the export demand elasticity of 

Canadian barley that have ranged as low as -2.85 and as high as 

infinity (i.e. co) • 

To estimate the height of the intercept term in relation to the 

market price of barley several people familiar with farming were asked 

how· lCM barley prices would have to drop before no one would plant 

barley. '!he general. concensus was that barley would probably not be 

planted if, ceteris paribus, barley prices were less than .3 of 

existing barley pr ices .14 In the base case , it was thus assumed that 

the intercept term was .3 of the current feed barley price (i.e. ~ = 

.3*PFl )· 

Because much of the production from malting varieties eventually 

ends up being used for feed, the benefit of higher yielding malt 

varieties spills over into the feed sector. Failure to include these 

benefits would greatly and unrealistically lower the rate of return 

14 If, for instance, in a year when farmers expected $2.00/bus. for 
feed barley, one could suddenly legislate a feed barley price of 
$.60jbus., while keeping other grain prices constant, then it is very 
probable that no barley VOlld be planted. 
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that society has gained from breeding efforts devoted to increase the 

yield of malting varieties. 

In the following tables, the calculated prcx:lucers' and consumers' 

. benefits are the chaI1ge in surpluses generated in the malt market plus 

the change in surpluses generated in the feed market. In l:x:>th markets 

the theoretical and mathematical models were identical except for the 

differences in elasticities, quantities and prices noted earlier. 

To estimate the surpluses generated in the feed sector the 

difference between the annual total barley prcx:luction from malting 

varieties and the total market for canadian malting barley was 

calculated. '!his gave the annual quantity of barley from malting 

varieties that was used for feed. Feed barley prices and quantities, 

using 1957 malting varieties, were estimated using equations (3.1) and 

(3.2). The resulting predicted prices and quantities were then used 

to calculate annual prcx:lucers' and consumers I surpluses (as outlined 

in 3.1) created in the feed sector. 

If \oJe use Hueth et aI's. (1980) definition of social benefits (see 

section 3.4), then the public benefits generated by improveding 

malting barley varieties remains unchanged regardless of which of the 

three private benefit situations (see Section 3.3) we care to choose. 

'Ibis is because Hueth et al.' s definition of social benefits includes 

the change in producers' surplus plus the change in consumers' surplus 

plus the change, if any, in private benefits. Hence the gain in 

private benefits associated with going frOllsituation (1) to situation 

(3) is countered by a loss in prcx:lucers I and/or const.nners I surplus in 

the public sector. 
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4.5.3 EXternal and Internal Rates of Return 

Malting barley research has generated changing surpluses in both 

the malting barley sector and the feed barley sector. Table 4.13 is 

presented to clarify the various possible effects of malt barley 

research that were estimated under each market power situation. 

Table 4.14 shows the public sector benefits that were generated in 

the malt and feed sectors in the base case situation. '!hey were 

generated under situation (l) when private industry has no market 

power. Fran table 4.14 we can see that the majority of society's 

benefits have come from the feed sector because of the very large 

producer surplus generated there .15 Consumers gained about twice as 

much16 surplus in the malting sector as they did in the feed sector 

but their total surplus in both sectors was only about one-third as 

large as the total producers' surplus generated in the two sectors. 

Producers, on the other hand, gained about twenty-two times as much 

surplus in the feed sector as they did in the malting sector.• 

Situation (l) assumes that there are no private benefits; hence 

only public rates of return have meaning. When the total surplus in 

the malting and feed sectors in Table 4.14 were added together and an 

internal rate of return calcUlated, the public internal rate of return 

on public investment (r ) over the 38 years was 50 percent. '!he ss

public internal rate of return on private investment (rsp) over the 38 

15 '!he producer surplus· was very large in the feed sector mainly 
because the feed sector was assumed. to have avery elastic demand. 

16 Based on benefits generated between 1979 and 1988. 



Table 4.13 Estimating the Effect of Malt Barley Research on Various Sectors of the Barley 
Market 

!'1alting Sector Feed Sector 

Public Benefits Possible Private Benefits Public Benefits 

Market Higher 
Power EKtract Faster IDwer 
Situation COnsumers Producers Yield Germination Prices COnsumers Producers 

(1) yes yes no no no yes yes 

(2) yes yes yes yes no yes yes 

(3) yes yes yes yes yes yes yes 

~

~NOm: Yes indicates the effect is estimated, no indicates the effect is not esti.mated. 
~
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Table 4.14 Real Public Sector Benefits, Base case Situation, Situation (1)
(1971 I 000$) 

Malting Sector Feed Sector 

'Ibtal COnsumers I Producers' 'Ibtal COnsumers' Producers' 
Year Surplusl Surplus Surplus Surplus2 Surplus Surplus 

(1) (2) (3) (4) (5) (6) 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 1184 989 195 1939 193 1746 
1959 1118 921 197 2717 270 2446 
1960 1175 975 200 2284 227 2057 
1961 1182 976 206 2434 242 2189 
1962 1253 1018 235 1372 136 1236 
1963 902 732 170 2385 237 2148 
1964 1268 1032 236 3365 334 3031 
1965 1420 1155 266 2477 246 2231 
1966 1371 1124 251 4126 409 3717 
1967 1601 1300 301 6933 686 6247 
1968 1337 1110 227 4994 494 4501 
1969 1381 1138 243 6023 595 5428 
1970 1403 1194 209 4749 470 4279 
1971 1781 1505 276 5894 583 5311 
1972 1790 1520 270 8660 854 7805 
1973 3681 3158 523 13186 1299 11888 
1974 5058 4095 963 22062 2171 19892 
1975 5612 4720 892 15680 1540 14140 
1976 , 4625 3782 843 17945 1761 16184 
1977 3449 2843 605 16148 1585 14564 
1978 3257 2685 572 15095 1480 13615 
1979 3620 3063 557 13213 1294 11918 
1980 4534 3823 711 13531 1323 12208 
1981 4171 3408 762 22742 2222 20520 
1982-SSP 410S 3431 677 16495 1613 14882 

1 Col. 1 - Col. 2 ·plus Col. 3 

2 Col. 4 =COl. 5 plus Col. 6 

P Assumes benefits will be the average of 1979, 1980 and 1981 benefits. 
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years was 74 percent.17 The corresponding external rate$ were 1,338 

and 8,277 percent respectively18 We cannot be sure, in the event of 

situation (2) and (3), whether these private benefits come at the 

expense of consumers, producers or a canbination of the -0.0. However, 

because HUt!th at al. 's definition of social. benefits includes any 

benefits occurring to the private sector, the scx::ial rates of return 

for situation (2) and situation (3) are identical to those mentioned 

above for situation (1). 

In situation (2), the annual real benefits from higher extract 

yields and faster germination were used to calculate private rates of 

return. The private internal rate of return on public investment 

(r ) was 3 percent and the private internal rate of return on privateps

investment was 18 percent. 'n'le corresp:mding external rates were 79 

and 491 percent respectively. 

In situation (3), private benefits included the annual real 

benefits calculated in sub-section 4.5.1 from higher extract yields, 

faster germination and lCMer malting barley input prices. 'n'lis led to 

a private internal rate of return on public investment of 16 percent 

and a private internal rate of return on private investment of 33 

percent. The corresponding external rates were 206 and L,272 percent 

respectively. 

17 Although annual private investment is presently less one~tenth of 
public investment, in the 1950's it was about half as much. Hence r 
is less than one might first expect. sP 

18 FOr this and all following external rates a real interest rate of 
5% was used to bring all costs and benefits to a 1971 value. 



117



118

Table 4.15 Sensitivity of Tbtal Public Surpluses to Changes in Base 
Situation Assumptions (1971 $' 000) 

Base 1.2*i: 1.2*ZM 1.5*~
Year Situation .8*Kt 1.2* 1.2*ZF 1.2*ARSt .5*ZF 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 3,126 2,496 3,126 3,124 3,126 3,122 
1959 3,837 3,065 3,837 3,835 3,837 3,832 
1960 3,462 2,765 3,462 3,460 3,462 3,458 
1961 3,615 2,887 3,615 3,613 3,615 3,610 
1962 2,628 2,097 2,628 2,626 2,628 2,623 
1963 3,289 2,627 3,288 3,287 3,289 3,285 
1964 4,636 3,702 4,636 4,634 4,636 4,630 
1965 3,901 3,113 3,901 3,898 3,901 3,894 
1966 5,501 4,390 5,500 5,497 5,501 5,493 
1967 8,539 6,817 8,536 8,533 8,539 8,527 
1968 6,336 5,057 6,334 6,331 6,336 6,326 
1969 7,409 5,914 7,406 7,403 7,409 7,397 
1970 6,157 4,915 6,155 6,152 5,157 6,147 
1971 7,681 6,130 7,679 7,675 7,681 7,668 
1972 10,456 8,346 10,452 10,448 10,456 10,440 
1973 16,883 13,469 16,877 16,867 16,883 16,850 
1974 27,143 21,654 27,130 27,118 27,143 27,091 
1975 21,319 16,997 21,314 21,294 21,319 21,267 
1976 22,593 18,016 22,583 22,569 22,593 22,543 
1977 19,614 15,644 19,603 19,594 19,614 19,573 
1978 18,369 14,649 18,358 18,350 18,369 18,329 
1979 16,852 13,434 16,845 16,832 16,852 16,811 
1980 18,091 14,414 18,085 18,066 18,091 18,040 
1981 26,937 21,475 26,918 26,907 26,937 26,875 
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Table 4.16 Sensitivity of Total Possible Private Benefits to Changes in 
Base Situation Assumptions (1971 $' 000) 

Base 1.5*~
Year Situation .8*Kt 1.2*E 1.2*Z 1.2*ARSC .5*ZF 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 389 317 416 361 389 329 
1959 479 396 511 447 479 411 
1960 532 446 565 499 532 461 
1961 599 502 636 561 599 519 
1962 736 618 781 690 736 638 
1963 673 568 713 632 673 586 

..1964 765 645 811 719 765 666 
1965 910 764 966 853 910 789 
1966 1,086 924 1,148 1,023 1,086 952 
1967 1,240 1,062 1,307 1,170 1,240 1,093 
1968 1,224 1,058 1,287 1,159 1,224 1,086 
1969 1,231 1,075 1,290 1,170 1,231 1,102 
1970 1,229 1,090 1,282 1,175 1,229 1,114 
1971 1,472 1,306 1,535 1,407 1,472 1,335 
1972 1,608 1,425 1,678 1,537 1.,608 1,457 
1973 2,919 2,547 3,061 2,774 2,919 2,611 
1974 3,893 3,380 4,088 3,692 3,893 3,468 
1975 4,118 3,567 4,328 3,903 4,118 3,662 
1976 3,529 3,078 3,702 3,353 3,529 3,155 
1977 3,121 2,751 3,262 2,977 3,121 2,815 
1978 2,764 2,460 2,880 2,645 2,764 2,512 
1979 3,502 3,116 3,650 3,352 3,502 3,182 
1980 4,384 3,888 4,573 4,190 4,384 3,973 
1981 4,315 3,829 4,501 4,125 4,315 3,912 



120

Table 4.17 shows how insensitive the internal rate of return 

calculations are to the various parameter changes. In the extreme 

case, a 20 percent change in the supply shifter produced a 10 percent 

change in the public internal rate of return. This insensitivity is 

probably explained by the fact that the· level of benefits is so much 

larger than the level of investment, even in the rrost extreme case 

situation. 

The sensitivity of external rates of return to changes in base 

situation assumptions is shown in Table 4.18. The external rates 

appea.red to be rruch rrore sensitive to parameter changes than the 

internal rates. 'Ibis is perhaps to be expected because of the manner 

in which they are calculated (e.g. a discount rate must be assumed) . 

In the extreme case, a 20 percent change in the supply shifter 

produced a 23 percent change in the external rate of return. 

Finally, Table 4.19 illustrates the sensitivity of the 

distribution of social benefits, in terms of the percentage of public 

benefits going to producers. In the rrost extreme case, (where the 

elasticity of malting barley demand is underestimated by 50 percent 

and the elasticity of feed barley demand is overestimated by 50 

percent) producers' benefits would only increase by about 10 percent. 

This indicates the relatively insensitive nature of the distribution 

of public benefits. ibis is probably to be expectecd sincerrost 

malting barley is sold in the feed sector where the very large 

producers' surplUS is generated and even a 50 percent reduction in the 

assumed feed demand elasticity would still result in a very elastic 

demand and, consequently, a very large producers' surplus. 

In sunmary, the base situation results appear to be sensitive 



Table 4.17 Sensitivity of Internal Rates of Return to Challges in Base Situation Assunptions. (~)

Public Return to 
Situation (2) 

Return to 
Private Situation (3) 

Return to 
Private 

Situation 
Public 
Investment 

Private 
Investment 

Public 
Investment 

Private 
Investment 

Public 
Investment 

Private 
Investment 

Base Situation 50 74 3 18 16 33 

.8*K 
t 46 69 3 18 14 31 

1.2*E 51 74 3 18 17 34 

1 .. 2*Z 50 74 3 18 15 32 

1.2*ARSC 

1 .. 5*ZM 
.S*ZF 

47 

50 

74 

74 

3 

3 

18 

18 

13 

14 

33 

31 

I-' 
tv 
I--l 



Table 4.18 Sensitivity of External Rates of Return to Changes in Rase Situation Assunptions (%) 

Public Return to 
Situation (2) 

Return to 
Private Situation (3) Private 

Return to 

Situation 
Public 
Investment 

Private 
Investment 

Public 
Investment 

Private 
Investment 

Public 
Investment 

Private 
Investment 

Base Situation 1357 8393 79 491 206 1272 

.8*K 
t 1098 6791 79 491 180 1112 

1.2*E 1366 8451 79 491 216 1334 

1.2*Z 1345 8323 79 491 196 1210 

1.2*ARSC 

1.5*Z 
.5*Z M 

F 

1130 

1333 

8393 

8245 

66 

79 

491 

491 

171 

184 

1272 

1139 

I--' 
tv 
tv 
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Table 4.19 sensitivity of the Distribution1 of Social Benefits to 
Olanges in Base situation Assumptions 

Base 1.S*ZM 
Year Situation .8*Kt 1.2*E 1.2*Z 1.2*ARSC .5*ZF 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 57 57 53 61 57 65 
1959 65 65 62 68 65 72 
1960 60 61 57 64 61 68 
1961 62 62 58 66 62 69 
1962 50 50 45 65 50 59 
1963 67 67 64 70 67 74 
1964 67 67 64 70 67 74 
1965 59 59 56 63 59 67 
1966 69 69 66 72 69 75 
1967 74 74 71 77 74 80 
1968 72 72 69 75 72 78 
1969 74 74 71 77 74 80 
1970 70 70 67 73 70 76 
1971 70 70 66 73 70 76 
1972 75 75 72 78 75 80 
1973 71 71 67 73 71 77 
1974 74 74 72 77 74 80 
1975 67 67 64 70 67 74 
1976 73 73 70 75 73 79 
1977 75 75 72 78 75 80 
1978 75 75 72 78 75 80 
1979 71 71 68 74 71 77 
1980 68 68 65 71 68 82 
1981 77 77 74 79 77 82 
Average 68 68 65 72 68 75 

1 Percentage of total public benefits going to prooucers. 
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mainly to the estimated supply shifter but, even in the case of this 

parameter, the sensitivity is relatively small. 
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CHAPTER V

StM1ARY AND CCNCLUSIONS

5.1 Summary 

!n the. introduotion of this thesis the unique nature •.. of joint 

research was pointed out. It was suggested that combined private 

sector/public sector research funding might lead to a mutually 

benefioial solution to the problem of each sector's individual lack of 

funds. Both sectors could be made better off without making anyone 

worse off. 

'lbe breeding, selection and adoption of new varieties of malting 

barley in canada was used to illustrate this point. 'lhe period 

1951-1981 was chosen because many of the records and data series 

necessary for the analysis did not exist much before ths time. In this 

31 year period 29 varieties of barley were licensed in canada. Of 

these, 13 were var ieties suited for malting. OJr ing this time per iod 

Canadian malting barley production rose fourfold while demand for 

Canadian malting barley doubled. '!he large increase in production was 

due, in approximately equal proportions, to increased barley acreage 

and higher per acre barley yields. 

A small portion of the higher per acre barley yields was due to the 

progressively higher yielding characteristics of the newly developed 

malting barley varieties. nata on the average yield increase and 

adoption patterns of each malting variety was collected, analyzed and 

combined so that an estimate could be made of the annual increase in 

barley production that was made possible because of new malting barley 

varieties. 'lhe extra amount of barley made thus available was valued 
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using t.l-te concepts of increased consumers' and producers' surplus due 

to a shift outward in the barley supply curve. Because much of the 

increased production from malting varieties was sold as feed, changes 

in consumers' and producers' surplus were estimated for both the 

canadian malting and the Canadian feed sectors. 

'!he. Canadian malting barley sector was outlined and described. '!be 

C.W.B. was both a rronopoly seller and a nonopsony buyer of malting 

barley. Dcmestically malting barley was purchased by only three firms 

who, in turn, sold over half of the malt they produced to the three 

.. major canadian brewing carpanies. '!be brewing canpanies, in turn, were 

required to sell their production to the various provincial liquor 

boards. This type of marketing structure gave the two quasi-government 

ronopolies the power to capture any private benefits the malsters and 

brewers might have gained from improved malting barley varieties, 

however , it was unlikely that the full extent of this market power was 

exercised. 

The malsters and brewers may have gained from the higher yields, 

faster germination and higher extract levels of the new malting barley 

varieties, however, the ability of them to capture and maintain these 

benefits depended on the information possessed and the market power 

exercised by the C.W.B. and the various liquor boards. Because it was 

not clear how much market power these two public institutions actually 

took advantage of, several possible situations were presented. '!bese 

situations were then used to calculate maximum and minimum private 

benefits. 

Person~ears of malting barley variety research were estimated for 

the various Canadian public institutions undertaking barley research. 
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The value of these person-years of effort was approximated by 

roultiplying each person-year by the annual estimated cost of doing 

research. '!his gave the approximate annual public investment in barley 

variety research. It was assumed that aOOut 75 percent of this 

investment was applicable to the development of malting barley. The 

annual private investment in malting barley variety research was 

estimated using the annual budget of the Malting Barley and Brewing 

Research Institute. 

cnce the various public and private sector benefits and costs were 

estimated, upper and lower round estimates of the various external and 

internal rate of return calculations were made. A sensitivity analysis 

was also carried out to test the effect on these rates when various 

assunptions were changed. The results indicated the average public 

internal rate of return were around 50 percent and the private internal 

rate of return. was probably less than 33 percent but greater than zero. 

A look at the yearly change in these rates showed that although the 

S(,')Cial rate has not changed much over the years, the private rate has 

progressively increased as the absolute size of private benefits 

increased and the portion of total malting barley research funded by 

the private sector decreased. 

5.2 Discussion and .SCope for Further· Research 

The public rate of return to public investment in the development 

of better malting barley varieties is high relative to many private and 

public investments. 'Ibis is consistent with the findings of other 

studies on the public rates of return tb agricultural research (e.g. 

Nagy and Furtan, Zentner). A private rate of return of less than 33 
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percent is also consistent with the private rates estimated by 

Mansfield et ala 

Besides documenting another high public rate of return to 

agricultural research in canada, this thesis illustrates how both 

private·. and public sectors were made better off from their joint 

research efforts in the development of better malting barley varieties. 

At present, many public research institutions are feeling the pinch of 

government budgetary cut-backs; at the same time many· private firms who 

would like to conduct rore research do not do so because they lack the 

size, staff, equipment and funds to do so on their own. '!his thesis 

has documented a canadian case situation where public and private 

sectors combined forces to conduct research. '!he benefits each sector 

enjoyed was enhanced by the research expenditures made by the other 

sector. '!his phenanena should encourage more· joint research efforts in 

the future. 

'!he documentation, analysis and conclusions of this thesis could be 

strengthened in several ways. First of all, the accuracy and certainty 

of the empirical estimates could be irrproved if better data series 

could be obtained, particulary those concerning canadian malting barley 

prices, canadian exports of malting barley, and the quantities of high 

quality malting barley that are produced but never sold for malting 

purposes. Improved data would not only lead to increased credibility 

of the rate of return results; it would also lead to a llOre reliable 

estimate of the distribution of benefits between consumers, producers 

and the private sector (i.e. by allowing better estimates of demand and 

supply elasticities to be made) • 

A second means of strengthening the results would be to study, in 
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detail, the structure, conduct and performance of the malting barley 

sector, particularly the interplay of private market power and strategy 

with that of the C.W.B. and the various liquor ooards. One approach 

that might be taken in this regard would be to try to devise an 

enpirical test, similar to one used by Just and Chern (1980) to test 

for the presence of market power when an exogenous shock, such as new 

malting barley varieties, was introduced into the malting barley 

sector. 

A third and much related study \4JOUld be one that looks at the cost 

structure of the various malting and brewing plants across the country. 

This would help clarify the exact nature of these two industr ies I 

aggregate supply curves. A clearer view of eanadianrnalt and beer 

supply curves would aid in the nore accurate estimate of the private 

surpluses that have been generated because of new malt varieties. 

In addition, this thesis suggests that an interesting study could 

be done on the pr icing and marketing methods used by the C.W.B. and the 

liquor boards. For exarrple, the C.W.B. admits it sometimes charges 

danestic users more for malting barley than foreign users in an attempt 

to increase farmer returns. If the C.W.B. has an objective of 

increasing farmer returns, then why doesn It it simply tie the price of 

domestic malting barley to the wholesale price of beer? On the other 

hand, if the C.W.B.wantstohelp out the Canadian brewing and malting 

industries then why doesn It it sell barley used for domestic malting 

purposes at feed barley prices? 

A further study might involve looking at the present grading system 

for barley. The C.W.B. and several other groups have, on different 
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occasions, proposed a new grading system that would TOC>re accurately 

reflect the end-use attributes that are important•. Recently Gibney 

Furtan (1983) examined the social cost of malting barley regulations. 

The results of their study indicate that the est~ted social rates f 

return in this study could have been higher in the absence of these 

regulations. However, pr ivate industry has resisted such atterrpts t 

the extent that the original archaic system is still 1n place. 

this successful resistance come about? Does the C.W.B. really have 

farmers interests in mind when it allows private groups to successful y 

lobby for their wants? What criteria can and/or should be used to 

judge the conduct and performance of the C.W.B.? 

This thesis documents one case of canadian agricultural joint

research funding, however, many questions remain partially or totalI 

unanswered. For instance, what rate of return could private indus 

expect if it were to double or triple its private funding? 

this, estimates of marginal rates of return would need to be cal

culated. However, this in turn, would require information about th 

level of public funding since private returns are jointly determined 

the level of private and public investment. 

If public funding were continued at its present 

not the private rate of return be raised dramatically if private 

funding were cut drastically? Fran a private point of view, would 

long run private returns to research be maximized by giving large 

grants to public institutions for a time period sufficiently long th 

the public institutions permanently commit funds, facilities and sta f 

to the research field in question? Q1ce this permanent carmitment i 
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achieved, the private firms gradually reduce their funding efforts in 

this area so they have rrore funds to grant to additional public 

institutions doing research in another field of private interest. Once 

these additional institutions permanently canmit resources to this 

other field of private interest, the private firms once again reduce 

their funding efforts in this area so a new round of public-private 

joint research in another area can be started. 

SUch a private strategy might max~ize private returns to research 

but will it max~izepublicwelfare as well? 

What is an equitable means of increasing public R and D expendi

tures in canada? Should benefits flowing to foreign consumers be given 

the same value as benefits flowing to domestic consumers? What effect 

is research likely to have on the structure, conduct and performance of 

agri-industries if these industries induce public institutions to do 

research that has definite private benefits? Answers to these type of 

questions need to be increasingly found as public research institutions 

seek increased private funding to make up the shortage of research 

funds caused by government bUdgetary cutbacks. 
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APPENDIX

Barley Varieties Licensed and Grown in canada (1900-81)



a-m =canadian Wheat Board 
I = variety introduced fran a foreign source 

CAe =Cntario lqricultural College 
RS =Agriculture canada research station 
.S =variety selected in canada fran an existing line 

SA = sno:>th-awned 
u. of A. = University of Alberta 
u. of M. =University of Manitoba 
U. of S. = university of Saskatchewan 

ill&E<:anada =western and Eastern canada 
X = variety bred in canada 
? =data unavailable 

L Statutory Standctrd Varieties. 
) 

.. Although Beacon barley has been grown under contract by the canadian 
tleat Board since 1973, it was only licensed in 1981. Glenn barley is 
llsogrown under contract to the C.W.B. but is not yet licensed. 



Variety 
Date 
Licensed 

I of 
JO.Is 

M:thod of 
Introduction 

Source of 
Introduction 

I\cceptable 
for Malting 

Major 
Area Grown Mvanta<jes 

1. Canadian 'thorpel < 1923 2 I from &lgland by ? yes W&E canada ? 

2. Charlottetown 80 < 1923 2 S llS-<llar lottetowo yes W&E canada drops awns 

3. Duckbill < 1923 2 I ? - E.canada ? 

4. Gar tons < 1923 6 I ftan Enlland by ? - Prairies rust resist. 

5. lIannchen < 1923 2 S fraR Sweden 
selected by u. 
of S., Saskatoon 

yes Prairies yield, lodge & 
stripe , drought 
resist. 

6. Himalayan < 1923 6 ? ? - E.canada early 

7. Manchurian < 1923 6 I from I\Jss ia by 
~-ottawa

yes E&W canada white aleurone 

8. Mensury Ottawa 60 < 1923 6 S froml\Jssia by 
llS-ottawa 

yes E&Wcanada quality, smut 
resist. 

9. O.A.C. 211 

10. Success 

< 1923 

< 1923 

6 

? 

s 

? 

fran I\Jsslaby 
ON::., GuelIil 

? 

yes 

-

E&W canada 

E&W canada 

quality 

hooded 

t
lJ
0:. 

11. Burbank Hu lless 1929 ? ? B. Matheson 
'lbfino,B.C. 

- ? ? 

12. Trebi 1929 6 I fran USA by 
1lS- Brandon 

- Prairies yield, lodge , 
smut resist. 

13. Plumager-Archer 1929 2 ? J.H.Speers Co., 
Saskatoon 

- Prairies ? 

14. Velvet 1929 6 I from USA by Kelley 
Seed & Feed Co.,? 

- Ontario SA, lodge resist. 

15. Glabroo 1931 ? ? ? ? ? ? 

16. Colsess 1932 6 I from USA by U. of 
S., Saskatoon 

- Prairies hooded, early 

17. Regal 1932 6 S fran USA by U. of 
S., Saskatoon 

- Prairies SA, lodge, 
resist. 

rust 

18. Peatland 1933 6 I fran USA by U. of 
A., Eaoonton 

- E&Wcanada rust resist. 

19. Wisconsin 38 1933 6 I from USA by M.D. 
Coleman, Killarney 
Manitoba 

- Prairies SA, stripe 
resist. 



Variety 
Date 
Licensed 

, of 
lbWs 

fot!thod of 
Introduction 

Source of 
Introduction 

Acceptable 
for Malting 

Major 
Area Grown J\dvantages 

20. tbbar 1934 6 ? OAC, Glelph - E. canada SA 

21. Newail 1935 6 S RS-ottawa - Pealries SA, resist. 
drought 

22. OIU 1935 6 S frOOl Finland by 
ns-ottawa 

yes E&W canada early, quality 
lodge resist. 

23. rex 1931 2 X u. of S., 
Saskatoon 

- Prairies SA, yield 

24. Pontiac 1938 6 I frOOl USA by 
Macdonald College 

- E. canada ? 

25. BVNA (e.A.N. 1096) 1939 ? ? Macdonald College, 
»:>ntreal 

- ? ? 

26. Byrg 1939 6 X Macdonald O>llege, . 
t-t:>ntrea1 

- E. canada 51\, high yield 

21. Plush 1939 6 X RS- Brandon - Prairies SA, lodge resist. 

28. Prospect 1940 6 X RS- Swift O1rrent - Prairies SA, drought 
resist. 

l-
L 
I.. 

29. Sanalta 1940 2 X u. of A., Fdoonton - Prairies SA, lodge resist. 

30. Warrior 1941 6 X u. of S., Saskatoal - Prairies h<xxled, earIy , 
smut resist. 

31. Galore 1943 6 X OAC, GJelph - Ontario SA 

32. Stephan 1943 2 ? William·M.Jnch 
Essex, Oltario 

- Qltaclo 1 

33. 'I'itan 1943 6 X u. of A., 
&iroonton 

- Prairies SA, SRl.lt resist. 

34. Barboff (Nobarb) 1945 6 X OAC, GJelph - Oltario SA 

35. t-bntcalm 1945 6 X Macdonald College, 
~tceal

yes E&W canada quality, yield 

36. Tennessee Winter 1945 6 I fran USA by 1 - E. canada winter barley 

31. ~ 1946 6 I fran USA by OAC, 
GJelph 

- E. canada winter barley, 
lodge resist. 

38. Vantage 1941 6 X RS- Brandon - Prairies SA, lodge shatter 
, rust resist. 



Di3te I of ~thod of Source of I\cceptable Major 
Variety Licensed Ibws Introduction Introduction for Malting Area Grown Advantages 

39. Conpana 1949 2 I fran USA by - Prairies SA, drought 
RS- Lethbr Idge resist. 

40. Velvon 11 1950 6 I fran USA by - Prairies SA, smut 
RS- Scott resist. 

41. Harlan 1951 6 I fran USA by RS-
Swift CUrrent , 

- Prairies yield, lodge 
resist. for 

~thbridge irrigation 

42. Fort 1952 6 X RS-ottawa - E. canada SA, lodge 
resist. 

43. Gateway 1953 6 X u. of A., 
&Jloonton 

yes Prairies SA, yield, 
early 

44. nusky 1953 6 X U. of S., - Prairies SA, yield 
Saskatoon 

45. Brant 1954 6 X 0l\C, GJelph - O1tario SA, high 
yield, mildew 
resist. 

46. Kenate 1954 6 S fran USA by OAC, - O1tario winter hardy, 
GJelIil mildew resist. 

47. Vanboore 1954 6 X RS- Brandon - Prairies SA, lodge & 
rust resist. 

48. "bIfe 1954 6 X RS- Ottawa , - Prairies SA, yield 
Lacoobe 

49. Hudson 1955 6 I fran USA by ? - E. canada yield, wInter 
hardy, early, 
mildew resist. 

50. Herta 1956 2 I fran SWeden by 
i\grlcnlture canada 

- E&W canada yield 

51. Nord 1956 6 X RS- ottawa am 
Kapuskasiog 

- E. canada SA, early 

52. Parklawl 1956 6 X nB- Brandon yes EIiW canada SA, yield, 
quality, rust 
resist. 

53. SWan 1957 6 X U. of M., - Prairies SA, rust, 
Winnipeg lodge resist. 



Variety 

54. Traill 

55. York 

56. Betzes 

51. Jubilee 

58. Pa11 tser 

59. Keystone 

60. Chanplain 

61. Ibver 

62. Gateway 63 

63. Cbnquest 

64. Galt 

65. Centennial 

66. Fergus 

61. Paragon 

Date 
Licensed 

1951 

1956 

1960 

1960 

1960 

1961 

1962 

1962 

1963 

1965 

1966 

1961 

1968 

1968 

I of 
Ibws 

6 

6 

2 

6 

2 

6 

6 

6 

6 

6 

6 

2 

2 

6 

~thod·of

Introduct:lon 

I 

X 

I 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S 

X 

Source of 
Introduction 

fran USA by 
hjrlculture 
Canada 

OAC, GJeIph 

from Polaoo by 
Agriculture Canada 

U. of S., 
Saskatocn 

RS- Iethbridje 

RS-Brandon 

Macdonald 
Cbllege, M:>ntreal 

0l\C, 
Q.lelph 

U. of A., 
El'InDnton 

RS- Brandon 

I~- Iethbr ideje 
, Swift Ourent 

u. of A., 
Fdnonton 

<Y\C, G.telph 

RS- Brandon 

Acceptable 
for MaltIng 

-

-

yes 

-

-

-

-

-

yes 

yes 

-

-

-

-

Major
Area Grown l\dvantages

Prairies rust resist. 

E. Canada SA, yield,
rust, mildew
resist.

Prairies superior yield, 
resist. 
to lodging 

Prairies SA, yield,
nlSt resist.

Prairies SA, yield, 
lodge'
shatter 
resist. 

Prairies smut resist. 

.Quebec SA, yield 

E. canada early yield
winter barley

Prairies SA, yield,
early

E&W C..anada SA, yield, 
rust, smut 
resist., early 

Prairies yield, drought 
lod<]e 
shatter 
resist. 

Prairies lod<]e resist. 

F..&W Canada yield, like
Uertabut
can be rnalted

Prairies SA, yield,
rust, smut
resist.



Date I of ~thod of Source of PcCeptable Major 
Variety Licensed Ibws Introduction Introduction for MaltilYj Area Grown Advantages 

84. OAC Halton 1976 6 x OAC, GJelph 0I1tario winter barley, 
yield 

85. Atlanta 1977 2 x RS-charlottebown Maritimes yield 

86. Bruce 1971 6 x 0Pe., GJelIil OIltario yield, mildew 
& rust 
resist. 

81. Klages 1911 2 I fran USA by u. 
of S., Saskatoon 

yes Prairies quality 

88. M31vin 1977 6 x u. of S., 
Saskatoon 

Prairies SA, yield, 
lodge & 
rust resist. 

89. Massey 1978 6 x HS- Ottawa OIltario yield 

90. Surrmit 1978 2 I ftan USA by 
W"leat Pools 

E&W canada yield, shatter 
and ladJe 
resist. 

91. Bedford 1979 6 x 00- Brandon Prairies lodge & rust 
resist. 

~
oJ 
t

92. Elrose 1979 2 x u.ofS., 
SaskatOClfl 

yes E&W canada yield, shatter 
resist., white 
aleurone 

93. Mingo 1979 6 x Ciba-Gei9y Seeds 
Ltd. & OAC, 
Qlelph 

0I1tario yield, lodge 
resist. 

94. Norbert 1980 2 x RS- Winnipeg yes Prairies :lodge, blotch 
" rust resist. 

95. Johnstoo 1980 6 x RS- Brandon Prairies SA, yield, 
rust resist. 

96. So{ilie 1980 6 x r:ept. de la 
Phytologie, 
l~iversite Laval, 
~bntreal

E. Canada Yield 

97. Argyle 1981 6 x U.ofM., 
Wimipeg 

yes Prairies SA, lodge & 
rust resist. 

98. Harrington 1981 2 x u. of S., 
SaskatOClfl 

yes Prairies yield, lodge 
shatter 
resist. 

,. 





Date I of ~thod of Source of Acceptable Major 
Variety Licensed Ibws Introduction Introduction for Malting Area Grown Advantages 

99. Glenn 12 6 I from USA by 0'Il yes Prairies quality 

100. Ota1 1981 6 I fran USDA, - Prairies early 
by Agr lculture 
canada 

l
.t: 
.t: 
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