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ABSTRACT

A}I ECONCÞ,IETRIC MODEL TO ASSESS THE COSTS OF LABOUR
DISPUTES IN TTTE CANADIA}I GRAIN MOVEMEI{T SYSTEM

,r.,,..,.,,...,

By: Allister Brian Hickson

Major AdvÍsor: 0. P. Tangri

t,.,, .t.t '

The ma jor Puryose of this study lüas Eo determine ,,'', ,i "

the economic costs of labour-management disputes in the 
,.,,:,.,,.,,.,

Canadian grain movement sysËem. Although this problem had

previously been discussed in a descrÍptive. manner, Ëhis r^ras
:Ëhe first actual aËtempË, known to the author, to quantÍfy 
,

the losses aËtribuËable to these conflicts. 
'

rn order to develop an econometric model to de- 
i

Ëermine Ëhe costs of the strikes, a brief review of the i

l

supply and demand for canadian grain in boËh the inter- 
l

national market and donrestic market was undertaken. The

''..'dernand for Canadian oats and barley is chiefly domesEÍc, 1,.,,''..
,.' ,. '' .. wiËh flax and wheaË being marketed international-ly. 
,.,,,,:,,:.:,

on Ëhe basis of these consideratíons, a h)æothetical
mode1ofthegrainmarketwasdetermined.!,Iithregardsto
strikes it was postulated that they woul-d influence the

-;suppry of grain in an Ínverse fashion in the current year. ;;::ì'r'::1r';:

Their impact on the demand for graín was Fqofold. First,
there would be continual losses inversely related to the
sËrike variable. Second, losses of revenue would increase 

i,,¡i,:,,,,:,i::,ì



ii
, during periods of abnormally high or low demand. The

hypothetical model was anaLyzed using time series data and

stepwise regression to eliminate unnecessary variables.
The variables delineated in this manner vTere subjeet to

;: : econornetric scrutiny and formulaËed into a final model.
1:t...

On the basis of the final model, the elasticities
and revenue losses accruable to strikes in the grain move-

I ment system Ttere dètermined. It was found that labour
'.''., disputes only influenced the demand for wheat, oats and
.,,', 'j barley. There was no impact of sÈrikes on supply of any

grain no:: flax demand. Labour sËrike elasticities indicaËed

r that demand was labour strike inelastic.
Upon calculaËion of the revenue losses, Ehe amounE

of revenue Lost over the twenty-five years considered in

r the sËudy was $2130011501000 or ç92,007 ,000 yearly. Revenue

losses etere largest during the time period L966-67 Ëo

I L974-75r($1,431,076,000), minimal during the period 1958-59

to Lg66-67 ($+0,320,000) and subsranrial during Ëhe 1950-51
..,:':;,-:,, Ëo 1958-59 era ($82217541000). Of the losses, wheat demand

I:l'',,, revenue losses contributed 68 percent. Oat losses r^7ere 30
:

percentofthetota1andthefina12percenth7erebar1ey
demand l-osses

D¡e to these losses iË was concLuded that the.'.i

Canadian governmenË must act on an on-going basis to al-
leviate thls problem, ensuring Canadats competitive position

t.r in the world graÍn market. To this end a proposal was sub-
l

mitted to resolve thÍs problem. A council containing
:.i..]
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representatives of all indusËries and unions affected by

the strikes would be established. The council would meet

regularly and negotiaËe Labour conËracts. The terms and

conditions of Ëhe contract would have Ëo be ratified by a

two-thirds majority of the council.



ACKNOI,TLEDGEN,IENTS

I would like to acknowledge the support of the
::,:r following people in performing the analysis f or, and
.: :..:

writing this thesis:

Dr. ûn P. Tangri for acting as my major advisor,
'. ) lending helpful criticisms and suggestions to

;'t:,"':' earlier drafts and his encouragement through my

,. . ,, Graduate studies programi

I Dr. D. F. Kraft for serving on my advisory conrniËËee

and initially inciEing me to take my Masters
j

i prograñ in Agricul-Ëural Economics;

Dr. T. S. Major for providing significant criËicisms
l, leading to the final copy of the Ëhesis contained
Ii herein;
]

' My parents for their support Èhrough my studies;
The people of the annex for the ttspiritedtt tÍme during

,::ì:::::i my year and a haLf in the program¡ and

;.::' Mrs. L. Hiebert for Ëyping Ëhe drafts and the final.,.j

Finally, I would like to express my graËitude to

..r, i the Centre of Transportation Studies, University of
': .::,i

Manitoba and the Department of Agricultural Economics for
their financial support.

l-v



ABSTRACT

TABLE OF COI\IIE}IIS

a a a a a a a a a a a a a a a a a a a a a aa a a a a a a a a a a a a a a

ACKNOT'¡LEDGEMEMS.. . .......... ....... ... o.... .......
LIST oF T48L8S............ .......... ...............
LrsT oF FIGURES....... ......... ........... .. o......

Chapter

1 IMRou.JcTroN..... ......... . .... . '. .. o......
A. - Backg:rol¡nd and Ëhe Problemooooo........
B. Literaturg Review,..... . .......... ......
C.- Mgthod of Analysis.....................
9. Objectives of the Study..... ...........E. Scope and Outline of the SËudy.........
THE GRAIN MARKET2

t_v

viÍ
x

Page

1

1
4
8

L2
L2

15

15
15
20
2L
22
22
30

4L

A.

B.

c.

D.

Internatíonal Demand, Supply and
MarkeË CharacterisÉics . . . . . . . . . . . . . . .l. lrllreat......... .......... o. .........2. Flaxseed.....r.............. .......3. Feed GraÍns........................

Canadian Demand and S,rpply.., ... o . .... .1. Demand............... ..............2. Supply. .. . ... . .. . ...... ..... .. .. ...
The Theoretical Effect of Labour

DisputeS. . . . . . . . . . . . .. . . . . . . . . . . . . . . .
A Four SecËor Model of the Grain

Industry..... o. ......... .... ......... 46

THE ANALyIICAL MODEL AND SUPPORTING DATA... 50

SpecÍfication of the Model... .......... 50Definition of Ëhe Variables and Data
Used in the Analysis................. 6LPreliminary Analysis and the Se-
lection of Variablgs................. 89

DeterminaËion of Ehe Final Model....... 108D.1 The principal component estimates
of the coefficÍènts in the
mOdgl ..... o.... ................. 109D.2 Thg final model ................... 113

3

A.
B.

c.

D.



ChapËer

4 RESULTS OF THE ANALYSIS

vi
page

. . . . . . . . .. 116

L7L
L75
181
L87
189

H¡potheses of the Model Confirmed and
RejeCted............................. 116

The ElastÍcities and Coefficients of
Labour Disputes... ................... L22The Cost of Strikes in the Canadian
Grai.n Movement System. . . . .. . .. . . . . . . . Lzl

5 suMMARy AND CONCLUSTONS...,.. .............. 139

Surnmary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139ConcLusions.......... .................. 150
A lroposal Ëo AlleviaËe Lhe ImpacË ofStrikes in the Canadian Graiir

Movemgnt System..................... . L52
LimitaËions of the Study............... LS7
SuggesEions for Fr:.rther- Research....... 1588.1 Alternate possible techniques

Ëo analyze the problem.......... 1588.2 Areas of future rêsearch . ......... L6Z

BIBLIOGRAPHY . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . L64

B.

A.

c.

A.
B.
e.

D.
E

APPENDICES

þpendÍx
Appendix
Appendix
Appendix
Appendix

À¿¡a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a
1l
l)o ¡ o a a a a a a a a a a a a a a a a a a a a a a . a . a a a a a a a a a a.îva a a a a a a a a a a a a a a a I a a a a a a a a a a a a a a a a a a a a a a

Da a a . a a j a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a .
Ega a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a



LTST OF TABLES

Table

2.L

2.2

2.3

2.4

2.5

2,6

2.7

3.1

3.2

3.3

3.4

3.5

3.6

3,7

3.8

3.9

3.10

3. 11

3.L2

Export of lrllreat by Leading Nations.........o
Supply and Disposition of [,]Lreat in

Canada. . . . . . . ... .. .. ....... . . .. .... .......
Supply and Disposition of Oats in Canadl....
S.p^ply and Disposition of Barley in

Canada................. .. , o r.. .. .......... '

Supply and DisposÍËion of Flaxseed in
Canada... .. . .. ..... ... .. . . . . . . . . .. . ... .. ..

Acreage of Principle Grains in hlesËern
Canada ..... . .. ........ . . ... . .. .. .. .. . ,....

Canadals Elevator System.. o... ..............
Producer Marketings of Grain............i...
Exports of lrllreaË and Flaxseed..... ..........
Domestic Consumption of Oats and Barley.....
Price of Grain in Canadã........ ............
Price of Grain in the United States.........
Acreage of Grain Seeded on the Canadian

PrairigS..r............... ....... ¡........

Carryover of Grain in Canadâ................
St:rikes AffectÍng Grain Movement by Crop

Year. .. a. .. a a . a . . a . . a. . a. . . a a .. a... . a.. a..

Pef Capita Incomes in Importing
CountriêS. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .

Building Construction for Dr¿ellings.. . .... . .

Livgstock Numbers in Canadâ........ o.........
Other Variablgs. . . . . . . .. . . . . . . . . . . . . . . . . . . . .

Page

16

24

25

27

28

33

36

66

67

68

69

7I

75

80

81

83

85

73

74

vl_1



Table

3.13

3.L4

3.15

3. 16

3.L7

3.18

3.19

3,20

3.2L

3.22

3.23

3.24

3.25

3.26

3.27

3.29

3.29

3.30

3.31

3.32

3.33

3,34

4.L

viii
page

Variables Èo Indicate the Effect of
Strikes During Times of Abnormal
Dgmand. r . .. ...... ...... .. . . . . .. .......... 87

Irltreat Supply (QSI^I') 1..............,....... 92

I,Itrgat Demand (QDWt) 1..... . ................ 92

Oats Supply 1........ ................. .. ... 93

Oats Demand (QDO') ]-... .......... .......... 93

Barley Supply (QSBË) 1............. ........ 94

Barley Demand QDBE) 1........o............. 94

Flax Supply (QSF') 1... ¡-. ¡. o............... 95

Flax Demand (QDFE) 1... .................... 95

trltreaE Supply (QSI4I.) Revised..... .......... . 97

Oat Supply (QSOE) Revised.... o............. 98

Barley Suppfy(QSna) Revised................ 99

Barley Demand (QDBI) Revised... ..... o i r ¡ o ¡ ¡ gg

CorrelaËion Matrix--l,lheat Supply....... .. . . 104

Correlation MaËrix--hltreaË Demand ......... . . L04

Correlation Matrix--Oat Supply. . ....... ... . 105

Correlation MatrÍ-x--Oat Demand... ........ .. 105

Correlation Matrix--Barley Supply...... . ... 106

CorrelatÍon Matrix--Barley Demand. ........ . 106

Correlation Matrix--Flax Supply. ... . ...... . LO7

Correlation Matrix--Flax Demand. . . .. . .. ... . LO7

GoefficienLs of the Model Determined by
Principal Components..................... 110

Ei and ESlr ElasËicities of Demand........ . L24



ix

Table Page

4.2 Divergences Between the Estimated Demand
of õrain !üith and tliËhout (t) Strikes...o L28

4.3 Revenue Losses Attributable to Losses in
Irllreat Dgmand...... ....................... 130

4.4 Revenue Losses Attributable to Losses in
OaË Demand...... ......................... 131

4.5 Revenue Losses Attributable to Losses in
Barley Demand.................... ........ 133

4.6 Aggregate Demand Losses of Grain.......... , L34

4,7 Loss of Revenue by GraÍn by Crop Year
Periods........-.. .......................' 135

: iil
.,ri



LIST OF FIGURES

Fígure Page

2.L Individual Losses of Revenue due to Supply
and Demand Shifts......................... 45

2.2 Combined Losses of Revenue due to Supply
and Demand Shifts....... .................. 45

,.,:,1 ï: .¡:ìl
x



CHAPTER 1

INIRODUCTION

A. Bgckground and the Problem

The Canadian Grain Movement System (COIS) has seven

transshipment points in a bi-modal network. These seven

points are: the Pacífic Coast, the Prairies, Churchill,

Thunder Bay, Ëhe Great Lakes, the Lower St. Lawrence and

the Maritimes. Bulk shipments of grain are conveyed by

rail and boat. The effectiveness of this sytem can be

'measured in terms of its responsiveness to international
graín markets.

The internaËional market for grains can be charac-

terÍzed as ltbeÍng much more erratic than domestic con-

sumpLion patterns. The pattern of grain Ímport requirements

in a number of countries depends to a large degree on the

variability of indigenous production and grain import
1policies.tr- Additionally, recenË years have witnessed in-

creased competition among major grain exporters (Canada,

UniËed States, Austrailia and Argentina) for these

1'trf. E. Jarvis, tlCanadian Grain Market PatternS,tt
Proceedings of the lrioild Grains Seminar (hlinnipeg: Caáada
GraÍns Council, L973), p. 79.

,, .-.".: r . .4 :..1



international markets.2 Consequently, the need for an ef-
ficÍenË, responsive Canadian Ëransport markeËing system is
vital if Canadian grain is to remain competitive in the

international market. .

Due to the multÍfacted nature of the grain movement

system, the potential for bottlenecks is substantial.
Clearly, Ëhe effect of such tie-ups is a decrease in
Canadars abiLity to deliver grain to these fluctuating
markets. This failure to meet Ëhe market demand can only

resulË in reduced incomes to Canadían farmers. Farm in-
comes fall because of:

f) Ëhe direct loss of international sales as importers

perceive the Canadían grain as an unreliable source

of supply,

2) Ëhe cost of demur=.g.3 charged against the grain by

ships waiËing Ëo load,

3) the exËra storage costs due to Ëhe inability to move

it through the system, and

Donald J. Novotny and
tiËion for !,Iorld trltreat Markets
U.S. DeparËment of Agriculture,

Reedbeck, Compe-
rts (ltashington:

pp.13-18.

James P.
and U.S.

L970) ,

a
'ttDemurragett refers Ëo the charges assessed by

merchant ship o!üners because their vessels are unable
to receive delivery of eoods. As established bv the
canadian hlheat Boa?d (Añnual Report L974-75) thäse costs
were $4 1486 ,792,
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Ð the costs of diverting4 gt^in through alternate
sectors, due to the occurrence of congestion

(caused by labour difficulties) on the previous

transportation route.
rrThe prÍnciple bottlenecks in volume capabilities

have varied from heavy snowfall in the Rockies, to railway

rolling-stock shortages, to labour disputes."5 However,

Ëhe effect of a labour strike Ís the most sÍgnificanË.

Labour strikes are capable of completely suspending the

throughpuË of grain Ëhrough a secËor via either rnode.

Rolling-stock shortages, weather conditions and tgeneralr

congestion do not completely suspend the movement of grain,

but slacken the speed with which it passes through the

system from its potential capaciËy.

Labour strikes on docks are a phenomena which have

been decreasing Í-n number, buË increasing in duration
(measured in lost days) since Lg4g.6 The result of this
event has been increased congestion in grain transportaËion.

4th" costs of divertine srain Ëo other terminals
Tgy-Þe quite significant. For-dõtails, see ibid., pp.
64-65,

SK"ith A, J. Hay and S. R. Hill, Transportation
Implications of Canadafs Trade with Japan (Ottawa: The
Canada-Japan Trade Council, L975), p. 35.

6Mohrr*ed ALrmed. ',Dock SErikes and Their ImoacEs
on Canada I s hltr_eat Trgde, It glp.blished Master I s Thesis,
UniversíËy of Manitobar'L977', p. 87.
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As a result, analyses of the costs of these strikes in
light of the international market must be carried out. The

developmenË of a dynamic model to examine these costs will
provide information necessary to resolve this problem.

B. LÍteraEure Review

Many analyses have been performed on the supply and

demand for Canadian grain. However, until recently, minimal

research was iniËíaËed into the effecË of labour disputes

on the export of cormnodities.

Perhaps two of the keynote studies inËo the world

grain market are those of HuffT and Schmitz and-,Bawden.8

The objective of Ehe former research was to develop long

run predictions of Ehe effecË of Canadian public policy and

agricultural policy of importing (and other exporEing)

naEions on the supply and demand for Canadian wheat, in the

not Ëoo disËant future. After briefl-y reviewing the his-
Ëorical factors influencing supply and demand for wheat,

the author hypothesizes an analytical model Ëo explain
devÍations in Ëhe supply and demand for Canadian grain.
Using time series data over the Ëime horizon of Lg46/47 Ëo

7H. Bruce Huff , Marketing of Canadian l,llreat:
Economic Analvsis wiËh Projections for L975 and 1980 East
Lansing: MichÍgan State UniversL:cy, 1969).

SAndr"r Schmitz and D.
Econgmy: An Empirical Analvsis
Lg7 3) .

Lee Bawden, The hlorld [,]heat
(UniversiËy of California,
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Lg67 168, three stage least 
"qr-r.r".g estimates T,üere fitted

to the system of equaËions.

The study by Schmitz and Bawden considerably ex-

tended knowledge of the world wheat economy through the use

of a spatial equÍlibrium model. By dividing the demand for
wheat into four categories (foo¿, feed, industrial and

seed) and Ëhe world into fifteen regions a model for
demand and supply for wheat in each component was created.

ltiËh the inclusion of transfer costs, the model was esËi-

mated and then a supply-demand matrix for the various

regions was constructed.

I^IiËh the incotporation of certain exogenous factors
into the modelr10 the authors were able to predíct future
wheat trade flows (and prices) amongst the regions con-

sidered in the analyses.

!ütrile these econometric studies have their merits,
they both failed to deal with a criËícal issue in the supply

of and demand for canadian wheat. NeiËher study came to.
grips with the effect of labour-management sLrife on the

supply and demand of Canadian wheat.

94. zellner and
Squares: Simultaneous
EconomeËrics, Vol. 30,

H. Theil, rrThree Stage Least
Estimation of Simultañeous Equationsrrt
L962, pp. 54-58.

loA*orrg.
L)

..\LL)

Ëhe assumptions were:
tariffs existing in the
bushel, and
shipping costs falling
the U.K., p. 33.

EEC at ç2.90 per

between Canada and



This issue was first tackled by the trrlest""tt report
on Vancouver port- facil-ities. lllrile largely employing a

descriptive analysis, the study attempEs to relate the

implfcatíons of labour dísputes ..f,or the Ëhroughput abilíty
of Vancouver grain terminals.

Through a hístorical analysis of available data,

the research Ëeam found.that strikes have led to work

sËoppages, 6 percent of the available working time in the

time period L952-72 and L6 percent over the period of L972-

75,L2 Subsequently, throughput capability has been re-
duced by Ehis quantity.

Among other findings in the üIestac sËudy, the

nature of contractual arrangements beËween port operaËors

and Ëhe various unions contribuËed to this loss of pro-

ducËion. The contracts have differing hours of work: pay

scales, break times and termination. Consequently, there

is an overlap in duties of personnel and significant ca-

pacÍty losses due to union members taking breaks at dif-
fering hours (or in fact, working different hours).

1 1.-.t'&nil Bjarnson (Ed. ), e.ration A ects of Con-
Eractual Arra s*for Vanci ratn

a oration of A ternatfVès ncoul¡er:
ste'rÏr ansportat sory caI, 5.) .=.

t'roro., p. 3.
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The analysis of this problem was extended greatly

by the research conducÈed by Ah*.d.13 By performing a

historical analysis, the factors conËributing to the fre-
quency of dock strikes were ascertained. These f""tor"l4
I47ef e:

' i) the unemployment rate,
ii) the yearly percentage change in the consumer price

index,

iii) the yearly percentage change in the hTage rate, and

iv) union membership.

Further to this, " *od"115 to determine the duration of

dock strikes was estimated using ordinary least squares.

The .rr"r*9"16 duration of dock strikes was found to be

dependant on:

i) ttre unemplo¡rment rate,

ii) Ëhe consumer price index,

iii) Ëhe proportion of strikes called for non-economic

reasons,

iv) the average number of workers per striker -and

13eh*"d, op. cit.
l4rbid., pp. 5B-74.

15rbid., pp. 81-90.

16I,trh"=" average dura-tion is d_efined as:
total number- of daye,a d-ock s't_rilte o'céurs- in y,ear t

total number of dock strikes in year t
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v) union membership as a percentage of the labour

force.

Having determined the factors influencing Ëhe du-

ration and frequency of dock strikes, the effect of these

strikes on wheat exports was analyzed. Using a variable
defined as ttthe number of lost man-days per 100 workers

due to dock strikes ,"L7 an econometric model was developed

to relate this variable and other pertinent variables
(world demand for wheaË, export price of Canadian wheaË,

and export price of U.S. wheat), to the total exporË of
canadian wheat in a given year. tlith time series data it
T^7as found that the variable indicating the effect of
strikes rvas inversely related to the exports of wheat in
a given year)indicating that dock strikes have contributed
Ë'o the decrease in demand for Canadían wheat.

These analyses of the world wheat market, and

Canadats role in this market, have relied chiefly on

regression techniques to derive estÍ.mates of the influence
of the various independent variables on the dependant vari-
able. rn light of this progression, regression wírl also
be employed in Ehis analysis.

C. Method of Analysis 
,.:.;,:.::,

The first step of analysis in econometrics is the i''|''::::'r::

development of a Ëheoretical model. on the basis of such- a

17rbid., p. 101.
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model, whether it is defined by an independent or inter-
dependenË system of equations, time series or cross-
secÈional observations of the dependant and independent

variables are accumulated. Through the use of ordinary
least squares 18 or two stage least "qo"r""19 regression of
the independent variables on the dependant variable is
performed.

I¡Iithout needlessly deriving either of these -tech-
2oniques, the properties- of each techñique are noted below.-"

ordinary least square estÍmates are unbiased, efficient and

the best estÍmate for small sa¡nples. ordinary least squares

is employed with independenË equation models. rf the model

contains numêrous simultaneous equations, several choices

are available to derive estimates of the coefficienLs.
Three of these meËhods are: limiËed information maximum

likelihood, full informaËion maximum likerihood, and two

stage least squares. of these choices, Ittrtrnro stage least
squares has been generally accepted as the most important

18J. S. Cramer, E¡npirical Econometrics (¿msterdam:
North-Holland Publishing Company, ffTi), pp. AS-96.

19Carl F. ChrÍst, Econornetric Models and Methods
(ttew York: John I^Iiley ana

20A. KouËsoyiannis, Theory of Econometrics (London:
Maclvli1lan Press Ltd. , 19 73 ) ,
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technique for the esËimation of overidentified mode1s,,21

because it is simple to use and removes the bias due to

simultaneity in the model.

As this research involves an inËerdependent

overidentified model, hopefully two sËage least squares can

be used Ëo obtain coefficient estÍmates. For small samples

sizes, several characteristics of these estimates are

important. First, they are biased, but as the sample size

increases the bias decreases. The estimaLes are incon-

sistent, but become consistent as the sample size increases.

In a model where there are numerous independent

variables, "t"pri""2z regression is often employed Ëo elimi-
nate variables which do not contribute to the explanation of
the dependent variable. This procedure operates in the

following manner:

i) 0n Ehe basis of a correlation maËrix, the inde-

pendent variable wÍth the highest correlation to
the dependanË variable is regressed upon it.

ii) using a partial correlation coefficient, the inde-
pendent variable with the next híghest correlation
to the dependanË variabl-e, is chosen Ëo be regressed

upon it.

21rbid., p. 374.

22N. R. Draper and_ H. Smith, Applied RegressÍon
Analysis (Uew York: John tliley and S@,
pp. L7L-L77.

l:'a.
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iii) The procedure then examines Ëhe contribution of

Ëhe first independent variable if it was regressed

on the dependant variable after the second.

iv) If the independent variable is chosen Ëo remain,

the next best independent variable (based on its
partial correlation coefficienË) is entered and

the procedure (step iii) repeated.

As the sample employed in this model is somewhat

restricted, stepwise regressÍon will be employed to elimi-
nate unnecessary variables.

HavÍng designated the method of analysis employed

in this thesis, it will be useful to list some other

techniques which may have been applied to Ëhis problem.

This líst might include :

i) a network analysis rppro""h,23

ii) the use of queuing trheoty,z4

iii) sËochastic dynamic progr"*irrg,25 or
. \.. 26tv ) Ir-near programnlng.

23Fr"d"rÍck S. Hillier and Gerald J. Lieberman,
Operations Research, 2nd ed. (San Francisco: Holden Dáy
Incorporated, L974), pp. 2L4-248.

24A. Chosal, Some Aspects of eueuing and Storage
Systems (tlew York: Springer Vertag; m

zsc"org. L. Vemhauser, IntroducËion to Dvnamic
Progrannring (New York: John witey aryz).

26Hitti.r and Lieberman, op. ciL., pp. 15-213.
*A more- !þolg*eh explanation of these methods is pro-vided on pages 158-L62:
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D. Objectives of the Study

In light of the problem at hand, the first and

foremost objective of thÍs thesis is to estimate the in-
come losses attribuËable to strikes in the Canadian Grai-n

Movement System. To achíeve Ehis objective iË is necessary

to develop a dynamic model for the production (suppfy) of

Canadian graÍns, ês well as dynamic international demand

models. The second objective is Ëo verify whether the ef-
fect of labour disputes is different when demand and supply

of Canadian grain is high or lor,r¡. Policies to resolve

such conflicts must be tempered with consideration of costs

under the two (frigh and low) levels of demand and supply.

E. Scope and Outline of the Study

AsresearchhasjustbeencomPleEedwithregards

to the frequency, duration and causes of dock sÊrikesr27 
I

,.
this study does not attempt Ëo explain these phenomena. '

These factors will be taken as constant. 
,::,:,,,i:;.:The scope of the p::evious study is broadened in 
,,,;r:,r,,,.r

certain aspects and narrowed with respect to others. The ¡',"':,..,,"
: 

-.i: ::.

expansion allows rail and dock strikes to influence grain
movemenË and production. rt is also improved by Íncluding
only those dock strikes (and raiL strikes) which have an i,..-Ë

i:' .:.:'j :effect on the movement of grain for export.

2 7eh*"d, 
op . cÍ-t. , pp . 57 -go .
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Furthermore, costs aËtributable to strikes will
only include the first of the aforemenËioned categories,

i.e. the loss of international sales of grain. The effect
of the oEher three costs (demurragê, diversion and storage)

may be significant, tx¡t it is dubious, êt best, to relate
Ëhem directly Eo labour disputes

The Ëime horizon of this research was from the crop

years of 1950-1951 to L974-L975. A longer Ëime horizon
(tristorically) r^las unacceptabl-e as Ehe informatÍ-on on

strikes was insufficient. AddiEionally,. êD. exËended time

series would be adversely influenced by food policies
Í-mplemented during the Second lrlorld trrlar.

It is necessary Ëo note the grains to be analyzed.

lr]fieaË was the principle export grain over this tíme period.
Oats, barley and flax hiere also significant. Rye was ruled
out a.s it contributes only a minor amount to grain exports.
Rapeseed has only been produced and internationally marketed

sínce 1958-L959¡ so iË was infeasible Ëo consider it in the

model. Thus for the remainder of this sËudy, graÍn will
refer to wheat, oaËs, barley and flax.

Fina11-y, it must be noted Ëhat due to financial
and time constraints, none of the alternate techniques

mentioned earlier (page 10) are feasible to employ at this
time. rn the future Ëhey may form the basis of further
research into this problem. FurËher, in light of these

constraints, as well as the raËher narrohT data base avail-
able for this study, it must be stressed Ëhat the scope of
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this research is limiËed to modelling the costs of labour

disputes, not the world grain economy.

The remainder of this thesis consisËs of four

chapters. Chapter Two Ís a descripËive chapter of the

grain market. The Canadian supply and demand situation,
and its role in the internaËional market will be briefly
considered. Finally, a theoreËÍcal model of Ehe effects

of labour disputes on supply and demand for Canadian grain

wí11 be described.

The third chapËer deals with the analytlcal model

and data base. The specification of the model and the

selecËion of relevant variables will be shown. The final
model to calculate costs is also described in that
chapter.

Chapter Four deals with the results of this re-

search. Included in this section are the costs of labour

disputes in the grain movement system as well as Ëhe

elasticiEies of demand and supply wíth respect to the strike
variable.

The f inal ehapter provides a sunrnary of the thesis,
and the conclusions derived from the research. A proposal

to abate the situation is also presenËed.



CHAPTER 2

THE GRAIN MARKE"T

A. International Demand. Supplv and Market Characteristics

1. [,jheat. The international wheat markeË consists of
five major exportÍng countries and sÍx imporËÍng regions.
The five major exporters of wheat are: canada, the united
states, Argentina, Australía and the u.s.s.R. The major
importing areas are the unÍËed Kingdom, the European

Economic cormnunity, Mainland china, rndia, u.s.s.R. and

Japan. 0f these, the u.s.s.R. hords a unique position.
rn mo'st circumstances the sovieË union is an exporter of
wheat to fellow Eastern European countries. However,

production failures in Ëhe soviet union often has led to
massive purchases of wheat on the inËernational market.

outside the sovieE influence, essenËiarly the
other four countries meet the worldrs demand for wheat.
canada, united states, Australia and Argentina supplied
77 percent of the export wheat on average between crop
years 1955-56 .ld Lg74-7s. ThÍs ranged from a high of
86.5 percenË to a low of 62.g percent (table z,L). of this,
canadafs share ranged from a high of 26.7 percent (1963-

64) to a low of 17 percent (Lg74-75). tlhat internaËional
factors have caused this variability in wheaË exports?

1_5



Crop
Year

Canada

(mil. bu. )

L9 ss /s6

L9s6 /s7

L9s7 /s8
L9s8 /se

rgse /60

L96O / 6L

L96r/62

re62163

L963 | 64

L964/6s

L96s | 66

L966 | 67

Table 2.L

EXPORT OF I^IHEAT BY LEADING

Percentage U.S.A.
of

Total
(mi1 . bu. )

304

270

3L7

300

280

342

265

330

552

438

547

s45

27.4

20.6

26.6

22.g

20.6

2r.7

20.g

20.5

26,7

23.3

23.9

26.3

EKPORT NATIONS

Australia ArgenËina

(mil. bu.) (mil. bti;:)

346

s49

402

442

509

66L

7L8

638

849

720

860

742

t02

L26

62

75

L22

183

232

L82

286

238

209

257

lrlorld Percentage
ToËa1 of [,Ior1ã

(rni1. bu., 
Total

LL2

99

78

103

78

7L

86

66

ro2

163

292

LL2

1110

1311

119 1

1316

1359

Ls77

1-657

1608

2070

1881

2296

2070

77 .g

79.7

72.L

69.g

62.9

79.7

7g.g

7 5.6

96.5

g2.g

93.0

90.0
(C ontinued)

ts
(lr



Crop
Year

Canada PercenËage

Total
(mi1. bu. )

Le67 /68

Ls68/6s

Le6e /70

L97O /7r
r97L /72

Le72 /7 3

Le73/74

L974/7s

Average

336

306

346

43s

so4

s77

4L9

394

390

Table 2.L (C ontinued)

U.S.A. Australia Argentina

(mil. bu. ) (mil. bu. ) (mÍl. bu. )

L7 .4

18.5

18.5

2L.9

26.2

23.3

L8.2

L7.O

22.3

SOURCE:
Canadian lrlheat Board, Annual Report (l,Iinnipeg: Canadian ]J¡reaË Board) , Lg75.

7s3

5s2

6t7

740

62t

I 166

LL42

1041

703

258

L97

266

349

32L

204

202

296

L96

hlorld
Total

(mÍl. bu. )

50

r02

78

64

49

L29

44

80

98

Percentage
of l{orld
Total

1933

1651

L87 4

19 89

L927

247L

2 301

23L5

L795

72.3

70.r

69.7

79,9

77.6

84. 0

78.5

7 8,2

77 .0

H\
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First and foremost are the sporadic nature of the

sovieË unionts and Mainland chinafs participation in the

markeË. During periods of sovieË involvement much more

grain is required on the rnarket. ConsequenËly, every

country increases iËs e>çorts. Hohrever, large scale Soviet

purchases usually are in the form of hard spring wheats.

Thus demand for canadian wheat is intensified,2S being the
major producer of hígh proËein wheat

The second cause of these fluctuations has been

(or the lack of) international wheat agreements. During

post war reconstruction of Europe, major exporters of
wheat became involved in numerous rnternational !,ILreat

Agreements (tg+6, 49, 53 , 56, 59 , 62, 65 and 67) with Ehe

objective of stabilizing the prÍce of wheaË. These agree-

ments guaranteed a certain quota and export price for wheat

being marketed to Ëhe importing countrie", especiarly the

united Kingdom and trIestern Europe. Therefore, the markeË

share of canadian wheat remained relatively constant over

this time period.

However, other forceó entered the market which led
to Ehe downfall of the wheaË agreements. First, the for-
matÍon of the EEC and its poLicy to buy wiËhin resulted in

28^--Soviet purchases from world suppliers rúere Lzmillion metric toirnes in L965-66, 20 million metric Eonnesin 1966-67 and 10 millÍon tonnes-in 1967-68. similarLy,
canadaf s share of the market was 23,8 percent, 26.3 pe-róent
and 17.4 percent in respective years.
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the European market shrinking. At the same time rarge

scale soviet purchases were occurri.ng, resulting in compe-

tition outside the rI^Ic for theír purchases. The increase

in Japanese consumption was also begÍnning, wiËh in-
fighting over its market. ,,,,,,, .

As the IlüC was being circumvenËed due to this
pressure, for all intents and purposes it collapsed in the

middle sixties. I^Iith iËs failure, more competitíon was 
.,,,:,,,;,:.::: ::'::

. evident in Ëhe world wheat markeË, leading to a greater
variability in the exporting naËions markeË share . ',',.,.t,.,.,.

A third factor in the upheaval of market shares was

the 'rGreen RevoluËion.tt I^Iith the advent of new high yield-
ing wheat and better Ëechnology, many Asian counties, 

,

notably Indía and Pakistan, became much more self-sufficient ,

inmeetÍngtheirfoodrequiremenËs.Theirparticipationin
l

Èhe export market fell. Hohrever, occassional crop failure
led to foreign aid programs and exogenous shocks to the .,

market.
ir''', ; ','. :'1

Finally, the period of the sixties saw armost a :1'ì::'.i l

doubling of Australian wheat production. tlith a non- 
t''"

storage poli"y29 an aggressive price cutting sales program

Ttas implemented by ËheÍr goverrrnent. subsequently,

Australiats markeE share increased while the Canadian l^Itreat ,.,. ,':
Board was trying to maintain price levels.

29^--Australia selrs all its wheat each year. unlikecanada and the uniËed states where sËocks ^t"'"ãiiiã¿ over.
i;li;lr'',
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The wheat market may be characËerLzed as one with
prospecËs of increased price and market share variability.

2. Flaxseed. Flaxseed and rapeseed are the principle
oilseed crops of canada. Both are primarily gror¡7n on the
Prairies. Although some flaxseed is crushed domestically,
Ëhe majority is exported. The primary uses of flaxseed are

for cake and linseed oil. Linseed oi1 is one of the
principle constiËuents of paints, printing inks and var-
nishes. As well, flaxseed meal and cake are used for live-
stoik feed.

Given the usages of flaxseed, the internaEional
market may be characterj-zed as having two outstanding
factors: a) interchangeability of products, and b) compe-

Ëítion among product substitutes.30 Recent developments

have seen increased interchangeabiliËy among various vege-

table and synthetic oils in industrial production. As well,
the oilcake/mea1 markeË shows a degree of interchangeability.
The usage of linseed cake and meal in animal rations de-
pends on its protein conËent and price. As cake price
rises, substitution among vegetable meals with a similar
protein profile and lower price Í-ncreases, the goal of Ëhe

animal producer being to optimize Ëhe cost of feed rations.

30A. Pokrantr_ttAn EcgnometrÍc Analysis of canadianFlaxseeÇ E:<ports and-Pricesrlt unpublished úlasterir fh";i;;University of Manitoba, L975, pp: 23-32.
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Another component must be considered when dis-
cussÍng the interchangeability of flaxseed products. The

avaÍlabiliEy of substiËutes for linseed oi1 depends on Ëhe

supply and prices of other condiments required wiËh Ëhese

substitutes in the manufacturÍng process. Similarly, thÍs
phenomena exists in the flaxseed cake and meal market.

The second outstanding characteristic of the flax-
seed market is its competitive aspects. Almost every region

of the world is a producer of some type of oil product,

whether it be vegetable, mineral, or animal. which can be

used for industrial purposes. hliËh all these interchange-

able products, competition in the linseeed oil market can

only be classified as intense.

Domestic producËion in counËries must compete with
many of these foreign competitors. Thus domestic prices are

dependant on international prices of linseed and its substi-
tutes.

3. Feed Grains. Feed grains are produced throughout

the agricultural region (the Praíries and Ontario) of
canada. Barley, oats and corn are the primary grains pro-
duced. 0f these, oats and barley are mainly grown on the

Prairies, with corn being gror^;n in Ontario.

Most western feed grains are used domesËically by

EasËern canadian livestock producers. under the Feed

FreighË Assistance program, feed shipments from [,Iestern

canada to British columbia, Quebec and Ëhe Atlantic
i:t::'
i..:i:
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príovinces have their freighE charge subsidized. WLrile

aiding the marketing of trrlestern feed grains, this program
31has discouraged livestock production in the lriest, -

alËhough it has assisËed in meeËing competition from

American feed corn.

Canadian feed grains, although competing domestÍ-

ca1-ly with American corn, are somewhat impeded in entering

the U.S. market due Eo restrictÍve tariffs and quotas.

These tariffs are designed to'protect Ëhe domestic cereal

grain and oilseed industry in the United StaËes.

trJhatever surplus feed grain exists in Canada is
exported through the Canadian tltreat Board. hlith similar
markeËs as wheat (the United Kingdom, Japan and EasÈern

block counEries), the sporadic nature of demand is once

again evidenË. Australía, Argentina and the United StaËes

are competitors in this markeE. Aggressive marketing is
also Ëhe policy required in this competitive situaËion in
Ëhis market.

B. Canadian Demand and Supplv

1. Demand. The major uses of Canadian grain on the

domestic market are threefold. Grain is used for feed,

seed and indusËrial purposes. Of these the usage of grain

- 
314. G._[,Iilson, ttlhg rmpact of the Feed Freight

9qbpidy on the Location of Liveètock ProducËion." unõub-lished-Ph.D Thesis, university of Manitoba, L969. ^

i..', 
t.', 

,',.r,.,



23

for feed purposes is the most importanË. Itlithín the con-

text of feed, grain is used for two uses: livestock and

human food.

From Table 2.2 it can be seen that the major useage

of wheat over the Ëime period L967 /68 to L975/76 was for
e>çort. On the average 4L8r800r000 million bushels r^7ere

e>çorted. This ranged from a high of 57616001000 bushels

during the L972/73 crop yeat, to a low of 305,800,000

bushels during the L968/69 crop year. On average exports

T^7ere 73 percent of domestic producËion in a given crop

year.

Domestic consumption of wheat for feed purposes

averaged L36r300r000 bushels per crop year, with a high of

L46,600,000 bushels in L97L/72 to a low of LL4,200,000

bushels in the L967 /68 crop year. The consunption of grain

for food averaged about 26 percent of total producËion.

Compared with the use of wheat for exporE this was a rather

small amount. trrltreat was also domestically consumed for
seeding in fol-lowing crop years. 0n average 30r800r000

bushels are consumed in this manner. This conËributes to

approximately I percent of Ëhe toËal producËion of wheat

during a given year.

I,ltrile the major proportion of wheat grol{rt in Canada

goes Ínto the e><port market, the converse is true of the

two principle feed grains. Oat exporËs (tabte 2.3) aver-

aged a miniscule 6,900,000 bushels over Ëhe L967 /68 to
Lg75/76 crop years. This was a mere 2 percent of total
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TabLe 2.2

SUPPLY AND DISPOSITION OF I,¡IIEAT IN CAI{ADA

Crop
Year

ProducEion
As of

August I
E>rports Feed

Use
Seed Other
Use Uses

--(million bushels)- ,,,:

Le67 / 68

L968/69

L969 /70

L97O /7L

L97L/72

Le72 /7 3

L973 /7 4

L974/7s

L97s/76

592.9

650.0

67L.2

331.6

529.5

533.3

593,7

488.5

627.5

336 .0

305.9

346.5

435.3

503.9

576.6

4L9.4

394.6

45L.4

LL4.2

L25.6

L49 .4

L43.6

L46.6

L4L.9

L37.6

L32.5

L35.4

39.4

33.4

16. g

26 .L

29.6

31.9

29 .L

33.3

39 .0

2.6

5"9

1.6

L.7

1.0

1.3

2.3

3.5

3.9

Average 577.6 4L8.8 136.3 30. g 2.6

SüJRCE:
Canada Grains Council, Statistical Handbook 1977
(I'Iinnipeg: Canada Crai
pp. 29-3L.

{ìÌliÍ"::
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Table 2.3

SUPPLY AND DISPOSITION OF OATS IN CANADA

_C_rop Production Exports Feed Seed OtherYear As of - Use Use Uses
August 1

--(million bushels)-

L967 /68 301.9 3.6 311.1 Lg.g 0

L968 /69 356 . 7 2 .7 297 .2 Lg .g ,2

L969 /70 354.9 5.2 3L2.L L7 .g .1

L970 /7L 353. I L3 .4 345 .2 L7 .4 O

L97L/72 363.5 10.5 343,9 16.1 .1

L972/73 300.2 6.9 3L4.4 L7.4 .1

L973 /7 4 326.9 . g 319 .3 16.3 . 1

L974/75 254.9 L.4 243.6 15.6 .1

L975/76 299.6 Lg.z 249.4 L5.4 .2

Average 322.4 6.9 302.9 L7 .4 .1

SOURCE:
Canada Grains Council, Statistical Handbook L97l
(!ùinnipeg: Canada Crain@
pp. 29-3L,
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production in a given crop year. On the other hand,
domestic consumpËion of oaEs for feed use averaged

302,900,000 bushels, with a high of 345,200,000 bushels

during the LTTO/7L crop year, and a low of Z4316001000

bushels during Ëhe L974/75 crop year. Approximately 94 
,,i,:,1

percent of domestic production was consumed domestically
for feed.

A similar situation lvas evident for barley (table 
''i,

2.4). Barley production in canada averaged 4zLr10or000 i::

l 
t , ,,.1tbushels from L967 /68 to Lg75/76. 0f this, exports averaged ,,:',

133,000r000 bushels. The highest bailey e>çorts were

during the L97L/72 crop year (2s0,600,000 bushels). LowesË

exportsoccurredin1967/68.hILri1eexportsT¡7eresignifi-
cantly higher than in the case of oats, they on1-y averaged

32 percent of total production. on the other hand, the 
l

domesËic consumption of barley averaged 60 percent of pro-
duction over rhe period 196lfOA ro L}TS/76.

I^Iith regards to flaxseed, exports orice again r^rere , i:

the most signifÍcanË component of demand. I,IiËh a relatively 'l'r'
small amount of production compared to other canadian '.'"1

grai-ns, flaxseed exports are often dÍsregarded in economÍc

analyses. However, flaxseed has been and will conËinue Ëo

be an important e><port crop. Exports of flaxseed, used 
¡,,,,i.,,

primarily for indusËrial purposes, averaged around

16,100,000 bushels (table 2.5). This ranged from'25,700,000
bushe1s(tg7L/72)to7,7oo,000bushe1s(rg75/76).Average

e>çorËs r^7ere 74 percent of domestic production. The use of : :
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Table 2.4

SUPPLY AND DISPOSITION OF BARLEY IN CANADA

Crop
Year

Production
As of

August 1

Exports Feed
Use

Seed OËher
Use Uses

--(million bushels)-

Le67 /68

L968/ 6e

L96e /70
L970 /7r
L97L/72

L972/73

Le73/74

Le74l7s

L97s/76

Average

252.9

326.L

37L.3

408.3

601.6

518.3

469.6

404.3

437.3

4L.4

26 .4

89.3

L79.6

230,6

L65.6

L27.5

138.4

L99.4

LgL.7

L99.7

240.7

24g.L

298.2

296,7

299.0

244.4

259 ,5

L4.6

15.3

15.9

22.0

L9.7

19.5

L9 .2

18.5

L7.7

L7.0

L8.2

18.9

L9 .4

2L .5

L9.7

19.5

22.9

22 .3

42L.L 133.0 250.9 18. 0 L9.g

SûJRCE:
Canada Grains Council, SËatistÍcal Handbook LgTl(tlÍnnipeg: Canada Crai
pp. 29-3L.



'-!:4i:ll::i::::::ii':1ìa-i-ii ::

28

Table 2.5

SUPPLY AND DISPOSITION OF FLAXSEED IN CAI\TADA

Crop
Year

Production
As of

August 1

Exports Feed
Use

Seed Other
Use Uses

--(million bushels)

Le67 / 68

L9681 69

Ls6s /70

L97O /7L

L97L/72

L972 /7 3

L973 /7 4

L974/75

L97s/76

Average

9.4

L9.7

2g.L

47.9

22 .4

L7.6

L9.4

13. g

L7,5

L2.6

L3.4

18.6

2L.2

25.7

L9.6

15 .5

10.5

7,7

.5

2.2

3.3

4.L

1.9

¿./

2.0

2,6

3.4

.9

1.5

2.0

1.1
o

.9

o

.9

o

2.3

2.4

2.5

2,9

3.2

2.7

.8

L.7

L.2

2L. g 16.1 2.2 1.1 2.2

SOURCE:
car¡,ada Grains council, sËatisticaL Handbook Lg77l¡-z,¿-- :-^- ^ - r '.

pp. 29-3
(trtlinnipe_g: Canada Cráinpp. 29-3L.

Annual,
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flaxseed for feed and industrial purposes averaged 2,200,000

per crop yeat, respectively. This was 1 percent of domestic

producEion.

In surnrnary, it is clear Ëhat the major markets for
wheaË and flaxseed are the international markets. In the

case of wheat, major importers are the United Kingdom, the

EEC, China, Japan, India and the U.S.S.R. For flaxseed,
32

Japan and lriest Europe are the major consumers. Thus,

flaxseed and wheat are largely subject to the vagaries of

international market.

The two feed grains do not fit this scheme.

Clearly, feed grains are used primarily in Canada. trlithin

Ehis context, the federal governrnenE through its actions

and those of the CanadÍan ï,ilreaË Board are able Lo exert

more influence on Ehe market. Such programs as the Feed

Freight Assistance are examples of such policy directives.
Wtrat factors influence the demand for Canadian

grains? lüÍthin the context of wheat and flaxseed, one

variable of importance i.s the price of Canadian wheat

versus our major competitors product. In this case, the

United States is the major competitor. Further, income

levels will influence the amount of wheat imported by a

country. For flaxseedrproduction levels in importing

regions will al-so have. a major influence on the consumpËion

of flaxseed.

32Poktrrrt, op . ci t. , p . 35 .
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hlithin canada, consumption of oats and barley will
chÍefly be influenced by three facËors. These factors are:

i) the relative price of oats and barley in canada,

ii) Ëhe priee of American corn, oats and barley, and

iii) the quantity of livestock in Canada.

These considerations of the demand for canadian

grains in the world and domesËic market form the basis of
Ehe demand equations to be specified in the following
chapter

2. 9upply- Two levels of supply must be disËinguished
in the canadian grain economy. This is the supply of grain
at Ëhe farm level and the supply of grain in the transpor-
tation, loading and elevation system.

First, to deal with the supply of grain at the farm

level. For the most partr supplies of the four grains con-

sidered in this study depend on the same factors, therefore
Ëhis description will consider them together.

Perhaps the single most important factor in a

farmerrs decision to seed a grain is the expected price.
As price rises, production also rises. Hor^7ever, with
grains a problem exists in that prices aË seeding Ëime may

subsËanËÍally vary from those at harvest. Thus the price
variable Dêy, in fact represent farmers expectations of
price rather than actual price. schmit"33 h". suggested

i:',:i:1.:r:

33.-'Andrew sclrnitz, ttcanadian l.itreat Acreage Respons€. rr
canadian Jorrr"l gF êçriêrlrurar Economics, voli 16,-ñol-t'
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that this variable may Ëeflect initial paymenË prices for
wheat, oats and barley. Furthermore, the prices of pro-
duction substitutes may influence production of a grain.
For example, Lf flaxseed prices are high, farmers may shift
acreage from wheat to flax, seeking to fulfill their uLti-
mate goal of maximLzing Ëheir returns per acre of land.

carryover of a specific grain will ar-so influence
the production of that grain in the following year. As

carryover from the previous year increases, production (or
supply) in the current year will decrease. Tr¡7o factors
contribute to this phenomena. First, âs stocks build up on

farms, producers wil-l decide to planË fewer acres to the
crop in Ëhe next year. stock accumulation on farms occurs

as a function of the second factor. euotas established by

the lrltreat Board, ßêy also inhibit farmerst producËion.

Delivery quotas will prevent movement of grain to
primary elevators, thus increasing on farm storage. such a
quota may restrict production as farmers alter their;seedÍng
paËtern as their storage facilities reach capacity.

hleather also plays a crucial role in the production
of grain. conditions of moisture at seeding, precipitation
during the growing period and frost free days will reflect
themselves in the level of production during a crop year.
However, precipitation fÍgures are often misleading as the
timing of rainfall is important. For example, hearry rain-
faLls during spring and autumn may slow seeding and

harvesting, while a lack of moisture in midsununer may
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inhibit heading out of grain. Thus the quantification of a

weather variable is exceedingly difficult.
Goverrurent policies may also have a significant

impact on famerst production decisi-ons.. A classÍcal
example is the LrFr34 progr* instituted by the federal
government for the L970/7L crop year. under the auspÍces

of this program farmers T^7ere subsidÍzed to keep grain land

out of wheat production. The effectiveness of the program

can be seen from Table 2.6. Prior to L970 seeded wheat
l

acreage I^7as between 29 1570r000 acres and 24r400r000 acres

annually. üIith the iniËiation of LrFT seeded wheat acreage

dropped to 12,0001000 acres. Subsequent to Ehe end of the

program wheat acreage climbed, once again, ranging between

l-8,885,000 and 23, 100,000 acres.

trlt¡ile Ëhe LIFT program subsËantially reduced wheat

acreage, little if any, rise can be seen in the acreage al-
lotted to oats and'barley, However, seeded flax acreage

rose substantially from 2,320,000 acres in 1969 to 3,300,000

acres in 1970.

Technology is another factor which reflecËs in the

production of grain. Through the past three decades,

farming has become increasingly technologícal, with the

advent of improved farming methods, better equipment, large
scale ferËilization and weed control, and higher yielding

34
Lower Inventories for Tomorro\^7.
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Table 2.6

ACREAGE OF PRINCIPLE GRAINS IN I^TESTERN CANADA
(ooo's )

Year l,ltreat Oats Barley Flaxseed

1965

L966

L967

1968

L969

L970

L97L

L972

L973

L97 4

27 ,790

29,L66

29,570

29,960

24,400

12,000

18, gg5

20,900

23, 100

2L,500

5,645

5,422

5,090

5,340

5,430

5,260

5,315

4,660

5,300

4, 800

5,74L

7,010

7 ,600

8,330

8,800

9,300

L3 ,3L2

11,900

11,350

11,200

2,265

1,883

998

L,502

2,320

3,300

L,762

L,320

L,450

1,450

SOTJRCE:
Canadian lriheat Board, Canadian I'Jtreat Board Annual
Report 1975-76 (Vüinnipeg), annual, Table l.

i:i-:i'l r:
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disease resistant grains. such improvements have led to
increased supply, through higher yields.

st,rdi""35 have been made that emproy acreage as the
relevant variable in determining the supply of grain.
usually acreage is determined, then multiplied by some

notion of yÍeld (average or otherwise) to determine supply.
cerËainly, this method yields a measure of supply, but it
may in facË be approaching the problem in an incorrect
maruler. First, what factors really determine acreage? As

mentioned above, these variables are prices, carryovers and

quotas. Thus, such an approach provides no more information
than using them to estimate strictly supply. Furthermore,
with the inclusion of a variable for weaËher and technology,
yields of grain are implicitly measured. Thus, supply is
dÍrectly related to weather and technology withouË going
through the needless step of yield calculation.

Having dealt with grain supply at the farm level,
attenËion musË now be focused on the supply of grain in Ëhe

grain handling system.

The grain handling system is composed of five ele-
ments. These elements are:

3s----Karl- D._Meikle, r?Acreage Response to policy
variables in rhe prairie'pr_o_vinci:, " iñã m.ii"ãã-iãúr""rof Aericultural Economics, Vol. 5g, Nffi

ii':È:r:

.:a.:
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i) Ëhe primary elevator system,

ii) the terminal elevator system,

iii) the transfer elevator system,

iv) the rail neËwork, and

v) the maritime network on the Great Lakes.

ownership of these componenEs rests with the federal
government and Ëhe private grain industry. However,

conËrol of the grain movemenË through this system rests
primarily with the federal governmenË under the auspices of
the Canadian lrltreaË Board.

The primary elevaEor system consists of 3r73g ele-
vators, of which 2103236 

"r" located in saskatchewan.

These elevators purpose is receiving farm production of
grain, grading the grain, and inspecting the grain for
purÍty (dockage). Of the grains' considered in this sËudy,

wheat, oats and barley delíveries to primary elevaËors are
controlled through Ëhe canadian [,]heat Board delivery quotas.
These quoËas allow farmers to deliver a given quality of a

particuLar grain based on acreage allotments. For example,

delivery may be five bushels of lcl,I wheat per acre. on the
other hand, flaxseed may be delivered to primary grain
elevators, subject to space availabiLity, ât the whim of
the particular farmer.

36^-canada Grains council, statistical Handbook 1977(t'Iinnipeg) , p. 183.
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Table 2.7

CANADA' S ELEVATOR SYSTEM

Type of
ELevator

Number of
Elevators

Total Storage
Caoacitv

(ooo'uushárs)

.ar rr-mary

Terminalb

Processc

Transferd

Total

3,739

25

30

27

3, 921

332,709

L30,497

20 ,62L
L22 ,329

606,L56

a^-A pfimary elevator stores and ships the graínproductÍon of farmers.

bA a"t*inal elevator receives grain, cleans and
inspecËs it and for¡¿ards iË to domestiõ and'international
buyers.

"Pro""rs elevators sËore graÍn for domesticindustrial processing.
-dA 

Ër"r,sfer elevator-is used to store grain forperiods of ti¡ne, then forward grain to export iacilitiesor domestic processors.

SüJRCE:
Canada Grains Council,
(hlinnipeg) , annual, p. 1g3.

l.1r | .r:
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Once grain is stored in the primary elevator
system, movement of the grain to terminal, transfer and

process elevators is accomplished through the rail network
system. Rates to be assessed on the movement of this graÍ.n

hTere established Ëhrough the crowts NesË Agreemerrt3T of
L897. rn reËurn for shipping grain at a predetermined

tariff, the canadian Pacific Railway vTas granted certain
concessiorr"3S ir, Ehe development of a rail line inËo the
Kootenay region of BriËish columbia. As the cost of moving

these products has increased since Ëhe time of the crowrs
39NesË Agreement, the railways have be,en inËernalLy"' subsi-

dizing the movement of grain during the past decade. I,Iith
revenue shortfalls in the vicinity of gr32 ,zoo,o0o40 for
L974, efficiency of grain movement has been substantially
reduced.

37Can"da Grains Council, Grain Handling and
TransÞortation: The staËe of trre@g,

384*prr* Fhese concessÍons was a__subsidy of $tIr000per mile of rrãck consrruðÈãð-iäro Eñe-KõðããnäÍsl- Y

9rnternal subsidizatÍon refers to railways charginghigher rates _on the movemenE of other con¡nodÍties'to coverrevenue downfall on grain.

40car1 M. Snavely, CommÍssÍoner, The Connrission on
Grain Þy Rail (ffir

;,:ti.! r.i:..:

the Costs of Tra
or uana
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To remedy this inefficiencyr. the Canadian govern-

ment has iniËiated several programs to aid the movemenE of
grain. Three responses to this problem have been:

i) the subsidizaËion of rail movement of grain. In
Lg74 this amounted to approximately $40,000r00011

ii) the purchase of hopper cars to speed the loading
of grain at primary elevators and the unloading

aË terminal posiËions. By L976 the Canadian

governmenË had 6,OOO42 hopper cars in the system;

iii) the Hall Conrnissiot,43 which recornrnended abandon-
44ing 3 1669.2 miles of uneconomic rail lines in

üüestern Canada.

The Ëerminal eLevators are the major loadÍng

facilities for erçort grain in Canada. The ability of
terminal elevators to receive, clean and load grain on

ships is an important component in the supply of grain
available for export. The distribution of terminal facili-
ties in Canada is:

' 4lrbid., p. zL4.

42^uanadian [,]Lreat Board, canadian l,Jheat Board Annual
Report 1,974-75 (htinnipeg), annua

43grnnrett Hall, Cormnissioner, Grain and Rail in
lrlestern canada (ottawa: GovernmenÈ- o@,

¿L¿t' 'Ibid., p. 333.
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i) Brirish Columbia 5

iÍ) Maniroba 1

iii) Alberra 3

iv) Saskatchewan z

v) Ontario L4.45

of these terminals, the ones in British corum¡ia
and Manitoba are used to shÍp grain to exporË markets.

The terminals at Thunder Bay, ontario seiüe ti,üo purposes.
First, they are used to load grain direcË for export.
second, grain is shipped from Thunder Bay via Great Lakes

ships to transfer elevaËors, to be stored and exported at a

later daËe.

The terminal eLevators in saskatchewan and Alberta,
are run by the canadian government through the canadian
Grain Commis"iot.46 l,ltrile these elevaËors receive and clean
grain, Ëhey are noË Ërue ËerminaLs, in the sense that grain
must be shÍpped from them to either British columbia
Manitoba or Ontario for export.

The final major component of the elevator system are
the transfer elevators. Transfer elevaEors on the upper and

Lower Great Lakes, upper and Lower st. Lawrence and the

45C"rr.dr Grain Council, Slatistical Handbook
(winnipeg: Canada Grains Council, L977), p. lgt

46canadian rnËernaEionâl Grains rnstitute, Grains
and Oilseeds: Handling. Marketi Processing (tlinnipeg:
Canadian rnrernàii ,' ;p : zi_h .
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Maritimes, have a Ëotal storage capacity of L24,ggo,ooo47

bushels. Receipt of grain at these Eerminals is usually
via merchant ships operating on the Great Lakes. However,

a small proportion of grain is received via rail.
Finally, a brief description of the Great Lakes

Maritime system. The Great Lakes system lÍnks landlocked
ports in Canada and the united sËates wiEh the ocean through

the st. Lawrence sear¡iay. tliEh regards to graÍ-n, the two

major ports being Thunder Bay in canada and Duluth in the
united sËates. Grain movement from Thunder Bay is largely
a 'tbackhaultr operation for the iron ore freighËers operating
between Quebec and steel processing prants in the Mid-
western united sa"a"".48 Thus, the cosË of grain movemenË

is somewhat subsidized

unfortunately, the Great Lakes system freezes over
during winter. The average shipping season lasts between

mid AprÍl to mid D"".*b.rr 49 necessitatÍ,ng Ëhe movemenË of
exporc grain to Maritime ports for the duration of the

closure

47rbíd., pp. 4B-4g.

48Ĝrains
Canada (Ottawa:

49canada Grains council, statistical Handbook Lg77

Group, Grain Transportation in Eastern
Government of Canada, L972), p. IT-4.

/.-.(LVinnipeg: Canada Grains Council , L977) , pp. 204_ZO\
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Having briefly described Ëhe grain handling system,
the question ari-ses of potential efficiency improvements

that can be implemented in Ehe system. volume moved through
Ëhe system, and subsequently Ehe availability of grain for
e>cport may be improved through any of the following
Programs:

rt Í-) improved co-ordination of vessel allocation
ii) extension of Ëhe work week at termÍnal andtransfer elevators

iii) use of interior elevators
iv) more flexible cleanÍng standard",,,50

of these, the extension of the work.week and labour dif_
ficulties particularly, will be considered in this study.

The effect of labour strikes must be considered on

boch sides of a supply-demand model for the grain industry.
The effect of strikes must first be considered in terms of
demand, the demand influence being that disputes ofËen
disrupt established methods Ëo move grain Ëo importers. As

restrictions increase, irnporters switch sources of supply,
causing demand for Canadian grain to fall.

c.

Trans
5oc"rr"d.

orfation:
Grains Council,
The State of the

da Grains
Indust trrlinnipeg:

Theoretical Effect -of Labour Disoutes

cil, 99-101.



42

I,Jith this basic notÍ.on, what can be said about the
effect of conflicts during periods of high versus low
demand?51

consÍder two scenarios for the case of low demand.

First, âs purchasers are only demanding a small quantity of
grain we would expect the losses to be neglÍgÍble. AË

first, this logic appears to explain Ëhe effect of strikes
in low demand years. This hypothesis may noE be correct.
Irltrat does low demand imply? rt implies many choi.ces are
available to importers of a grain. As more choices can be

utilLzed by the imporËer, switching supply sources occurs
more readily. consequently, strikes during low sales
periods may lead to switching of supply sources. Thus, the
effect of a strike may be rather severe during low export
years.

our conclusion regardíng strikes durÍng years of
low demand, is really no conclusion. All we know is that
demand shífts. &npirical analysis of each graÍn can only
provide the ansr¡¡er.

rf this is the resurt during row demand years, can

Ehe same be said for periods of high demand? During such
'times we arrive at the same conclusion. trlhen grain move-

ment facilities are being taxed to their capabilities, w€

tltt high and low demand, it is meanË that demand
9::i-:::: I_=l :!". long rerm 

"rr"=åg". 
-io-iñä--"*jiii"rr

analysis e:çorts in elcess of standard deviãtion (plusone
andand minus) äre considered high 1ohr.

GF iir.h:'úlitBA



I¡¡ould expect labour disturbances Ëo

fect than the average. Under this
the demand curve would be large.

43

have a more severe ef-
reasonÍng, Ëhe shift of

However, the term high demand implies that demand

for grain is high among all competitors. under tåese-con+,

diÈfons every supplier of grain experiences an inability to
meet ner^7 contracts. consequently, there is little, if âDlr
possibility for importers of grain to switch suppliers.

Thus, the analysis arrives at the same resulË as in
the case of low demand. The degree of shift in the demand

curve for the high demand is unknown. As both cases arrive
at the same inconclusion, the difference in the effect of
strikes during either condition cannot be distingui_shed.
Therefore in the analysis of demand, it will not be possible
Ëo compare low to high demand. However cases of abnormal
(botfr high and low) demand can be compared to ,ro=*"152

demand.

one final noËe musË be made of the demand effect.
Dr.re Ëo the contractual nature of grain sales, with terms
extending longer than a year, it is e>çected that demand

shifts may be lagged behind the occurrence of strikes. ThaË

is, a stríke in 1977 may infLuence demand in 197g.

52Notrnal demand constituting yearly demands rangingbetween the mean 
-and- plus or rninus õnâ standard deviaËion.Everything ouËside this range is abnórmar demand.
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Hawing dealt with the effect of sËrikes on demand,

their effect on supply of grain must be anaLyzed,. tlith Ëhe

occurrence of a strike, segments of Lhe cGvls are disrupted,
leading to a decrease in the available grain for export.
Consequently, wê would expect the supply curve to shift
immediately to the left.

The hypothetical effecËs of strikes are best shown

diagramatically (Figures 2.L and 2.2). suppose the iniËial
equÍlibrium position is point A in Figure 2,L, with price p

obtained and quantity Q demanded. hlith the inclusion of
sËrikes, quanËíËy demanded falls, yielding a new equi-
librÍum at point B, with an associated revenue loss of
PAQ) - PtBQtO (Figure 2.L). Hor,rzever, labour conflicts also
influence the available supply of grain, causing a supply

shift to a nehT equilibrium at point c, wÍth a revenue loss
of PAQO - PilCQt'O (Figure 2.L), yielding a combined total
revenue loss of PAQO - PttDQtr t O (Figure 2,2) .

However, our analysis is not quite so simple.
Clearly, the amounË of revenue losses depends on the

elasticities of the supply and demand curves. As the

elasticity of the demand curve increases (i.e. as it be-

comes perfectl-y elastic) revenue losses aËËributable to
supply shifËs is smaller. similarly, as the elasticity of
the supply curve nears perfect elasticity, rosses due to
shifts in the demand curve increase.



Figure 2.1

IndividuäÌ Losses of Revenue Due to shifts in suppry and Demand

PrÍce

45

dQ" a
Quantíry

Figure
Losses of Revenue Due

Demanded

2.2

to Shifts in Supp'ly and Demand
Combined

Príc e

P

Ptt

Q'rr a
QuantÍËy Demaaded

I

I

I

I

I

I

i'.t.i:l.iË



46

D. A Four Sector Model of the Graín Industry

Unfortunately, graphÍcal analysis will have to be

abandoned as !üe approach multidimensional space, âs

employed in this theoretical model. Thus this model may be

somewhat confusing at first appearance. After some thoughË

iË will become reasonably simple.

As Ëhe amount of each grain produced. and exporËed

is vastly different, the impacË of strikes on each will be

quiEe different. Consequently, the coefficient of the

variable Ëo indicate strikes will differ for each supply

and demand equaËion. Thus, the impact of strikes on the

price of each grain will differ
Consider supply. Each grain is deemed to be sup-

plied in accordance with its price (or price lagged one

year). Furthermore, farmers decision Ëo produce a given

grain wÍll depend on Ëhe price of Ëhe other three grains,

as well as other supply determining exogenous variables.
The two eLements determining demand of concern at

this moment are the price of a given graÍn and the effect
of strikes. As weIl, other exogenous variables play a part
in demand determination.

ülhere the demand curve intersecÈs the supply curve,

the price of the grain and the quanËiËy of grain demanded

are determined. Depending on the severity of Ëhe sËrike
and the demand conditions, each sectorts demand and supply

curves will shift by differing amounts.. subsequently,
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there is a revenue loss of differing magniËude in each

sector.

The effect of labour disputes will also have a
second round effect. This effect occurs through lÍnkages

in the price mechanism. As the price of one grain falls,
we would expect production of other grains to rise, âs the

supply of a grain is inversely related to the prices of the

other grains. This wiLl cause a second round price de-

crease, âs supply of other grains Íncreases.

However, this price mechanism will cause further
swiËching back to the original grain(s) because it (rhey)

are more favourable in terms of the oËhers. Thus, a simul-
taneous equilibrium for all grains is determÍned.

At this stage, a simple example might clarífy any

ambiguity in Ehis discussion.

Example A
l

Suppose we have two grains, wheat and oats, whose

;.: :':.: :'..;. .::,.:supply functions respectively are:

2.L Sw : I + 2pw - po - 2Lt ,,,,,,,,',j, 
.

2.2 D,s : 50 - 2pw - Lt_l
2.3 Sw : Dttr

2.4 So : 2.4 + Zpo - pw - .4gla ,. ,,

2.5 Do:6 -.5po -.Z6LE-L
2.6 So : Do
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where:

Sy : supply of wheat (OOOIOOO metric tonnes)

So : supply of oats (OOO'O0O metric tonnes)

Dq¡ : demand for wheat (OOOr0O0 metrÍc Ëonnes)

Do : demand for oats (OOOr00O metric tonnes)

Po : price of oats (dollars/metric tonne)

P!'r : price of wheat (doLlars/metric Ëonne)

LË : a varÍable to indicate labour difficultÍes at timet (rate of lost man-days/worker).

Let La:0, Lt_t:0, then pr¡ = L9,4,

?o :9.2,

SW : Dttr : 30.6 ,

So:Do:L.4.

Total revenue from wheat sales

Total revenue from oaË sales

Total revenue

Now let Lt: 2.5Lt-1 :5, then pw:14,
po: 7,

Sr¡¡ : hg = 17,

So = Do : L.2.

Total revenue from wheat sales

Total revenue from oat sales

Total revenue

$ 593,640,000

12, 990,000

6A6 ,520,000

239,000,000

8, 400 , 000

246 ,400,000



Revenue loss from wheat sales

Revenue loss from oat sales

Total revenue loss

49

$ 355,640,000

4,490 r 000

360,120,000

Thus the potential magnitude of sËrikes can be

seen. These revenue losses revert back to farmers in the
form of lower trtlheat Board prices. rn following chapters
this analysis will be extended to four sectors.

i,.,'. .:1 ,
i, Ì....' '..,.,



CHAPTER 3

THE ANALYIICAL MODEL AND ST.JPPORTING DATA

The purpose of this chapter is to develop a theo-

reEical model, based on the consideraËions of the second

chapter, to assess the costs of labour-management con-

flicts. A theoreEical model will be specified, the vari-
ables in the model defíned, and the data base used ín the

thesis presented. Further, the preliminary analysis of the

model will be implemented. Finally, the model used to
assess Ëhe costs of labour disputes in the CG"IS is furnished.

t(
A. Specification gf Ëhe Model

In Chapter 2 the supply of a grain was described as

being dependant upon certain variables. Arnong these r^lere:

i) the price of the grain,
ii) the price of other grains,

iii) the carryover of the grain,

iv) weather condiËions,

v) technology, and

vi) the occurrence of strikes in Ehe crop year.
To this list two other variables may be added. under the

LrFr program farmers !üere paid to decrease wheat acreages

J

certain variables in this section are products ofother studies previously_ referred to (pp. 4-S)--i.r, par-ticular, the price variâbles, carryover, and La. Th; re_mainder are the authorrs invention.
50
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on the Prairies. consequently, Ëhe influence of this pro-
gram on the supply of the various grains must be considered.
The effect of the acreage of a grain so!ún must also be in-
corporaËed inËo the model. Clearly, the acreage seeded wÍll
affect the production of grain. 

..,

At thÍs point a more elaboraEe analysis of the
causal relaËionships Ëhese componenËs exert on Ëhe .rpp1y53

of grain is necessary. First, consider the effects of price 
',,,,' ,

on the supply of grain . ,'' '

Farmers respond to the price level of a grain by

varying Ëhe amount of acreage seeded. As the price of a

given grain changes it i-s expected ËhaË the amounË of
acreage seeded will follow a corresponding adjustment. The

relationship among the supply of a given grain and competi-
tive grain production is an inverse one. Thus, ês the
prices of compeËing graÍns rise, ceteris paribus, it is ex-
pected Ëhe acreage of a given grain fa1ls. consequenËly,

príces of competitive grains are inversery related to Ëhe

production of the given grain.
However, one other factor enËers the analysis.

hlestern producers often consider wheat as the rrstandard,

crop to be seeded. This arises out of traditional farming
practices as well as the securityto 

" farmer recei.ves

53_,- -The supply of grain is measured by the amountmarketed by produóers in-a crop year.
,'54-__

, 
- 'fy. security it is meant that the farmer need noËIiù.orry gbout- the pricê .of wheatl-ãr--ïi-i" out of his contror,Ëhrough the monoÞoly the canadían !üheai Board trorãã on the ' , ,. 

,1export market. f i::,,;,i.
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through the canadian bltreat Boardts marketing system. Thus,

farmers generally compare the prices of other grai.ns to that
of wheat, when making the allotment of acreage to a par-
ticular grain. The relative prices of grains then become

the price variable inf luencing grain supplies. , ,, . ,

I'ltraË is the influence of carryover of a particular
graín on Íts supply? rn the current crop year the carry-
over wiLl have no effect. This occurs because the farmer 

,',',::,',
does not know the amounË of carryover when the acreage al- :':

lotment decision is made. If the currenË carryover has no .,,,,:,,,',-,,

effecË, the same is not Ërue for the carryover from the
previouscroPyear.TheamountofËhiscar1T7overisknown

lto the producer. As the amount of stocks rises, a producer 
lwÍll decide to decrease his production of the grain. 
i

Acreage will also influence the supply of a grain. j

rn the currenË crop year the greaËer the acreage sor^7n, the 
i

ì.greater the amount of a grain55 p=odrced. However, the l

amount of grain produced is not necessarily the same as Ehe
.:l:-r.,,,.:.'..

supply of grain. As grains are marketed throughout the .. ""..
croP year due to lr]LreaË Board quotas (wheat, oats, barley , .,.,.,,,,.

flax, rapeseed and sunfLowsr), it is expected that the pre_
ceding crop yearts acreage of a particular grain wÍll influ-
ence marketings in Ëhe currenË crop year. A.s seeded 

i..il,..-
acreage of a given grain rises in the previous year, the
amount of the graÍn supplied in the current crop year will

5s,,--under the same weather and technorogical con-ditions, j .,:iì,:..,il.:,.r
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also rise as farmers respond to quotas, prÍces, and on farm
inventories in light of the current crop years productiorr.56

The effect of the LIEI program on supplies must

also be hypothesized. The LIFT program rÁ7as a temporary

program implemented by the Federal government, as the

carryover of Canadian wheaË reached new records in the late
1960'".57 Under the plan, farmers hTere subsidÍzed in
taking available acreage out of wheat production for the
crop year L970-7L. Thus, under LIIT the suppry of wheat

fel-l. Holrrever, some farmers switched further (than under
LÏI¡T) acreages ouË of wheat into compeËiEive crops. Thus,

the effect of LrHf was to increase the supplies of oaË,s,

barley and flax, as welL. using a dummy variable Dt
(1 = L970-7L, 0 = otherwise) to indicate Ehis program, it
is expected iË will be inversely related to the supply of
wheat, but posiËively related to the supplies of oats,
barley and fLax.

üIeather conditions are quite easily dealt with.
obviously a more conducive meËeorologic condition produces

56*--Farmers musË have sufficient storage space forthe currenr cropr so rhey_musr ctear otÈ-ã"ãütr,-ãi-Ër,"previous production to sirffice current producEion.

-57R"f"r to Table 3.7, giving the carryover of grainin Canada. In 1969-70, rhe carryove, oi ;hããÉ-;;;
1,0981690,000 bushels. - Due to LiF'r Ëhis fell t,o- 734,L54,000bushels in L970-7L.
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q Larger supply of grain. Hor,rever, the quantifieation of a

variable to represent weather is not as easy. A number of
clÍmatic factors influence Ehe production of grain. Thzo of
Lhese are precipitation and the duraËion of the frost free
period. Hordever, the amounË of precipitation is of little
use, since the Eiming of rainfall is as important as the
amounË. Large amounËs of rain in the fall and spring lead
to harvesting and seeding diff i$lties. Both decrease

the quanËíty and quality of Ëhe grain. yet, if solely the
amount of rain is considered, the effect of this unfavour-
able precipiËation will receÍve the s¿rme value as rain
spread more evenly through the growing seasorl. rn light of
these difficuLcies, a dunrny variable will also be used to
ascertain Ëhe effect of weather on the supplies of grain.
rf 1 represents times of favourable weather, and 0 unfavour-

"b1e58 conditions, the weather variable will be related to
the supply of grain in a positive manner.

Technology has an effect on the supplies of grain.
As Ëhe Ëechnology of farming advances due to improvements

in equipment, ferËÍLizaËion methods, pêsËÍcides and va-
rieties, yields of grain per acre will ,i"".59 subsequentry,

5Q:rf"rrourabre weather ref e::s to rack of moisture -precipirarÍon_aË rhe wrong rime .during--Èr,ã-ðiof-yäã;;-;;ã'years rþgr the,,frost^free-period was ãhort. thai is, un-favourable wearher (0) contribures norhing ro ¿ñ; ãùppfy.
59R. A. Hedlin and L. R. Rigoux. "CroD yield

changes in Ëhe PraiÈie provincàå itBB--Cå td'tá',,, 'ËiåË""oings,
rnËernaËional sggi:ty_of soil sciãnães À""ã"iåri;;-irth : z

ISSA Congress , L978r- Edmonton, Alberta.
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the supply of grain increases. However, technology is a

difficult variable Ëo quantify. one procedure is to use a
linear time trend as a pro>çy variable to technology.60
This analysis will use this convention.

Finally, the effect of labour-management disputes
on the supply of grain must be determined. AË this point,
mentÍ-on should be made of the measure employed to ascertain
the effect of such disputes. A variable to indicate "the
severity of strikest'61 is needed. The measure of severity
is the rate of lost man-days per worker involved. Thus a

strike of one day by a thousand men will have the same

effect as a strike by one man for one d^y.62 rn both cases

the severity is the same, âs movement of the grain through
the system Ís only stopped for qne day.

Inlhat happens to supply as the rate of lost man-days

per worker increases? Elevators cannot receive grain as it
cannot be moved through the rest of the system. Delivery
quotas fall as Ëhe leveL of inventory in the system rises.
clearly these factors will result ín the supply of grain
(measured by producer marketings) fattihg.

60Ko,rt"oyiannis, op. cit. , p. Z7O.

61eh*"¿, op. cit., p. 97.
itt

t"..

62tn the first case- thereby 1,090-mer_r or rhe severitjr (iaie
worker) is 1. In the seconá case.by 1 man or Ehe severity is l;- '

afe_1r000 lost man-days
of lost man-days per
Ëhere Ís 1 lost màn-day
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Having assessed the determinants of suppry for the
model, the components of demand for grain must be as-

certained. rn Ëhe second chapter, a brief analysis of the
internati-onal and domestic demand for canadian grain was

prowided. Based on these findings, the demand equations

for grain can be specified.
once again, prices constitute a major influence on

the demarrd63 for a grain. However rather than price
competiËion among Ehe various grains, ês in the case of Ëhe

supply, price competition between producing countries for
the same grain market is the infl-uential varÍable. As Ëhe

price of canadian rises, it is expected that importers will
decrease Ëheir consunrption of canadian grain, switching Ëo

alËernate sources of ",rpply.64 similarly, as the price of
a competing countryts grain rises, importers'will demand

more canadian grain, switching from the higher priced
competitive graÍn.

For this thesis, the nation competing with canada

for markets will be the uniËed staËes. The reasons for
choosing Ëhe United States are:

i) Íts proximity with canada, wiËh similar types and

qualities of grain being produced,

63^--Demand is defined as the exports outside canadafor wheaË and flaxseed and as the domästic consumption foroats and barley. .

64rh"a is, grain is a normal good.
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ii) the united states is the largest exporter of grain
in the world, thus having a sígnificant influence
on commodity prices, and

iÍi) the availability of accurate, current price data

in the united states, whÍle sources of data for
other exporters are limited.

The second major influence exerted on the demand

for a graÍn is the effect of tincome typsr65 effects. rt
is expected that the effect of higher per capiËa incomes in
Japan, rndia and Great Britain will be greater demand for
wheat. similarLy, as the number of livestock in canada

(measured in terms of dairy corvs) rises, the demand for
oats and barley will follow. FÍ.nally, the amount of
building in Japan and Europe will influence the demand for
canadian flaxseed. The more construction in either, the
greater the demand for canadian flaxseed. rn the case of
Europe, quantifying the number of buÍldings constructed is
an arduous task, so figures for lrlest Germany will be used

as a Proxy.

Linear time wiLl also be considered in the demand

for grain. The pur-pose of time wÍll be to ascertain any

increase in demand (demand and time are positÍvely related)

65-
---By this it is meanË the effect of hisher DercapiÈa_incomes in naËions importÍng wheat (rnãi;, -.Iãp"rr,

Great Britain); larger numbels of ii.,rã"tock (meaåurãA interms of dairy- cows-i! canàda) ;for oars ""à_Èãrlãt;-i"il",amounts of buiLding, for flax (Japan, !,Iesi-Gã*rã;í).
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due to time relaËed consumption aLterations or technological
innovations in Ímporting regions.

How do sËrikes influence the.demand for grain? As

for supply, it was hypothesLzed the severity of strikes,
measured by the rate of lost man-days per worker employed,

wiLl be inversely related to the demand for grain. However,

most grain sales occur on a conEractual basis. Therefore,
sËrikes will not contribute Ëo a reducËion in demand in
the current crop year, ês importers arerrlocked inrr to their
purchases. As canada is unable to meet the contractual
requiremenEs, importers perceive canada as an unreliable
supplier of grain. consequently, their demand for canadian

grains wíll fall in fuËure years. That is, the effect of
strikes on demand will be lagged at least one year.

rn chapt "t 266 argumenËs were presented Ëhat the
effect cif sËrikes during periods of high and low demand

would differ from periods of norm^L67 demand. Hor,rzever, the
degree of impacË was not knordn. rn light of this problem,
a varÍable to reflect the differences in the strike effect
when demand is abnormal6S .r.trrr" normal is included in the

66

ro pages 4l2is? better descripËion of these arguments, refer

TNormal demand ranges between the mean demand plus(high demand) or minus (low-ãã*ã;ãi-ã"" srandard deviaËion.
6SAbrror*.1 being cases of high and row demand.

i r . r-:ìt:

't .1.--, '

ì:r::
..:i:i
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model. This variable was determÍned for each grain using
the following method:

i) determine the mean demand for the grain;
ii) determine the standard deviation of demand for the

grain;

ii-i) determine the range of normal demand (mean +

one standard deviation) ;

iv) if Ëhe demand for a graÍn in a particular crop

year is normal, assign that year Ëhe value 0;

v) if demand for a grain in a particular.crop year is
abnorrnal, assign Ëhat year the varue of r; and

vi) generate the abnormal versus normal demand vari-
able by mulriplying the assigned variable (O or l)
Ëimes the rate of lost man_days per worker

employed, lagged one year.
This new varíable was hypothesLzed. Ëo be inversely related
to demand.

Based on Ëhese consideratíons, the folrowing
econometric model for the supply and demand of wheat, oaËs,

barley and flax was establÍshed:

i) tilreat Market.

QSWr - -a10 POCË/P[^IC' - all pBCr/pt^ICr - 
^LZ 

pFCr/pI^ICE

-ar3 CWt-t + 
"L4 AWt-t - a15 Dt * aL6 Wt + 

"L7 T i,t.tt:.

-alg Lt * tl (:.t)



QDI^IË : -a2O PüICa + 
"21 Pffir * 

^22 
ylt * .23 yJt * 

^24
+ 

^ZS 
T - aZ6 Lr_l aZ7 Zt * tz

QSWr:Q\+CWt

ii) Feed Grain Market.

0ats

60

YB.c

(s.z¡

(s. s¡

(9. +)

-czo PBcr + c21 PBUa + c22 LNa + 
"23 

T

-cZSXr+U6

QDBr + CB. (s.g)

i:i:ir:'i'i'i'i

QSor = b10 Pocr/pr^IcË - brt pBcr/phicr _ btz pFcr/phlcr

- brg cor_t + b14 Aor_1 * brs Dr * bto I^Ir

+btZT-bfAL.+U3

Qmt : -b20 Poc. + b1 eou, + bzz LN. + bzs T - ,b24 Lt_L

QSoË :

QsBr :

QDBt =

-bzsYr*U4

QDOI + co,

Barley

-ctg POC./ PltC. + c1 pBC./pt^ICË - cLZ pFCE/phrCr

- c13 CBt_l + c14 Æt_l + c15 Dr * c16 tIË

+"17T-clgLr*U5

(s.s)

(¡.0 )

(¡. z)

cz4 Lt_L

(3.8)

OSB. :.E
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iii) Flaxseed Market.

QSFr : -dro Pocr/PI^Icr - dlr PBcr/PI^Icr * dLz pFcË/pr^Icr

- dtS CF._1 + dt+ AFr_t + dt5 Dt * d16 !,Ir

+ d17 T - dtg Lr * U7 (¡.tO)

QDFr : -dZO PFCt * dZL pilr * d2Z pIJr * dZ3 pIGr

* d241 ' dzs L.-t - dzo u. * uB

QSFr:QDFa+CFr

The variables in this model wilr be defined
following section, along with the data base used in
analysis.

B. DefinÍtion of the variables a4d the Data used in the
Analysis

The model proposed in the preceding section con-
tains numerous variables. rt is the purpose of the first
part of this section to define these variables. The

variables are defined as follows:

In actual_ practise the equality of supply anddemand for each greil is assured Ët-ãããí"I-rr,ä'ããlrlo.r., rothe.quantiry demãnded of a giyel-gí"i"-."ã usinj-ir,í"variable as thg dependant_vãriablã. frt"t is, eD of a grai.nin the regression is reaJ-ly eD + 
""rryo1r"r. trrlhereverregressÍons are Performed 

-for the r"*áittd"r of this thesis,
QD is QD + carryover.

(¡.tt)

(3.12)

thein
Èhe

; :rrl
i I i.1:,*
-.,i :::¡
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"10....1g, "ZO...aZ7 coefficients to be determined by

regression for the wheat supply

and demand varÍables.
b10...blg, b2O.,.b1s coefficients Ëo be determined by

regression for the oats supply

and demand variables.

"10...c1g, cZO,..c¿s coefficienËs to be deËermined by
. regression for the barley supply

and demand variables.
dLo'''d18, d20....d26 coefficienËs to be determined by

regression for the flax supply

and demand variables.

random variatÍon in the model.
U1. . .Ug

PhIC price of wheat (in CanadÍan dollars per bushel) in
canada. Price is the sum of the inÍtial, interÍm
and final pa)¡ment tor lþL Northern wheat in store aË

Vancouver or Thunder Bay.

Poc priee of lfz irlestern oats in store at Thunder Bay

(in canadian dollars). príce is Ëhe sum of the
initial, Ínterim and final paynreRË.

PBc prÍce of lfT trrlestern 6 row barley in store at Thunder

Bay (in canadian dollars). price is the sum of the
initial, Ínterim and final pa¡rment.

PFc average annual price of. lfL flaxseed at the tüinnipeg
Commodity Exchange.
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QSI{ producer (farmer) marketings (sales) of wheat

(supply of wheaË).

QSO producer (farmer) marketings (sales) of oats

(supply of oats).

QSB p.roducer (farmer) marketings (sales) of barley 
,.1

(supply of barley).

QSF producer (farmer) marketings (sales) of flax
(supply of flax). ,, ,.,,

QD!,I oçorts (demand) for Canadian wheat on internaËional '

markeËs ¡,.,t,,,:

QDo exports (demand) for oats in the canadian domesti.c

markeË 
I,

QDBexports(demand)forbarleyintheCanadiandomestÍc
market. t,

QDFexports(demand)forCanadianf1axoninternatÍona1
imarkets l

IPültI u.s. price of. lþL Dark Northern spring wheatr corn-

putedbyweightingse11ingpriiesbythenumberof
carloEs sold, in Minneapolis (in U.S. dollars). 

"',.t'.
' 
:. :- :-:'

PûJ u. s. price on ll2 WtriËe oats, based on average daily . , ,

quotations weighted by the number of carlots sold,
in Chicago (in U.S. dollars).

PBU u.s. price of /É3 barley, based on average daily 
¡,r.:r,,¡

prices weighted by carlots sold, in MÍnneapolis
(in u.s. dollars).
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Pzu u.s. daily average prices of flaxseed, weighted by

carlots sold, iri Minneapolis (in U.S. dollars).
A!,I thousands of acres seeded to wheat on the canadian

praíries.
Ao thousands of acres seeded to oats on the canadian

prairies.
AB thousands of acres seeded to barley on the

Canadian prairies.
AF thousands of acres seeded to flax on the canadian

prairies.
c!ìI carryover of wheat in canada in thousands of

bushels.

co carryover of oats in canada in thousands of bushels.
cB carryover of barley in canada in thousands of

bushels.

cF carryover of flax in canada in thousands of bushels.
L rate of lost man-days per worker employed during

strikes;
i.e. Total lo"t *.r-d"y. fo, th. ",T"t.l 

",-ber of employees involved in
Ëhe strikes. -

PrJ building construction for dwellings (rooms or suites
of rooms in permanent buildings which are inËended

for habitation by one household and are suitabLe
for occupation by one family) in Japan.

PrG building construction for dwellings in Germany.

YI per capita income (in U.S. dollars) in India.
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YJ per capita income (in U.S. dollars) in Japan.

YB per capíta income (in u.s. dollars) in trrlest Germany.

LN livestock numbers in equivalent dairy cohTs in
Canada

.:..:.hI a dunrny variable to represent meteorologic 
.::,,:;

conditions (1 : favourable weather, 0 : unfavourable
weather).

D a dunrny variable to indicate the effecÈ of Ëhe LIH| i,,,

program on grain production (1 : LIFT in effect, :':ì

: ,.,,,.
-.:i . .

0 : otherwise).

T a linear tÍme trend (T : 1 for f950-51 crop year,
41 - n5 for the L974-75 crop year).L-Z

t Ëhis subscript indicates the Ëime relationship
amongst the variables in the equation. That is, t
is Ëhe current period and t-l is lagged one year.

z the variable to indicate the effect of sËrikes

. during periods of abnormal wheat demand.

Y the variable to indicate the effect of strikes 
i,,j,, .,:during periods of abnormal oats demand '. ',
:. t_.,j.x the variable to indicate the effecË of strikes ,' ,

during periods of abnormal barley demand.

Y the variable to indicate Ëhe effecË of strikes
during periods of abnormal flax demand 

,,.,, ,

Having defined the variabl-es in Ëhe model, the data
used to develop regression estimates are corrËained in
Tables 3.1 to 3.13. on the basis of this data, preliminary
ana1ysisofthemode1$7asperformed.Thedataisana1yzed
in Appendix A. : ri
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Table 3.1

PRODUCER }4ARKETINGS OF GRAIN
(000's bushels)

Crop Year WtreaË
(Qswt)

Oats
(QsoË)

Barlev
(qs¡t) Flax

(Qsft)

L97 4-7 5
L97 3-7 4
L972-73
L97L-72
t970-7L
L969-70
1968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-6 I
1959-60
19 s8-59
19s7-58
L9s6-57
19 55 -s6
L954-5s
L953-54
L952-53
L95L-52
19 50-5 1

422 ,43L
536,329
633,259
5L7 ,507
384,307
4L3,263
423 ,L6L
456,0L5
632,362
569,363
524,5L5
569,620
47 4,293
305,345
396,2L2
379,5L4
367 ,723
378,L92
362.454
3s2:e7 s
319 .790
3e6;e6t
535, ggg
455,362
367 ,945

40 ,2go
39,9L2
32,494
32,326
58,254
20, g6g
4L,57 3
30, g1g

, 39,427
5L,715
4L,002
49 ,7 44
89, g gg
29,L55
37 ,634
24,339
39,290
58,272
69,254
7L,629
70,22L
90,367

119, 750
133, 609
102,699

209,224
235,05L
236,9L6
295,467
235,ggg
L68,423

8L ,7 66
87,305

LL2 ,7 40
g3, gg6
7 4,975
9L,943
80,477
59,329
87,ggg
95 ,59 1

L22 ,g3g
LL6,g66
L20,66L
LL4 ,460
LLz,56g
LOL,3g7
165,036
130,336

83,4L4

L0,797
L5,404
L8,346
2L,5gO
33,7L3
22,096
15,310

7 ,g4g
20 ,LL3
23,699
L6,947
L7,375
L3,528
11,985
18, 136
13,961
L7 ,469
L5,296
29 ,0L3
L5 ,7 50
8,792
7 ,403
8, 155
6,363
3,254

SOI.]RCE:
Canadian WLreat Board
(tr'Iinnipeg: Canadian
Table IV.

Annual Reoort
Irlheat Boaid,

L97 4-7 5
L975), Annual,
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Table 3.2

EXPORTS OF I^¡HEAT AND FLAXSEED(000's bushels)

Crop Year l,lrreata (QDI4it) Ftaxseedb (QDF.)

L97 4-75
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
L968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-6 I
1959-60
1958-59
1957-5 8
L956-57
1955-56
L9s4-55
L953-54
L952-53
L95L-52
1950-51

375,954
400,599
553,242
479,049
4L0 ,4L0
319,535
zgL,2L6
3LL ,320
483,456
546,79L
369,052
539,637
304,L02
326,069
3L7,569
2 40 ,32L
257 ,42L
27g,gLz
230,956
272,260
2LL.288
209, g35
329,026
304,722
1 85, 039

L0,763
L5,75L
20 , gLg
27,260
22,497
L9,696
L3,970
L3,72L
L7 ,079
19 ,505
L5,692
L4,232
L2,gg5
L2 ,45L
L4,396
L2,693
L4,626
L4,356
22,655
11,593
6,345
5,L72
4,060
2,gg2
4,L3L

SüJRCE:
CanadÍan I'ilreat Board, Canadian hllreat Board Annual

ffi(t''Iinnipeg: Canadian lüLreaË Board),

a!,Ilreat exports incLude bagged seed for years 1955-56 to L974-75.

bFl"*.""d-erports incrude linseed oil for theyears L956-57 to L974-75.
,|,
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Table 3.3

DOMESTIC CONSIJMPTIONA OF OATS AND BARLEY(000's bushets)

Crop Year Bartey (eDBr) oars (QDOt)

L97 4-7s
L97 3-7 4
L972-73
L97L-72
L970-7L
L969-70
1_9 6 8- 69
L967 -68
t966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-61
1959-60
19 s8-59
L957 -58
L956-s7
195s -56
L954-55
1953-54
L952-53
L95L-52
1950-51

295,794
326',704
335,997
339 ,496
299,501
275,290
233,L72
2L2,296
203,695
L7L,2g4
L60,925
L45,275
LLg ,07 4
L24,464
L62,209
L54 ,57 5
L54,332
160,310
L55,697
L62,942
L48,7 42
133,956
L37 ,332
L45,969
L06,962

257,3L3
329,342
331, 961
360,141
362 ,67 4
330,047
307 ,27L
33L,067
392,247
387,019
3go ,7 42
397 ,ggg
399,699
3L6,5gg
381,499
369 ,009
366,375
345,7L4
356,727
360, 170
325,956
361,911
369 ,695
410,059
299,650

SOURCE:
canadÍan Ï¡'ltreat Board, canadian trrrheat Board Annual
Report L974-75 (Winnip
XÏ.

a-*rncludes consumpËion on farms and in conrnercialapplications .
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Table 3.4

. PRICE OF GRATN IN CA}IADA(Price in Canadian g p"i t""rref )

Crop Year Price ofa
[,Itreat

(rwc. )

Price ofb
Oats

(PocË)

Pri.ce ofc pricê ofd
Barley Flax(PBcr)- lerc.)

L97 4-7 5
L973-7 4
L972-73
L97L-72
L970-7L
L969 -70
1968-69
L9 67 -68
L966-67
L965-66
L964-6s
L963-64
L962-63
L96L-62
19 60-61
1959-60
1958-s9
L957 -58
L9 56-57
19 55j56
L954-5s
1953-s4
L952-53
L95L-52
1950-51

4.47
4.59
2.L5
1.60
L.67
1.69
1. 70
1.81
L.9g
2 .00
1. gg
L.97
L,87
1 .91
1.80
l.59
1.60
L .62
1.59
1.61
L.65
1.56
L.82
L .94
1.86

L.77
1.93
1. 10

.69

.69

.70

.65

.83

.83

.95

.77

.69

.72

.77

.74

.77

.70

.67

.65

.80

.81

.7L

.74

.94

.95

3.24
3.10
1.55

.91
1.01

.94
1.06
1. 10
L.2g
L.2g
L.26
1. 1g
1.13
L.2g
1.05

.98
1.01
1.03
L.O2
1.09
1.11
1.06
L.25
L.2g
L .34

10. 14
4 .82
2.57
2.53
2.92
3.30
3 .45
3.00
2.99
3.20
3.19
3.35
3.69
3.11
3.34
3.02
3.03
2.gg
3.60
3.09
2.83
3.29
4.29
4.4L
3.7L

SOURCE:
PrÍ ces
Board,
L970-7L L96L-62 (I,Iinnipeg:
Annual.
SrarisÉ
Statist
4L.

-Tables IXI, ¡0(II, XXIII; price of Flax:ics Canada, ta¡¡adá yearbóok (Ottawa:
ics canada),@ LL:23, LL:24,

(Continued)
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Table 3.4 (Continued)

. 
alotal. realized price (initial, interim and final

p-alnnent) -for lft Northern' wheat, i" "iõå" at Vancouver orThunder Bay.

broa.l reaLLzed,price
pa¡rment) for lfT [rlestern ^oats

c*-Total realized price
pa]¡menË) for lfT lrlestern brow
Bay.

(initial, interim and finalin store at Thunder Bay.

(initial, interim and final
barley in sËore at Thunder

., dAy"=pge price oE lþL f laxseed at the Ï.Iinnipeg
Cornrnodity Exchãngè.

i rr"i.'
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PRICE OF GRAIN IN THE UNITED STATES(Price in U.S. $ per Uusf¡ef)-----

l,Itreat
(Pt¡uË)

July I

Table 3.5

Oats
(eou.)
July I

Price ofc
Barl-ev
(Pzuri
August 1

Price ofd
Flax

(e2.)
August 1

Crop Year Price ofa price ofb

L97 4-7 5
L973-7 4
L972-7 3
L97L-72
L970-7L
L969-70
1968-69
L967-68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-6 I
1959-60
19 58-59
L9 s7 -s8
L956-57
1955-56
19 s4-55
L953-54
L952-53
L95L-s2
1950-5 I

4,54
4.65
2.63
L.66
1.90
1.93
L.7 6
1.89
2.OL
1. g6
L.7g
2.34
2.47
2 .4L
2.L6
2.26
2.24
2 .40
2 .42
2.49
2.69
2 .57
2.50
2.50
2.46

L .82
L ,42

.89

.7cl

.75

.62

.64

.76

.77

.75

.72

.66

.70

.7L

.69

.76

.67

.69

.74

.67

.77

.77

.83

.89

.gg

3.02
2.60
1.49
1. 16
L.22
1.08
1.16
L.23
1.33
L.32
L.20
1.09
1.11
1.33
L.07
1.09
1.15
L.L7
L.20
1. 15
L .32
L.40
L. >¿
1.36
L.46

10. 12
g.2g
3.01
2.62
2.63
2.96
3.09
3.20
3.19
3.06
3.09
3.01
3.05
3.57
3.02
3.39
3.01
3.30
3.26
3. 19
3. 39
3.96
4. 08
4.10
3. gg

SüJRCE:

êNo. I Dark Northernselling prices by number of

United States Department of Agriculture, Agri_
ntTuret ?tarilrlg (trrashingtón: u. s. Érffigoffíce), Ãnnæbles t, +g, 5g, L73.

_Spring, computed by weighting
carrotrs soldr âs reported in

(ConËinued)



Tab1e 3.5 (Concinued)

Minneapolis Daily Record.

b_-Gompiled from reports of Chicago Board of Trade,
average daily quotations f.or lþ2 l,ltrite oats, weighted bycarlot sales.

cPrice of lf3 barley; average daily p-rices weightedby carlot sales, âs reportäð in Miñneapolis'Daily Recõrd.-

dPti""". ars.daily averages weighted by carlot sares,
compiled from the Minneaþolis Oãily Reõord. -

I r. . :.- -: -i: :,"

72
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Table 3.6

ACREAGE OF GRAIN SEEDED ON THE CANADIAN PRAIRIES(000 acres)

Crop Year hltreat OaËs Barley Flax

L97 4-75
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
L968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-61
1959-60
19 58-s9
L957 -58
L956-57
1955-56
L9s4-55
1953-54
L952-53
L95L-52
1950-51
L949-s0

21,500
23, 100
20, 900
19,895
12,000
24,400
29,960
29,570
29,L66
27 ,7gO
29 ,090
26,996
26,237
24,629
23,goo
23,970
2L,4gO
20, gg1
22,064
2L,964
24,707
25,5L7
25,372
24,395
26,392
26,524

4,800
5,300
4,660
5,315
5,260
5,430
5,340
5,090
5,422
5,645
5,054
6,260
7 ,L52
5 ,L22
6,344
5,626
5,810
5,633
7 ,422
7 ,7gg
6,7L5
6,490
7 ,560
8 r3L2
7 ,520
7 ,355

11,200
11, 350
11,900
13 ,3L2
9,300
8, 900
8,330
7 ,600
7,0L0
5,74L
5,2L7
5,922
5,097
5,361
6,690
7 ,700
9,L04
9 1209
8,191
9,639
7 ,569
8,59 9
8,L45
7,530
6,2O5
5,6L7

1, 450
L,450
L ,320
L,762
3, 300
2 ,320
L,502

998
1, gg3
2,265
1,916
L,629
1,396
2,05]-
2 ,4gL
2 ,026
2,526
3,462
3,010
1,909
1,149

908
L,027
1,096

54L
?eo

SOURCE:
Canadian l,ltreat

ort L974-7s. 1959- nnipeg:
t

, ¡¡!¡.¿ss¡, 1. Table 1.
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Table 3.7

CARRYOVER OF GRAIN IN CANADA(000's bushels)

Crop Year lrlheaË Oats Barley Flaxseed

L97 4-7 5
L973-74
L972-73
L97L-72
L970-7L"
L969-70
1968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
196t-62
1960-6 I
1959-60
1958-s9
195 7-58
L956-57
1_955-56
1954-55
L9s3-54
L952-53
L95L-52
1950-5 I
j.949-50

295,329
385,704
365,40L
583,757
7 34,L54

1 , 009, 690
851,829
672,5L0
576,75L
420 ,L22
5L3,024
459,440
487 ,247
39l,05g
609,341
59g,5gg
599,001
648;454
733,546
579 ,57 4
582 ,569
369,546
2L4 ,g 34
187,190

. LLz,200
L02,343

73,402
77 ,379
79,679

LLg,257
L25,373
L49,340
L29,657
81,951

LL4,79L
L27,L63
130,120
L79,408
L50,279

79 ,066
LL5 ,L54
100,929
Lzg,g7g
L56,9L6
TLL,2L5
119,106
L25,769
L44,409
109, 359
95,L77
44,905
60,507

118, 509
2Og,4L0
L93,024
L75,843
L44,269
205,078
19 7,393
L3O,9L7
131, 751

97 ,753
8g ,77 6

LLï,270
89,245
57,824

LLz,557
L28,470
131, 153
118,165
L42,779
LLO ,g 4g
L45,9L0
LLL,666

79 ,504
53.496
20;3s5
29,669

8,605
7 ,gLL
7,673

L6,032
25,306
6,570
4,909
4,678

11,631
LL,L4l
7,L4L
6,551
3,9 gg
5,269
7 ,590
4,824
6,523
5,652
7,591
2,997
2,577
3,939
2,599
L,204
4,469

LO,692

SOJRCE:
Statis tics
(ottawa:
93 and 94.

Canada, Grain Trade of Canada. ilþZZ-LOLStatistic
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Table 3.8

STRIKES AFFECTING GRAIN MOVEMEI\II BY CROP YEAR

Crop Year Union No. of [rlorkers Lost
Involved Man Days

L97 4-7 5 Public Service A1-
liance of Canada (pSeC)

CanadÍan Marine 0f-
ficers Union

Canadian Merchant
Service Guild

Canadian Brotherhood
of Railway and
Transport lrlorkers
(cnnriu)

CBRTI^I

Conrnerce Federation

Grain Services Union

Corporation of GreaË
Lake Pilots
Locomotive Engineers

Longshoremen and Irtlare-
housemen (CLC-L&IÀI)

I.L.A. Loc. 375

I.L.A. Loc. L637

I . L.A. Loc. 375

I.L.A. Loc. 273

I.L.A. Loc. L764

s03

400

427

2 r450

15,830

15,560

100

20,950

75

19,970

330

9r 750

59,400

7 3 ,2OO

5,760

270

g,3go

650

(Continued)

100

5,500

6,530

602

46

787

3, 300

2,400

320

300

750

130

L973-7 4
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Table 3.8 (Continued)

Crop Year Union No. of hiorkers LosË
Involved Man Days

Seafarers Inter-
national (S. f .U. )

ï.L.A.

C.B.R.T.[^I. Loc. 334

United TransportaEion
UnÍon

C.N.R. --Machinists

I.L.A. Loc. L842

I.L.A. Loc. 269

c.L.c.-L&!,I

C. L. C . -L&ûü Loc. 500

I.L.A. Locs ì 375 ,L846, L73g

I.L.A. Loc. 1843

c. L. c. -L&1,ü

United TransportatÍon
Union Loc. L747

RaÍlway &nployees

Locomotive Engineers

Various- -C. N.R.

C.L.C.-L&t^I

C.L.C. -L&t^I

C.L.C. -L&I^I (toc. 500)

C.L.C. --Merchant Service
Guild

200

138

150

300

L82

100

3,200

290

3,000

3,275

400

200

200

280

790

200

3,230

3,230

100

1,200

2,900

1,190

150

300

180

50

3,200

290

43,500

L27,950

350

400

200

810

6,990

200

101,510

19,390

2,000

36,000
(Continued)

L972-7 3

L97L-72

L970-7L

L969-70 il:::::.';:t.:ì ,,'r
i,';! :::. .r r'.r: :.
l. ;:il¡ .-rr-a: :r:ì :
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Table 3.8 (Continued)

Crop Year Union No . of ülorkers Los tInvolved Man Days

19 68-69

L967 -68

L966-67

L965-66

L964-65

5,400

3,000

L ,200

118,000

387

4,LgO

1,900

s00

5,000

290

4,LsO

2,39L

600 
.

109

3,500

203

1,500

L40,790

L0,720

20,750

766,090

5, 910

52,gO0

150

3,930

8,320

293

115,610

4,190

3,000

600

2,50O

1,160

3,2L0

(Continued)

Seafarers InternaEional

ï.L.4. Loc. 375

C.B.R.T.Ì^I.

Various--C.N. and C.P.

Various--Pacífic Great
Eastern Railway

c.L.c.-L&hr

I.L.A. Loc. 1843

C. L. C. --Canadian
Merchant Service Guild

I.L.A. Loc.375
I.L.A. Loc. 1869

I.L.A. Various

C.R. B.T. t^I. Loc. 3L2

Railway Clerks Loc. L657

Brewery lrlorkers

I.L.A. Loc. L739

Trainmen Locs. 1080,
845

ï.L.4. Loc. 273

iliiì.-'jì,ì:¿
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Table 3.8 (Continued)

Crop Year Union No. of lrlorkers LosË
Involved Man Days

L963-64

L962-63

L96L-62

19 60-6 1

19s9 -60

19 58-59

L957 -58

19 56-5 7

19 55-5 6

I.L.A. Loc. 375

I.L.A. --Various

C.L.C. -L&lÂI

I.L.A. Loc. 375

C. L. C. -L&I^I

I.L.A. Locs , 375 -
L552, L657 , 1g45

Seafarers International
Seafarers International
Brewery llorkers

2,500

3,900

2,500

1,800

1, 700

2,900

646

190

325

1,300 30,640

72s

5,000

27 rL4O

2,500

3,960

L,7 0O

L0,250

2,960

230

4,230

6,440

6,110

22 ,g0o

2,400

g, 000

(Continued)

L&I\r
CoqporaËion of St.
Lawrence, Kingston and
Ottawa Pílots 52

Masters, Mates andLoc. 47C

Locomotive Firemen
Engineers

Pilots

and

47

2,950

2,950

53

2 ,L00

LocomoËive Firemen and
Engineers

Seamen

Unlicensed Ships
Personnel
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Table 3.8 (Continued)

Crop Year Union No. of lrlorkers Lostfnvolved Man Days

L954-55

L953-54

L952-53

L95L-52

1950-51

40

328

462

30

115

850

129,000

600

16,000

8, 500

30

115

2,925

650,000

Bargemen

Seamen

Seamen

Seamen--Vancouver

River Pilots
Seamen

Non-operaËing Railway
workers

SOURCE:
Derived from Labour canada, sËrÍkes and Lockouts
in- 9an+da (Ottawa: Labour'C s
!:UlS is specifically derived from rhe nlisr ofÐtrrikes and Lockouts in canadar' Ì¿here strikes byless than 100 workers are 1isted.

' .1 j ,' "-
::i-::--:.:l:':'::." :-:
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Table 3.9

PER CAPITA INCCD,IES IN IMPORTING COUÎ.TÎRIES
(u. s. dollars )

Crop Year India
(vr¡ Jaoan

(?¡) United
Kinsdom

(Vs)

L97 4-7 s
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
L968-69
L967-68
L966-67
L965-66
L964-6s
L963-64
L962-63
L96L-62
1960-61
1_959-60
1958-59
L957 -58
L956-s7
19s5-56
L954-5s
1953-54
L9s2-53
L95L-52
1950-51

3,072
2,969
2,503
2,254
L,ggL
L,97 6
L,966
2,003
L,952
1,997
L,750
1,603
L 1524
L ,43L
1,569
L ,444
1.,398
1, 369
L,3L2
L,294
1, 159
1,078

988
9L2
790

106
L04
103
101

99
88
86
84
86

LL4
109

90
83
78
81
82
72
66
65
54
59
63
58
56
54

3,562
3,296
2,462
I ,910
L,664
L 1626
L,404
1,198
L,027

929
905
809
593
524
43L
377
334
308
292
280
260
235
2t2
L92
L54

Statistical yearbook
Annual, Table LBz.

SOI]RCE:
UniËed NaËions,
United NaEions).,

(New York:
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Table 3.10

BUILDING CONSTRUCTION FOR DI^IELLINGSa

Crop Year J"p"rrb triest Germanyc

L97 4-7 s
L973-7 4
L972-7 3
L97L-72
L970-7L
L969-70
L968-69
L967 -68
L966-67
L96s-66
L964-65
L963-64
L962-63
L96L-62
19 60-61
1959-60
1958-59
1957-58
L956-57
19 55 -56
1954-ss
L953-54
L952-53
L95L-52
1950-51
L949-50

2,3OL,gg2
2 rL50,32L
L ,807,591
L ,463,653
L r494,556
L 1346,6L2
L rzOL,675gg0,15g

856,579
842,596
75L,429
699,7 43
586,L22
525,963
424,L70
390,575
337 ,ggg
321.095
3os;686
257,399
24g,6gg
246,997
242,5L4
2L0,690
35g, gg3
402,375

7L3,6Lg
696,439
698,361
635,797
532,054
455,925
47 6 ,L70
519,954
572,30L
604,799
57 4,500
604,400
551,900
553, 300
543,400
550, 900
554,9L2
488 ,4L4
527 ,7 66
52L,g0o
49 8, 900
503, 100
475,300
402,900
385,300
300, 000

SüJRCE:

aDrvellings refer to rooms or suites of rooms inpermanenË buitdings which are inrended for hãbiiãiiã" uy
?::-ho-usehold and-are suirable for ðcõuparion by-;ãramt_ly.

United Nations, StatistÍcal Handbook (New York:

119.

(Continued)
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Table 3.10 (Continued)

bln th" case of Japan, data is in the form ofpermits_ issued. Allowing a-one year const:ruction period,the number of permits isðued in ä year will 
"on"r Lh"

same cfop y-ear:, For example, permits issued in 1973 willserve for Ehe L973-74 croþ year.

cln the case of tüest Germany, Ehe data is in theform of finished buÍldings. Thus it'will intruãncã--trt"proceeding crop year (a1_Iowing a one-year consLrrrction
p.erÍ-_oÇ¿. _Thus, Ëhe finished 6uildingê in 1973 will servethe 1972-73 crop year.

.:i.ì



Year

L97 4-75
L97 3-7 4
L972-7 3
197L-72
t970-7L
L969-70
19 68-69
L967 -68
L966-67
19 65-66
L964-65
L963-64
L962-63
196L-62
19 60-6 1
1959-60
19s8-s9
1957-58
t956-57
L955-56

Milk Cows

Table 3.11

LIVESTOCK NUMBERS IN CANADA
(ooo' s )

2 ,T32
2 ,090
2 ,LL7
2,L7O
2,255
2,399
2 ,442
2.499
2:s6e
2,674
2,795
2,945
2,973
2,939
2,997
2,965
2,955
3,029
3,099
3,160

CatË1e
(.51)

Horses
(.5)

13,129
L2,g3O
12,010
rL,47 4
11,016
L0,437
9,924
9.998

10;128
10, 205
LO,465
L0,L4g
9,492
9 ,Lzg
9,947
8,372
8, 1_03
7 ,962
8,L67
7,95L

Hoss
(. a7)

336
338
342
350
3s4
358
359
360
370
386
403
43L
45I
478
511
552
598
66L
722
782

':.i ;

Sheep
and

Lambs
( .04)

5,254
6,564
7,022
6,995
7 ,624
7 ,LL4
5,909
5.77L
6;070
5,401
5,L47
5,667
5 ,zLL
4,98L
5r331
5,070
6,519
5,931_
4,7 58
4,731

Poultr
(.o4s

::.- al
...:...:::rr:

ii.r;,;,

703
784
833
845
851
796
796
829
922

1,006
L,I32
L,272
L,346
T,449
1,549
r,607
1, 609
1,630
I,629
L,620

247,L27
269,549
276,629
259,309
249,292
258, 663
233 ,7 6L
206 -292
20s:7 40
L98,256
179,396
L6g,4L5
156,693
L42,559
L44,503
L24,76L
L2g,O07
119,343
L04,648
96,476

ConverËedb
Ëo

Milk Cows
(t ur)

24,715
26,395
27 ,004
25,995
25,935
25,752
23,299
22.1-05
22:4es
2I ,732
20,gg4
20,g4L
Lg,57g
18,639
19,009
L7 ,600
Lg,g2g
1 8, 015
16,539
L6 -O77

(ConÉinued)
æ
U)



Year

L954-55
1953-54
t952-53
L95L-52
1950-51

Milk Cows

SOTJRCE:

Table 3.11 (Continued)

3, l5t
3,120
3,094
3,006
2,973

CaËË1e(.st)

Milk Cows, CaËtle, Hogq 
"ttq_sh9ep: statistÍcs Canada, LivesËock and AnimalProduct starisrics, /É23-203 (ottawa: sratisÈics cãå. 1,wHorses: statistics canada, Handbook of AgriçulËgral staËistics. Llvestock andAnimal ProduçEs, /É21-51{ <ñ--__rourËry: statÍstics Canada, lqoductron 9f Poul,rry and'Eees,'iÉ23-ã0ã ióir.r",StatisËÍcs Canada, Annual),

Horses
(.s)

7 ,452
7,050
6,722
6,147
5,390

b_,-The number of livestock
f o1l_owing relationship :

aPoultry includes all chickens, turkeys, geese and ducks produced in the crop year.

Hoss
(. a7)

Thls relatfonship wa's dete'rmined by

. 832
9L7

1,055
L,L7g
L,304

LNt : 
I áLîtlh::l;Ì-l,,.tt (/Écattle) + .s (/É horses) + .Bt (/É hogs) + .o4 GÉ sheep)

Canadian Cereal Þroduction (OLt.r.',

Sheep
and

Lambs
(.04)

1 0..4? (lÉ poultry).

4,800.
4,440
3,970
5,429
4,9L4

Poultrva
( o. +s)

L,634
1,636
L,592
L,534
L ,46L

were converted to the equlvalent number of cons using the

ConverËedb
Ëo

Milk Cows
(t na)

86, 159
73,62L
70,691
7L,Lr4
64,704

rj

ii
ii
ii
ìi

ri
ii
t..

IÂI. J. craddock ín rnterregionar cønpeLition in
Queents PrÍ.nter, 1970), p. !25.

L5,496
L4,4L5
13, 739
L4,7L4
13,619

æ
.$
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Table 3.L2

OTHER VARIABLES

'ao
Crop Year T a

I^It or"

L97 4-7 5
L973-7 4
L972-73
L97L-72
t970-7L
L969-70
l_9 68-69
L967 -68
L966-67
L96s-66
L964-65
L963-64
L962-63
L9 6L-62
1960-61
19s9-60
1958-59
1957-58
L9 56-57
19s5-56
L954-55
L953-54
L952-53
L95L-52
19 50-5 1

AVERAGE

LO.4g
10.35
13.31
31.60
6.29

20.49
0

L7.94
6.63

L0.47
L.4L
3.64
1.00
0
4,35
0

23,57
4. 50
8. 00
4.7L

L7.gg
18.34
1.00
1.00
5.00

9,35

0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
1
0
1
I
1
0
1
1
0
1
I
1
0
0
0.
0
0
1
I
0
1
1
0
0

25
24
23
22
2L
20
19
18
L7
L6
15
L4
13
L2
11
10

9
8
7
6
5
4
3
2
I

SOURCE:
a) Canadian lrltreaË Board, Canadian !,lheat Board

Annual ReporÇ (Winnipe oard),
ffived trom ãrre section on weatherconditions.

I : favourable weather, 0 : unfavourable
weather.

(Conrinued)
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Table 3.L2 (Continued)

b) Calculated from the table "strikes Affecting
Movement of Grain by Crop yeartt in this
chapËer.

Ëotal number of lost man-days during
, croD vear t
L total number of employees involved in

these strikes durinþ year t
c) I 9y*y yariab_lg to represenr rhe implemen-

Ëation of the LIFT DroÞram.
1 : ín effecË (L97O-7L), O : othen¡ise.
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Table 3.13

VARIABLES TO INDICATE THE EFFECT OF STRIKES
DURING TIMES OF ABNORMALA DEMAND

87

Crop year l,ltreat
zt

Barley
Xt

OaËs
Ya

Flax
V

Ë

L97 4-7 5
L973-7 4
L972-73
L97L-72
L970-7L
1969-70
L968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
19 60-61
1959-60
1958-59
1957-58
L956-57
1955-s6
L9s4-55
r-953-s4
L952-53
L95L-52
19 s0-5 1

0**
0

31.6
6.29
0
0
0
0

L0.47
L,47
0
1.00
0
0
0
0
0
0
4.7L
0

19.34
1 .00
0
0
8. 35*

10.35
0
0
0
0
0

L7.94
0
0
0
0
1.00
0
4,35
0
0
0
0
0
0
0
0
0
5.00
8.35*

10.35
13.31
31.60
6.20

20.49
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8.35*

0
0

31.60
6.20

20.49
0
0
0
0
0
0
0
0
0
0
0
0
0
4.71
0

18.34
1.00
1.00
5.00
8. 35*

*As dgta f_or strikes pri.or to croDhras unavailable, the one and trvõ-veãi Iã;ãare the mean of-L¡ from 1950-51 ró lgl+_75
vear L949-50

tl:¡u .Lt-z)
**A value of 0 does

facË that demand was normal
during that crop year.

indicate no demand but the
no strikes affected demand

not
and

(Continued)



Table 3.13 (Continued)
88

arnis variable was developed from the DemandVariables and Strike Variable (l¿). Let Mr, N*, O..
:l: "iã"¿"rã-deviarion of each dãmand variäb1e-eDw;,aåU;i
QDBt and QDF¡ respecËively.
qìñ., eE., Q-DE. and QTF¡,
about Ëhe means are:

W. *Mr

QTõ, * N-r-L

qlõ-n* + o-u-L

If the mea"n demands are
the first standard deviations

(Mr - 103,000,000 bushels)

(Nt : 35,000,000 bushels)

(Ot : 71,000,000 bushels)

(Pr 6,0g6, oo0 bushels )@clPt
Demands for each grain wÍthÍn the first deviation isconsidered normal. This is signified by a zero. rf
demand is outgide the range a ãunrny varíable of one is
pssÍgned to- that yepr. ,_Bt.mulriplÍine the dummy variableby the strike variable (l;l laggäO'onä year. thän rwoyears, these variables foì_wheãE oats, barLäy àtt¿ ii"*are determined. The variable with thé asterisÈ ueing atwo year lag.

Example for crop year L972-73:

QDWI = 533,242,000 bushels.

aD% > QDI{t * Mr, thus the

1.(La_1 : 31¡6) = 31;6 : ZE

bstandard deviation -

QFw. :
M. :

tr
dummy =

342 ,000, 000
103,000,000
1

i:ìa;!ii:
i r:

1t(xt-N)



c.

Based on the hypothetical model proposed in section
B of this chapter, an anarysis of its foundations must be

performed. As the number of variables in any given equation
is large (rp to eight) while the size of the sample is
sma1l (ZS observaEions), there is a dilemnra to the proper
method of selecting variables to be included in Ëhe final
model.

There are several rúays of selecEing the variables
Ëo be included in the finar analysis. Among Ëhese are:

tt i) choosing all possible regressions

ii) the backward elimination procedure

iii) the forward selection procedure

ív) stagewise regression, and

v) stepwise regressÍorr.,,69
The first must be elÍminated as being too cumbersome and

time consuming. rf there are \ independenË varÍables,
2k t"gressions must be performed to test alr possible
combinatiorr.. T0 ltith a minÍmum of f ive independent va:ri-
ables in each equation in the hpothetical model and eight
dependant variables, testing all possible combinations
would require at least 2567L regressions to be performed.

69ûraper

7orbid.,

,t(rt) *

and Smith, op. cit., pp. 163-L77.

P.

8.

PrelÍminary Analysis and ttlq selection of variables

L64,
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The backward elÍminaË Lon72 and forward serectionT3

procedures significantly reduce the number of calculaËions

necessary to delineaËe the independent variabl-es included

in the model. However, in both cases, they suffer a de-

ficiency in that Ehe influence of a variable enËered or

removed on the oËher independent variables is not con-

sidered. For example, the removal of one particular vari-
able may affect the sËatus (in or out of :h" regression) of
other variables. consequently, coefficient estimates ob-

tained by these procedures may be biased.

The stagewise regression procedures Ís a procedure

which does not yield leasË squares estimaËes, Ëherefore

lacks the desired properties of unbiasedness, consistency

and efficiency. AddiËionally, the ability of stagewise

estimates to make predictions is less than that of least

': 1O:''Backward elimination regressgs all independent
variables on the dependant variable, then remove the
indepe?denË variablê whose F values are Less than a pre-
determined norm F*. The regression is performed asainwithout the eliminated variãble of further variablãs
removed if necessary.

- 73¡n lbe fornrard selection Þrocedure. the inde-pgndent variable wirh rhe highesr päirial-õõirãrãriôã-wirh
the dependant variable is re[resseä upon it. The partialcorrelation coefficients for-the remaining indepenäentvariables are calculated and the highest, once ägain, isenËered. This procedure continues until-the parEial'Fof a variable i-s less than the norm establishäd for
enËrance (F*).

!:::a
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squares estimate r.T4 Therefore, stagewise procedure cannot

be used.

The st"pwi"e75 procedure suffers neÍ-ther the
arduousness of calculating all possible regressions, nor
the statistical difficulties of the backward eliminatÍon,
forward selection and stagewise procedures. Therefore, it
Tâ7as the technique applied to dÍfferenEiate the independent

variables in the hypothetical model.

Each of Ëhe equations in the model was analyzed
using a stepwise procedure. To perform the calculations,
the Biomedical computer progr"*"76 language was utilized.
using an F value of 1 .Bs7 

7 
as thá cuiof f value'' for the

eltrance.3na removal of variables the results of rables
3.L4 to 3.2L hTere obtained.

upon examinaËion of the initial results of the
analysis, certain independent variables appeared to have

relatÍonships contrary Ëo Ëhose hypothesLzed, in Ehe model.
Among these r^iere:

74
Draper and SmíËh, op. cit., p. L76.

754 d""criptÍon of this procedure is conËained inChapter 1, pages lb and 11.

76w. J. Dixon (ed.),
ProefE_s (Berkeley: Universi T3),pp. 305-330.

77^,.--This value was chosen as for the number of obser-ygtigng (Js) and independent variables in each equation(5-ð) it represented approximaËery an F level of'15 percent.



1
2
3

4

Ær"rmcered Remo\Ëä

PBCl. /Phlc+
Tee
DË

cwr-1

*Table 3.,14

I,'HEAT SUppLy (eSI^Ir) I

Step
Number

I
2

3

Regression
CoefficÍent

Ær"Entered _---ffi

4
5

57 g r3g6. I
g r37g .2

59 r493.6
-.13

Yrr
PI^ICt

PMt
YBr
Z¿

Table 3.15

I4¡HEAT DEMAND (QDI,tr ) 1

-.:
tl,¡,i

.'!,,,

Multiple
R-Square

.9555

.9692

.9720

.97 53

Regression
CoefficÍent

F Value
Enter or

6 rr24.2
-655,059.3

349,904.7
503. 7

-9, 863.5

515.9916
9.1309
3.0292
2.7952

to
Remove

Multiple
R-Square

.9459

.9560

.963L

.9736

.97 89

F Value to
Enter or Remove

4L9.2393
5.2929
4,2992
8.3660
4.9546

(ContÍnued)

\o
t\)



IÈ was realized that due Ëo theË-statisËics and a normalizaËionto 3.21). However, the purpose
variables.

*
Tables 3.14 and 3.lS (Contirnred)

varÍaEion in the magnitude of the coefficients
procedure would have been useful (r"ulð"-a-:ll'of this secrion was ro solely ¿Ài"iã-ã*Lr.'"o,r"

\o
N)
0)



Step
Number

I
2

3
4
5

6
7

æEntered-_-@

Aor-t
cor- I
T
Dr
PBCr/PIdCr

hlr

Variable

Table 3.16

OATS SUPPLY 1

Ste
Numb?¡r

Regression
Coeffi cient

1
2
3

4

Aor-l

_.29

-2 rgl7 .4
35,344.5

L22 1667 .6
L0,732.5

LN.
TL
Lr- I
Yr

Variable

Multiple
R-Square

Table 3.L7

OATS DEMAND (QDOt)

', i,: I
. t.,.,-r

.',':'r

.8592

.9279

.937L

.947 5

.9527
,9 567
.9552

F Value to
Enter or Remove

Regression
Coãfficient

L45.2357
22.1532
3.2705
4.L6gg
2.I954
2.2L57
1.0992

40.3
-23,945,9
-2 1660.7
-3 1772.9

MulËiole
R-Squäre

.9332

.9855

.9979

.9 890

F Value toE¡ter or Remove

335.1016
82.9041
4.4549
2.1581

\o(,



Step
Number

1
2
3
4
5

Entered

ABr-t

i¡
T
GBr- 

1

Variable

Table 3.18

BARLEY SUPPLY (QSBI)

Removed

Step
Number

1
2

3

Regression
Coefficient

Variable
Entered Removed

15.g
LLz r5g7 .g

2 ,L46.9
3,4L7 .6

-.50

LN.t.l,
T

Table 3.19

BARLEY DEMAND (QDBË)

Multiple
R-Square

):)t:'

,:,il:

.907 4

.9223

.9367

.9 420

.9488

Regression
Coefficient

F Value Eo
Enter or Remove

'rl,

235.1900
4.4072
5.0249
r.gL7 5
2.6337

11.3
3 rL45.g
4r887.3

MulËiple
R-Square

.9825

.9 856

.9877

F Value to
Enter or Remove

669.9247
4.7892
3. g1gg

\os



SEep
Number

1

2
3

4

Variable
$nËered Removed

AFr-1
T
Dr
P FCr/PhICr

Table 3.2O

FLAX SUPPLY (QSFT)

Step
Number

1
2

3

4
5

6

7

Regression
Coefficient

Entered

T
PIGr
vr
PrJr
PFCÈ

Variable

3.37
329.3

L4 r373.5
2 r634.L

Table 3.2L

FLAX DEMAND (QDFt) 1

Removed

MultÍple
R-Square

.9393

.8807

.9029

.9202

Regressi-on
Coefficient

vr
T

.o5r7

.0106
-4,254,5

F Value Ëo
Enter or Remove

L25,3037
7.ggL4
5. 00gg
4.5824

MulËiple
R-Square

.9704

.8996

. 9191

.9264

.9 360

.9360

.9352

F Value Ëo
Enter or Remove

161. L672
6.7027
5.3023
2.079L
2.gggr

.0056

.249L

\o
tJr



i) PBCË/pt^ICr is posirively relared ro eSIüa,

ii) Dt is positÍvely related to eStrüa,

iii) pBcr/ptüCr is posirivety relared ro eSOa,

iv) L, is positÍvely relaËed to eSBa, and

v) Lt-t is positively related to QDBa.

There are trúo possible explanations for these phenomena.

FÍrst, this may be the actual relatÍonship among these
independenË variables and their respective dependanË vari_
ables (ie., Ëhe hypotheses in the model are wrong).
second, this relationship may be the result of spurious
correlation.

The possibility of these being spurious r47as tested
by performing the stepwise regression again, but restricting
the equatÍons. FerËorming such an anarysiä, lhe r-esurts of
TabLes 3.22- tó :.25 were obtained.

l,Iith these modifications, the resulËs for wheat
suppry, oats supply and barley supply became satisfactory.
The revised barley demand determined demand as directly
proportional to LNa. This is cLearly an unsatisfáctory
result, ês more variables influence barley demand than
solely Ëhe livestock numbers (in equivalent dairy cohTs) in
canada. Thus the origÍnal model for barley demand will be

utilized in the next stage of Ëhe analysis.
An interesting change occurred with regards Ëo the

supply of wheat. l,Iith Ëhe inclusÍon of the independent
variable Pt^¡ct, both problems associated with the original

': ' j . - :': :.- .:."i.'.1 '':.. ,.) "..:r,.,a''': - ''' ,1.': 
:

96



Step
Number

I
2

3

4.
5

Entered

Table 3.22

I¡¡HEAT SUPPLY (QSWr) nuvrsno"

Variable

P!üCË

Dt

AhTr-1

aFor the revision of the-QSWt variable, it was decided to use ptrlCa as an

tFSaïffialT,"Ëääli*'1a.,'FFEirËñ8:î.oi+f;:",ffii:"åTå'1.1",:iru",ftå.*13.lj;.gili,5i.."
define wheat prlce for the suppl-y of wheat. The variable rncrTewct hras restricted
from entering the regresslon.

Removed

T

wr

Regression
Coefficient

L8 1295.1

-L45 r270.9
LL.7

7 ,379.9
59,641.7

r, il.i
': .';rl I

MulËiple
R-Square

.8693

.8698

.949L

.9606

.9647

F Value to
Enter or Remove

159. 6494

L.gLg4

34.2564

6.1592
2.2795

\o
!



Step
Number

1

2

3

4
5

Entered

POCÈ/Pl'ICr
Aor-1
cor- t
T
Dr

Variable

Table 3,23

0ATS SUPPLY (QSOt) REVTSED

Removed
Regression
Coefficient

38r 019.1
15.9
-.37L

- 1, 116 .5
35 1569 .4

Multiple
R-Square

.7 957

.8772

.9295

.937 6

.9497

F Value Ëo
Enter or Remove

87.9794
17.L4g6
16.3003
2.7475
4.2945

\o
æ



Step
Number

1

2

3

4

Entered

ABr- t
Dr
T
cBr- 

1

Varlable

Table 3.24

BARLEY SUPPLY (QSBr) nsvrsnn

Removed

Step
Number

Regression
Coefficient

Entered

L7.49
99 ,952.9

3 169l-.2
-.46

Table 3.25

BARLEY DEMAND (QDBr) nnvrsno

VarÍable

LNt

Multiple
R-Square

Removed

.907 4

.9223

.9304

.9363

Regression
CoefficienÈ

F Value to
Enter or Remove

235.1900
4.4072
2.5503
L.9545

16.1

Multiple
R-Square

.97

F Value to
EnËer or Remove

669.93

\o
\o
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model disappeared. The price variable (pl^Ict) had a hypothe-

sized positíve relationship with supply of wheat. Further-
more, the relationship of the LrF-r program signified by the

dunnry varÍ-able D¡, T¡7as as originarry hÏpothe"ired.78

As expected, the excLusion of the'dependanË vari- ,,,',

able PBcË/PÌ^rcË, improved results for the oat supply model.

Previously, this variable was related in a positive fashion
to the supply of oats. IüÍth its exclusion, the variabre 

,1.

POC./P!üCC became the price variable influencing oaËs :

¡.t,,jsupply, ês originally hypothesized. Additionally, the .,,,:

durmny variable representing meteorologic conditions (I{t)

exited from the model, being replaced by the seeded acreage 
i

of oats lagged one year (ROr_r).

Finally, the revised model of barley supply was a

vastimprovementovertheoriginalmode1.Theforced
lremoval of La from the model, led to- a trivial decrease 
lin the explanatory power of Ëhe-model. As .suspected, the

inc1usionofL¡,origina11y,h7aSso1e1ytheimpacEof
spurious correlation. Tg 

".''', ,r'

Having completed this analysis, the final model to ,.'',

be econometrically treated became:

78- - ,: .:j: :

That is D¡ is inverseLy related Ëo QS[ü¡. ,:,:....'¡ì.;'::'

'70
"The multiple R-Square fell from .94gg Ëo .9353.

1,.:: :..



QSWr

QDWt

QSot

Qoo.c

QSBr

QDBr

QSFr

QDFr

t(ewca, AüI¡_lr T, l{trDt)
e (ewcr, PWt, Yrt, YBt, Zt)
f(Poct/PI^IC' AOa_l, COr_l, T, Oa)

f(LNt, Yt, Lt-r, T)

f(A%-l, CBt-l, T, Dr)

f (LNt, L¡_1, T)

f(PFC./P!,IC¡, AFr_l, T, Dr)

¡(PrJ¡, Prct, T)
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(3. ts)
(3.14)

(3.15)

(¡. to )

(3.17)

(3.18)

(3.19)

(9. zo)

the t-values of coeffícienËs
Ëhe tr9-stage least squares

are biasedr so cannot beas in the case of ordÍnary

The econometric Ëreatment of Ëhese equations involves an

examinaËion of coefficient t-values, the F-ratio, the
multiple R-square, and the second order econometric cri-
terio.n.80 Among the second order criteriq,n, the model will
be tested for multicollinearity and autocorrelation.

The most logical sequence Ëo perform this stage of
the analysis was to implemenË the second order tests first.
As the F values to remove or enËer the variables and the
multiple R-squares r^¡ere already kàbwn from the first stage
of this. invest"igatÍon, it was advantageous to carry out the
second order tests rather than determining the validity of
the model in terms of the first order tesËs, Ëhus avoiding

80rt is recognized thatin a símulËaneous model. usineteghnique (with a small'"arplË)
subjected to a rigorous t-ËesË.least square estiñates. nefãå
of Econometrics (wew york: John
p. 497 .

to Henri Theil, principleé
hliley and Sons, 19



L02
rrbacktrackingtf if Ëhe model did noË live up Ëo the second
order criËerÍon.

The first problem to be dealt with was the
problem of multicollinearity. hfithout going inLo a needless
mathematical exposition, multicollinearity may be defined
as 'rthe presence of linear (or non-orËhogonal) relaËion_
ships among Ëhe explanatory variable,,81 in a particular
econometric equation. The effect.s of muLtico.llinearity on a
model are:

i) larger sËandard errors of the coefficients, and

ii) bias in the estimates of the par"*.t"r".82
hre to Ëhese two effects, the degree of multi-

collineariËy in a model must be ascertained. There are
many possible tests for multicollinearityr 33 however most
econometricians use a simpler more practÍcal approach of
examining the correlation matrices of the independenË vari_
ables in the equations of Ëhe model. rf two explanatory
variables have a correLation coefficient of .7s (ie.,
,R-, 50 percent), multicollÍnearity exists in that equaËion.

correlatÍon matrÍces for the explanatory variables
in the revised model T^7ere calculated. These matrices for

814. Koutsoyiannis, op. cit., p. ZZ5.

82_. .Ibid., pp. 225-ZZg.

83-, .-Ibid., pp._2JO-?+L. _ Among the tests cited byKoutsovignn_is aieì' Frisch's confiüãr,ãä ar,"iyãir-ã"ã rheFarrar-Glauber Test.
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each equation (Tables 3,26 to 3.35) in¿icaËe mulËicol-
l-inearity in every equatÍon, There T¡7ere several possible
meËhods to resolve the problem of multicollineariËy in the
model. Respecification of the model was a possible
solution. HovTever, upon re-examination of the model and

variables, Ëhe specification was correct. rncreasing Ëhe

sample size was impossible, therefore the explanatory vari-
ables were made orthogonal through the use of the principre
components method.

However, the choice of the prÍnciple componenËs

methodS4 resulted Í.n a further difficulty in, the buitding
of the model. No satisfactory Ëechníque is available to
incorporate estÍmates of regression coefficients í-nto

simultaneous equation techniques, specifically two stage

least squares. Thus, the resolution of the problem of
multicollinearÍty would result in biased estimates for the
coefficients of the variables, as it would be impossible to
use a simultaneous *od.l.85 However, the inclusion of
multicollinear variables in itself would result in biased
estimates for the independent variables.

84.-'A maEhematical explanation of Ëhis method isprovided in Appendix B.

85_rt is beyond the _scope of this thesis Ëo developsuch a technique f.or a simultaireous model.
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Table 3,26

CORREIATION IVU$RIX- -I^IHEAT SUPPLY

PIìIC' AWa_l T Wr Dr

PI^IC 1 .92 .91 .67 . 16

AWt_l 1 .73 .7L .20

T 1 .69 .29

üIt I .29
Drl

Table 3.27

CORREI.Æ| I ON MATRIX- -üÍHEAT DED,IAND

PI^ICË Pffir YIr yBr Zt

PI^IC' 1

PWr

Yrr

YBr

zt

1

.79 .45 .7L - .05

.07 ,42 .02

1 .94 .05

I .13
iÌr: : ;. :. ,. ,:::: :
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Table 3.28

CORRELAT ION MATRIX-.OATS SUPPLY

PocË/P!ùcr Aot_l cor_l T o.

POCt/pt^iCt 1 .99 .95 .g6 .19

I .95 .90 .19

1 .95 .24 ;

1 .29

1

Ao.-t
co.-t
T

Da

Table 3.29

CORRELATION MaTRIX--OATS DEI{AND

LN*YT-ELt-l7

LNa 1 .zg .04 .9g
Yt 1 .15 .27
Lt-L 1 .10
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Table 3.30

CORRELI$ION MATRIX- -BARLEY SI.JPPLY

ABt-1 cBr-t T D.

AB.-1 I
cBr- 

1

T

Dr

.96 .90 .2L

,95 .31

.29

Table 3.31

CORREIÁT ION MATRIX- - BARLEY DED,IAND

LNr Lr- 1 T

LNr .66 .gg

.10Lr-t
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Table 3.32

CORREIA| ION MATRIX--FLAX SIJPPLY

PFC¡ /PI^fCr AFr_ I T Dr

PFC¡/PI^IC¡ 1 - .31 - .56 - .05
AFt-l I .81 .L4
TL.23
D. I

Table 3.33

CORREIATÏON MATRÏX--FLAX DM{AND

PFCr PIJI PIGË

PFC* IL

PIJ.
E

PIG.
tr

.82 .94

.69
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The dilennra was resolved by recognizing the bias

evidenË in Ëwo stage leasË square estimates when a smalr
sample size was ,r""d.86 Thus, the use of two stage least
square estimates would result in two sources of bias in
the estimates (one due to sample size and one due to murti-
collinearity), while scrapping Ëhe simultaneous esti.mation
of the model would yield only one source of bias. con-
sequently, Èhe estÍmation of the final model was attempted
using principal component estÍ.mates for ordinary least
square deËermined equations.

The final sectÍon of this chapter will be devoted
to the attempËed model derived through principal componenEs

and Ëhe fÍnal model.

D. Determination of the Final Model

This section wÍll present the final model for the
analysis of the cost of labour disputes in the grain move_

ment system. The initial eq,ration"87 in this section of
the thesis were determined using the principal components
method- The components for each equation are presented in
Appendix C.

86Refer to Chapter 1, p. 10.
87

Equations 3. 29 . ..3,36.



D.1 The principal onent estimates of the coef-ficients of the mo¿ef.

The model to which Ëhe principal componenË analysis

109

bt+w. btsD. (s .2L)

+ bZ4YBtr bZSZt (g.ZZ)

Iá7as applied to is the following:
QSWI : bttP[^Icr * brzA%_r + brrT +

aD% = -b2'PI^ICË + brrPWIJ, + bZ3yIË

b4sl.- t

QSO¡ = b31 POCr/PhICr + b3ZAOr_t -b33COr_t + b34T

* b35Dr

QDr:b4llNr -b42Y" b+f

+ b54 D.QSBr = b51Æt-1 bs2CBr_t+ b53T

QDBr : b61LNa + bOZT + bOSLt_t

QsF! : bTtPFC./Pwc. + bTzAFr_t + brrT + bz+Dt

QDFr :-bgtPFCt * b62pIJ, + bg3plcr 88

The coefficient estimates as determined by the principal
components method are sunrnarized in the following Table
3.36."'

88m1 variables areras previousry defined, exceptbr.1...bg3 which rr"-ir,ã .ãgressio' coefficienËs oÊ. therespective variables. 
:

89
Refer Ëo Appendices 8., C and D for the techniqueof analysis, the roaä'injs and the coeff icients.

(3.23)

(3.24)

(:. zs)

(s.zo)

(3.27)

(3.28)
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Table 3.34

COEFFICIENIS OF THE MODEL DETERMINED -BY
PRINCIPAL COI4PONE}{IS

tr'ltreat Supply

È11 : .94(19 .5) : 18.33 Ãr, : .gZ! (19 .5 ) : L7 .9
.^.-6fg : .80(19.5) : 15.6 Ât4: .74(19.5) : L4.4

1r, : .49(19.5) : * 9.6

lrllreat Demand
'b2L : .84(sL2 .L) : { 430.2 îr, : .67 (sLz,L) : 343. I
.^'bz3: .70(5Lz.L) : 358.5 îro: .90(512.1) : 460.9

bZS: .33(512.1) : 169.0

Oats Supplv

îst : .g5(.4L) : .39 îr, : .93( .41) = .3g

îr, : .95( .4L) : *'33 îs+ : .90(.41) : .37

b̂35:.45(,4L):.19

Oats Demand

È41 : .83(26.9) :22.3 ìor: .62(26.9): f L6.7

ß43: .47(26.9) = { !2.7 î+q: .g5(26.9) : * 22.9

(Continued)
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Table 3.34 (Continued)

Barley Supply

G51 : .94(L.oz) : .96 Ãrr: .g6(L.oz) : + .9g
 ^'b53 : .93(1.02) : .g5 ÃrO: ,54(1.02) : .55

Barlev Demand

161 : 1.03(15.6) : 16.1 lur: .69(15.6) : 10.g
a-

b63 : .82(15.6) : L2.8

Flax Supplv

b7L : ,04(10.2) : ,4 îr, : .7g (Lo.z) : g.l

arr: .70(L0.2) : 7.L ÃrO: .62(LO.Z) : 6.3

FLax Demand

îsr=.95(.02) -+ .02

b83 : .91( .02) : .Oz

bAZ : .91( .02) : .Oz
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QSWt : 18. 33PI'ICa + 17.9AIrIa_, + 15. 6T + L4.4itr, + 9. 6DE

(s.zg)

aD% : 430.2phlca + 343.1ptJUa + 35g.5yIa + 46}.gyBt

+ 168.02Ë (3.30)

QSO. : .39P0C./PI^IC. + .38AOr_, + .33COa_, + .37T + .19DË

(s. gt)

QDOt : 22.3LNa + L6.7yE + L2.7Lt_, + 22.9T (S.SZ¡

QSBt : .96ABa_, + .ggcBa_, + .g5T + .55Dt

QDBI : 16.1LNa + 10.8T + 12.8LË_1

(3.33)

(3.34)

QSFt = .4pFct/pl^Ict + g.LAFa_, + 7.LT + 6.3Da (:.gs)

QDF' : .O2PFC. +,}ZPrJa + .O2plct (3.36)

I UnfortunaËely, the model using principal components

fails because the sÍgns on Ëhe coefficients are not con-
, sistent with those hlpothesized in equations 3.zL-3,2g.

Upon changing these sígns the estimates of Ëhe dependant

variables hTere determined (Appenoix E). clearly, Ëhese

results would not suffice for Ëhe final model. The decisÍon
was made to use ordínary least square estimaËes for the

l1 final model.

, ..,:,
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D,2 - Ihe final *o¿et?0

ThÍs section presents the final model used to assess

the economic costs of labour disputes in Ëhe canadian grain
movement sysËem. The t-values for the coefficients are in
parenËheses beneath their respective coefficienËs. The

D¡rbin-hlatson statistics (d*) determined the absence or
presence of autocorrelation. Although rigorous tests of
the statistics could have been applied, âD easy rule of
Ëhumb used in this analysis, is to reject the presence of
autocorrelation if 1.65< d* ( 2.35.

AuËocorreLation !üas presenË in only in one equation.
That being the demand for barley (o* : l.0g). consequently,
the cochrane-orcutt9l ia"raËive technique was employed to
remove the autocorrelation. This led to an improvement in
the model in two lvays. First, the autocorrelation was re-
moved. second, as a result of this first factor, the sign
on the "strike variable" (La_r) became as originally
hypothesÍzed. The final model is presented in equatÍons
3 .37 -3 .45 .

90
' The.author recognizes ordinary least square estÍ-mates for a simultaneous model are biasád. nõwãüãi, theobjective. and:sçope -of ghis..thesis i; to assess Ëhe eco-nomic costs bf labour'stríkès, nor build àn-dãã"ã*ãrri"

model . '

91¡. phiLip Cooper and Gary A. Curtis, Econometr:1g
softlvare Package (crricago: unÍversity of crri""þ@f
pp . 8. 8. I-8. 8.2.
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i) The [,]treat Market.

asw¿ : L8286pt^ICr + 11.7AtI._, + 737g.7T + 5g64LWt L45270D8

(1.633) (s.630)A (z.z3B)A (1.509) (-1.389)
*' :,96 F4rzo: L7.67A d*: z.L2

(¡. sz)

QDWI -655L92PI^Icr + 349973PI.ltJr + 6L22wE + 503.8y8t ¿ g\66ztr

(-s.so¿)A (+.zss)A (z.BoÐA (3.754)A (-z.zzo)A
n2 : .66 F4rzo : 9.74a d* : L.g6

(3.38)
ii) The Feed Grain Market.

QSOr : 38019 .3POCË /PttiCa + 16 . OAO._' - .37C0r_ t - 116 .67

( L.478) (2.063)B (-s. zs:)A (-z.s++)A
+35569.4Da I

(z .zg +)A ',

o2 - 78 F4rzo : L7.74A d* : 2.06rr oto '4'20: Ll'/4 dx:2'06

(3.39 )
QDOr -- 4O.3LNt - 3776.1ya _ 2660.7Lr_L _ 23g40.6T 

:

(zz.ozz)A (-1.469) (-1.9 4ÐB (-g-g+g)A ':
2 . . _. :'R- : .82 F? )1 : 3.2 d* : L.67-)-- 3''¿ dx : L.67 :: :

(¡.¿o)

AsignificanË at 01: .05 or higher.
Bsignificant at o( - .10 or higher.

The first QDBt equation has autocorrelation, the
second was actually employed in the latter analysis.

i .¡;1'1':..r.



QSB. :
tr

¿.^i) QDBr : 11.34LNa +

(6.004)
2R:'77

4887.4T + 31460Lr_1

(t. gss) (2 .242)

F, ,, : 37.57 d* - 1.08
- r1-

6051T - LOz.Ot._l

(1.823) (-z.L2L)A

dJ. - L.77

ii) QDBË

ODF :'t

: L2.37LN +t
(z.g+t)A

R2 : .86

iii) The Flaxseed Market.
QSFr : 2634. OPFC. /pWCt: + 329.3T + L4375.5O,

(z.zss)A (z.sgl)A

d* : L.66

¿
The first

second was actually
QDBI equatÍ.on has
employed in the

autocorrelation, Ëhe
latter analysis. i. -,.: 

r .:.ti:; 
.-l

F2rz'- : 64'9A

F : 7.nA
3 rzL

L7.49ABïL - .46CBr_l + 3691.gT + 99g57Da

(4.599)A (-t.¡gB) (z.t+l)A (z.zol)A

R2 : .64 F3rzL : L2.42 d* : L.6l

(2.r4t)A

R2 : .62

-4:¿84.5PFCr

(2.454)A

R2 : .7g

+ 3.44F
r-1

A(2.509 )

115

(3.¿t)

(3 .42)

(:. +g)

(s . ++)

+ . O1PIJ t
(r. zosl

+ .06PIG.

(s. 8sg )A

d* : L.72F2rz2: 6'894

A^.ùIgnj-ti-cant at o( : .05 or higher.
BsignificanË 

aË o( : .10 or hígher.



CHAPTER 4

RESULTS OF THE ANALYSIS

The purlpose of this chapter is to furnish the

results of the model derived in the third chapter. Es-

sentially, this chapter contaíns three sections. The first
will present the hlpotheses that !ùere confirmed and those

abandoned. The second will discuss the coefficients and 
.

eLasticities of the strike variable. The Ëhird secti.on

contains the losses of demand and revenue attribuËable to
these labour disputes.

ì

A. Hr¡potheses of the Model confirmed and Rejected l

,

Perhaps the most outstanding feature of the analysis 
ì

intheprecedingchapter,h7aSthereductÍoninthenumberof
variables influencing Ëhe various demand and supply
equations in the initial model. variables which lvere re- 

,:tained had the relationships as originally postulated. 
,

TheeasiestmannerfortheseparationofaecepËab1e
assumptions from those whÍch are noË adopËed is on an

equaËion by equatÍon basis. This procedure $7as foLlowed:

å) Equations 3.1 and 3.37. tlith regards to the supply
of wheat, the final model confirmed the dependaney of supply
on AüIa_1, Wt, Dt and T. However, the variables pOC¡/p!üC¡,

PBct/PI'Ict, PFct/PhIca and La were excluded from the model.

116

ll'.: ., :j
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clearly, the decision Ëo seed acreage to wheat, and sub-

sequently, increase the supply of wheat, does not rest on

the relative prices of grains. The decision of farmers to
plant wheat was determined by the actual price of wheat

(ewc.) indícating that wheat is the t'standardft commodity

to which producers alter their production of other grains.
The impact of strikes on the supply of wheat was not evi-
dent. Therefore, it may be concluded that strikes have no

effecË on the farm supply of grain or the marketing of grain
through the Canadian l,ltreat Board.

b) Equations 3.2 and 3.38. The demand for canadian

wheat in international markeËs proved to depend on five
variables. These r^7ere pl,üct, pwt, yrt, yBa and zt. The

signs on Ehese variables rvere also as hlpoËhesLzed in
equation 3.2. Three of the original hypoËhetical relation-
ships viere not evidenË. trllreaË demand did not depend on the
per capita income in Japan (yJË), the rate of lost man-days

per r^Torker lagged one year (r,r_r) or linear tÍme (t).
Based on Ëhe ztrstrikes influenced wheat demand during
abnormal years. That is, purchasers of canadian wheat

switch sources when there are periods of high and.low demand

for wheat on the inËernational markets. As the impact is
lagged one year, the effect of strÍkes wÍl1 not be feLt
unEÍl the following abnormal demand year.

c) EguaËlons 3.4 and 3.39. Once again, Ëhe effecË

in the supply of oats

of
labour disputes was not evident in
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the final- model. stríkes do not have a Large enough im-

pact on l,itreat Board policies to cause restrictions in the

supply system, and subsequently production of oats.
Other variables re jected in the final model r^7ere: PBC¡/PhIC¡,

PFct/PI,Ica and [rla. However, confirmation was given to the

postulaËe thaË the relative price of oats to wheat in-
fluences the production of oats. producers compare oats

prices to Ëhat of the standardrwheat, when making their
production allotmenËs .

d) Equations 3.5 and z.+0. oaËs demand'was found to
depend on four of the original six variabres hlpoËhesized.
Domestic demand for oats was influenced by the number of
lÍvestrock in canada, Lt_l, Ya and time. The price varÍ.-
ables had no impact on demand.

several interesËing phenomena are evidenE from this
model. First, the domestic demand for oats does not depend

on either the Canadian or u.s. price. tt" reasons for this
phenomena are:

i) in the short rurl, farmers do not compare

prices when purchasing oaËs; however, in the
long run, livestock production expands or con-

tracts on Ehe basis of the market price of
livestock compared to feed grain (input) prices.

ii) quoËas, Ëariffs and Ëransport costs on U.S.

feed grains restrict livesËock producers from
purchasing AmerÍcan grain.

.i.l'.:
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i.ii) purchasers of. feed grains are moËivated by

altruistic motives, -Uuying Canpdian gr_ain when-

ever the price is wÍthin a "reasonablett range

of American oats.

ív) the price data used in the analysis may have

already been in equilibrÍum in terms of líve-
stock.

The second phenomena of interest is that the demand

for oats is influenced by both ta_t and ya. This leads to
the conclusion that conf,licts always decrease_ oats demand in
Ehe year following a stríke. FurËher to this decrease, a
greater decrease will occur in years of abnormally high or
low demand. Finally, the relationship of ti-me to demand

must be noted as being negative. This does not meàn thaË

at some distant time there will be no ðe*and for canadian

oats. rt does indicate that some oËher variable is in-
creasing and with it, demand for Canadian oats. This vari-
able proves to be LNa.

e) EquaËions 3.7 and 3.4L. The supply of barley
depends on four variables, ABt_l, CBt_', T and Dt. That

is, the price variables (poct/p[^rct, pBct/pltct, pFct/p[,IcË),

weaLher (l^It) and La had no impact on the supply of barley.
The indication of the exclusion of the price variables is
that Ëhe producËÍon of barley takes place on land not al-
lotted to other puryoses (ie., surplus to currenË producËion

allotments). That is, the price of barley is not
ii:.ti
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considered in its production, while prices are considered
for the other grains. once again, strikes had no impacË on
Ëhe supply of barley, re-affirming the previous conclusion
that strikes do not alter tltreat Board production/delivery
quoËas and farmers decisions.

f) . As in the case of oats,
LNa had an important influence on the domestic demand for
barley. As theorized the greater the nr¡mber of livestock
in canada, the greater the demand for barley. The similar
relationshÍp of the demand for oats and barley to LNa is as

expected, as they are complementary in'feed rations.
Throughout time, it is expecËed that the demand for barley
will grohT' although the rate of growth is only 6,0511000

bushels per year. The effect of sËrikes on barley demand
(ta-r) is continual. There is not any evidence of a surge
in decreased demand for barley during abnormal years (xt).
As well, prices of barley in canada and the u.s. had no

effecË on demand. This is consistent with the results for
oats demand, occurring for similar reasons.

g) Equations 3.10 and 3.43. As in the three previous
supply equaËi-ons, strikes had no impact on the supply of
f1ax, in contrast to the original hypothesis. other vari-
ables rejecEed from the final flax supply model leere:
Poc /PI^Ict, PBCt/PI^Ict, cFt-, and [,Ia. The ÍndicaËÍon being
that farmers compare the price of flax to wheat when al-
lotting acreage, but do not consider the relative prices of
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oaËs and barley to wheat, when planting acreage to flax.
carryovers have no impact on flax. perhaps this phenomenon
ís due to the reratively smalJ carryover of flax in any
given year. The weaËher variable did noË enËer into the
flax supply equation (as was the case for oaËs and barley).
At first, it was felt the varíable may have been mis-
specified, but the indicatÍon of wheaË suppry was that it
r^7as specified correctly. Therefore, it was concluded Ëhat
another variable was "picking uprr the influence of weather
on supply for flax, oats and barley.

h) EquaËions 3.11 and 3.44. The most outsËanding
feature of the final equation for flax demand was Ëhat
sËrikes had no impact on demand. Two reasons can be sug-
gesËed for this:

i) as the quantity of flax exported from canada

was relativery miniscule compared to the other
grains, the impact of strikes was negligible,
or

ii) that the impact of strikes is not evident for
flax because it is marketed through private
traders, unlike oats, barley and wheat which is
marketed through the i,Ilreat Board (ie. Ëhe

l,lheat Board is less efficient).
of the two reasons, there is no evidence Ëo confi.rm Ëhe
second, so the first will have to serve as an explanation.
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The varÍables determining the demand for flax r^7ere

PFct, PrJt and PrGa. Flax demand was inversely related to
PFct and positively related to prJa and prGa as ercpected.
Time (T) did not enter the analysis. By studying prJt and

and PrGa it is evident that these variables are time re-
lated, leading to the exclusion of T.

Having confirmed Ëhe original postulates of the
model and confirmed Ëhe finaL model, it was necessaïy Ëo

focus attention on Ëhe coefficienEs of these labour dis-
putes.

The Elasticities qnd coefficÍents of Labour Disputes
The importance of elasticities in the deËermination

of the cost of strÍkes T^7as twofold..,. First, the.elastic_i_
Ëies prowided an indication of the degree of change in
demand for the same degree of change in the strike variable.
second, the degree of elasËicity (unitary, elastic or i.n-
elastic) in¿icated the nature of the demand curve relative
to the sÈrÍke variabLe.

Thus, a ner¡7 tlpe of elasticity rnTas needed. The

new elasticity was given the appellation rrthe labour st"rife
elasticÍty.t' Labour strife elasticity was defined as the
percentage change Ín demand given a percentage change in
the rate of lost man-days per employee involved in the
strikes. rn mathematical terms, labour strife erastieÍty
is:



L23

E: àeDt . Lr or ¿QDt 
. LË

è t, eDr o t. eDt

where:

QD = quantity demanded

T 
- --å^ -Ê 't --¿

"t 
: rate of lost man-days/worker employee

â : partial derivative
ô.= change in (ie., eDf _ eDZ, Ll _ 

"Z)
Two types of labour strife elasticities were distinguish-
able. There was normal labour strife elastÍcity'(EiJ meaning

the elasticity during periods of ,normal, demand. Abnormal
o"

or ftsurgett'- labour strife elasticity (ESi) was the second

type. surge labour strife. elastic.ity was the.eta_qticity of
labour managemenË conflicts effects (ie., Zx, yt) on demand

during periods of low or high demand periods.
on the basis of these defÍnitions, Table 4.L indi-

cating the elasticiEies was calculated using the following
o4

formulation:'

Ei(ESi) : î, Ã--6
where:

bj : !l".estimated coefficient of the respective' strike variable

- 
93"s,rrge" indicating demand has surged downwards orupwards.

94__- 'Koutsoyiannis, op. cit., pp. 65_66.

1'- -:. .:i l
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Iable 4.L

E, AND ES.. ELASTICITIES OF DH{AND1-L'

=ES, : -.038 QDI^J = 8531572 Z. : 3.33

â27 : - 9866'0

=Eo : - . 030 qoìo = l5O rLZg L. : g. 35

b̂'n,: - 2660.7¿4

ESo: -.010 õo: 7so,Lzg l.: L,g6
,\

1-DZs .: - 3716.L

=Eb = - .003 QDB : 330 ,9L4 L. = 8.35
'(̂_ : _ .02.4"24
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the mean of the labour strike variable(La-l, Z, or Y.) -

*-
QD : the mean of the estimates of the respective

demand equations

i : demand for- grain 9f Fype i. (w : wheat,0 - oats, b-: barley)

These elasticities indicate that demand is in-
elastic with respect to the labour strike component of
d"*"rrd.95 The highest elasticÍ.ty was the surge labour
strife elasticity of wheat demand at -.03g. That is, a one

percentage change in the rate of lost man-days per employee,
will result in only a .038 percent fa1l in demand for wheat
during periods of abnormal demand. For oats the labour
strife eLastÍcity was -.03 and the surge labour strife
elastÍcity was -.01. A one percentage change in La will
result in demand falling by .03 percenË. This is sup-
plemenËed by demand decreasing a further .01 percent when

demand for oats is high or low, or a combined decrease of
.04 percent for periods of abnormal demand. The demand for
barley was the most inelastic wiËh respect to labour con-
flicts. rn its case a 1 percent increase in La led to a

decrease in demand of only .003 percent.
Having determined the fact that

wheaË, oats and barley are surge labour
inelastic, the actual magniËude of the
be considered.

95rrr"1"stic
Unitary elastic if E

the demand curves of
and labour strife

coefficienËs should

if E or ES'(
or ESi : t.

elastic if E or Esi), 1;
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The coefficients of the rabour strike variables,
La_l, Zt and Y, give the magnitude (in 000rs bushels) per
rate of lost man-days per worker during periods of normal

demand (for oaËs and barley) and periods of abnormal demand

(2, for wheat and y¡ for oats).
The largest coefficienË was the impact of strikes on

wheat demand durÍng periods of abnormaL demand. For each

Lost man-day per toorker the ross was 9g6,600 bushels of
wheat demanded. By multiplying the value of zt ËÍmes this
loss in bushels, times Ëhe price of wheat in Ëhe crop year
(ewca), the cost of strikes on wheat can be determined.

The second largest coefficient was the influence
of strikes while oat demand was low or high. For each lost
man-day per lvorker, 377 ,6Lo brrshels of oats were noE sold
domestically. Additionally, normal losses of domestic oats
exports T¡7ere 266 1070 bushels per lost man-day per vrorker.
Thus, the combined effecË during years of abnormal demand

!úas a loss of 6431680 bushels per lost man-day per
qrorker.

The impact of strikes on barley demand was a trivial
(relaËive to wheat and oats) tOZ,400 bushels per lost man_

days per ü¡orker. There was no extra effect of labour dis-
putes during periods of abnormal barley demand.

Having determined and discussed the labour strife
elasticities of demand and Ëhe coefficients of the strike
variable, the fÍnal portion of this chapter is focused on
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major objective of this Ëhesis. The calculaËion of
costs of stríkes in the canadian Grain Movement system.

c. The cost of slrikes in Ëhe canadian Grain MovemenË

calculating the costs of sËrikes in the movement of
grain in canada was a relatively simple procedure given the
results presented in Ëhe preceding two sections. Basically,
the cost attributable to the strike is the amount demand

decreases due to the stríkes, times the prevailing price of
grain. Alternately, the losses may be calculated by multi-
plying the coefficient of the sËrike variable (rr, yt or
Lt) Ëimes the prevailing price of the grain, times the
value of the strike vari.able. rn eiËher event the resulËs
are the ""*..96

The first method was used to determine the results
for this portion of the thesis. The quanEity demanded with
and wiÈhout inclusion of the strike variable for each grain
is contained in Tables 4.2 Eo 4.6.

96_-In the(RLi) is (eDr -
B

In the

fírsË case, the revenue loss on grain iQDi).Pi:AT

Ctlai, where:
second, Ki = Ci La . pit, but eD, _ eDA:

= quantíty of graÍn demanded beforestrikes
aDt : quantity of grain i demanded afterr{ sËrikes
Pia : príce of grain i during tÍme tCÍ : labour coãfficient for-grain i
Lt : actual value of the labour strike vari_able during t

QDi
B



L974-75
L973-7 4
l-972-7 3
L97L-72
L970-7L
L969-70
L968-69
t967 -68
l.966-67
L965-66
L964-65
L963-64
l-962-63
L96L-62
1960-61
19s9-60
1958-59
1957-58
L956-57
1955-56
L954-s5

Table 4.2

DIVERGENCES BETT^¡EEN THE ESTIMATED DE}{AND oF GRAIN
I^IITH AND I^IITHOUT (') STRIKES(ooo's busheis)

QDWr

956,773
709, 179

1,091,560
r ,224,470
l,L7g ,g2O
L,O7 3 ,g7Ogg3,2o3

gg5,4r0
806,225
975,237
937 ,0gLg76,go3
9L5,L24
790,457
g62,g3O
979,655
890,710
972,555
917,601
790,5r5
620,496

956 ,77 3
709, 179
403,330
296,530
L79,g2O
073,g7O
993,203
995,4L0
909,522
9g9,L4g
937 ,OgL
886 ,7 69
9L5 ,L24
790,457
862,930
97 g ,655
880, 710
872,255
864,07 0
790,5L5
80L,429

1
1
1
1

QDor

g69,67L
97L,097

:9:4e ;349
979,010
940,624
990,I24
777 ,733
930,279
839,162
933,903
796,I79
900, 079
75 g, 000
694,543
739,797
622,726
729,369
695,646
637,261
5g5,ggg
563,369

936,292
1, 006 , 500
1r 033 ,430

gg 4,7 46
995, 115
9go,L24
89 3,209
847 ,grg
866,019
837 ,654
905, 964
906,515
759,000
722,543
739,797
695,439
7 4L,342
706,932
649,793
633, 59 g,
6L2,L65

460,845
475,466
47 5 ,377
459,L09
45O,977
494,723
4O5,962
3g6,0gg
384,557
369,943
352,904
346,593
324 ,7 5g
306,459
305,492
279,329
29L,g23
27 4,037
249 ,7 57
236,562
223,036

46L,9O5
477 ,OOg
478,6L3
459 ,7 53
453 ,07 4
444,723
407 ,699
396,779
385,629
369,gg7
353,277
346,695
324,7 58
306,904
305,492
29L,7 42
292,394
27 4,957
250,240
239,394
224,9L4

19,369
23 -662
28:4e2
43,292
47 ,793
26,266
Lg,g7g
18, 39g
2g,7LO
30,646
22,923
20,793
16,993
17 ,720
2L,976
L7 ,5I7
2L,r4g
20, 009
30,236
14,590
8,922

(Cont

QDFr'

19,369
23,662
29,492
43,292
47 ,793
26,266
18, g79
18,399
2g,7LO
30,646
22,923
20,783
16,993
17,720
2T,976
L7 ,5L7
2r,L4g
20,009
30,236
14,590
8,922
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iii
lll:

i iti
:Ì)i
:t¡:
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Crop Year

19s3-s4
L952-53
L95L-52
1950-51

QDWt

796,2L7
535,294
47L,659
299,467

QDWI'

Table 4.2 (Continued)

806,093
535,294
47L,659
370,949

QDor

568
543
556
492

727
828
022
7L4

QDor'

571, 3gg
546,494
589, 206
546,46L

QDBr

205,299
r9o ,7 37
L96,545
L76,397

QDBI t

2O5,4OL
190,840
L97 ,057
L77,242

QDFr

9, 111
6,649
4,086
8,599

QDFt'

9
6
4
8

111
649
086
599

H
N)
\o
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Table 4.3

REVENUE LOSSES ATTRIBUTABLE TO LOSSES IN
I^ll{EAT DEMAT{D

Crop Year Loss in [,]heaË Demand
(000's bushet)

PI^IC Loss of Revenuet ($ ooo)

L97 4-75
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
L968-69
L967-68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
19 60-6 1
1959-60
1958-59
1957-58
L9s6-57
195s-56
L954-55
L953-54
L952-53
L95L-52
1950-51

Average

3LL,766
62,059

0
0
0
0

L03,297
13, 911

0

44,469
0

L80,942
9,966

0
0

82,391

32,743

4.47
4.58
2.L5
1.60
L.67
1.69
1.70
I .81
L.99
2.OO
1.89
L.97
L.87
1.91
1.80
1.59
1.60
L .62
1.59
1 ,61
1.65
1.56
1.92
1.84
1.86

670,297
99,293

0
0
0
0

205,56L
27 ,922

0
L9,436

0
0
0
0
0
0

73,995
0

299,555
15,391

0
0

L53,229

62,539

0
0

0
0

9,866
0
0
0
0
0
0



Crop year

Table 4.4

REVENUE LOSSES ATTRIBUTABLE TO LOSSES IN OAT DEMAND

L97 4-7 5
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
1968-69
L967 -68
T966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-61
19s9-60
1958-59
19 57-5 8
1956-57
1955-56

Normal
Losses

of
Demand

(ooo's bu. )

27 ,539
35,4L4
84,07 g
L6,736
54,49L

0

rrSurgetf
Losses

of
Demand

(ooots bu.)

47 ,7 33
L7,640
27 ,g5g
3,752
9,695
2,66L

0

39,093
0
0
0
0
0

POCr

LL,57 4
0

62,7L3
Lr,973
2L,296
12,532
47 ,600

Normal
Revenue
Losses

(ooo's $)

67 ,7 43
0
0
0
0

3,77 6
0

l.6,426
0
0
0
0
0
0

L.77
1.93
1. 10

.68

.69
L.70

.65

.83

.83

.95

.77

.69

.72

.77

.74

.77
,70
.67
.65
.80

trSurgetr
Revenue
Losses

(o0o's $)

48,7 43
64, g0g
92,496
11,390
37 ,054

0
3L,026
L4,642
23 ,L22

3, lgg
7 ,459
1, 936

0
8,9L2

0
48,289
8, 391

L4,26L
9,L46

39, 090

Total
Revenue
Losses

(000's $)

69 rL76
0
0
0
0
0

LL7 ,grg
64,909
92,496
11,390
37 ,054

0
75,059
L4,642
23,r22

3, 199
7 ,459
4,442

0
2L,560

0
48,299
g, 391

L4,26L
9,L46

39,090
(Continued)

44,033
0
0
0
0

2,606
0

L2,649
0
0
0
0
0
0 H

(Ð
H



Crop Year

r.954-55
L953-s4
L952-53
L95r-52
1950-51

Average

Normal
Losses

of
Demand

(ooots bu.)

Table 4.4 (Continued)

48
2
2

13
22

ItSurgetl
Losses

of
Demand. --

(ooots bu.)

,797
664
66L
034
2L7

23,596

POCË

0
0
0

18,990
31,530

47 ,097

NormaL
Revenue
Losses

(ooo's $)

81
7L
74
84
85

ìrÌr
,,i ,

rrSurge!!-.
Revenue
Losses

(ooo's $)

39
1
1

11
18

s26
889
969
L75
884

2T

Total
Revenue
Losses

(ooo's $)

410

0
0
0

15,960
26 ,OOL

6,913

39
I
1

27
44

526
889
969
03s
885

28,224

H(,
N)
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Table 4.5

REVENUE LOSSES ATTRIBUTABLE TO LOSSES IN
BARLEY DEMAND

Crop Year Loss in Barley
Demand

(000 Ìs br¡shel)

Revenue Losses
($ 000)

PBC

L97 4-75
L973-74
t972-7 3
L97L-72
L970-7L
L969-70
L968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L96L-62
1960-61
L959-60
19s8-59
19 57-5 8
L956-57
195s-56
1954-55
L953-54
L952-s3
L95L-52
1950-51

Average

1,060
1,363
3,236

644
2,097

0
L,837

679
L,072

L44
373
L02
0
445
0

2 ,4L4
46L
819
482

L ,832
1 ,879

L02
L02
512
8s5

1,060

3,24
3.10
L .55

.91
1.01

.94
I .06
1.10
L.2g
L.29
L.26
1.L8
1.13
L.2g
1.05

.gg
1.01
1 .03
L.02
1.09
I .11
1.06
L.25
L.2g
L .34

3,434
4,225
5,016

586
2,LLg

0
L,947

747
1,383

186
470
L2L
0
570
0

2,365
465
844
492

L,997
2,095

109
L28
66L

L,L46

L ,244

i.lt
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Table 4.6

AGGREGATE DEMAND LOSSES OF GRAIN

Crop Year Demand Losses
(000's bushel)

Revenue Losses($ 000)

L97 4-7 5
L973-7 4
L972-73
L97L-72
L970-7t
L969-70
L968-69
L967 -68
L966-67
L965-66
L964-65
L963-64
L962-63
L961,-62
19 60-6 I
19s9-60
19 5 8-59
19s7-58
L956-57
195s-56
L954-55
L953-54
L952-53
L95L-52
1950-5 1

Average

67 ,68L
36,777

399,080
79,439
56 ,588

0
1L7,313
18,319

L32,227
L7 ,807
10,058
L6,405

0
29,446

0
65,L26
L2 ,434
22 ,L05
59 ,493
49,432

231,619
L2,629
2,763

32,696
136,993

64,496

L21,353
69,033

767 ,7gg
LLL,259

39,L72
0

77 ,007
15,388

230,066
3L,L97

7 ,927
23,999

0
22 ,L30

0
50,654
8,847

15, 105
82,523
40,077

340, 165
L7,389
2,097

27 ,695
200,060

92,L73



Crop Year

Perlods

t966-67
1974-75

1958-59
1966-67

1950-51
1958-59

ûJheat Losses

$ Bushels percenÈ of
Total
Losses

to 975.151(lnclustve)'

to 47 ^258(lnclustve)'

Èo 541-060(tnclustve)'

Table 4.7

LOSSES OF REVENUE BY GRAIN BY CROP YEAR PERIODS

477,LzL

23,777

317,658

59 59

38

436,47O 423,3L7

93,594 , r22,560

I75,52t 22I,I98

Bushels Percent of
Total
Losses

38

59

Barley Losses

$ Sushels percent of
ToÈa1
Losses

16

55

25

16

L9,456

4,L77

11,63929

11,999

3,939

10,521.

T2

4s

32

15

40

H(,
(.r¡
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Revenue losses during the first eight year period
averaged $90,639,000 per crop year, or 99 percent of the
twenty-five year average, From crop yeat 195g-59 to Lg66-

67 average losses r^7ere onLy $5r7901000 per crop year.
This.period sahT losses averaging only 6 percent of the

Ëwenty-five year average. rn Ëhe last ËÍme period (rgoo-

67 Ëo L974-75) the impact of labour-management conflicts
has been the mosE severe. Losses over the final nine
year period were $11431,0761000 or 62 percent of the Ëotal
losses over the twenty-five year tÍme horizon in the
study. Average losses r^7ere also quiËe severe during thÍs
period. Average yearly losses of revenue r^7ere $159r00gr000
(tlS percenË of the twenty-five year average).

The revenue losses attributable to strikes r^iere

also disaggregated on a graÍn basis. The total and average

yearly losses of revenue for each grain is as follows:
i) t{treat Total surge gr,56 3 ,475,000 g1g.556..000 bu.

Average Surge 62 ,539;000 32',47 3, OOO bu.

ii) Oats Toral Normal 9535,250,000 5g9.650.000 bu.
Average Normal 2L,4L0;000 23',856,OOO bu.

Total Surge 9170,325,000 Ll7,4Z5,OOO bu.
Average Surge 6 , 8I3, 000 7'.09 7.000 bu.Toral 705 ,575;000 767"07 5:000 bu.Average zB,2z3;000 30;953;000 bu.

iii) Barley Total Normal $35,272,000 26.44g.000 bu.
Average Normal L,4L0,800 1;060iOOO bu.

Of the totaL loss of revenue ($2,300,150,000) losses
of revenue attribuËable to wheat rÁiere highest being 6g

percent of the total losses. oats followed at 30 percent

l,.::|.t',.'i''
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of the total losses. The remaining 2 percent was aË-

tributable to losses of barley demand. The immense annual

revenue losses attributable to wheat are $621539r000 or
321473,000 bushels on average over the twenty-five crop

years. However, the average over the years when wheat

demand was affected by strikes rises dramatically. over

the nine years when demand for wheat was abnormal, and

strikes occurred in the previous year, losses of revenue

averaged $I73,719,000 (90,202,000 bushels) per crop year.
The surge effecË for oats was miniscule in comparison at
only $28,388,000 (29,571,000 bushels) per crop year.

on the basis of a delineation on a crop year basÍs,
losses of revenue aÈtributable to each graÍn are contained
in Table 4.7 . From this table it is once again evident
that each grain follows the same historical trend of revenue

loss as the aggregate.

Losses of wheat revenue went from 38 percent to
3 percent to 59 percent of the total losses through the

cycle, starting in crop year 1950-51. oats demand revenue

losses started at 25 percent of the toËal (rgso-sr to 1g5g-

59), fell to L6 percent and rose again to 59 percent in
the finar 9 years. rn terms of bushels Èhe same paÈtern

for oats demand persÍsted. FÍnally, the paËtern repeats
itself for barley. Bushels of barley demand lost was 40

percent of the Ëotal during crop years 1950-51 to 1g5g-59.

This fell to 15 percent of the total during the crop years

1958-59 to L966-67. From L966-67 to l-974-75 (inclusive)
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bushels of barley demand lost was 45 percent of the total.
Although the figures differ slightly, the same patËern
occurs for barley revetlue.

!üith the determination of the labour strife
elastÍciEies, the labour stríke coefficients, the amounË

and pattern of revenue losses attributable to labour man-

agement dÍsputes in the grain movement sysËem, the policy
inpLications of Ëhe problem can now be considered. This,
with a sunrnary and the conclusÍ-ons drawn from Ehis research

is the charge of the final- chapter.

:-".::i:,:,
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CHAPTER 5

SI.]MMARY AND CONCLUSIONS

This chapter surmnarizes the findings of the previous
four chapters, and presents the conclusÍons (policy impli-
cations) of the research. The limitations of the study are
presented, as well as proposals for furËher research.

A. Summary

The study was divided into four chapËers, the first
being introducËory in nature. The problem consi.dered was
the impact of labour strikes on Ëhe canadian grain movement
system. To Ëhese ends iË was decided to formulate a

demand-supply model of the Canadian grain economy.

upon reviewing the literaËure of such moders, it
was plaín that all previous models had omiËted the strÍke
variable in the analysis of supply and demand for canadian
grain. These studÍes focused on developing a supply model
with separate determÍnants of seeded acreage of grain and
yields of grain. This technÍque was not employed in this
project, as it was felt that Ëhe inclusion of these de_
termining variabres in the model implicitly performed the
estimation of boËh equaËions in a singre equatioa. The
Ahme¿93 and i,*iestac94 studies hTere the first Ëo consider the

93eh*"¿, op. cÍt.

Lt.

948¡a..rson, op. cit.
139
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effect of strikes on the demand for grain. The first study

developed a model for the impact of strikes on the inËer-
national demand for canadian wheaE Ëhrough the use of
regression. Unfortunately, âD attempt T¡7as not made Eo esti-
maËe revenue losses attributable to dock strikes. The

latter study was largely descriptive. The objective of the
lrlestac report was to determine reducËions in terminal
elevator throughput as a result of labour-management con-

flicts at the port of vancouver. Again, losses in revenue

attributable to these stoppages rrere not cal-culated.

As none of the previous studies used rabour strikes
as an independent varíable in the deËermínation of supply

and demand for grains, one of the prime objecËives of the
analysis r^7as to include thÍs variable in the model. Based

on the re-formulated'model, a second objective $¡as to
determine the losses of revenue attributable to l_abour

conflicts in the grain movement system. Finally, the fÍnal
objecËive was'to formulate a proposar to deal with this
problem.

unfortunately, the data base avaÍlable for the
analysis was quite restricted. RelÍable data on strikes
influencing the movement of grain was available only from

crop years 1950-51 to L974-75. As well, data over this
time period was avaiLable for only wheaL, oats, barley,
flaxseed and rye. Rye was not included in the analysis as

it was a relatÍvely small- percentage of canadian grain pro-
duction and exports. The scope r^7as also restricted to Ëhe
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assessment of costs atËributable to shifts of the supply
and demand curves. other costs such as grain dj.version
charges, extra storage charges and demurrage r,üere not in-
cluded.

chapter 2 provided a descriptive analysis of the
inEernational and domestic markets for canadian grains.
The theoretÍcal effects of strikes on these markets r^7ere

proposed in the final section of the chapter.
The internatÍonal market for wheat was described

as being under the most competitive pressure. EssenËially
fíve counËries: canada, united states, Australia, Argentina
and the u.s.s.R. compete for Ëhe world wheat markeËs. The

major markets for wheat being Great Britain 
"rrà """a 

Europe,

china, Japan and rndia. of Ëhe competitors, the u.s.s.R.
holds a unique position of solery supplying the Eastern
European block of countries.

The world wheat market has become increasingly
competitÍve. one reason for this competition has been the
so-called 'tGreen Revolutiont' in rndia and other Asian
countries, subsËantially reducing their excess demand.

Further, beËter milling technology has allowed Ehe increased
use of lower wheat grades in flour making. rn light of
these changes, the market for high protein wheats has become

more restricted and competitive.

The ouEstandÍng feaEure of the international feed
grain market is Ëhe eompeËiËÍve nature of American corn, in
the international market. American corn is the Ërendsetter
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of price in this market. Canadian oats and barley compete

directly with American (and quite often ArgenËinian) corrt

for international markeËs. The amount of Canadian exports

into export markets Ís relatively small with respecË to the

amount of oats and barley used domestically.

Flaxseed is primarily used in the form of linseed

oil for indusËrial purposes, but flaxseed cake and. meal- may

be used as livestock feed. The principle importers of

flaxseed are [rlesËern Europe and Japan. The major charac-

teristic of these markets is the degree of interchange-

abílity of linseed oil wiËh other oil products. As prices

of flaxseed rise, importers shift Eheir purchases to other

Ëypes of oils, such as tung oil. Consequently, the demand

for fl-axseed depends, iD part, upon the availability of
alternate oils. The chief suppliers of flaxseed to the

[testern European and Japanese markets are Canada and Ëhe

United States.

The Canadian grain sítuation r^7as also scrutinized
in the second chapËer. First, the demand for Canadian

grain was considered. The demand for wheat and flaxseed
is primarily for export. on average 73 percent of canadian

wheat is sold internationally. Flaxseed exports were 74

percent of domestic production. On the other hand, most

canadÍan feed grains are consumed in the domestic market.

The domestic demand for oats and barley was 94 percent and

60 percent of production, respectivel_y, oû average (tgOl-
68 to L975-76),
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üIith regards to supply, two distinguishable levels
hTere evident. The first being the level of supply aE the
farm level and the second, the level of supply in the
grain movement system,

Farm supply depends on six factors. Farmers alter
their expectations and seeding patËern on the basis of:

i) the expected price of the grains,
ii) the carryover of grain,

iii) quoËas,

iv) the meËerologic conditions,
v) government polÍcies (ie., the LrFr program), and

vi) the technology of production.

The canadian grain movement sysËem consists of the
elevator system, the rail neËwork, and the Great Lake

Maritime system.

The elevator system consists of three Ëypes of
facilities. Primary elevators receive farm markeËings of
grain, grade the grain and ascertain the amount of impuri-
tÍes in the grain. Transfer elevators are used to receive
grain frorn primary eLevators, store it, Ëhen transship iË
to terminals or local processers. Most transfer elevaËors
are concentrated Ín the Great Lakes and St. Lawrence to
facilitate winter shipping while the sE. Lawrence sea'r¡ay is
closed. Terminal elevation facilities are the loading and

cleaning points for the export of canadian graín (except

those on the Prairies).
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The interconnection between the numerous elevatórs

in the system is accomplished through the rail network and
the Great Lake Marítime system. The outstanding charac-
ËerisËics of these two systems are: the inefficiency of
Ëhe rail system due to revenue shortfalls in the rail
movement of grain and the subsidization of lake movemenË of
graÍn from Thunder Bay to Eastern ports as it is a rrback_

haultr operation to the movement of cornrnodiËies (iron ore
primarily) westward.

The final porËion of chap trer 2 postulated Ehe impact
of labour-management dispuEes on the demand for and suppry
of canadian grain. rt was hypoËhesized that labour dispuËes
would decrease the supply of grain in the currenË year.
This occurs as the supply system becomes lrbacklogged,, as
sËrikes hinder Ëhe movement of grain. consequently, farmers
are unable to deliver grain. The impact of strikes on

demand was hypothesLzed to be lagged one year. This
relaËionship occurs due to the contractual nature of grain
sales. rn the current year importers can not change their
purchases of canadian graÍn. However, in the l0nger term,
the demand for grain wilr farl as purchasers switch to more
reliable suppliers of grain.

ïn chapter 3, the facËors considered in chap ter Z

riTere used Ëo specify a hlpoËhetical model. The model
related the supply of each of the four grains to thäir price
relative to wheat (ie., pOCË/pI^ICt), the acreage of the
particular grain sown in the preceding crop yeaî, the

ll:t'
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carryover of the individual grain in the prevÍ.ous year,
meteorologic conditions, Ëhe implementation of the LrF-r

program in L97O-7L and labour disputes.

The variable to delineate Ëhe impact of labour
sËrikes on supply and demand was define.d as the rate of
lost man-days per employee. This variable was -developed

for each crop year by sunrning the number of lost man-days

during the crop year and dividing by the total number of
employees involved in Ehe labour disputes. rt was felt
Ehat such a variable provided an indicaÈion of the severity
with which labour-management conflicts affect both the
supply and demand for a grain.

The impact of labour disputes on supply was deemed

to be a negati.ve one. As the rate of lost man-days in the
crop year rose, ít hTas expected that the supply of grain
in the crop year would fall. Restrictions in the grain
movement system due to the strikes,.would cause congestion
in the movement system, curtailíng the supply of grain,
as the [,iheat Board altered its delivery quotas and farmers
changed their expectations.

The demand for a .grain was hlpothes Lzed to depend

on¡ its price, the u.s. price of the grain, per capita
incomes for wheat, livestock numbers for oats, building
construcËion for flax, labour disputes and linear time
representing changes in consumption patterns.

The impacE of disputes on demand was more compli-
cated than in the case of supply. rt was postulated that ,i:i
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labour disputes in the current year would lead to expec-

tations of purchasers changing in the following year.
Purchasers would perceive canada as an unreliable source

of supply, so would switch to alternate sources of supply.
consequently, the demand for canadÍan grain would fall in r,, .,

the next year.

Addítionally, the impact of strikes on demand during
low and high demand periods was desired. To these ends, a 

.,i,1 
.,,

nevr variable was developed. This variable was determined ::::::

,,','-,r'.,by ascertaíning abnormal demand (greater than one standard ::,:.:.::.:

deviation from the mean) and giving such years a dunrny as-
sessment of 1. By multiplying these dunrny variables times
theaPpropriaterateof1ostman-daysyie1dedthenewvari-
able. ThÍ.s nehT variable was hypothesized to be inversely i

relaËed to the demand for grain. 
l

On the basis of this hypothetical model, a pre_ 
iliminary analysis of the model was performed using stepwise l

regression. using this Ëechnique, variables unnecessary in
the model were eliminated. It was then hoped that two 

i'...''."..'.'

'.',1 . ,'' -.,stage least squares could be employed to determine a final ,. r,

model to assess the costs of labour strikes in the grain
movemenË system.

unfortunately, multicollinearity was presenË in the
i': : "'':model. Thus, the method of princÍpar components was

employed on the equations. The results of such an analysis
also proved unsatisfactory. Therefore, ordinary least
square estimates &7ere empl0yed to obtain the final j 1, : ,

f:: )!-,a1:t:'11 i i:t t¡,
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estimates of the model. The final model T¡ras presented in
the final section of Chapter 3.

The fourth chapËer addressed itself to the resulËs

of the analysis. The first section dealt with the hy-

potheses confirmed and rejected in the final model. hlith- 
,,,

out going into details, the hypotheses of significance
confirmed were:

i) labour strikes only influence wheat demand during 
.',,.,,,1,:

periods of abnormal demand (variabl e Z¿) , 
:: : : :

,l:..::l:l:ii) labour disputes influence Ëhe demand for oaËs ,',.'

during both periods of normal and abnormal demand

(variables Lt-1 and Yo) e

iii) labour strikes influence demand for barrey during
normal years. There is no increased effect during
periods of abnormal demand, and

iv) labour strikes did noË affect the supply of each

grain or the demand for flax. 
'- -

AfËer presenting an analysis of the hypotheses, the
', - ;.rt.','-,,, .,elasticities of demand wiEh regards Ëo labour strikes r^7ere 
.','',,''"

determined. Two types of elastÍcities r^7ere deËermined, ,.,.:'.,,

these being the elasticÍty when demand is normal and the

elasticity when demand is abnormal. The first being the

"labour strif.e el-asticíty of demand (Er)rt and the second, ,, ¡..
the ttsurge labour strife elasticity (ES1).tt

Upon calculation of these elasticitÍes, it was

determined that'demand was relaËively inelastic with
regards to labour disputes. The percentage decrease in :;,::,..ì,:.,:=
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demand was significantly less than a percentage increase
in Lt_l, Yt or ZE. The elasticities ú7ere as follows:

i) Es__, - .038- wheat
ii) E - .030oatrs

iii) ES - .010- oacs
iv)Ebarley:-'oo3'

The coefficients of the labour dispute variable
lvere also discussed. rn terms of magnitude, Ëhe largest
coefficienË (.986600) was found on wheat demand. An in-
crease of zt by 1 led to wheat demand falling by 9g6,600

bushels durÍng periods of abnormal demand. oats demand

losses followed, wiËh normal losses being 377 r6Lo bushels
and losses during abnormal demand periods of, 266 rolo
bushels. Barley demand losses r^7ere smallest at Lozr4oo

bushels for every increase in Lr.
Based on this information, the costs of strikes in

the grain movement system !ùere calculated. Total losses
accruable to labour disputes T^7ere $2 , 300, I50 r 000

(t,608,L25,000 bushels of grain) over the twenËy-five year
ÈÍme period. Average losses r^7ere ç92 ,007,000 (o+,32s,000

bushels) per year.

The losses in revenue attributable to labour con-
flicts hTere analyzed over the twenty-five year period. The
term of Ëhe study was divided into three distinct periods:

i) crop years 1950-51 ro t95g-59,

ii) crop years 1g5B-59 Ëo Lg66-67, and

iii) crop years L966-67 to Lg74-75 (inclusive).
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Losses during the first period r¡7ere 99 percent of the
twenty-five year average, ât $90r639r000 per year on aver-
age. During the second period the severity of labour
dÍ-sputes declined. Average rosses were only $5r790r000
per crop year or 6 percent of the 10ng run average. The

last nine years saw Ehe greatest impact of strikes.
Losses averaged $rs9,008,000 per crop year or 173 percent
of the twenty-five year average.

The next stage of the anarysis of the cost of
sËrikes was to determine revenue losses on a grain basis.
As expected from Ëhe size of its coefficient, the losses of
wheaË demand r^7ere the greatest. ToËal losses of wheat

sales revenue r^7ere $1r563 ,4751000 (gfA ,5561000 bushels)
over the twenËy-five years. This was 6g percent of the
total losses in revenue. oat demand losses followed wheaË

at 30 percent of rhe total losses (g705,s75,000 or
76710751000 bushels). Barley brought up the rear aË z
percent of the total losses.

The surge effect of wheat demand losses further
emphasized the impact of strikes on wheat.sales. During
the nine years of abnormar demand for wheat¡losses of
revenue Trere 9173 r7L9 r000 (90r 2OZ,OOO bushels) on average.
Oat surge losses Ì^7ere a mÍniscule $2gr3ggr000 (29,571r000)

Ín comparison.

Finally, the cost of strikes on a grain basis vüere

dÍsaggregated on the previousry mentioned time basis. Again
the most recent time period displayed the highest losses of
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grain revenue losses. Losses during this period averaged

59 percent, 59 percent and 56 percent for wheaË, oats and

barley, respectively, of Ëhe twenty-five year average.

This fell to 3 percent, L6 percent and 12 percent of the
total during the period 1958-59 to L966-67. The remainder
occurred in the final time period.

HavÍng sunrnarized the procedure and results of the
research in ËhÍs Ehesis, attenËion must now be focused on a
brief conclusion to this :iesearch. Then, a possible
resolutÍon Eo this problem and suggestÍons for further
research will be presented.

B. Conclusions

on the basis of the preceding anarysis, certain
conclusions may be drawn. of these, perhaps the first and

foremost is the fact that iË is feasible to use the vari-
able 'rate of lost man-days per worker employed'in Ëhe

determinaËion of Ëhe impact of sËrikes on the demand for
canadian grain. The relationship between the loss of
demand and labour disputes is clearly proven.

The impact of such disputes differs vasËly for each

grain. The most significant effecË was felt by wheat

demand, then oaËs demand and barley demand. of inËerest is
the fact that no effect could be ascertained for flax, Ëhe

only non-Board grain included in the study.
rt must be concluded that strikes will only influence
demand for wheat during years of abnormal demand. strikes

l:l:.:.'.1 -f
::.'r' .
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affect oat demand during normaL years, with an extra im-
pact during years of abnormal demand. There was no

significant increase in the impact of strikes on barley
demand during periods of abnormal demand.

Labour-management conflicts had no direct in-
fLuence on the supply (measured by producer marketings) o't

grain. This may be due to the 'fshelteringtt Ëhe t{treat

Board þrovÍdes for producers of board grains. Alternately,
íË rnay be due to the substantially storage capaciËy of the
grain movement system. Due to thÍs reserve of capacity,
farmers are not impeded in delivering their grain. Finally,
it may be due to the fact that sËrikes simply do not affecË
farmerst expectátions when they plant graÍn. However,

strikes may indirectly influence the supply of grain as

inventoríes of grain rise as sales are reduced. As the
carryover of a particular grain rises, farmers decrease Ëhe

amounË of seeded acreage, and subsequently, the supply of
grain in the following year.

rn eiËher case, (the dÍrect or indirect effect)
these are questions to be answered by further research.

The inrnense size of the revenue losses attributable
to labour disputes Leads to only one conclusion. That is,
some sort of governmental action must be Ímplemented to
reduce Lhese losses and protect farm incomes. Due Ëo the
lagged nature of the change in demand to changes in the
strike rate, short term governmenË'programs such as legi-
slating employees back to work, are ineffictive in the long
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rlrrl. rmporters of canadian grain reacË Ín following years
to strikes ín canada by loweríng their expecËations of the
reliability of Ëhe canadian market, thus decreasing their
demand for Canadian grain.

of these graÍns, wheat is the most sÍgnificantly ,,,,
affected. rn light of the increasingly competitive nature
of the wheat market, it must be concluded that canadars

posiËion in- this market has been. (and will be) in jeopardy 
., ,:

due to the unreliable nature of canadian supplies. clearly, ': 
:

reassurances to internatÍonal importers of Canadian wheat ¡:.'t"

must be provided if canada is to increase or at leasË maÍn-
tain its market share. 

I

TheimpacËofstrikeshasbeengreatestdurÍngEhe
last nine years of the study. on the basÍs of thts result , 

"

lit must be concluded that, Lf unchecked, the losses will 
l

conËinue to increase and severely affect farm incomes in ',

ithe future. 
l

In light of these conclusions, especially Ëhe last 
1,.,,,.,,Ëhree, a proposaL Ëo eliminate (or decrease) these costs ,

and return Ímporter confidence Èo Ëhe Canadian grain market ',,.,, ,,,

is subrnitted in the succeeding section.

c. 4 Prgposal to Alleviate the rmpact qf strikes in the

'.:: 
ltl"'

At first glance one is tempted to suggest that the 'iiii:: 
:'

revenue losses attributable to strikes resulted from labour

95th" author-recognízes this proposal solely as abrief, pedestrian solutioã to the protlem. A more in-depthproposal is the- subjecÈ of future research and beyond thä ¡.,.-.,.¡,r

scope of Ëhis thesis. -
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unionization. The results of such a thought can only be

government inEervention into the collective bargaining
process, through legislative enforcement of work;

Little can be said of such a notion, as proposed in
the Ahm.d96 study. At best, it can only be seen as a
classical case of Itwrongheadedness.rr Wtro is really at
fault when a strike occurs? Both partners in the dispute
are at fault, thus neiËher labour nor management must be

penalized (or if Ëhey must, both must be equally penalized).
compulsory work clearly onry penalizes labour, The morale
of the labour force will be adversely affected by compulsory
work. This, ini turn, will penalize management through
lower productiviËy.

A much more feasible solution forwarded by many ob-
servers of the situation is to impose goverrxrienE concili_
ation or arbitration upon the participants. This solutÍon
is much more feasible Ehan the legislaËÍve approach. un-
fortunately, it is not wÍËhout its flaws. once concili-
ation or arbitration is imposed on a conflÍ.ct, resolution
of the underlying.conflict is unlikely. Merely a smoothing
over of differences occurs, with the issue really causing
the difficulty remaining unresolved. Even if the issue is
rrsettledrrrone side or the other (or both) can have Ëhe im_

pression of being shortchanged. under such circumstances,

96ah*"¿, op. cit.r p . L2o.
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it can be seen that conciliation and arbítration may only

aggravate management-labour tenslon, increasÍng conflÍcts
in Ëhe near future.

Having eliminated most of Ëhe conrnonly forr,iarded

propositions to resolve these labour conflicts, a much more ..,,

viable solution will now be proposed.

FirsË and foremost, consideration should be given
to having colrdnorÌ termination dates of contracts among dock 

..,.j1:-:..:r.:
workerst uníons and their employers. Thus, Ehe sporadic 

;,.,r.nature of shutdowns on Ëhe docks due to differing contract ' ,,,,,'

dates may be eliminated. Furthermore, union consolidation
on the docks should be stepped up, until Ëhere are perhaps

six different bargainí,ng units canada-wide. The rationale
for this is to atËempt to standardize operaËing conditíons
on a natÍonal basis.

I'Iith this union slmdication achieved, the crux of
the solution may now be forwarded. A council could be es-
tablished among the various unions, the two railways, the .. .

ma jor grain companies (incruding Ëhe l,tlreat Board) and an ].'t'
' '.' , tt,_:appropriate number of farm representatives. The puryose of ,1.,,,

this council would be to:
i) standardize wages, hours of work, etc. for various

categories of workers at all points in the handling sysËem. 1,. ,, ,r

That Ís, dock workers in Halifax would have the same bene-

fits as vancouver workersr_ except for the cosË-of-living
differentials
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ii) meet regurarly (or even sit permanently) to discuss
aLl matters pertaining Ëo labour tensions wiËh respect to
grain movemenË;

iii) begin negotiaËions on the
parties represented, at least one

nation of the current contract;
iv) to ratify a neT^7 conËract by a two-thirds majority;

and

v) elect a chairman, with Ëhe aid of the federal
government, to chair all meetings. This chairman would be

given the power to impose an arbitTaTy settlemenË if the
conflict exísts longer than tü7o !,7eeks after the termi.nation
of the conËract.

The advantages of such a solution are many. Among

these are the fact Ëhat no group, union, grain cornpany or
farmer, would be able to 'tgang-uprr on Ëhe unions, âs a two-
thírds vote of ratification is required. Furthermore,
problems in management-labour conrnunication will be brought
to light continually rather Ëhan in a conflict siËuation.
Thus, resolutÍon of conËracts will occur more rapidly.
ûüorkers wÍthin the whore system would be treaËed equally,
lessenÍng tension as workers perceive members of their
group in other parts of the country as better off. Al1
members affected by the conflicts including farmers,
would be brought to bear upon the resolution, as they
should be- Finarly a mechanism to force a solution is pro-
vided rather than waiting for government Í_naction.

nevT contracË with all
monËh before the termi-

::ìa,

ii:ii:

i: ..'r'rli
i;i::tr:::,
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critiques of such a proposal wíll quickly point out

that the administration of such a counci-l will be costly.
The cost of the council is irrelevanË, as it would be

difficulË Eo perceive its costs being significanË weighed

against averages Losses due to strikes of ç921007 1000.

certain objeccions that union consolidation Ís impossible
mÍght be made. Horarever, unÍon unification has been con-

tinuing sÍnce unionizaËion started. A natural process is
only being speeded-up.

Finally, one furËher facet of this proposal must

be noted. More grain should be shipped through ports where

Ëhe rate of lost man-days is low. churchill is such a

port, being strike-free for the duration of the study
period. Opponents of this scheme might argue that the

capacity of churchill is only about 35,000r000 bushels per
year. Hoü/ever, as the tr.st"c97 report notes, capaci.ty

restrictions on facilities are largely restrictions on

cleaning capacity. I^Iith pre-cleaned grain, the throughput
capacity of churchill may be substantíally íncreased. Thus

the proposal to clean grain at yorkton9S 
"" proposed by the

o7"BSarnson, op. ciË., pp. ZL-22.
Oe ' . ''"Ha11, op. cit., p. zLz. :"':i'''r'i'¡..
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Ëhe Hall conrnission for shipment through churchill, would

indeed, be beneficial to the grain industry.

D. Limitations of the Studv

Perhaps the stiffest lftnitation encountered in Ehis

analysis T^7as the paucity of reliable strike data. par-

Ëicularly previous to L956 daËa was very sparce and

sketchy, and therefore, of limited reliabiliËy. The in-
clusion of daËa for 1950 for a twenty-five year tÍme period,
hTas felt to be pushing the data Ëo iËs limiË.

As a result of the restricted data base, furËher
complications presented themselves throughout the model.

First, the naËure of Ëhe model called for the use of cwo

stage least squares (or other methods to esti-mate an over-
identífied model) to determine the coeffÍcients of the
model. unfortunately, with such a resËricted sample size
estimates obtained via this method would be biased. rn
the final- model this problem was alreviated somewhat, by

the use of ordinary least square estimates. usÍng such

estimates for a simulËaneous model, in themselves, inËro-
duced bias into the estimates. However, they r^7ere employed

as they eTere most consistent wiËh the estimates obtained
fror¡ the use of stepwise regression.

The small- sample size imposed further restrictions
on the final model. The possible resoluËion of multi-
collinearity in the fínal model by increasing the sample

size was impossible. The use of principal components as a
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solutÍon yielded unsatisfacËory results. Therefore, the
final model incoqporates a degree of multicollinearÍty in
its coefficient estimates of the structural parameters.

on the basis of the limitations of this moder,
some alEernate technÍques to anaLyze the problem wÍll be

presenËed in the next sectÍon.

E. Suggestions for F\¡rther Resgarch

In order that more research may be carried
on in the future into this field, a ner^7 analytical tech-
nique must be implemenËed, Thus, some analytical methods

which may be more appropriate to this problem will now be

presented.

8.1 Alternate ossible techni es to anal

problem. 0f the numerouô analytical techniques which may

be employed in the future, four of Ëhe most prominent are:
i) a stochastÍc progranrning model,

ii) a linear progranrning (transshipment) model,
iii) a neËwork analysis model, and

iv) a queuing model.

Each of these technÍques will be briefLy-discussed in the
following paragraphs.

Dynamic prograrnnring is a technique by which Lhe

optimal- solution to a stepwise decision is made. The pro-
cedure ÍÈ to find a recursive relationship between the
final solution and the inítial stage. More specificalry,
the problem at hand may be pictured as a stochastic dynamic
programning problem.

Ehe
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A simple scheme of such an analysis may be as

follows. First, the probabiliËy distribution of strikes
(and their severity) could be derived for each of Ëhe seven

sectors and modeLs in the canadian grain movement sysËem.

GraÍn moves Ëhrough the system on a sequential basis.
That is, the movement of grain through the next sector and

mode depends on the selection of the previous sector and

mode. The cost of movement via each sector and mode is
readily available.

The model could be derived where costs, modal and

sectoral choices, restrictions on capacity and the labour
strike variable were included. The optimal policy of grain
movement (and its costs) could then be determined withouË

sËrike interruption. The optimal transportation technique

with strikes could also be deterrnined. The difference in
costs between Ëhe two results would be the cost of sËrikes.
such a model is advantageous for two reasons. First, iÈ
provides a more disaggregated picture of the grain trans-
portation system. second, it is an ongoing model which can

choose the optimal policy in a given year.
The second alternative would be to consider the

problem in a linear programning format. The appropriate
technique Ín this case would be in terms of a Ëransshipment

problem. Essentially, the tttransshipment problemrr is a

technique for selecting Ëhe minimum cost of moving goods

from their source to their destínation through a series of
storage and warehouse (transshipment) poinËs.
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The transshipment points would be the primãTy,
transfer and terminal elevator system. The cost of move-

ment of grain from one point Eo the next could be de-

termined.'such costs would include *orr"*"rrr, erevation,
sËorage and cleaning costs. Hohr would the costs of sËrikes
be deËermined under such a sysEem?

The easiesE manner would be to make iË impossible
to move Ëhe grain through Ëhe section of the system in-
volved in the dispute. This could be accomplished through
making the cost of movement through that mode excessive
(perhaps via the ttBig Mt' meËhod). Thus an alternate move-

ment system would be derived. The cosË difference between

this alternate and the previous system would represent the
cost of strÍkes.

The third alternative would be to consider the
problem in terms of a network analysis. The grain movement

system is clearly a network of rail lines and lake shipping
routes. A model to assess the cosËs of strikes using a

neEwork model would be similar to Ehat of a transshipment
model .

Once again, the costs of movement of grain through
the varÍ.ous arcs connecting Ëhe modes (tfre elevators in
the system) could be determined. The most optÍmal method

of movement through Ëhe sysËem, subject to flow restrictions,
would yield the minimr¡m cost of grain movemenË in canada.

The probability distribution of strike occurrences
and duraËion could be then inËroduced inËo the model. l,ritren
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sËrikes occur, the appropriate nodes and arcs in Ëhe

system could be closed. The least cost alternate system

could Ëhen be ascertained. By taking Ëhis, minus the

original allocation, the cosË of sËrikes could be deter-
mined.

The final alternative in which the question of
labour strikes and grain movement could be considered, is
in the form of a queuing model. under such a model, the
demurrage and exËra sËorage charges attributable to labour
conflicts could be derived.

FirsË, a study of the arrival tímes and the service
times of boats and rail cars, ât terminal elevators would

have to be implemented. This would likely require a

sample survey of Ëhe terminal elevaËors. Having obËained

Ëhese statistÍcs, the distribution of interarrival (trre

tíme between arrivals) and service times could be es-
tablished. The length of queues at facilities, and Ëhe

waiting time for service could be calculated on Ëhe basis
of Ëhe model.

The ínfluence of strikes on such a model would

result in the service time becoming infinite because no

vehícles could be serviced. consequently, the duration of
the waiting time for trains and ships wishing to load or
unload could be resolved. As demurrage is directly related
to this time, the cost of strikes in terms of demurrage

could be calcuraËed. FurËher, the length of time the grain
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is stored, io excess of the normaL time, could be related
to strikes. This increased time, and subsequent cost, "-

would be related Eo labour strikes.
Having presented possible other techniques of

analysis which could be applied to this research in the

futuie, some facËors which require future research musË now

be considered.

8.2 Areas of future research. Although Ëhis project
has answered Ëhe question of the cost of labour strikes in
the canadian graÍ.n movement sysËem, further extensions of
this research can be foreseen. Among these, three major

expansions are the following:
i) a combinaËion of the model to explain strikes

oo
developed by Ëhe Ahmed" thesis and the aggregate loss
model in this study, in a simulation model;

ii) a comparison of the American system and canadian

graín movement system, comparing the frequency, duration
and the effect of strikes. rf there is a difference, why

does iË exist? and

iii) a study of the economics of increased utilizaËion
of churchill as an export port. This might include likeli-
hood of strikes in the future, the costs of expansion and

the market for grain at churchill. Although the Hall

oo"Ahmed, op . ciË. , pp. 8l-90.
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Variable

QS!ür

QSor
QSBr

QSFr

QDWr

QDor

QDBr
QDFr
PI^IC.

E

POCr

PBCr

PFCË

POCr/Phrcr

PBCr /PI,üCr
PFCr/PI/üC.

Table A-1

A BRIEF AI{ALYSIS OF THE DATA USED IN THIS ANALYSIS

Mean

446,9LL
56,460

L32 ,57 4
15,693

34L,461
352,790
193, 930
L3,972

1.gg
.95

1.30
3.59

,43
.65

1.93

Standard
Devlation

94,0L4
30,L72
62,693
7,076

LO3,27L

35,545
72,434
6,2LL

,78
.30
.59

L.47
.04
.05
.33

Maximum

633,259
133,609
295,467
33,713

553,242

4LO,05g
339,496
27 ,260

4.58
1.93
3.24

10. 14

.51

.73
2.40

Minimum

305,345
20, g6g

59,329
3,254

185,039
257,3L3
106,g62

2 ,gg2
1.56

.65

.91
2.53

.35

.56
1.0s

:j:i

Range

327 ,gr3
LL2,740
236, 138

30, 459

36 8, 203

L52,746
232,534
24,379

3.O2

1. 1g

2.33
7 .6r

.16

.17
L .34

(Continued)

H
\l
t\)
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Variable

PMr
POUr

PBUr

Ptrr
AWr

Aoc

ABr
AFr
cwr
cor
cBr
cFr
PIJr
PIGË

Yrr
YJr
YGt

Mean

2 .42

.81
L.37
3.72

24,L43
6,043
8,199
1 ,811

5r8,7L7
L18,627
L24,492

7 ,Og4
813,460
545,276

82

2,Lgg
L,679

Table A-1 (Continued)

Standqrd
DeviaËÍon

.72

.26

.46
r,72

3, 957

L,047
2,L54

747

207 ,213
36, 193

47 ,3Og
4,97L

625,590
8L,926

19

6 ,zLL
575

Maximum

4.65
1.82
3,02

LO.L2

29,570
9,3L2

L3,3L2
3,462

1r 009 ,690
zLL,2L5
20g,4LO
25,306

2 ,30L rgg2
7L3,6Lg

LL4
3 rL64
3,O72

Minlmum

L.66
.62

L.O7

2.62
12,000

4,660
5,097

54L
Lrz ,200

44,905
20,355
L,204

zLO,690
385,300

54
1,540

790

Range

2.gg
L.20
1.95
7.50

L7 ,57O
3,652
8,2L5
2,92I

gg6,4g0

166,310
199,055
24,L02

2 ,OgL,2O2
32g,3Lg

60

L,624
2 ,292

(Continued)

H{
U)



Varfable

LNr
zË

Yr
xr
V¡
T

hlt
Dr
LË

Mean

20 ,L3g
3.33
1. gg

3.62
3.97

13 .00
.52
.04

g. gg

Table A-1 (Continued)

Standard
Deviation

4,294
7 .37
4.36
7 .97
9.00
7 .36

.51

.2
8.51

Maximum

27 ,OO4
20.49
L7.94
13. 31

31.60
25

1

1

31.60

Minimum

13,619
0

0

0

0

1

0

0

0

,ìi,:

Range

13, 395

20.49
L7.94
13.31
31.60
24

1

1

31.60

H\
S.
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A WTHEMATICAL ÐEOSITION OF THE PRINCIPAL
CoMPONENTI TECHNTQUE

Given a model

Y: f(*r. .*k), where xl...xk are correlated amongst

one another.

That is, Ëhe correlation matrix is:
*1 *2"'*k

x- 1 1....1I

:' 
t" ":

a

xkl

a) The objective is to Ëransform this into an ortho-
gonal matrix displaying no correlation amongst the inde-
pendent variables.

ie. xl x2...x¡
x1 1 0....0I

": 1" "0

b) Each principal component (zL. ,.U) becomes a function
of the independent variable times their respective loadings
(.tt, etc. ).

7¿L= allx1 + 
^LZ*Z...â1¡x¡

xk

L76
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o2

a

421x1 + a22x¡...42kxk

i:k

alk : T 
ttu

L

Zk= aklxl + 
"k2*2...€r¡¡X¡

c) The loadings (ar¡) are determined so that the
principal components are orthogonal and the first component

maximizes the amount of variance it absorbs.

d) Thus, each loading is usually determined in the
following method where rik is the correlation coefficient
between variables Í and k.

*1

x2

x.
]-

For the

"rr =?
L

*1
tlr

rzL

;.
r_I

t_
kz
k

ZEtir.ik

X2. . .X¡

'L2 rik

r2z rzk

aa

aa

aa

ttnr.t,.L1 ]-t<

ãtiz' ãttk
TI

trk

r2k

,a

Z"r
k

Etir
i

first
ri1

principal- component:

â, o :2 tLz
,t

t-
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e) The eigen value for each component is Ëhen deËermined:

E :Z^L.Z : qLL2 = arrz... * 
^Lk2

f) The latent rooË determines the importance of the

principal component, through the following formula:

of Índepena"'G'ãG) 1oo

g) computation of Ëhe second Ëhen fórlows. The corre-
lation table must be recalculated as follows:

subtract the original correlation coefficient
(ri¡) from the product of the loadings aË-

tributed to Ëhe ith .rrd kËh .r"riable in the

first principal component.

The new correlation table is:

*1 *2'" "'t..''"'xk i,

*1 I tLz'^LL^Lz tlk-"11"1k

xZ rzL-aLLaLZ 1 rzk-aL2aLk

xk tk1-t11"1k 'kz'aL1ak...........1
ReËurn to step d to calculate the second princi-
pal component.

The maximum nurnber of principal components that can

be calculated equals the number of dendependenË variables.
Before the advent of computer programs Ëo calculaËe the
components (and perform the regression) stopping rules were

I i: ::: :: ':-li



L79

invoked to determíne the number of components to be ex-

tracted. 0f the Kaiserts criterion T¡7as most corranonly em-

pLoyed. This criterion stated Ëhat when E ) 1 that princi-
pal componenË was retained.

Having determined the principal cornponents, the

regression is performed as follows:
h) LeË z-r = "11*1" 'ark1k

:

\. : 
"k1*1. . .aklt be the components.

Multiply each loading times Ëhe appropriaËe value

of its independent variable. Then, sum Ëhis for
each principal component for each observaEion of
the independent variable. If there T¡rere l0 ob-

servatÍons in the sample there would be 10 ZLr t,
10 ZZ'"r...10 Lt" each being the sum of the

corresponding .ik*k.

i) Let t : t(ZL...Zk) or y : CtZt *- CZZZ...CTZU and

find the leasË square estimates for C, (ôr) , Cz (õr),
ck {êo) .

j) Originally Y: blxl + b2*2...\x¡ + u

l: CrZr+ CZZZ...CUZ¡ + m

! : C¡ (arrxl + a12x2... + alkxk) +

110!v

or

Ck (a¡rxn + 
^kZ*Z...aU¡x¡)



or
.z\At : (C1a11... * Ck"kl)*t *
,\ 

^,(rr"rr... + cUaUr)x, ..

180

At\

'(cltlk * ct "te)tL
but Y: brx, + ...bUxO

¿\^Therefore: q- : C1a11... + Ck"kl

^,^bk : Cl.lk * ck"kk '
¿\^

where C...Ck, ê11...êkl ...€t1¡ ...€t¡¡ are known.

i. .-
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DETERMINATION OF LOAD
COMPONE\IIS FOR

FACTORS AND PRINCIPAL
EACH EQUATION

pI^ICt

AWr-t

T

lür

Dt

T'ru

.92

1

3.66 3.56 3.L2 2.96

3.66

3 ,56

3.L2

2.96

L.92

L5.L2

L2 = 3.888

"15 
: '49

.91

.73

1

.67

.7L

.20

I

.16

.20

.29

.29

1

L.92

all = ,94 ^L2 
: .92' a13 : .80 âr, : .74

r4+

E = 3.16

rnvoking I(a i".r', criterion principal components are ex-
Ëracted until E>1.

Therefore the first princÍpal component is only
extracEed.

zLt: 
:to 

PÌ^Ict + .rt o"a-, * .80 r +

Y : ClrZlr QSW. : CrZr, + u

Estimated by Ordinary least squares (oLs) cr=ts.s

.74W +.49 T
Ë

I^II{EAT SUPPLY

(ContÍnued)
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I^IHEAT DEMAI.ID

PI^IC.
E

1

Pt¡ütJ t
.79

1

YI,

.45

.07

I

YB
Ë

.7L

.42

.84

1

z
E

- .05

,02

.05

.13

1

1. 15

t -.rl(
2.90

2.30

2 .4L

3. 10

1_.15

11.86

z
k

PI^IC.
E

PTÂIJ
E

YI.
tr

YB t
zt

ì"u 2.90 2.30 2.4L 3.10

tll : '84 ^Lz 
: '67 "13 

: '70 ã., : .90
LLI

E -- 2.56 > I stop extracËing components

z.r*: .84 plrlC* + .67 p[^ju^ + .70 yI_ + .g0 yB- + .33 z.rLtË--ttr-t

Y : C1Z1¡

^â¡QSWI = CLZLT C1 :512.1 from OLS.

OATS SUPPLY

CO-.' TL-I Dr ã"n

4'ru

.gg .95 .96 .19 3.gB

1 .95 . g0 .19 3.91

1 .95 ,24 3. gg

1 .29 3.79

1 1.gg

3.99 3.79 1.gg L7.56

POC./Pf^ICr AOt_ t
POCr /PI^IC. 1

Aor-1

co.- t
T

Dt
3,98 3.91

,/L7.56 : 4.L9La : .95 a : .93 a : .95 a : .90 a : .45

(Continued)

: 3.443

.15 = .33

11.86
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.45 Dt

f,:3.682>1
ZLt : ,95 POC. /PWC, +

.^ ¿\ .^
QSO. = CtZtt Cr:.41

stop extracting componenË

.9340.,+.95 CO -+.90T+E-I T-I

from OLS.

OATS DE},TAITD

LNr

I

2.30 L.70 L.2g

sT Ç rtt
K

.99 2.30

.27 L.70

. 10 L.29

1 2,35

2.35 7 .64 ,rær : 2 .7 6

\.7't
.29

1

Lr- 1

.04

.15

1

LN.
tr

Yr

L.- I
T

4 =ru
L

"11 
: .83 ^LZ: .62 "13 

: .47 aL4 : .85

E : 2.0 > 1

ZLt: .83 LN, + .62 Yt
QDOI:C1Zlt*.1

stop extracting components

+ .47 Lr_, + .85 T
^;.-^QDO. : CLZLT CL :26.9 from OLS.

BARLEY SI]PPLY

ABr-1

cBt- I
T

Dr
s
7"u
o11 -

AB.-r cBr-r T o.

1 .96 .90

1 .95

ã"o
.2L 3.L7

.31 3.22

1 .29 3.13

I 1.90

3.L7 3.22 3.13 1.80 LL.32,,m:3.365
.94 aLZ: ,96 a13 : .93 aL4: .54
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LLË

qs3r :

E : 2.96 )-1- sËop exËracting

.94 ABa_, + .96 cBt_l * .93 T +

Ctzrr * tl ô, :àrzt

BARLEY DEIVÍAND

components

.54 D
tr

ô1 : 1.02 from OLS.

ãrrO 2.64 L.76
t

all : 1.03 aLZ : .69

QDB' : CLZLT + ul

E : 2.2>L stop extracting components

Lr- 
1

,<,
t' a=tu

.gg 2.64

.10 L.76

L 2.08

2.08 6.48

413 : '82

.66

^^,QDB¡ : C'ZLt

FI-AJ( SUPPLY

PFCr/PtICr AFt-l T

LNr

ILNt
Lr-r-

T

ZLt : 1.03 LNa + .69 Lt_l * ,82 T

PFC' /PI^iCt 1

AFr-l
T

Da
îi
I rit

t-

"11 
: .04 

^Lz

-.31 -.56

1 .81

1

. 08 L.64 L.4g

:15.6 from OLS.

D, 4"n
-.05 .09

.L4 L.64

.23 1.49

1 L.32

L.32 4.52

Æ: z.Li6
4L4 : .62 .

al

,-0.+a : 2.546

: .79 413 : .70

Continue
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S : 1.5 > 1 stop extracting componenÈs

ZLt : ,037 PFC./PI^IC. + .79 AFt_1 * .70 T + ,62 Da

^^QSF. = ClZlr * .1 QSF. = CLZLT Cl :10.2 from OLS.

FLAX DEMAND

PFcr prJr prcË 
ã rru

PFct 1 .82 .84 2.66

PrJË I ,69 Z.sL

PrG* 1 2.53L_
<-
1 t* 2.6b z.5L z.s3 7 ,70 ,/m : z.7l4

L

aLl : .95 "LZ: .91 al3 : .9L

E = 2.57 >^L stop extractíng components

zLt: .95 PFCa + .91 PIJa + .91 PIGË

.^¿^^
QSFt : ClZr, + u QSFI : CLZLT Cl : .02 from OLS.
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REGRESSToN COEFFTCTENIE OFJHE PRTNCIPAL COMPONEIIIS
(Y : CZ)

hltreat Supply

Q̂SWt : 19.5 Z

lüheat Demand

Q̂DWt : SLZ.L Z

Oat Supply

Q̂SO, = .4L Z

Oat Demand
,^.
QDOI : 26 '9 Z

Barley Supply

Q̂SBI = L'02 Z

Barley Demand
.^

QDB. = 15.6 Z

Flax Supply
a\

QSFt : LO.Z Z

Flax Demand
.^.
QDF- : .02 Z

::: .:

l. r
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Crop Year

L97 4-7 5
L973-7 4
L972-73
L97L-72
L970-7L
L969-70
L968-69
L967 -68
L966-67
L965-66
L964-6s
L963-64
L962-63
L96L-62
1960-61
1959 -60
1958-59
L9s7 -58
L956-57
1955-56
L9s4-55

Table E-1

ESTIMATES OF THE DEPENDANI VARIABLES
USING PRINCIPAL COMPONEI\TIS

(000's bushels)

Qswr

4r9,505
377,784
342,972
2L8,067
442,97 g
523,977
536,727
529,399
504,426
527 ,797
489,990
476,209
447,02L
433 ,7 6g
435,O2O
389,932
379,951
400,395
399,579
448,322
462,996

QDWt

L,456,690
1r361,970
1, lgg ,230
1 r 076,950

g55,g49
9 44,7 65
893,27 6
955,632
931,082
,9L3,394
849,57L
773,465
7 34,604
689 ,7 65
7 54,50L
697 ,397
672,3L4
656,679
629,240
6L2,ggg
553,693

QSor

-29,L73
-29,31"3
-44,L09
-46,905
-55,797
-48,L54
- 30, 034
-42,7L5
-47,455
-48,832
-67 ,596
-55,896
-2g,gg4
-42,504
-37,199
-48,499
-50,964
-79,556
-43,494
-46,500
-53,955

QDor

550,201
587,891
60L,264
578,882
577 ,6LL
5 73, 911
518 , 361
492,445
501, 117
484,239
465,234
464,404
436,29L
4L5,247
423,626
39L,954
42L,g3L
40L,450
369,579
358,154
344,992

QSBr

-L76,649
-L62,275
-145,457
-L20,893
-L76,679
-169 ,629
-110,511
-111,929
- 92,450
- 74,875
- 100 ,7 44
- 75,4L4
- 46,883
- 94,877
-108,220
-109 ,229- 97 ,4gg
-LzO,640
- 90 ,594
-L24,049
-.92,240

QDBr

39g,2g5
425,4LO
435,400
418, 708
418,043
4L4,963
375,374
356,L92
362,500
350,105
336,463
335,730
3r5,372
300,299
306,169
293,742
304,904
290,23O
266,402
259,LOg
249,596

QSFr

11,869 19,369
10,912 23,662
L4,369 2g ,492
26 ,7 57 43 ,292
18,857 47 ,793
L2,25L 26 ,266

8 ,Lgz 19, g79
15,307 1g,39g
19, 379 2g ,7LO
15,559 30 ,646
L3,239 22,923
11, 353 20 ,7 g3
16 ,626 16:983
20,Og4 L7-,720
L6,4L0 2L-,976
20,432 L7-,5L7
27 ,969 2L,L4g
24,3L9 20, 009
L4 ,632 30, 2 36

9 ,297 L4,590
7.355 8.922
(Óontinu,å¿)

QDFr
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Crop Year QSWt

1953-54
L952-53
L95r-52
t_950-51

460, 353
442,438
478,096
48L,L95

QDWr

Table E-1 (Continued)

52L
477
442
383

286
902
086
640

Qsor

-39,389
-33,961
-L4,656
-20,903

QDor

321,350
306,276
327,930
303,436

QsBr

-63,73r
-40,9L5
-L2 ,36r
-2L,3Og

QDBr

232 ,L43
22L,23r
236,975
2L9,369

QsFr

8,307
8,776
4,37 6
2,345

QDFr

9, 111
6,649
4, 086
8,599

H
\o
H

ii
ìi:
:ii


